[N

L]

ERIN®-DATA TRANSMITTAL

Page 1 of t
eor 600816
2. To: (Receiving Organization) 3. From: {Originating Drganization) 4. Related EDT No.:
Distribution Environmental Restoration N/A
5. Proj./Prog./Dept./Div.: 6. Cog. Engr.: 7. Purchase Order No.:
ER S. G. Weiss N/A
8. Originator Remarks: 9. Equip./Component No.:
Release to distribution N/A
10. System/Bldg./Facility:
N/A
11. Receiver Remarks: 12. Major Assm. Dwg. No.:
N/A
13. Permit/Permit Application No.:
N/A
14. Required Response Date:
SeEtember 15, 1993
15. DATA TRANSMITTED (F) 6) (%) (1)
(A) < D) (E) Titla or Dascription of Dat. mpact Rsason Origi- Recaiv-
ttem : Shast Rev. 2 for nator Y
No. 8) Document/Drawing No. No. No. Transmitted Level Trans- Dispo- Dispo-
mittal sition sition
1 | WHC-SD-EN-TI-198 0 100 Area Columbia 4 1/2 1
River Sediment
Sampling
16. KEY
Impact Level! {F} Reason for Tranzmittal (G) Disposition (H} & (I}
1, 2, 3, or 4 (see 1. Approval 4. Raview 1. Approved 4. Reviewed no/comment
MRP 5 43) 2. Release 5. Post-Review 2. Approved w/comment 5. Reviewed w/commant
3. Information 6. Dist. (Reoceipt Acknow. Required) 3. Disapproved w/comment 6. Receipt acknowledged
(G} {H} 17. SIGNATURE/DISTRIBUTION G} {H)
{See Impact Lavel for required signatures)
Roa- Disp. ) Name (K} Signaturs (L) Date {M} MSIN W} Name (M‘i’ﬁgﬂ;‘*‘-supm M} MSIN Rea- Disp.
son " SN LU son
1 1 Cog.Eng. 2, G. Weiss SG wqus,;i?s-’uz : J‘ v P ‘-“c‘:-n
7o, 7 - 7 T =
1 1 Cog. Mgri~ R. P. Henckel M{/‘#‘gw 02 A 7N o
aA v oy SN & e
[ : 15} {72 el
Safety W\th,\ o f{%? :;J!I
Env. \:.g:l '::U/
R L
RN N ;(;" 4
™ 1. 20 7 T21. DOE APPROVAL (17 required
ﬁé/ééﬁ Ltr. No.
_Walas =Rrfriterrcre HeNne - {1 Approved
Xeey ner M : R.P. kef M I] Approved w/comments
Signature of EDT Date Authorized Repressntative Date Cognizant/Project Date [1 Disapproved W/comments
Originator for Receiving Organization Engineer's Manager

BD-7400-172-2 (07/91) GEF0%7

8D-7400-172-1 (07/91)




BLOCK

1)
@

(3)
4
5

6"

7
8-

(9}

(1o
SR
12)
13
14)

(15)*

(16)

07

{18)

(19)

20)*

21

INSTRUCTIONS FOR COMPLETION OF THE ENGINEERING DATA TRANSMITTAL

TITLE

EDT
To: {Raceiving Organization)

From: {Originating Organization)}
Related EDT No,
Proj./Prog./Dept./Div,

Cognizant Engineer

Purchase Order No.
Originator Remarks

Equipment/Component No.
System/Bldg./Facility
Receiver Remarks

Major Assm. Dwg. No.
Permit/Permit Application No.
Required Response Date

Data Transmitted
(A}* Item Number
{8}*
-
(D)*

Document/Drawing No.
Sheet No.
Rev. No.

(E} Tite or Description of
Data Transmitted

{(F)* Impact Level

{G) Reason for Transmittal

{H} Originator Disposition

{n Receiver Disposition
Key

Signature/Distribution

{G) Reason '
{H) Disposition :
) Neme

{K)* Signature

L)* Dete

(M)* MSIN

Signature of EDT Originator

Authorized Representative
for Recsiving Organizstion

Cognizant Managet

DOE Approval

r

{USE BLACK INK OR TYPE)

Pre-assigned EDT number.

Enter the individusl’'s name, title of the organization, or entity (a.g., Distribution) that the EDT is
being transmitted to. i

Enter the tile of the organization originating and transmitting the EDT.
Enter EDT numbers which relats to the data being transmitted.

Enter the Projact/Program/Department/Division title or Project/Program acronym or Project
Number, Work Order Number or Organization Code.

Enter the name of the individual identified as being responsible for coordinating disposition of
the EDT.

Enter related Purchase Order (P.0.) Number, if availabie.

Enter spacial or additionsl comments concetning transmittal, or "Key" retrieval words may be
entered.

Enter squipment/component nurmnber of affected item, if appropriate.
Enter appropriate systsm, building or facility number, if appropriate.
Enter special or additional comments concerning transmittal.

Enter applicable drawing number of major assembly, if appropriate,
Enter applicable psrmit or permit application number, if appropriate.

Enter the date a response is required from individuals identified in Block 17
{Signeture/Distribution).

Enter sequential number, beginning with 1, of the informaticn listed on EDT.
Enter the unique identification number assigned to the document or drawing being transmitted.
Enter the shest number of the information being transmitted. f no sheet numbaer, leave blank.

Enter the revision number of the information being transmitted, If no revision numbaer, leave
blank.

Enter the title of the document or drawing or a brief description of the subject if no titie is
identified,

Enter the appropriate Impact Level {(Block 15). Also, indicate the appropriste approvals for each
itern listed, i.e., 5Q, ESQ, stc. Use NA for non-sngineering documants.

Enter the appropriate code to identify the purpose of the data transmittel {see Block 16).
Enter the appropriste disposition code (see Block 16).
Enter the appropriate disposition code (ses Block 16).

Number codes used in completion of Blocks 15 (G), (H), and (I}, and 17 (G), (H)
{Signature/Distribution),

Enter the code of the reason for transmittal (Block 16).

Enter the code for the disposition {Btock 18).

Enter the signature of the individual complating the Disposition 17 (H) and the Transmittal.
Cbtsin appropriate signatureis).

Enter date signaturs is obtained.

Enter MSIN. Note: If Distribution Sheet is used, show entire distribution (including that
indicated on Page 1 of the EDT} on the Distribution Sheet,

Enter the signature and date of the individual originating the EDT {entered prior to transmittal
to Receiving Organization). If the EDT originator is the cognizant engineer, sign both

Blocks 17 and 18.

Enter the aipnature‘and date of the individual identified by the Receiving Organization as
authorized to approve disposition of the EDT and scceptance of the date transmitted, as
applicable,

Enter the signature and date of the cognizant manager, {This signaturs is authorization for
reloase.)

Enter DOE approval (if required) by letter number and indicate DOE action.

* Asterisk denote the required minimum items check by Configuration Documentation prior to releass; these are the minimum reloase requirements.

BD-7400-172-1R {07/81)



R
¢ Mm INFORMATION RELEASE REQUEST e
Complete for ali Types of Release

Purpose ID Number (include revision, volume, etc.)
4] Speach or Presentation 0 Reference WHC-SD-EN-TI-198, Rev.
(Check xa Technical Report
0 FullPaper only cne 4] “Thesis or Disssrtation List attachments.
0 Summary suffix) (9] Manusal
3 Abstract 0 Brochure/Flier N/ A
[} Visual Aid 8] Software/Datsbase
8] Speakers Bureau 11 Controlied Documant Date Release Required
D v o o September 8, 1993
L]
Titte 100 Area Columbia River Sediment Sampling Unclassified Category Impact
UC-630 Level
New of novel (patentabls) aubject matter? [X] No [ ] Yes Information received from others in confidenca, such as propristary data,

if "Yas”, has disciosure besn submitted by WHC or other company? trade secrsts. and/or inventions?

[] no [] ves Disciosurs Now). [X] Ne [] ves tdentity
[} Yo Trademarks?

Copyrights? [ X] No
if "Yeos", has written psrmission been granted? [X] No [] Yes (identify)

[1 wo [] ves tattach Permission)

Comptete for Speech or Pregentation

Title of Conference or Meeting Group or Society Sponsoring

N/A

Date(s) of Conference or Meeting | City/State Will procssdings be published? [] Yes [] No
Will material be handed out? [1 ves {1 w

Title of Journal

CHECKLISY FOR SIGNATORIES

Review Required per WHC-CM-3-4 Yes No Reviewer - Signature Indicates Approval
Mame (printed) Signature pate

Classification/Unclsssified Controlled
Nuclear Information [ ] [ X] . "
Patant - Gansral Counsel [X] [ ] U
Lognl - General Counsel [X] [ ]
Applied Technology/Export Controlied
information or International Program [ ] [ X] T
WHC Program/Project [X] [1 _J. K. Patterson e;m gl2/6
Communications [ ] [x] A -
AL Program/Project [X] [] _B.L.Foley—r~
Publication Services [ x] [ ] L. A. Bro 3
Other Program/Project [ ] [X]
Information conforms to all applicable requirements. The above information is certified to be correct.

Yes No INFORMATION RELEASE ADMINISTRATION APPROVAL STAMP
Refersnces Available to Intended Audiance [X] [] Stamp is required before relsase. Reiease is contingent upon resclution of

mandstory comments,
Transmit to DOE-HQ/Office of Scisntific
and Technical information

[X] []

Roreher /Requestor (Printed/Signature) Date
S. & ”e‘ss,ﬂ,,é G Clgr 3/ )5z
Intended Audiere I

[] internal [1 sponsor [X] Externsl iy, et T2
Responsible Manager (Pp4 S ghat Date e o
R. P. Hencke] ?-1-73 Date Cancelled | Date Disapproved

8D-T600-062 (0B/91) WEFO74 Part 1




THIS PAGE INTENTIONALLY
LEFT BLANK



SUPPORTING DOCUMENT

1. Total Pages 150

2. Title 3. Number 4. Rev No.
100 Area Columbia River Sediment Sampling WHC-SD-EN-TI-198 0
5. Key Words é. Author
Hanford Reach, Hanford Townsite, man-made weme: S. G. Weiss
radionuclides '
Sidnaty;
- Organization/Charge Code 81310/PE71F

7. Abstract ﬁ‘:" :‘::-‘s’;zl: FQ.’i
| PUBLI(: RELEASE
9//5/93 L5, Shle

7
WHC, 1993, 100 Area Columbia River Sediment Sampling, WHC-SD-EN-TI-198, Rev. 0,
prepared by IT Corporation for Westinghouse Hanford Company, Richland, Washington.

8. OSE AND USE OF DOCUMENT - Thps document " 10. RELEASE STAMP

rtment of Energy tracts.
release until

earance, is made ava
formance of work und
Energy. This document is
\se disseminated or used

patent approval fo ease or use has
been s d t, from the Pat .S. Department OFFICJAL RELEASE (11 )

BY WHC
DISCLAIMER - This repoert was prepared as an account of work

sponsored by an agency of the United States Government, Neither the DATE SEP 1 5 1993

United States Government nor any agency thereof, nor any of their
employees, nor any of their contractors, subcontractors or their

employees, makes any warranty, express or implied, or assumes any #43
tegal liability or responsibility for the accuracy, completensss, or

any third party's use or the results of such use of any information,
apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by
the United States Goverrnment or any agency thereof or its
contractors or subcontractors. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof,

9. Impact Level &

A-6400-073 (11/91) {EFY WEF124



THIS PAGE INTENTIONALLY
LEFT BLANK



ABSTRACT

Forty-four sediment samples were collected from 28 locations in the Hanford Reach
of the Columbia River to assess the presence of metals and man-made radionuclides in the
near shore and shoreline settings of the Hanford Site. Three locations were sampled upriver
- -of the Hanford Site plutonium-production reactors. - Twenty-two locations were sampled near
the reactors. Three locations were sampled downstream of the reactors near the Hanford
Townsite. Sediment was collected from depths of O to 6 in. and between 12 to 24 in. below
the surface.

Samples containing concentrations of metals exceeding the 95% upper threshold limit
values (DOE-RL 1993b) are considered contaminated. Contamination by arsenic, chromium,
copper, lead, and zinc was found. Zinc and lead were the most frequent contaminants; 91 %
and 68% of the samples exceed the zinc and lead 95 % upper threshold limit values.

Arsenic, lead, and zinc contamination may not be attributable to Hanford activities; elevated
concentrations occur in the upriver samples. Zinc and lead contamination was found in 75 %
of the upriver samples. Arsenic contamination was found in one upriver sample and in one
sample from the 100 K Area. Chromium contamination was found in 25% of the samples.
Copper contamination was found in 23% of the samples.

Man-made radionuclides occur in all sampies except four collected opposite the
Hanford Townsite. Man-made radionuclide concentrations were generaily less than 1 pCi/g.
Cesium-137 and europium-152 were the most frequently detected radionuclides and had the
highest concentrations. Maximum concentrations of cesium-137 and europium-152 were 4.6
and 1.8 pCi/g, from a 100 H Area sampie. Radionuclide varieties and abundances and
concentrations were greatest in the area from 100 D to the 100 F Slough. Fewer
radionuclide varieties and generally lower concentrations were found upriver, and at
100 B/C, 100 K, and Hanford Townsite localities.
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ACRONYMS

ASTM American Society of Testing and Materials
CLP Contract Laboratory Program
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TTER - Environmental Investigations instruction
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HEIS Hanford Environmental Information System
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

During and as the resuit of past operations of plutonium production reactors at the

" Hanford Site in the 100 Areas (Figure 1-1), hazardous and radioactively contaminated

effluent discharged to the Columbia River. The effluents consisted primarily of reactor
coolant water containing radionuclides, chemical constituents added to control corrosion, and
wastes from the process sewers. The effluents were discharged to the mid-channel of the
river bottom and at the shoreline. The discharges of cooling water effluent ceased when the
production reactors were shut down. However, springs and seeps exist aiong the 100 Area
shoreline that may be contributing contaminants to the nearshore sediments.

The purpose of this investigation was to determine if radiological and chemical
contaminants are present in Columbia River sediments. This study is among the activities
identified in the Columbia River Impact Evaluation Plan (DOE-RL 1993a) and is intended as
a first step in the establishment of an appropriate and comprehensive river sediment sampling
program. The grain-size of sediments of interest to this study were <4 mm in diameter,
e.g., sand-sized and smaller. The study was not intended to determine the extent of
contamination.

1.2 PREVIOUS STUDIES

Sediment on the shoreline and river bottom along the Hanford Reach was sampled
intermittently between 1957 and 1989 (DOE-RL 1993a). In 1989, radionuclide
concentrations were measured in sediment samples from locations upstream of the Hanford
Reservation (behind Priest Rapids Dam), along the Hanford Reach (White Bluffs Slough, 100
F Slough, and Hanford Slough), and downstream of the Hanford Reservation (behind the
McNary Dam) (Jaquish and Bryce 1990). Jaquish and Bryce (1990) collected four samples
from behingd the Priest Rapids Dam. An upper tolerance limit (Hines and Montgomery 1980)
for the 1989 Priest Rapids Dam sampies is presented in the Columbia River Impact
Evaluation Plan (DOE-RL 1993a) to facilitate comparisons to Hanford Reach and McNary
Dam samples. Only concentrations of cobalt-60 (in all samples) and ruthenium-106 (two of
three samples) from the Hanford Reach were greater than the upper tolerance limit. The
cobalt-60 concentrations ranged from 0.035 to 0.055 pCi/g for Hanford Reach sampies. The
cobalt-60 upper tolerance limit was 0.003 pCi/g. The ruthenjum-106 concentrations ranged
from -0.083 (non-detected) to 0.210 pCi/g for Hanford Reach samples. The ruthenium-106
upper tolerance limit was 0.122 pCi/g. All other radionuclide concentrations from the
Hanford Reach samples were less than the upper tolerance limits. The average
concentrations of cobalt-60, strontium-90, europium-154, europium-153, and piutonjum-
239/240 from McNary Dam samples (Jaquish and Bryce 1990) were greater than the upper
tolerance limits for Priest Rapids Dam samples (DOE-RL 1993a).
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The most recent sampling and analyses of sediment from the Hanford Reach for
chemical and radiological constituents occurred in 1991 (DOE-RL 1992a). In the fall of
1991 employees of Westinghouse Hanford Company (WHC) and IT Corporation (IT), a
WHC-subcontractor, collected samples of ground water and sediment at seeps and springs
+. that discharge along the 100 Area shoreline from the 100 B/C Area to the Hanford Townsite
of the Hanford Reach (DOE-RL 1992a). The samples were analyzed for radionuclides and
U.S. Environmental Protection Agency (EPA) Contract Laboratory Program (CLP) target
anatyte list (TAL) metals. The samples were not analyzed for lead or mercury, and specific
isotopes of uranium were not identified. The concentrations of radionuclide and chemical
constituents found in samples collected in 1991 (DOE-RL 1992a) at sites that were also
sampled in 1992 are included in summary tables in Chapter 4.

As part of the reporting of the 1991 sampling results, seep/spring locations were
assigned site identification numbers based on the Hanford River miles to provide a consistent
method of site identification (DOE-RL 1992a). Hanford River miles are measured
downstream beginning at the Vernita Bridge, and are marked by milepost signs situated on
the 100 Area shoreline of the Hanford Reach. Although most of these mileposts are visible
from the river, some have toppled and some are absent. During the 1992 sediment
sampling, location coordinates for most of the Hanford River mileposts and for many of the
seeps/springs sampled in 1991 were collected using a global positioning system (GPS)
receiver.

1-2
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2.0 HYDROLOGIC SETTING

The Columbia River is the largest river in the Pacific Northwest and the fifth
largest river (by volume) in North America. It originates in the mountains of eastern
British Columbia, Canada and flows through the northern edge of the Hanford Site. It
forms the outer boundary of the 100 Area operable units and the 600 Area of the
Hanford Site between the 100 F Area and the 300 Area.

Flow of the Columbia River is regulated by 11 dams within the United States: 7

+ upstream and 4 downstream of the Hanford Site. The Priest Rapids Dam is the nearest

- dam to the Hanford Site, about 5.5 mi upstream of the site boundary and 9 mi upriver of
the Vernita Bridge. The McNary Dam is the first dam downstream of the Hanford Site.
It is about 70 mi downstream of the Hanford Townsite.

The Hanford Reach of the Columbia River extends from the Priest Rapids Dam
to the head of Lake Wallula, which is created by McNary Dam. The head of Lake
Wallula is about 22 mi downstream of the Hanford Townsite. The wetted width of the
river through the Hanford Reach ranges from about 305 to 792 m (1,000 to 2,600 ft).
There are many bends and several islands in the river along this reach. River elevation
may fluctuate daily up to 1.5 m (5 ft) as a result of hourly variations in water releases
from Priest Rapids Dam (ERDA 1975).

Although the Hanford Reach is free flowing, the flow rate is regulated. Flows
through the Hanford Reach vary considerably, because of the relatively small storage
capacities and the operational practices of the nearby upstream impoundments. Flow
through the Hanford Reach of the river is relatively swift. Surface velocities vary from
<0.85 m/s (3 ft/s) to >3.1 m/s (11 ft/s), depending on the flow rate (ERDA 1975).
There are river gauges at both Priest Rapids and at the 100 N Area. Typica! daily flows
during summer, fall, and winter range from 1,000 to 7,100 m*/s (37,000 to 250,000 ft*/s).
Flows up to 12,700 m*/s (450,000 ft’/s) are frequently recorded during periods of peak
spring runoff. Average monthly flow rates generally peak from April through June, and
the lowest monthly mean flows are observed during September and October. Recent
annual average flows at Priest Rapids Dam range from 2,800 to 3,400 m®/s (100,000 to
120,000 ft’/s). The long-term average annual flow at Priest Rapids Dam, based on
68 years of record, is approximately 3,400 m*/s (120,000 ft*/s) (McGavock et al. 1987).
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3.0 INVESTIGATION METHODS

3.1 SELECTION OF SAMPLING SITES

Areas of interest for sampling were identified in the Description of Work for 100 Area

Columbia River Sediment Sampling (Gustafson 1992). Sampling of fine-grained sediment,

e., <4 mm in diameter, was desired from locations downstream of outfall structures, from
backwater sloughs, on downstream side of islands, and from areas of springs/seeps discharge
that were sampled in 1991. Areas with the greatest anthropogenic radionuclide
concentrations identified by An Aerial Radiological Survey of the Hanford Site and
Surrounding Area (Reiman and Dahlstrom 1990) were selected from the four categories of
sampling areas as potential sampling locations.

The potential sampling locations were evaluated in consulitation with representatives of
the EPA, the Washington State Department of Ecology (Ecology), WHC and IT. The
evaluation included field reconnaissance. During the reconnaissance some of the potential
sampling locations were found to lack fine-grained sediment. It was agreed that such
locations would not be sampled. ~

Figure 3-1 shows the 28 locations sampied along the Hanford Reach in the fall of
1992. Samples were collected in the following locations:

three locations upstream of the Vernita Bridge

two locations in the 100 B/C Area

four locations in the 100 K Area

four locations in the 100 D Area, three of which were on D Island
three locations between 100 D and 100 H Areas

four locations in the 100 H Area

five locations in the 100 F Area

two locations in the Hanford Townsite area

one location on the shore opposite of the Hanford Townsite.

® & & & & & & & 0

The inset boxes in Figure 3-1 refer to more detailed figures in Chapter 4 that show
sampling locations for each sampling area. The sampling locations were field screened in
accordance with Environmental Investigations Instruction (EII) 3.4 (WHC 1988) using a
Ludlum 14C scintillation counter with beta/gamma (8+) and gross gamma (vy) probes to
select sites with the highest activity for sampling. Background levels of activity were
established at the White Bluffs boat ramp daily before sampling. Access to the sampling
locations was provided by boat or by four-wheel-drive vehicle.

The positions of sampling sites were plotted during sampling on U.S. Geologic
Survey (USGS) 1:24000 scale (7.5 minute) topographic maps or on DOE 1:2000 scale
topographic maps of the 100 Area operable units. Coordinates of sample locations were
obtained using a single GPS receiver. Single position GPS fixes and an average position
from 32 GPS fixes were obtained for each sampling location. The single position and
average position coordinates were converted from longitude/latitude 10 North American
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Datum (NAD) 1983 metric state plane coordinates using CORPSCON Version 2.1 software
obtained from the National Oceanic and Atmospheric Administration, National Coast and
Geodetic Survey. The average position coordinates are reported.

3.2 SAMPLE COLLECTION

Forty-four samples were collected in accordance with the Hanford Reach Sediment
Sampling Performance Procedure (Appendix A) and EIl 5.2 (WHC 1988). Sample material
consisted predominantly of sand-sized and finer grained material, coarser grained sediments
were not selected for sampling or were removed from the sample to the extent practicable.

All samples were collected from the shore. Samples were collected from the 0 to
6-in. interval below land surface (bls) and from the 12 to 24-in, interval bls if possible. The
6 to 12-in. interval was discarded, as directed by the DOW (Gustafson 1992). In many
locations coarser grained sediment such as gravel and cobbles, was found beneath the 0 to
6-in. interval. In some cases this coarse-grained sediment prevented the collection of fine
grained sediment from the 12 to 24-in. sample interval, or required the removal of the coarse
grained clasts to allow collection of finer grained sediment from the clast interstices.

3.3 SAMPLE HANDLING

Each sample was assigned a unique Hanford Environmental Information System
(HEIS) sample identification alphanumeric code number in accordance with the Hanford
Environmental Information System (HEIS) Operators Manual (WHC 1991). After sample
container filling, closure, labeling, application of chain-of-custody tape. and bagging, the
containers were placed in a cooler with ice. Sample custody was maintained in accordance
with EII 5.1 (WHC 1988).

A total activity sample was submitted to the 105 N Health Physics Laboratory for a
total activity analysis. The associated sediment sample was held onsite until the total activity
resuits were available and indicated that radioactivity present in the sediment sample did not
exceed radiaton release standards for shipment to the offsite laboratories. None of the
samples exceeded the radiation release standards.

3.4 SAMPLE ANALYSES

The analytes were selected based upon contaminants identified in the Hanford Reach
spring sampling effort conducted in the fail of 1991 (DOE-RL 1992a).
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3.4.1 Chemical Analyses

Samples were analyzed using EPA CLP methods for TAL metals, (aluminum,
antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron,
magnesium, manganese, nickel, potassium, selenium, silver, sodium, thorium, vanadium,
zinc) and for mercury and lead. Tables from the Final Data Validation Summary Report,
Columbia River Sediment Data (WHC 1993) present all the analytical chemical data in
Appendix B.

342 Radionuclide Analyses

Radionuclides were identified and concentrations quantified using alpha
spectroscopy, beta counting, and gamma-ray spectroscopy. The gross alpha and gross
beta activities were also determined. A total activity analysis was also performed by the
105 N Health Physics Laboratory as described above in Section 3.3. Tables from the
Final Data Validation Summary Report, Columbia River Sediment Data (WHC 1993)
present all the radionuclide analytical data in Appendix C.

3.4.3 Grain Size Analysis

The grain size of the sediment samples was determined using sieve analyses and
hydrometer analyses. These analyses were performed onsite by the WHC Geotechnical
Engineering Laboratory. The grain size analysis plots are included as Appendix D.

3.5 QUALITY ASSURANCE/QUALITY CONTROL

Quality control (QC) samples were collected as specified in the Quality Assurance
Project Plan (DOE-RL 1992b), and documented in the field logbook per EII 1.5
(WHC 1988). Quality control samples consisted of four duplicate samples, two split
samples, and two equipment blank samples. Duplicate and split samples were collected
in accordance with the sampling performance procedure (Appendix A) and EIl 5.2
(WHC 1988). The equipment blank media was silica sand.

3.6 DATA VALIDATION

Analytical data from chemical and radionuclide analyses were validated in
accordance with Data Validation Procedures for Chemical Analyses (Bechtold 1992a) and
Data Validation Procedures for Radionuclide Analyses (Bechtold 1992b). Results of the
validation are presented in the Final Data Validation Summary Report, Columbia River
Sediment Data (WHC 1993).
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Figure 3-1. Locations of Sediment Samples Collected on the
Hanford Reach of the Columbia River, Fall 1992

B-£08000
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4.0 SAMPLING RESULTS

Results of analysis of selected metallic and radionuclide constituents in sediment
samples from the Hanford Reach are presented in the following sections.

“The inorganic analytical data from the sediment samples are compared to the Sitewide
soil background data to determine if sediment concentrations represent contamination. The
characterization of the natural chemical composition of Hanford Site soil samples is presented
in Hanford Site Background: Part 1, Soil Background for Nonradioactive Analyses (DOE-RL
1993b). Soil includes sediment and consists of geologic materials other than bedrock that are
less than 2 mm in diameter (DOE-RL 1993b). This characterization is based on the chemical
analysis of inorganic constituents from 170 samples. The characterization included an
analysis of physical properties and factors that might affect the natural soil chemical
composition, as-determined by regulatory protocols. Hanford Site background soil
concentrations are used to evaluate Columbia River sediment because of the following:

. Soil materials in the vadose zone of the Hanford Site have fundamental
physical and chemical similarities that are a result of soil constituent source
areas on the periphery of the Columbia Plateau and deposition of the
constituents by catastrophic floods, aeolian or fluvial processes
(DOE-RL 1993b).

4 Chemical composition data from Hanford Site vadose zone background soil
samples can be represented as a single Sitewide statistical population for all
naturatly occurring inorganic analytes (DOE-RL 1993b).

. Only a small number of the analyzed Hanford Site vadose zone background
soil samples have one or more analytes concentrations that are significantly
larger than the majority of soil background samples (DOE-RL 1993B).

An inorganic constituent is considered a potential contaminant if the reported
concentration exceeds the 95% upper threshold limit (UTL) from the Hanford Site
background data (DOE-RL 1993b). The 95% UTL is an abbreviation of the 95% confidence
limit of the 95th percentile of the data distribution. The 95% UTL, is identified by the
Washington Administrative Code (WAC), Modet Toxics Control Act (MTCA) (WAC 173-
340-708 [lid]) as one way to define contamination threshold levels. Table 4-1 presents the
95% UTL values using a Weibull distribution (DOE-RL 1993b). Tabie 4-1 also presents the
concentrations of metallic constituents found in topsoil from riparian grass and juniper
ecosystems at two background sampling sites located between the Vernita Bridge and the 100
B/C Area (DOE-RL 1993b). The riparian samples are notable because concentrations of lead
and zinc in the topsoil from grass and juniper ecosystem samples are about five times larger
than the 95% UTL values (DOE-RL 1993b). The concentration of arsenic in juniper
ecosystem topsoil is three times larger than the 95% UTL value.
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Data from the 1991 sediment samples (DOE-RL 1992a) are included in Tables 4-3
and 4-4 for comparison to the 1997, data obtained from sampies collected at the same
- locations.

Because site-wide background levels for radionuclides have not been established
(DOE-RL 1993b) all detected concentrations of anthropogenic radionuclides are considered
potential contaminants. The detected radionuclides concentrations are compared to those
found in samples from the Vernita area. This comparison of radionuclide data is not
intended or implied to be a screening process. The radionuclides potassium-40, radium-226,
thorium-228, and thorium-232 are naturally occurring and not considered contaminants, but
are included in the summary tables.

All grain size percentage values cited in the following sections are weight percents.
The grain-size classes utilized follow American Society of Testing and Materials (ASTM)
Standards D422-63 and D643-78 (ASTM 1993). The piots of the grain-size analyses are in
Appendix D.

4.1 VERNITA AREA

Five samples were collected at three locations shown in Figure 4-1. The samples
were collected on the shore. During sampling the Columbia River shoreline was at a lower
~ elevation than is shown by Figure 4-1. These samples were collected to investigate the
chemical and radiological characteristics of sediments upriver of the 100 Areas of the
Hanford Site. Field screening instruments indicated background-levels of 8y and v activity
at the Vernita area sampling locations.

Samples BO7NFS and BO7NF6 were collected at location VBU1 from the 0 to 6-in.
and 12 to 22-in. intervals bis. Location VBU1 is about 0.9 mi upstream of the bridge.
Sample BO7TNF7 was collected at location VBU2 from the O to 6-in. interval bis. Sample
BO7NF8 was collected at location VBU3 from the O to 3-in. interval bls. Locations VBU2
and VBU3 are about 1.2 mi upstream of the bridge. The presence of cobbles at locations
VBU2 and VBUS3 prevented collection of fine grained sediment from more than 3 to 6-in.
bis. The sample location coordinates, distance from Vernita Bridge (in miles), sample
dates, intervals sampled, median grain size, inorganic constituents with concentrations greater

- than the 95% UTL, and all detected radionuclides are presented in Table 4-2.

4.1.1 Inorganic Constituents

Concentrations of arsenic, lead, and zinc were greater than the 95% UTL values in
sample BO7NF5 from the O to 6-in. interval bis at location VBU1. The amounts of lead and
zinc present in samples BO7NF7 and BO7NF8 from locations VBU2 and VBU3 were also
greater than the 95% UTL values. The concentrations of lead and zinc are less than values
reported for Hanford soils from either riparian ecosystem samples and the arsenic
concentration is less than was found in the riparian juniper ecosystem sample (Table 4-1)
(DOE-RL 1993b).
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4.1.2 Radionuclide Constituents

The maximum concentrations of radionuclides detected were small; 16 pCi/g of
potassium-40, 0.14 pCi/g of cesium-137, 1.2 pCi/g of radium-226, 1 pCi/g of
uranium-233/234 and uraninm-238, and 2.5 pCi/g of thorium-228 and thorium-232. The
only man-made radionuclide found was cesrum-137.

4.1.3 Grain-Size Analysis

All of the samples from the Vernita area consist predominantly of medium- and fine-
grained sand. Medium-grained sand, consisting of particles 2.0 to 0.425 mm in diameter,

- constitute 56% to 64% of the samples. Fine-grained sand, consisting of particles 0.425 to

0.075 mm in diameter, constitute 36% to 43% of the samples. The samples contain <10%
silt and clay, i.e., particles smaller than 0.075 mm and 0.005 mm, respectively.

4.2 100 B/C AREA

Four sampies were collected at two locations in the 100 B/C Area as shown in

- Figure 4-2. The samples were collected on the shore. During sampling the Columbia River

shoreline was at a lower elevation than is shown by Figure 4-2. Sediments from these
locations were also sampled in the 1991 investigation of Hanford Reach seeps

(DOE-RL 1992b). Samples BO7NF3 and BO7TN¥4 were collected at location BC2, which
corresponds to the 1991-seep 037-1. Sample BO7ND1 and QC sample BOTND9 were
collected at location BC1, which corresponds to the 1991 seep 038-2. Field screening
instruments indicated background-levels of 8y and v activity at the 100 B/C sampling
locations.

Samples BO7NF3 and BO7NF4 were collected from the O to 6-in. and 12 to 18-in.
intervals bis. Sample BO7TNDS9 and the QC split sample BO7TND1 were collected from the 0
to 6-in. interval bis at location BC1. The presence of cobbles at locaion BC1 prevented
collection of fine-grained sediment from depths >6 in. bls. The sampie location
coordinates, distance from Vernita Bridge (in miles), sample dates, intervals sampled,
median grain size, inorganic constituents with concentrations greater than the 95% UTL,
detected radionuclides, and the maximum radionuclide concentrations found in samples from
the Vernita area are presented in Table 4-3.

4.2.1 Inorganic Constituents

Concentrations of chromium were greater than the 95% UTL values in all samples
from the 100 B/C Area. The maximum, 131 mg/kg, occurs in sampie BO7NF4, collected
from the 12 to 18-in. interval bls at location BC2. This concentration is twice the maximum
found-in the O to 6-in. interval bls. The concentrations of lead and zinc were aiso greater
than the 95% UTL values in samples BO7TND! and BO7ND9. The concentration of zinc in
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sample BO7ND1 also exceeded the 95% UTL. The concentrations of lead and zinc were
within the range found in samples from the Vernita area, as shown in Table 4-2.

- 4,2.2 Radionuclide Constituents

" The maximum toncentrations of potassium-40, cesium-137, radium-226,
uranium-233/234, uranium-238, thorium-228, and thorium-232 in samples from 100 B/C

- locations are similar to those from the Vernita area, as shown in Tabie 4-2. The only man-

made radionuclide found was cesium-137.

4.2.3 Grain-Size Analysis

Samples BOTND9 and BO7NF3 consist of 14% and 3% medium-grained sand, 85%
and 92% fine-grained sand, and 1% and 5% silt and clay. Sample BO7ND1 contains 19%
gravel, i.e., particles 76.2 to 4.75 mm in diameter, 11% coarse-grained sand, 6% medium-
grained sand, 61% fine-grained sand, and 3% silt and clay. Sample BO7NF4 consists of 3%
medium-grained sand, 45% fine-grained sand, 42% silt, and 10% clay.

4.3 100 K AREA

Five samples were collected at four locations in the 100 K Area, as shown by
Figure 4-3. The samples were coliected on the shore. During sampling the Columbia River
shoreline was at a lower elevation than is shown by Figure 4-3. Sample BOTNG2 was
collected at location K3 near Coyote Rapids, 5.7 mi downstream of the Vernita Bridge. The
riverbank consists predominantly of cobbie and gravel. Samples BOTNGO and BO7NF9 were
collected at location KU1, a small sandy beach about 6.2 mi downriver of the bridge and just
upriver of the 100-KW intake structure. Sample BO7TNG1 was collected at location K2,
which is 6.4 mi downriver of the bridge and between the 100-KW and 100-KE intake
structures. The shore between the intake structures is composed predominantty of boulders,
cobbles, and gravel. Sample BO7TNG4 was cotlected at location N, a groundwater seep area
upriver of the 100 N Area, and about 8.1 mi downriver of the bridge. The shore at location
N consists principally of cobbles, however, the seep has deposited fine-grained sediment.
This seep corresponds to the 1991 seep sampling location 082-2 (DOE-RL 1992a). Field
screening instruments indicated background levels of Sy and v activity at all 100 K sampling
locations.

Samples BOTNGO and BO7TNF9 were collected from the O to 6-in. and 12 to 18-in
intervals bls. The presence of cobble-sized and larger clasts at locations K2, K3, and N
prevented collection of fine-grained sediment from depths >6 in. (K2) or 3 in. (K3 and N)
bls. The sample location coordinates, distance from Vernita Bridge (in miles), sample dates,
intervals sampled, median grain size, inorganic constituents with concentrations greater than
the 95% UTL, detected radionuclides, and the maximum radionuclide concentrations found
in samples from the Vernita area are presented in Table 4-4.
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4.3.1 Inorganic Constituents

The concentration of arsenic was greater than the 95% UTL value in sample BO7TNG4
from location N. Concentrations of chromium were greater than the 95% UTL value in
samples BOTNF9 and BO7TNG4 collected at locations KU1 and N; the maximum of
64,1 mg/kg occurs in sample BO7TNF9 collected from the 12 to 18-in. interval bls at location
- KU1. Concentrations of lead were greater than the 95% UTL values in all samples except
BO7NG2. Concentrations of zinc exceeded the 95% UTL in all samples. The maximum
_concentrations of chromium, lead, and zinc from the 100 K Area occur in sample BO7TNF9
collected from the 12 to 18-in. interval bls at location KU1.

4.3.2 Radionuclide Constituents

: - The maximum concentrations of potassium-40, radium-226, uranium-233/234,
uranium-238, thorium-228, and thorium-232 in the 100 K samples are generally similar to
those from the Vernita area, as shown in Table 4-4. The concentrations of cesium-137 and
europium-152 in sample BOTNF9 exceed those found in Vemnita or 100 B/C samples.
Europium-152 was not detected at the Vernita area or 100 B/C Area samples. The cesium-
137 and europium-152 concentrations from 100 K Area samples are 0.45 and 0.32 pCi/g,
respectively.

4.3.3 Grain-Size Analysis

Samples BO7TNG1, BO7NG2, and BO7TNG4 consists predominantly of medium- and
fine-grained sand. Medium-grained sand constitutes 45%, 27%, and 54% of the samples,
and fine-grained sand 55%, 65%, and 46%, respectively. All three samples contain
<10% (by weight) silt and clay.

Medium-grained sand constitutes 2% of samples BO7TNF9 and BO7TNGO, both of which
are from location KU1. Fine-grained sand constitutes 55% and 83 %, respectively, of
samples BO7TNF9 and BOTNGO. The remaining 43% and 15% consists of siit and clay.
Sample BO7NTF9 contained 39% silt and 5% clay. The individual silt and clay percentages
are not provided for sample BO7NGO.

4.4 100 D AREA

Six samples and three QC samples were collected at four locations in the 100 D Area
as shown in Figure 44. The sediments were collected on the shore. During sampling the
Columbia River shoreline was at a lower elevation than is shown in Figure 4-4. Samples
BO7NF1 and BO7TNF2 were collected at location D5, a small sandy beach just upstream of
the 100 D intake structure, 10.3 mi downstream of the Vernita Bridge. Samples BOTND4
and BO7TND7 were collected at location DI1. Samples BO7TND6 and BOTND8 were collected
at location DI2. Samples BO7TNHS, BO7NH6, and BO7TNH7 were collected at location DI3.
Locations DI1, DI2, and DI3 are about 11.3 mi downstream of the Vernita Bridge. Field
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screening instruments indicated background levels of Sy and « activity at al} 100 D sampling
locations.

Samples BO7NF1 and BOTNF2 were collected from the 0 to 6-in. and 12 to 18-in.
- intervals bls, respectively. On D Island six samples were collected from the O to 6-in.
. interval bls, only sample BOTNDS was coliected from the 12 to 18-in. interval bls. The
- sample location coordinates, distance from Vernita Bridge (in'miles), sample dates, intervals
sampled, median grain size, inorganic constituents with concentrations greater than the 95%
UTL, all detected radionuclides, and the maximum radionuclide concentrations found in
samples from the Vernita area are presented in Table 4-5.

4.4.1 Inorganic Constituents

.Concentrations of chromium, copper, lead, and zinc exceeded the 95% UTL values in

100 D Area samples, as shown in Table 4-5. Concentrations of chromium and copper
exceeded the 95% UTL values only in samples BO7TNF2 (chromium) and BO7NDS (copper).
Concentrations of lead exceeded the 95% UTL value in all samples except BO7NF1.
Concentrations of zinc exceeded the 95% UTL value in all samples. The concentrations of
lead were similar to those found in samples from the Vernita area. The maximum

+ concentration of zinc from 100 D samples was 14% greater than the maximum from the
Vernita area.

- 4.4,2 Radionuclide Constituents

The maximum concentrations of potassium-40, radium-226, uranium-233/234,
uranium-238. thorium-228, and thorium-232 in the 100 D samples are generally similar to
those from the Vernita area, as shown in Table 4-5. Concentrations of cesium-137 ranged
from 0.1 to 1.3 pCi/g. Concentrations of europium-152 ranged from non-detectable to
0.9 pCi/g. The maximum concentrations of cesium-137 and europium-152 occur in sample
BO7NF2 collected from the 12 to 18-in. interval bls at location D5.

Several radionuclides were detected in the 100 D Area that were not detected
upstream at Vernita or at the 100 B/C or 100 K Areas: cobalt-60, europium-154,
europium-153, radium-228, thorium-231, thorium-234, uranium-235, neptunium-237, and
americium-241. Concentrations of cobalt-60 ranged from non-detected 10 0.41 pCi/g. The
detections of europium-154, europium-155, radium-228, thorium-231, thorium-234,
uranium-235, neptunium-237, and americium-241 all occur in sample BO7NH7, a QC split
sample. Concentrations of europium-154 and europium-155 were 0.04 pCi/g.

- Concentrations of thorium-231 and thorium-234 were 0.29 and 0.69 pCi/g, respectively.
The neptunium-237 concentration was 0.48 pCi/g. The americium-241 concentration was
0.24 pCi/g.
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4.4.3 Grain-Size Analysis

Samples BO7ND4, BO7TNDS, BO7ND6, BOTND7, BOTND8, BNO7NF1, BO7TNHS,
BO7NHG6, and BO7TNHS consist predominantly of medium- and fine-grained sand. The
percentage of medium-grained sand in the nine samples ranges from 11% to 38%. The
percentage of fine-grained sand ranges from 63% to 90%. Eight of the nine samples contain
<2% silt and clay; sample BOTND6 contained 3% silt and 1% clay.

Medium- and fine-grained sand constitute 77 % of sampie BO7NF2. The remaining
23% is silt and clay. This sample is from the 12 to 20-in. interval bls at location D5; a
beach just upriver of the 100 D intake structure.

4.5 HORN AREA

Five samples were collected at two locations between the 100 D and 100 H Areas
near the horn of the Columbia River and from the island located in the horn as shown in
Figure 4-5. The sediments were collected on land. During sampling the Columbia River
shoreline was at a lower elevation than is shown in Figure 4-5. Samples BO7TNH1 and
BO7NH2 were collected at location DA1, about 11.9 mi downriver of the Vernita Bridge.
This location may have been flooded by the river at times when the production reactors were
operating and was near an area with elevated concentrations of man-made radionuclides in
1988 (Reiman and Dahlstrom 1990). Field screening instruments indicated background levels
of Bv and v activity at all horn area locations. Samples BO7TNDOQ and BO7TNCS were
collected at location D/H, about 12.8 mi downriver of the bridge. Sample BO7TNFO was
collected on the island located about 13 mi downriver of the bridge.

Samples BO7TNH1 and BO7NH2 were cotllected from the O to 6-in. and 12 to
20-in. intervals bls. Samples BO7TNDO and BOTNC9 were collected from the 0 to 6-in, and
12 to 18-in. intervals bls. Sample BO7TNFO was collected from the 0 1o 6-in. interval bls;
cobbles were encountered and prevented collection of the deeper interval. The sample
location coordinates, distance from Vernita Bridge (in miles), sample dates, intervals
sampled, median grain size, inorganic constituents with concentrations greater than the 95%
UTL, detected radionuclides, and the maximum radionuclide concentrations found in samples
from the Vernita area are presented in Table 4-6.

. 4.5.1 Inorganic Constituents

Concentrations of chromium, copper, lead, and zinc exceeded the 95% UTL values in
samples from the horn, as shown in Table 4-6. Chromium and copper exceeded the 95%
UTL values in sampies BOTNH2. Concentrations of lead exceeded the 95% UTL value in
samples from the O to 6-in. intervals bls, but not in samples from the deeper intervals.
Concentrations of zinc exceeded the 95% UTL value in all samples. The concentrations of
lead were similar to those found in samples from the Vernita area. The maximum
concentration of zinc (377 mg/kg) from the Horn area samples was 67% greater than the
maximum from the Vernita area (226 mg/kg).
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4.5.2 Radionuclide Constituents
T
The maximum concentrations of potassium-40, radium-226, thorium-228, and
thorium-232 in samples from the horn of the Columbia are generally similar to those from
the Vernita area, as shown in Table 4-6. The maximum concentratons of man-made
radionuclides cobalt-60, cesium-137, europium-152, and europium-155 are small; all are
<1 pCi/g.

Concentrations of cobalt-60 range from non-detected to 0.33 pCi/g. Concentrations
of cesium-137 ranged from non-detected to 0.56 pCi/g. Concentrations of europium-152
ranged from non-detected to 0.94 pCi/g. Concentrations of europium-155 range from
non-detected to 0.79 pCi/g. The maximum concentrations of europium-152 and
europium-155 occur in sample BO7NH1. This location also has the largest uranium
concentrations in the 12 to 20-in. interval. Concentrations of cobalt-60 and cesium-137 were
largest in sample BO7NFO, collected on the island. .

4.5.3 Grain-Size Analysis

Medium- and fine-grained sand constitutes 42% and 51 % of sample BOTNFO,
respectively. The remaining 7% of sample BO7NFO consists of silt and clay. This sample
was collected on the isiand in the Horn of the Columbia River from the 0 to 6-in. interval
bls.

Sample BO7NC9 contains 12% gravel, 6% coarse-grained sand, and 72%
medium- and fine-grained sand. Sample BO7TNDO consist of 2% medium-grained sand, 88%
- fine-grained sand, 7% silt, and 3% clay. These samples were collected at location DAI
from the O to 6-in. and 12 to 20-in. intervals bis.

Sample BO7NH1 consists of 3% medium-grained sand, 72% fine-grained sand, and
25% silt and clay. Sample BO7NH2 consists of 34 % medium-grained sand, 53% fine-
grained sand, and 13% silt and clay. These samples were collected at location D/H from the
0 to 6-in. and 12 to 18-in. intervals bls.

4.6 100 H AREA

Six samples and two QC samples, a duplicate and split sample, were collected at four
locations in the 100 H Area, as shown by Figure 4-6. The samples were collected on land.
During sampling the Columbia River shoreline was at a lower elevation than is shown in
Figure 4-5. Samples BO7TNG3, BO7TNGS, BO7TNGS, and BOTNG7 were collected at location
HUI1, a sandy beach near the former site of the 100 H river water intake structure and near
the upstream boundary of the 100 H Area. Location HU1 is about 14.5 mi downstream of
the Vernita Bridge and just downstream of seep 145-2, which was sampled in 1991. Samples
BO7NCO0 and BO7NC1 were collected at location H1. Sampies BO7TNC2 and BO7NC3 were
collected at locations H2 and H3, respectively. Locations H1, H2. and H3 were dry and
grass-covered when sampled, aithough they may have been flooded by the river at times
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when the production reactors were operating. Locations H1, H2, and H3 were within an

-area with elevated concentrations of man-made radionuclides in 1988 (Reiman and

Dahistrom 1990). Field screening instruments indicated background levels of 8y and
activity during sampling at all 100 H Area locations. Locations H! and H2 are about 15.6
and 16.0 mi downriver from the Vernita Bridge. Location H3 is about 16.8 mi downriver of
the bridge.

Samples BOTNG3 and BO7TNGS were collected from the 0 to 6-in. and 12 to
18-in. intervals bls at location HU1. A duplicate QC sample, BOTNG#6, was collected from
the 0 to 6-in. interval bls and a split QC sample, BOTNG7, was collected from the 12 to

. 18-in. interval bls at location HU1. Samples BO7TNCO and BO7TNC1 were collected from the
.* 0 to 6-in. and 12 to 18-in. intervals bls at location H1. Samples BO7TNC2 and BO7TNC3 were
: collected from the 0 to 6-in. intervals at locations H2 and H3, respectively. Cobbles and

gravel at locations H2 and H3 prevented the collection of material from intervals deeper than
6 in. bls. The sample location coordinates, distance from Vernita Bridge (in miles), sample
dates, intervals sampled, median grain size, inorganic constituents with concentrations greater
than the 95% UTL, detected radionuclides, and the maximum radionuclide concentrations
found in samples from the Vernita area are presented in Table 4-7.

4.6.1 Inorganic Constituents

Concentrations of chromium, copper, lead, and zinc exceed the 95% UTL values in
samples from 100 H. The concentrations of chromium exceeded the 95% UTL values in
samples BO7NC1 and BO7NC3 from locations H1 and H3. The concentrations of copper
exceeded the 95% UTL value in samples BO7NCO and BO7NC1 from location H1 and in
sample BO7NC2 from location H2. The concentrations of lead and zinc in all the samples

. are greater than the 95% UTL values. The maximum lead concentrations from 100 H

locations were less than the maximum from the Vernita area. The maximum zinc
concentration from the 100 H Area (i.e., 397 mg/kg from sample BOTNG3) is 76 % greater
than the maximum found in the Vernita area.

4.6.2 Radionuclide Constituents

The maximum concentrations of potassium-40, radium-226, thorium-228, and
thorium-232 in the 100 H samples are generally similar to those from the Vernita area, as

R shown in Table 4-7. The maximum concentrations of cobalt-60, and europium-154 are

smalil; i.e., <0.4 pCi/g. The concentrations of cesium-137 range from 0.33 to 4.6 pCi/g.
The europium-152 concentrations range from non-detected to 1.8 pCi/g. The europium-154
concentrations range from non-detected to 0.24 pCi/g. Sample BOTNCO, collected from the
0 to 6-in. interval at location H1, has the maximum concentrations of cesium-137,
europium-152, and europium-154 of all the samples analyzed from the 1992 Hanford Reach
sampling.

The radionuclides thorium-231, thorium-234, plutonium-239/240, and neptunium-237
were detected in QC split sample BO7NG7 but were not found in other 100 H samples. The
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plutonium-239/240 concentration is 0.07 pCi/g. Concentrations of thorium-231, thorium-
234, and neptunium-237 were all <1 pCi/g.

- 4.6.3 Grain-Size Analysis

" Fine-grained sand, constitutes at least 90% of samples BO7NG3, BO7TNGS, BOTNGS,
and 82% of sample BOTNH7. These samples are from the beach at location HU1. Medium-
grained sand constitutes 0% to 2% of these samples. The remaining 4% to 18% of these

- samples consists of silt and clay.

Sampie BO7NCO consists of 2% medium-grained sand, 58% fine-grained sand, and
35% silt and 5% clay. Sample BOTNC1 consists of 8% medium-grained sand, 58% fine-
grained sand, 23% silt, and 11% clay. These samples were collected at location H1 at the 0
to 6-in. and 12 to 18-in. intervals bls.

Samples BO7TNC2 and BO7NC3 contain 13% and 14% medium-grained sand, 73% and
78% fine-grained sand, and 12% and 8% silt, respectively. Both samples contain 2% clay.
These samples were collected-from locations H2 and H3 in the O to 6-in. intervals bls.

- 4.7 100 F AREA

Eight samples were collected from five locations in the 100 F Slough which is

- immediately downstream’ of the 100 F Area, as shown by Figure 4-7. The samples were

collected on land. During sampling the Columbia River shoreline was at a lower elevation
than is shown by Figure 4-7. The sampling locations are about 19.9 to 21.0 mi downstream
of the Vernita Bridge and about 1 to 2 mi downstream of the 100 F outfail. Samples
BO7NB8 and BO7TNBS were collected in location F3, an area where many springs discharge
groundwater through the sediment into the slough. Locations F2, F4, and FI1 were within
areas with elevated concentrations of man-made radionuclides in 1988 (Reiman and
Dahlstrom 1990). Field screening instruments indicated background-levels of Sy and v
activity at locations F1, F2, F4, and FI1 during sampling. Field screening instruments
indicated activity greater than background Sy and vy activity at location F3 during sampling.

Samples BO7TNB6 and BO7TNB7 were collected from the O to 6-in. interval bls at
locations F1 and F2. Cobbles were encountered at both locations when attempting to sample
at greater depth intervals. Sampies BOTNB8 and BO7TNB9 were collected from the 0 to 6-in.
and 12 to 24-in. intervals bls, respectively, at location F3. Samples BOTNC4 and BO7NCS5
were collected from the O to 6-in. and 12 to 16-in. intervals bls, respectively, at location F4.
Samples BOTNG9 and BO7NHO were collected from the O to 6-in. and 12 to 18-in. intervals
bls, respectively, at location FI1. The sample location coordinates, distance from Vernita
Bridge (in miles), sample dates, intervals sampled, median grain size, inorganic constituents
with concentrations greater than the 95% UTL, detected radionuclides, and the maximum
radionuclide concentrations found in samples from the Vernita area are presented in
Table 4-8.
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4.7.1 Inorganic Constituents

Concentrations of chromium, copper, lead, and zinc exceed the 95% UTL values in
100 F Slough samples, although not all samples contain concentrations that exceed the 95%
UTL values, as shown by Table 4-8. Sample BOTNC56 does not exceed any 95% UTL
values and sample BO7NHO only exceeds the zinc 95% UTL value. Concentrations of
chromium exceed the 95% UTL -value in samples BOTNB8 and BO7TNB9. The copper
concentrations exceed the 95% UTL value in all samples except BOTNCS and BO7NHO.
Concentrations of lead exceed the 95% UTL value in six of the eight samples, however, the
maximum concentration of 55.7 mg/kg is less than the maximum reported from the Vernita
area samples, 57.7 mg/kg. The zinc concentrations exceed the 95% UTL value in seven of
the eight samples. The maximum zinc concentration from 100 F Slough samples,
315 mg/kg, is 39% greater than the maximum value found in Vernita area samples,
226 mg/kg.

4.7.2 Radionuclide Constituents

- The maximum concentrations of potassium-40, radium-226, thorium-228, and
thorium-232 in the 100 F samples are generally similar to those from the Vernita area, as
shown in Table 4-8. Sample BOTNC4 contained 4.4 and 3.2 pCi/g of thorium-228 and
thorium-232, respectively, which exceeds the maximum thorium concentration from the
Vernita area. The uranium concentrations are all <2 pCi/g. The radionuclides cobalt-60,
cesium-137, europium-152, and europium-154 were all detected in samples from the 100 F
Slough; however, the maximum concentrations are all <1 pCi/g.

4.7.3 Grain-Size Analysis

The two samples collected from location F3, BOTNB8 and BO7NB9, contain  27%
and 30% silt. considerably more than other locations in the 100 F Slough.

Samples BO7TNB6 and BO7NB7 contain 1% and 3% medium-grained sand, 80% and
86% fine-grained sand, 11% and 14% silt, respectively. Both samples contain 4% clay.
These samples were collected at locations F1 and F2 from the O to 6-in. interval bls.

Samples BO7NB8 and BO7NB9 contain 6% and 2% medium-grained sand, 70% and
66% fine-grained sand, 27% and 30% silt, and 3% and 2% clay, respectively. These
samples were collected at location F3 from the O to 6-in. and 12 to 24-in. intervals bis.

Sample BO7NC4 contains 1% medium-grained sand, 91% fine-grained sand, and 7%
silt, and 1% clay. Sample BO7NCS contains 1% gravel, 11% coarse-grained sand, 8%
medium-grained sand, 67% fine-grained sand, 9% silt, 4% clay. These samples were
collected at location F4 from the 0 to 6-in. and 12 to 16-in. intervals bis.
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Sample BO7TNG9 contains 4% medium-grained sand, 91% fine-grained sand, and 5%
+ silt and clay. Sample BOTNHO contains 37% medium-grained sand, 63% fine-grained sand,
+ and no silt or clay. These samples were collected at location FI1 from the 0 to
6-in. and 12 to 18-in. intervals bls.

4.8 HANFORD TOWNSITE

Six sampies were collected at three locations in the Hanford Townsite area as shown
in Figure 4-8. The samples were collected on land. During sampling the Columbia River
shoreline was at a lower elevation thap is shown in Figure 4-8. Samples BOTNH3 and
BO7NH4 were collected at location FF1 on the Franklin County shore of the Columbia River
opposite of the Hanford Townsite and about 24.6 mi downstream of the Vernita Bridge.
There is abundant fine-grained sediment at this site. An abandoned farm is nearby. Samples
BO7ND2 and BO7ND3 were collected at location HAN2, which is at the upstream end of the
Hanford Slough. Samples BO7TNC6 and BO7NC7 were collected at location HAN1 at the end
of the Hanford Peninsula. Location HANI is about 25.5 mi downstream of the Vernita
Bridge. Location HAN2 is about 24.8 mi downstream of the Vernita Bridge. Locations
HAN1 and HAN2 were within areas with elevated concentrations of man-made radionuclides
in 1988 (Reiman and Dahlstrom 1990), although field screening instruments indicated

* background levels of 8+ and ¥ activity during sampling.

e
‘.‘t . Q

Two samples were collected at each of the three locations. At each location a sample
was collected from the O to 6-in. interval bls and from an interval deeper than 12 in; i.e., 12
to 20 in for sample'BO7NH4 from location at FF1, 12 to 16 in for sample BO7TNC6 from

~ location HAN1, and 12 to 18 in for sample BO7ND3 from location HAN2. The sample

location coordinates, distance from Vernita Bridge (in miles), sample dates, intervals
sampled, median grain size, inorganic constituents with concentrations greater than the 95%
UTL, detected radionuclides, and the maximum radionuclide concentrations found in samples
from the Vernita area are presented in Table 4-9.

4.8.1 Inorganic Constituents

Concentrations of zinc exceeded the 95% UTL value in all samples. The maximum
concentration 293 mg/kg, from sample BO7TND2, exceeded the maximum from the Vernita
area by 30%. All the other zinc concentrations from the Hanford Townsite samples were
less than the maximum from the Vernita area. No other 95% UTL values were exceeded for
Hanford Townsite sampies.

4.8.2 Radionuclide Constituents

The concentrations of radionuclides were similar to those reported from the Vernita
area in all samples except BO7ND2. The concentrations of cobalt-60, cesium-137, europium-
152, and europium-154 in sample BO7TND?2 exceeded those from the Vernita area. In Vernita
area samples, cobalt-60, europium-152, and europium-154 were not detected and the
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maximum cesium-137 concentration was 0.14 pCi/g. In sample BO7TND2 cobalt-60,
europium-152, and europium-154 were detected, although concentrations were < 1 pCi/g,
and the cesium-137 concentration was 1 pCi/g. Sample BO7NC6 also contained cesium-137
but less than the Vernita area maximum.

¥

" 4,8.3 Grain-Size Analysis

Sampies BO7NH3 and BO7NH4 contain 6% and 5% medium-grained sand, 91%
and 88% fine-grained sand, and 3% and 7% silt and clay. These samples were collected at
location FF1 from the O to 6-in. and 12 to 20-in. intervals bls.

Sample BO7TNC6 contains 2% medium-grained sand, 76% fine-grained sand, 20% silt,
and 2% clay. Sample BOTNC7 contains 4% gravel, 2% coarse-grained sand, 8% medium-
grained sand, 66% fine-grained sand, 14% silt, and 4% clay. These samples were collected
at site HAN1, located at the end of the Hanford Townsite Peninsula from the 0 to 6-in. and
12 to 16-in. intervals bls.

Sample BO7TND2 contains 1% gravel, 5% coarse-grained sand, 1% medium-grained
sand, 77% fine-grained sand, 13% silt, and 3% clay. Sample BO7ND3 contains 18% gravel,
24% coarse-grained sand, 3% medium-grained sand, 39% fine-grained sand, 10% silt, and
6% clay. These samples were collected at site HAN2, located in the Hanford Slough, from
the 0 to 6-in. and 12 to 18-in. intervals bis.

_ Sample BO7NG9 contains 4% medium-grained sand, 91% fine-grained sand, and 5%
silt and clay. Sample BO7NHO contains 37% medium-grained sand, 63% fine-grained sand,
and no silt or clay. These samples were collected at location FI1 from the O to 6-in and 12
to 18-in. intervals bls.
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Figure 4-7. Location of Sediment Samples Collected in the 100 F Area, Fall 1992
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Table 4-1. Upper Threshold Limits (UTL) and Riparian Ecosystem Topsoils

for Inorganic Analytes (concentrations in mg/kg)

Analyte 95% UTL" Riparian Riparian juniper
grass topsoil’ topsoil®
Aluminum 15,100 9,940 10,200
Antimony NC* 137 142
Arsenic 9 17 21.7
Barium 175 88.8 90.8
Beryllium 18 054 0.98
Cadmium NC* 31 29
Calcium 24,600 5,650 5,820
Chromium 28 19.6 20.4
Cobalt 19 10.1 10.6
Copper 30 318 329
Iron 38,200 20,300 20,800
Lead 14.9 674 74.1
Magnesium 9,160 5,110 5,250
Manganese 583 297 304
Mercury 13 0.12 0.12
Nickel 25 200 19.9
Potassium 3,090 2,020 2,100
Selenium NC 094 0.98
Silver 21 24 25
Sodium 1,390 273 263
Thallium NC 0.71 0.74
Vanadium 107 436 447
Zine 79 356 366
Source: DOE-RL 1993b
" NR= Not Reported
* 95% confidence limit of the 95th percentile of the data, Weibull distribution
® Riparian grass terrestrial ecosystem topsoil at Hanford Site
* Riparian juniper terrestrial ccosystem topsoil at Hanford Site
¢4 Not computed
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Table 4-2. Vernita Area Sediment Sample Information, Inorganic Concentrations

Greater than the 95% UTL, and Detected Radionuclides

Area Vemita Vemita Vernita Vernita
Site Identification VBU! VBU1 VBUZ VBU3
Coordinates E (m) 144860.72 144850.72 144898.23 144852.60
Coordinstes N {m) 557603.09 §57603.09 5$57066.32 5§56975.50
River Mile 0.9 0.9 -1.2 -1.2
Sample Date 11720092 11720/92 11720/92 11720/92
HEIS Sample No. BOTNFS BOTNF6 BOTNF7 BOTNFS
Quality Control Samyple NA NA NA NA
Sample Depth 0-6in 12-2in 0-6in ¢-3in
Median grain size (mm) 0.50 0.50 0.53 0.60
95% UTL
Arsenic (mg/kg) 9.40 J 190 BJ 240 ) 580 J 9
Lead (mg/kg) .70 ) 5.80 15.30 27.00 14.9
Zinc (mg/kg) 216.00 J 43,70 ) 151,00 J 205.00 J 79
Grous Alpha (pCi/g) 830 7 6.10 ¥ 8.40 J 7.50 J
Gross Ben (pCi‘g) 16.00 14.00 15.00 16.00
Potassium-40 (pCi/g) 16.00 14.00 15.00 12.00
Cesium-137 (pCi/g) N/D 0.082 J N/D 0.14 J
Radium-226 {pCi/g) 0.78 1.20 0.63 0.60
Thorium-228 (pCi/g) 1.30 2.50 1.30 1.10
Thorium-232 (pCi/g) 1.20 2.50 1.00 0.99
Uranium-233/234 (pCi/g) 0.85 0.53 1.00 1.00
Uranium-238 (pCi/g) 0.54 0.74 0.58 0.80
Coordinates: Meters, North American Datam 1983, state plane coordinates, south zone
River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive values
HEIS: Hanford Environmental Information Syrem
Quality Control Sample: Duplicate samples analyzed by same laboratory es primary sample, split samples analyzed by
different laboratory.
95% UTL: Upper threshold limit from 85% coafidence interval of the 95 perceniile of the Hanford Site soil background
data set, Weibull distribution (DOE-RL 1993b)
NA: Not Applicabie
N/A: Not Analyzed
N/D: Not Detecled
J: Concentration estimated due o quality control deficiencies
BJ: Estimaled concentration above the instrument detection limit but less than the contract required detection Limit

4T-2
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Table 4-3. 100 B/C Area Sediment Sample Information, Inorganic Concentrations
Greater than the 95% UTL, Detected Radionuclides,
and Maximum Vernita Area Radionuclide Concentrations

Area B/C Area B/C Arca B/C Area B/C Area B/C Area B/C Area
Site Identification 037-1 BC2 BC2 038-2 BC1 BC1
Coordinstes E (m) 145279.16 145279.16 145279.16 145303.35 145303.35 145303.35
Coordinates N (m) 564535.47 564535.47 564535.47 564635.69 564635.69 564635.69
River Mile 37 3.7 7 37 7 7
Sample Date 9/18/91 11720792 11720192 17191 1172092 11720192
HEIS Sample No. BOGKR7 BOTNF3 BOTNF4 BOSKS0 BOTND? BOTND1
Quality Control Sample NA NA NA NA NA Duplicate
Sample Depth 0-6in 0-6in 12-18in 0-6in 0-6in 0-6in
Median grain size (mm) N/A 0.20 0.60 N/A 0.27 0.35
95% UTL
Chromium {mg/kg) 52.10 6520 131.00 51.70 J 50.60 47,60 28
Lead (mg/kg) N/A 19.30 3920 N/A 7130 9.00 14.9
Zinc (mg/kg) 208.00 159.00 J 192.00 J 79.60 73.10J £83.10 I 79
Vernita
Gross Alpha (pCi/g) 4.00 N/D 8.10 J 11.00 N/D 670 I $.40
Gross Beta (pCi/g) 15.00 13.00 16.00 20.00 14.00 13.00 16.00
Potassium-40 (pCi/g) 13.91 15.00 15.00 13.03 12.00 12.00 16.00
Strontium-90 (pCi/g) 0.30 ] N/D N/D 040 J N/D N/D N/D
Cesium-137 (pCi/p) 0.146 J 0.058 J N/D 0.033 J 0.0311J N/D 0.14
Radium-226 (pCi/g) 0.776 0.58 0.70 0.446 0.52 0.51 1.20
Thorium-228 (pCi/g) 1.024 J 1.00 1.40 0.776 1 0.82 110 2.50
Thorium-232 (pCi/g) 0.955 0.95 1.10 0.673 0.79 0.75 2.50
Uranium-233/234 (pCi/g) N/A 0.57 0.84 N/A 0.45 0.59 1.00
Uranium-238 (pCi/g) NiA 0.52 1.10 N/A 0.26 ] 0.44 0.80

Coordinates: Meters, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstiream of Vernita Bridge are negative values, kcations downstream are posilive values

HEIS: Hanford Environments] Information System

Quality Control Sample: Duplicate samples analyzed by same laboratory as primary sample, split sampics analyzed by different
Iaboratory.

95% UTL: Upper threshold limii from 95 % confidence intervai of the 95 percentile of the Hanford Site soif background data set,
Weibull distribution

(DOE-RL 1993b)

Vernita: Maximum radionuclide concentration found in samples from Vernits arca

NA: Not Applicable

N/A: Not Analyzed

N/D: Not Detected

J: Concentration estimated due 1o quality coatrol deficiencies
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Arca K Arcs K Arca K Arca K Arca K-N Arca K-N Ares
Site identification K3 KUl Kut K2 N 082.-2
Coordinates E (m) 146308.69 146712.49 146712.49 146308.69 148672.43 148672.43
Coordinates N (m) 567619.70 568105.94 568105.94 568519.69 570348.56 570348 .56
River Mile 5.7 6.2 6.2 6.4 8.1 8.1
Sample Date 11/21/92 11721192 11721192 11721192 11132492 10/18/M91
HEIS Sample No. BOING12 BOTNGO BOINF? BOINGI BOTNG4 BOGKTS
Quality Control Sample NA NA NA NA NA NA
Sample Depth 0-6in 0-6in 12-1t8in 0-3in 0-3in 0-6in
Median grain size (mm) 0.40 0.14 0.09 0.40 0.50 N/A
. 95% UTL
Arsenic (mg/kg) 1.90 5.10 6.20 6.00 10,70 N/A 9
Chromism (mg/kg) 18.30 25.30 64.10 24.30 56.40 3490 28
Lead {mg/kg) 10.60 40,20 59.30 30.50 239 N/A 14.9
Zinc (mg/kg) 94.30 3718.00 454.00 209.00 152.00 80.30 i
Vernita
Grosa Alpha (pCi/g) 15.00 5207 5.401) N/D N/D 5.00 340
Gross Beta (pCi/g) 16.00 13.00 12.00 14.00 15.00 23.00 16.00
Potassium-40 (pCi/g) 15.00 13.00 13.00 13.00 15.00 14.58 156.00
Cesiom-137 (pCilg) N/D 0.27 0.45 0.11J 0.19 0.187 0.14 J
Europium-152 (pCi/g) N/D N/D 0.3 N/D N/D 0.10 N/D
Enropium-155 (pCi/g) N/D N/D N/D N/D N/D 0.077 N/D
Radium-226 (pCi/g) 0.95 0.71 0.90 0.66 0.90 1.019 1.20
 Thorium-228 (pCi/g) 1.90 09 1.40 1.10 1.30 1.516 2.50
Thorium-232 (pCifg) 1.50 0.89 0.91 091 1.20 1.41% 1.50
Uranium-233/234 (pCi/g) 0.93 0.53 0.77 0.45 0I5R N/A 1.00
Uranium-238 (pCi/g) 0.63 0.57 0.96 0.67 053 R N/A ¢.10

Coordinates: Meters, North American Datum 1983, stat¢ plane coordinaies, south zone

River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive values

HEIS: Hanford Environmental Information System

Quality Control Sample: Duplicale samples enalyzed by same kaboratory as primary sample, split samples analyzed by different laboratory.
95% UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site soil background data sct, Weibull distribution
(DOE-RL 1993b)

Vemita: Maximum radionuclide concentration found in samples from Vernila arca

NA: Nol Applicsble

N/A: Not Analyzed

N/D: Not Detected

}: Concentration estimated due to quality control deficiencics

R: Concentration rejecied due lo quality control deficiencics
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WHC-SD-EN-TI-198, Rev. 0

Table 4-5. 100 D Area Sediment Sample Information, Inorganic Concentrations
Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 1 of 2)

Area D Intake D Intake D Island D Island D Island
Site Identification DS D5 pn DB DD
Coordinates E (m) 151684.53 151684.53 153053.20 153053.20 153053.20
Coordinates N (m) 572658.65 £72653.65 §73711.27 §73711.27 s5131.27
River Mile 103 10.3 11.3 “3 113
Sampie Date 1171992 11/19/92 11724/92 11724/92 1124192
HEIS Sample No. BO7TNF! BOTNF2 BO7NHS BOTNHG BOTNH7
Quality Control Sample NA NA NA Duplicate Split
Sampie Depth ¢-6in 12-18in 0-6in 0-6in 0-6in
Median grain aize (mm) 0.23 0.12 0.40 0.39 0.38
o5% UTL
Chromium (mg/kg) 47.00 21.90 9.10 11.30 5.30 28
Copper (mg/kg) 15.90 21.30 18.20 23.70 23.00 30
Lead (mg/kg) 18.60 2730 24,10 24,80 18.10 14.9
Zinc {mg/kg) 221.00 257.00 185.00 209.00 167.00 79
Vernita
Groas Alpha (pCi/g) 570 ) N/D 530 ) N/D N/R 8.40
Gross Beta (pCi/g) 9.00 12.00 17.00 16.00 15.70 1} 16.00
Potassium—40 (pCi/g} 12.00 13.00 15.00 13.00 17.80 ] 16.00
Cobalt-60 (pCi/g) 0.20 0.09 0.25 0.20 0,22 1} N/D
Cesium-137 (pCi/g) 0.48 J 130 I 0.50 0.54 0.52 ) 0.14
Europium-152 (pCi/g) 035 1] 0.90 I 0.32 0.32 0.27 ! N/D
Europium-154 (pCi/g) ND N/D N/D N/D 0.04 ] N/D
Europium-155 (pCi/g) ND N/D N/D N/D 0.04 J N/D
Radium-226 (pCi’g) 0.54 0.51 .59 0.54 ND 1.20
Radium-228 (pCi/g) N/D N/D N/D N/D 0.54 ] N/D
Thorium-228 (pCi/g) 0.91 0.95 0.78 0.59 N/D 2.50
Thorium-231 (pCi/g) N/D N/D N/D N/D 0.29 1] N/D
Thorium-232 (pCi/g) 0.74 0.93 0.51 0.60 N/D 2.50
Thorium-234 (pCi/g) N/D N/D N/D N/D 059 ] N/D
Uranium-233/234 (pCi/g) 0.44 0.37 0.49 N/D NR 1.00
Uranium-235 (pCi‘g) ND N/D N/D N/D 0.02 1] N/D
Uranivm-238 (pCi/g) 0.44 0.58 0.30 0.36 N/D 0.80
Neptunium-237 (pCi/g) N/D N/D N/D N/D 0.48 J N/D
Amenicium-241 (pCi/g) N/D N/D N/D N/D 0.24 ] N/D

Coordinates: Meters, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstream of Vernita Bridge are pegative values, locations downstream are positive values

HEIS: Hanford Environments] Information System

Quality Control Sample: Duplicate samples anatyzed by same laborstory as primary sample, split samples analyzed by different laboratory.
95% UTL: Upper threshold limit from 95% coafidence interval of the 95 percentile of the Hanford Site soil background datn sct, Weibull
distribution (DOE-RL 1993b)

Vernita: Maximum radionuclide concemration found in samples from Vernita area

NA: Not Applicable

N/D: Not Detected

N/R: Not Reported

J: Concentration estimated due o quality control deficiencies
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Table 4-5. 100 D Area Sediment Sample Information, Inorganic Concentrations
Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 2 of 2)

Arca D Island D Lsland D Isiand D Island D Istand
Site Meatification DIl DIl DR pR DR
Coordinates E (m) 153077.98 153077.98 152981.88 153077.98% 152081.88
Coordinates N (m) $73793.60 $73793.60 $73687.50 $73793.60 £73687.50
River Mile 113 11.3 11.3 113 113
Sample Date 11/19/92 1119/92 11/19/92 11/19/92 1171992
HEIS Sample No. BOTND4 BOTNDS BOTNDS BOTIND7 BOTNDS
Quatity Control Sample NA NA NA Duplicate NA
Sample Depth O0-6in 12-18in 0-6in 0-6in 12-20in
Median grain size (mm) 0.35 0.18 0.30 0.40 0.33
95% UTL
Chromium (mg/kg) 10.30 9.40 10.60 12.90 92 28
Copper (mg/kg) 26.00 320 20.70 27.50 6.9 30
Lead (mg/kg) 18.00 21.60 23.60 20.60 14 14.9
Zinc (mg/kg) 192.00 216.00 144.00 203.00 26.8 79
Verniu
Gross Alphs (pCilg) 4.90 J N/D 6.20 ) 450 J 7.5 8.40
Groas Beta {pCi/g) 17.00 20.00 14.00 13.00 18 16.00
Potassium-40 (pCi/g) 14.00 15.00 15.00 13.00 17 16.00
Cobalt-50 (pCi/g) C.18 0.41 N/D 0.19 N/D N/D
Cesium-137 (pCifg) 0.56 0.724 1 0.10 J 062 1 N/D 0.14
Europium-152 (pCi/g) 0.22 0.48 J N/D 0.25 J N/D N/D
Europium-154 (pCi/g) N/D N/D N/D N/D N/D N/D
Europium-155 (pCi/g) N/D N/D N/D ND N/D N/D
Radium-226 (pCi/g) 0.46 0.42 0.58 0.48 0.5 1.20
Radium-228 (pCi/g) N/D ND N/D N/D N/D N/D
Thorium-228 (pCi/g) 0.50 0.46 0.88 0.53 0.69 2.50
Thorium-231 (pCi/g) N/D N/D N/D N/D N/D N/D
Thorium-232 (pCi/g) 0.58 0.50 0.84 0.50 0.89 2.50
Thorium-234 (pCi/g) N/D N/D N/D N/D N/D N/D
Uranium-233/234 (pCilg) 0.58 0.49 0.29 J 0.44 0.46 1.00
Uranium-235 (pCi/g) N/D N/D N/D N/D N/D N/D
Uranium-238 (pCi/g) 0.68 0.36 0.49 0.44 0.46 0.80
Neptunium-237 (pCi/g) N/D N/D N/D N/D N/D N/D
Americium-241 (pCi/g) N/D ND N/D N/D N/D N/D

distribution (DOE-RL 1993b)

NA: Not Applicabie
N/D: Not Detected
J: Concentration eimated due to quality control

Coordinatea: Meters, North Americsn Datum 1983, state plane coordinates, south zone
River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive values
HEIS: Hanford Environmental Information System
Quality Control Sampie: Duplicate samples analyzed by same laborstory as primary sample, split samples analyzed by different laboratory.
95% UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site 30il background daua set, Weibull

Vemnita: Maximum radionuclide concentration found in samples from Vernits area

deficiencies
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Table 4-6. Horn of the Columbia River Area Sediment Sample Inf?rmati.on, Inorganic
Concentrations Greater than the 95% UTL, Detected Radionuclides,
and Maximum Vernita Area Radionuclide Concentrations

Arca D/H Hom D/H Hom D/H Hom D/H Hom Island 385
Site Mentification DAl DAL D/H D/H D4
Coordinates E (m) 153825.06 153825.06 15444413 154444.13 155101.07
Coordinates N (m) $74306.10 574306.10 §75174.08 §75174.08 575580.39
River Mile 119 11.9 12.8 12.8 13.0
Sample Date 1172392 11723192 11/17/92 11417192 11719792
HE!S Sample No. BO7TNHI1 BO7TNH2 BOTNDO BO7TNCY BOTNFO
Quality Control Sample NA NA NA NA NA
Sample Depth 0-6in 12-20in 0-6in 12-18in 0-6§in
Median grain size (mm) 0.14 0.27 0.18 0.24 0.24
) 95% UTL
Chromium (mg/kg) 22.30 1.9 15.00 17.90 14,10 28
Copper (mg/kg) 23.80 31.10 2331 2331 pL | 30
Lead (mg/kg) £9.80 11.40 23301 119012 32.00 14.9
Zinc (mg/kg) 294.00 85.10 211.00 179.00 311,00 79
Vemita
Gross Alpha (pCi/g) 77071 11.00 N/D 16.00 J 8.701 8.40 ]
Gross Bets {pCi/g) 14.00 22.00 12.00 20.00 12.00 16.00
Potassium—40 (pCi/g) 14.00 15.00 11.00 14.00 8.40 16.00
Manganese-54 (pCi/g) N/D N/D N/D N/D 0.057 ND
Cobait-60 (pCi/g) 0.10 N/D 0.062 0.13 033 N/D
Cesium-137 (pCi/g) 0.09 N/D 0.24) 00711 0.56 ] 0.14 ]
Europium-152 (pCi/g) 0.94 N/D 0.11 0.37 0411 N/D
Europium-135 (pCi/g) 0.79 N/D N/D 0.18 N/D N/D
Radium-226 (pCi/g) 0.98 1.30 0. 1.00 0.55 1.20
Thorium-228 (pCi/g) 1.50 2.50 1.20 1.70 0.84 2.50
Thorium-232 (pCi/g) 1.20 2.30 1.20 1.60 0.7t 2.50
Uranium-233/234 (pCi/g) 0.90 2.60 0.82 0.99 0.84 1.00
Uranium-235 {(pCi'g) N/D N/D N/D 0.0851J N/D N/D
Uranium-238 {pCi/g) 0.98 2.00 0.68 0.95 0.69 0.80
Coordinates; Meters, North American Datum 1983, sate plane coordinates, south zone
River Mile: Locations upstream of Vernita Bridge are negative values, locations downsiream are positive values
HEIS: Hanford Environmental Information System
Quality Control Sample: Duplicate samples analyzed by same laborstory as primary sample, split samples analyzed by
different laboratory.
95 % UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site soil background
data set, Weibull distribution (DOE-RL 1993b)
Vemita: Maximum radionuclide concentration found in samples from Vernits area
NA: Not Applicable
N/A: Not Analyzed
N/D: Not Detected
}: Conceniration estimated due o quality control deficiencies
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Table 4-7. 100 H Area Sediment Sample Information, Inorganic Concentrations

Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 1 of 2)

Area H Area H Area H Ares H Area
Site Idemtification HUI1 HU1 HU1 HWU
Coordinates E (m) 153623.91 153623.91 153623.91 153623.91
Coordinates N (m) 577389.46 57738845 $T1389.46 $T7389.46
River Mile 14.5 14.5 14.5 14.5
Sample Date 11722092 112292 11/22/92 11/22/92
HEIS Sample No. BOTNG3 BOTNGS6 BOTNGS BOTNG?
Quality Control Sample NA Duplicate NA Split
Sample Depth 0-6in 0-6in 12-18in 12-18in
Median grain size (mm) 0.15 0.15 0.13 0.13
95% UTL
Chromium {mg/kg) 22.80 21.70 20.80 13.30 28
Copper (mg/kg) 18.90 18.40 21.50 17.20 30
Lead (mg/kg) 32.70 3130 27.80 27.9%0 14.9
Zine (mp/kg) 397.00 36%.00 253.00 230.00 ek
Vernita
Gross Alpha (pCi’g) N/D N/D N/D N/D 840 1
Gross Bet (pCi/g) 14.00 93017 13.00 16.00 J 16.00
Potassium-~40 (pCi/g) 15.00 14.00 14.00 15.20J 16.00
Cobalt-60 (pCi/g) 0.38 0.37 0.12 0.111 § ND
Ceaium-137 (pCilg) 0.76 0.79 1.50 1.61 1] 0.14 )
Europium-152 (pCi/g) 0.50 Q.56 1.50 133 N/D
Europium-154 (pCi/g) ND N/D 0.21 0.141 ] N/D
Radium-226 (pCi/g) 0.64 0.66 0.65 N/R 1.20
Thorium-228 (pCi/g) 0.85 0.50 0.88 NR 2.50
Thorium-231 (pCi/g) N/D N/D N/D 0.454 1 ND
Thorium-232 (pCi/g) 0.84 0.94 0.93 NR 2.50
Thorium-234 (pCi/g) N/D ND N/D 08127 ND
Unanium-233/234 (pCifg) 045 R 0.85 0.49 N/R 1.00
Uranium-235 (pCi/g) N/D ND N/D 0.0217 1 ND
Uranium-238 (pCi/g) 0.7S R 0.71 0.41 N/D 0.80
Nepunium-237 (pCilg) N/D N/D N/D 0.606 ¥ N/D
Plutonium-239/240 (pCi/g) ND N/D N/D 0.0707 N/D

Coordinates: Meters, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive
values

HEIS: Hanford Environmenta! Information System

Quality Controf Sample: Duplicate samples analyzed by same laborstory as primary sample, split samples
analyzed by different laboratory.

95% UTL: Upper threshold fimit from 95 % confidence interval of the 95 percentile of the Hanford Site soil
background data set, Weibull distribution (DOE-RL 1993b)

Vernita: Maximum radionuclide concentration found in samples from Vernita area

NA: Not Applicable

N/A: Not Analyzed

N/D: Not Detected

J: Concentration estimated due to quality control deficiencies

R: Concentration rejected due o quality control deficiencies
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Table 4-7. 100 H Area Sediment Sample Information, Inorganic Concentrations

Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 2 of 2)

Afea H Ares H Area H Arca H Siough
Site Jdentification Hi Hl H2 H3
Coordinates E (m) 152108.21 152108.21 151754 44 150833.85
Coordinates N {m) 578262.99 57826299 578910.94 579163.96
River Mile 15.6 15.6 16.0 16.8
Sample Date 11/13/92 11/13/92 11/13/92 1171392
HEIS Sampic No. BOTNCO BO7NCL BOTNC2 BOTNC3
Quality Control Sample NA NA NA NA
Sample Depth 0.6in 12-18in 0-6in 0-6in
Median grain size (mm) 0.10 0.14 0.25 0.27
95% UTL
Chromium (mg/kg) 22.60 28.90 18.80 1830 28
Copper (mg/kg) 34.00 42.70 32.60 26.10 30
Lead (mg/kg) 43.40 16.40 35,70 28.30 14.9
Zipc (mg/kp) 287.00 79.40 168.00 141.00 79
Vemnita
Grosa Alpha (pCi/g) N/D 26.007 27.00) 13.00J 8.40 )
Grows Beta (pCi/g) 18.00 23.00 20.00 21.00 16.00
Potassium-40 (pCi/g) 14.00 13.00 14.00 14.00 16.00
Cobalt-60 (pCi/g) 0.38 N/D 0.09 N/D N/D
Cesium-137 (pCi/g) 4601 0.521] 0.43) 0.33] 0.14 J
Europium-152 (pCi/g) 1.80 N/D 0.47 0.23 N/D
Europium-154 (pCi/g) 0.24 N/D ND N/D N/D
Radium-226 (pCi/g) 0.85 1.40 1.00 0.6% 1.20
Thorium-228 (pCi/g) 0.90 3.00 1.90 1.30 2.50
Thorium-231 (pCi/g) N/D N/D N/D N/D N/D
Thorium-232 (pCi/g) 0.96 2.50 1.80 1.30 2.50
Thorium-234 (pCi/g) N/D N/D N/D N/D N/D
Uranium-233/234 (pCi/g) 0.7 2.30 1.20 1.40 1.00
Ursnium-235 (pCi/g) N/D N/D N/D N/D N/D
Uranium-238 (pCi’g) 0.77 2.30 1.20 1.20 0.30
Nepunium-237 (pCifg) N/D N/D ND N/D N/D
Plutonium-239/240 (pCi/g) N/D N/D N/D N/D N/D

Coordinates: Meters, Nonth American Datum 1983, state plane coordinates, south zone

River Mile: Locations upsream of Vernita Bridge are negstive values, locations downstream are positive
values

HEIS: Hanford Environmenwl Information System

Quality Control Sample: Duplicatc sampics analyzed by same laboratory as primary sample, split samples
analyzed by different laborsiory.

95% UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site soil
background data set, Weibull distribution (DOE-RL 1993b)

Vemita: Maximum radicnuclide concentration found in samples from Vernita area

NA: Not Applicable

N/A: Not Analyzed

N/D: Not Detected

J: Concentration estimated due to quality control deficiencies

R: Concentration rejected due Woquality control deficiencies
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Table 4-8. 100 F Area Sediment Sample Information, Inorganic Concentrations

Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 1 of 2)

Arca F Slough F Slough F Slough F Slough F Slough
Site Identification F4 F4 FIl Fn F2
Coordinates E (m) 146961.31 146961.31 146871.73 146871.73 146304.26
Coordinates N (m) 582032.69 $82032.69 $82731.80 582731.80 582149.86
River Mile 19.9 19.9 20.2 20.2 20.4
Sample Date 11/116/92 11/16/92 1172392 11/23/92 111292
HEIS Sample No. BOTNC4 BOTNCS BOTNGY BO7NHO BOTNB7
Quality Control Sample NA NA NA NA NA
Sample Depth 0-6in  12-16in 0-6in  12-1Bin 0-6in
Median grain size (mm) 0.18 0.27 0.27 0.39 0.14
95% UTL
Chromium (mg/kg) 16.80 16.10 15 40 12.50 17.70 28
Copper (mg/kg) 69.60 J 27200 29.30 12.80 51.40 0
Lead (mg/kg) £0.00 3.807) 49,70 11.10 49.70 14.9
Zinc (mg/kg) 315.60 27.60 296.00 9730 309.00 79
Vemila
Gross Alpha (pCi/g) 33.00J 6.90 ] 4707 N/D N/D 840 J
Groas Bews (pCi/g) 25.00 16.00 10.00 18.00 15.00 16.00
Potassiym-40 (pCi/g) 14.00 15.00 15.00 15.00 16.00 16.00
Cobalt-60 (pCi‘g) N/D N/D 0.36 0.076 NTD N/D
Cesium-137 (pCi/g) 0.141] N/D 0.83 0.16 03311 0.14 ]
Europium-152 (pCi/g) N/D N/D 0.92 0.30 0.28 N/D
Europium-154 (pCi/g) N/D ND 0.16 N/D N/D N/D
Radium-226 (pCi/g) 1.70 0.81 0.69 0.67 0.92 1.20
Thorium-228 (pCi/g) 4.40 1.60 1.10 0.99 1.70 2.50
Thorium-232 (pCilg) 3.20 1.50 0.98 0.92 1.80 2.50
Uranium-233/234 (pCi/g) 1.60 1.40 0.77 0.38 1.10 1.00
Uranium-238 (pCi/g) 2.00 0.84 0.49 0.70 0.93 0.80

Coordinates: Meters, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive values
HEIS: Hanford Environmenta] Information System

Quality Control Sample: Duplicate samples analyzed by same lsborutory as primary sample, split samples analyzed by
different laboratory.

95% UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site soil
background data sel, Weibull distribution (DOE-RL 1993b)

Vernita: Maximum radionuclide concentration found in samples from Vemnita area

NA: Not Applicable

N/A: Not Anslyzed

N/D: Not Detected

J: Concentration estimated due 10 guality comtrol deficiencics
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Table 4-8. 100 F Area Sediment Sample Information, Inorganic Concentrations

Greater than the 95% UTL, Detected Radionuclides, and Maximum
Vernita Area Radionuclide Concentrations (Page 2 of 2)

Area F Slough F Slough F Slough
Site Meatificmion F1 F F3
Coondinates E (m) 146193.69 14548502 145485.02
Coordinates N {m) 58226217 582692.10 5$82692.10
River Mile 20.5 210 21.0
Sample Date 1tnae 11712192 11711292
HEIS Sample No. BOTNBS BOTNES BOTNEY
Quality Control Sampie NA NA NA
Sample Depth 0-6in 0-6in 12-24in
Median grain size (mm) 0.14 0.12 0.11
95% UTL
Chromium (mg/kg) 15.20 218.10 45.70 28
Copper (mg/kg) 62.90 37.40 42.10 30
Lesd (mg/kg) £5.70 .40 4430 14.9
Zinc (mg/kg) 335.00 146.00 195.00 79
Vemita
Gross Alpha (pCi/g) N/D 9.80 § 21.00 J 240 J
Gross Beta (pCi/g) 22.00 17.00 23.00 16.00
Polassium—40 (pCi/g) 16.00 14.00 15.00 16.00
Cobalt-60 (pCi/g) N/D N/D N/D N/D
Cesium-137 (pCi/g) 0.181] 0.26 ] 019171 0.14 J
Europium-152 (pCi/g) 0.10 0.18 0.20 N/D
Europium-154 (pCi/g) N/D N/D N/D N/D
Radium-226 (pCi/g) 0.74 0.78 0.98 1.20
Thorium-228 (pCi/g) 1.20 1.10 2.00 2.50
Thorium-232 (pCi/g) 1.10 1.20 1.90 2.50
Urnanium-233/234 (pCilg) 0.67 0.79 1.00 1.00
Unanium-238 (pCi/g) 0.88 0.64 1.30 0.80

Coordinates: Meters, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstream of Vernita Bridge are negative values, locsiions downstream are positive values
HEIS: Hanford Environmental Information System

Quality Control Sample: Duplicste samples analyzed by same laboratory as primary sample, split samples analyzed
by different laboratory,

95% UTL: Upper threshold limit from 95 % confidence interval of the 95 percentile of the Hanford Site soil
background data set, Weibull distribution (DOE-RL 1993b)

Vemnita: Maximum mdionuclide concentrtion found in samples from Vernita area

NA: Not Applicable

N/A: Not Analyzed

N/D: Not Detected

J: Concentration estimated due 10 quality control deficiencies
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Arca Franklin Co. Franklin Co. Hanford Hanford Hanford Hanford
Site Mentification FFl FFl HAN2 HAN2 HANI HAN1
Coordinates E (m) 141598.92 141598.93 141117.46 141117.46 140407.72 140407.72
Coordinates N (m) 585380.62 585380.62 584739.50 584739.50 585736.77 585736.77
IRiver Mile 24.6 24.6 24.3 24.3 25.5 25.5
Sample Date 11/2392 11/23/92 L117m92 1171792 11716192 1111692
HEIS Sample No. BOTNH3 BOTNH4 BOTND2 BOTND3 BOTNC6 BOINCY
|Quality Control Sample NA NA NA NA NA NA
Sample Depth 0-6in 12-20in 0-6in 12-18in 0-6in 12-16in
|Median grain size (mm) Q.27 0.23 0.17 0.33 0.18 0.13
95% UTL
Zine (mg'kg) 82.00 96.00 293.00 155.00 123.00 219.00 ”
Vemita
Groas Alpha (pCi'g) 7.40 J N/D N/D 11.00 J 9.00 J 630 ] 8.40
Gross Beta (pCilg) 12.00 19.00 16.00 19.00 19.00 21.00 16.00
Potassivm-—40 {pCi/g) 15.00 17.00 14.00 17.00 16.00 17.00 16.00
Cobalt-60 (pCi/g) N/D N/D 0.056 N/D N/D N/D N/D
Cesium-137 (pCi/g) N/D N/D 1.00 J N/D 0.074 ) N/D 0.14
Europium-152 (pCi/g) N/D N/D 0.82 N/D N/D N/D N/D
Europium-154 (pCi/g) N/D N/D 0.17 N/D N/D N/D N/D
Radium-226 (pCi/g) 0.67 0.82 0.81 1.20 0.67 0.84 1.20
Thorium-228 (pCi/g) 0.94 1.10 1.40 2.10 1.10 1.80 2.50
Thocium-232 (pCi/g) 0.83 1.00 1.00 2.10 1.20 1.10 2.50
Uranium-233/234 (pCi/g) 0.51 0.80 0.713 1.30 0.60 0.35 1.00
Uranium-235 (pCifg) N/D N/D 0.11 J N/D N/D N/D N/D
Uranium-238 (pCi/g) 0.75 0.69 0.75 1.00 0.43 0.87 0.30

Coordinates; Meiers, North American Datum 1983, state plane coordinates, south zone

River Mile: Locations upstream of Vernita Bridge are negative values, locations downstream are positive values

HEIS: Hanford Environmenial Information System

Quality Control Sample: Duplicate samples analyzed by same laboratory as primacy ssmple, split samples anatyzed by different laboratory.
95% UTL: Upper threshold limit from 95% confidence interval of the 95 percentile of the Hanford Site soil background data set,
Weibull distribution (DOE-RL 1993b)

Vernita: Maximum radionuclide concentration found in samples from Vernita area

NA: Not Applicable

N/A: Not Amalyzed

N/D: Not Detected

J: Concentration estimated due Lo quality control deficiencica
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5.0 CONCLUSIONS

5.1 INORGANIC CONTAMINATION

Sediments that contain concentrations of metals that exceed the 95% UTL values
derived from Hanford Site background soil samples (DOE-RL 1993b) are considered to
be contaminated. Concentrations of arsenic, chromium, copper, lead, and zinc exceed
the 95% UTL values in sediment samples from the Hanford Reach of the Columbia
River. Zinc and lead were the most commonly found metallic contaminants in the
sediment samples; 91% and 68% of the samples analyzed contained zinc and lead
concentrations exceeding 95% UTL values. Concentrations of zinc and lead exceed the
95% UTL values in 75% of the samples from the Vernita area. Concentrations of
arsenic above the 95% UTL were found in two samples, one from the Vernita area and
the other from the 100 K Area. The concentrations of arsenic in the two samples were
4% (Vernita) and 20% (100 K) greater than the 95% UTL. The arsenic, lead, and zinc
contamination may not be attributable to Hanford activities, since elevated
concentrations occur in the upriver sample locations.

Concentrations of chromium that exceed the 95% UTL value occur in 25% of the
samples analyzed. Two locations at each of the 100 B/C, 100 K, and 100 F areas have
chromium concentrations greater than the 95% UTL. Single locations at each of the
100 D, 100 H, and 100 F areas have chromium concentrations greater than the 95%
UTL. Concentrations of chromium were below the 95% UTL at the Vernita or Hanford
Townsite locations.

Concentrations of copper that exceed the 95% UTL value occur in 23% of the
samples analyzed. Single locations at each of the 100 D and the Horn areas have copper
concentrations greater than the 95% UTL. Two locations at the 100 H area and four
locations at the 100 F area have copper concentrations greater than the 95% UTL. It is
notable that 63% of the samples from the 100 F area contain elevated copper
concentrations. Concentrations of copper were below the 95% UTL value at all Vernita,
100 B/C, 100 K, and Hanford Townsite locations.

52 RADIONUCLIDE CONTAMINATION

Man-made radionuclides were detected in nearly all locations sampled. Sample
location FF1, opposite of the Hanford Townsite, was the exception. Concentrations of
man-made radionuclides were generally <1 pCi/g. The radionuclides cesium-137 and
europium-152 are the most frequently detected, and have the highest concentrations.
The maximum concentrations of cesium-137 and europium-152 are 4.6 and 1.8 pCi/g.
These maximum values occur at location H1 in sample BO7NCO. The abundance of
radionuclide species and concentrations found was greatest in the samples collected from
the 100 D Area to the 100 F Slough. Samples from the 100 B/C, 100 K, and Hanford
Townsite locations contain fewer radionuclide species and generally lower
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concentrations. No man-made radionuclides were detected in samples BOTNH3 and
BO7NH4, collected at location FF1, across the Columbia River from the Hanford
Townsite.
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1.0 PURPOSE

This procedure is designed to provide a consistent means of sampling
Columbia River sediments so that the analytical results are indicative of
environmental conditions at the sampling point.

2.0 SCOPE

This procedure applies to sampling of sediments from the Columbia River
and is limited to IT Corp. (IT), Westinghouse Hanford Company (WHC) and their
subcontractors invoived in the Columbia River sediment sampling effort.

3.0 DEFINITIONS

Sediment: Material recently deposited from the waters of streams, lakes
or seas. In this instance material deposited by the Columbia River.

4.0 RESPONSIBILITIES

Specific individual responsibilities may vary depending on the magnitude
of the sampling operation. Personnel will be assigned to the effort and their
responsibilities designated by the Field Team Leader. The foliowing
responsibility descriptions are presented as general guidelines.

4.1 17 FIELD TEAM LEADER/COGNIZANT ENGINEER
The Field Team Leader/Cognizant Encineer -s responsibie for:

Directing field operations

Coordinating IT and WHC support activities

Assigning sampler responsibilities

Maintaining notebook(s)

Maintaining Field Activity Daily Log

Conducting daily Tailgate Safety meetings

Processing field generated records per WHC-CM-7-7, EII 1.6
Coordinating transportation and shipment of samples
Acquiring sample numbers from OSM

Determining sampling position from GPS system
Pictting sample locations on maps while in the field
Recording Sediment Sampling Checklists data (Figure 1)
Initiating Project Change forms (Figure 2), if needed.

4,2 WHC FIELD REPRESENTATIVE

The WHC Field Representative is responsible for direct interface between
subcontractors.
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4.3 1T SAMPLER

The Sampler(s) reports to the Field Team Leader and is responsible for:

. Characterizing the sample area with a Ludlum 14-C portable
scintiilation counter

. Collecting samples

. tompleting forms required for each sample

. Packaging, labeling, and sealing (e.g., evidence tape) individual

sediment samples in accordance with WHC-CM-7-7, EII 5.11, Rev. 11,
*Sample Packaging and Shipping"

. Controlling investigation-derived wastes

. Maintaining field custody for all samples pending transportation
to the analytical laboratory in accordance with WHC-CM-7-7, EII
5.1 "Chain of Custody,” and

. Performing decontamination of sampling equipment.

5.0 REQUIREMENTS
5.1 SAFETY REQUIREMENTS

A1l sampling activities shall comply with applicable site-specific Job
Safety Analysis (JSA) requirements for the areas being sampled. In addition,
a "tailgate" safety meeting will be held before the beginning of work each day
to brief field personnel on specific hazards anticipated for that day’s
effort.

Working in and around moving water in the Columbia River creates
specific hazard exposures. Sampling wiil not be attempted if river conditions
impede the ability of personnel to safely collect sediment samples. The buddy
system will be used whenever sampies are being coliected in the river. A
1ife-1ine will be attached to the in-river sampler and controlied by the on
shore "buddy". Hip or chest-high waders or rubber kneeboots shall be worn
during sample collection in the river. In no case shall the river be entered
while barefoot. In addition, an inflatable "Mae West" flotation device will
be worn. Slip, trip and fall hazards are normal when working in moving water,
care must be taken to assure positive footing. Hypothermia is a hazard.

Activity-specific safety concerns are detailed in Section 6.
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5.2 RADIOLOGICAL SAFETY

Any sampling activities ccnducted in areas under radiological control
will require a Radiation Work Permit (RWP)} in accordance with WHC-1P-0718
"Guidelines for Conduct of Radiological Work." Before sampling is initiated
in an area under radiological control a radiclogic:l survey shall be made of
the jmmediate vicinity of the site(s) to be sampled to determine site-specific
background radiation levels. Sample containers shall be closed and sealed
while still inside the posted boundaries of the controlled area. A1) sampling
equipment and samples shall be surveyed by a Health Physics Technician (HPT)
and either unconditionall; -eleased or appropriately labeled upon removal from
the controlled area. Sampi: containers shall not be permitted to leave the
controlled area until exterior surfaces are found to be free of removabie
radioactive contamination. The determination of the presence or absence of
removahle radicactive contamination shall be accomplished using standard
wipe “:unting methods.

During sampling activities all protective clothing and/or wastes that
are used or generated shall be controlled in a manner that protects it from
undue exposure to the eiements (wind, rain, etc.) and prevents inadvertent
toss of control. Used protective clothing and wastes that are generated
during the samr ing activities conducted in radiologically controlled areas
shall be contai~ed, surveyed, labeled and transported to appropriate storage
or disposal areas at completion of activities. Upon completion of sampling
activities, surface radiological contamination levels shail be determined;
radiological contamination tevels in excess of pre-sampling levels shall be
remediated prior to cessation of activities in that area.

5.3 MANAGEMENT OF INVESTIGATION-DERIVED WASTE

Investigation-derived wastes, such as used gloves and disposable
personnel protective equipment, not generated in areas under radiological
control. will be contained and controlled in accordance with WHC-CM-7-7, EI.
¢ ', "lreorim Control of Unknown, Suspected Hazardous and Mixed Waste."
we.t@$ generated in areas under radiological control will be handled as
described above in Section 5.2, and in accordance with WHC-IP-0718,
"Guidelines for the Conduct of Radiological Work."

5.4 RECORDS

The Field Team Leader is responsible for processing field generated
records in accordance with WHC-CM-7-7, EI1 1.6 "Records Management."”

5.5 TRAINING

Personnel involved directly in the collection and handling of sediment
and water samples shall be trained to meet the requirements of 29 CFR
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1910.120, documentation of such training will be available at the IT Richland
Engineering Office. Person(s) in direct control of the watercraft used to
transport sampiing personnel shall meet all applicable state and federal
requirements and the specifications set forth in the WHC Statement of Work for
that subcontract, documentation will be maintained with subcontracts files.

5.6 TIMING

Access to the selected sampling locations and minimization of danger to
personnel necessitates sampling during periods of below average river flows.
It is anticipated that flows of less than 85,000 c¢fs will permit sampling to
occur in a safe and efficient manner. Irrespective of the flow, sampling will
not be undertaken if weather or river conditions impede the ability of

personnel to work safely.
6.0 PROCEDURE
The following activities will occur at the start of each field day:

. {ontact the Grant {ounty Public Ytility District power dispatcher
for the expected discharge from Priest Rapids Dam

. Initiate a new Field Activity Daily Log (Figure 3) or notebook
page

. Select sampling locations
. Conduct Tailgate Safety Meeting (Figure 4)
. Load required sampling equipment into boat and depart.

Upon arrival at the selected sample location the following activities
will occur:

1. Characterize the area of sampting with a scintillation detector
2. Determine location coordinates from GPS system

3. Plot the sample location on field map(s)

4, Record description of the sample Tocation and weather conditions
5. Select and document the sampiing method

6. Assemble sample collection equipment and sample containers

7. Don appropriate safety equipment

8. Collect sediment sampies

9. Fill, label, and seal sediment sample containers

10. Place each container in Ziplock -type plastic bag and seal

11. Piace bagged containers cap up, in cooler with ice

Verify that all containers are filled and Tabeled
Survey samples if collected in a radiologically-controlled area

bt s
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14. Contain and contrel waste mate: :7s generated during sampling
15. Decontaminate sampiing equipmer  :nd put into clean plastic bag(s)

Major changes to this description of work will be submitted on the
Project Change Form (Figure 2) for review and approval.

6.1 CHARACTERIZE THE SAMPLE LOCATION

Upon arrival at the sampling location characterize the immediate area
with a Ludlum 14-C portable scintillation detector in accordance with EII 3.4,
Rev. 0, "Field Screening” to bias the sample towards the highest leveis

possible.
6.2 DETERMINATION OF SAMPLE LOCATION COORDINATES

Record the iocation coordinates provided by the GPS system on the Sample
Collection Log (Figure 5) or the notepook. The GPS system will have single
instrument field accuracy of + 15 meters.

Plot the location of the sample location on the field maps.

6.3 COLLECTION OF SEDIMENT SAMPLES

Sediments that are either exposed or in shallow ~ater areas along the
shoreline of either bank or islands will be sampled.

Coliect sediments consisting of sand-sized and smaller particles, i.e.,
less than 2 mm in diameter following the general procedures described in WHC-
CM-7 -7, EII 5.2. Rev. 3, "Soil and Sediment Sampling," with the following
adaptations.

1. Record description of the sample location and weather conditions on
tr2 Sample Collection .og (Figure 5).

2. Select sampling method; either the spoon/trowel/shovel manual method
(Section 6.2.1) or the AMS core sampier method may be used if the
sampling location is not below water (Section 6.2.2). If the sampiing
location is submerced the AMS core sampler should be used. Success in
sampling with the AMS core sampler will depend on lpcal sediment
conditions such as prescnce or absence of gravel and cobbles.

3. Record the sampling method to be used on a Sample Collection Log
(Figure 5) or in the controlled notebook.

4. Assemble the clean. previously decontaminated, sample collection

equipment; AMS core s:upler, large stainless steel spoons or trowels,
stainless steel bowls. shovel, clean nitrile rubber gloves.

A-8



WHC-SD-EN-TI-198, Rev. 0

Task Order 92-26

Sediment Sampiing Procedure
Revision No. 1

Date: November 10, 1982
Page 6 of 20

6.3.1

5. Complete sample labels on containers with required information such
as: date, time, analytes, and OSM number. The following six (6)
containers must be labeled and filled with sediment for each sample: one
1000 m2, one 500 m#, two 250 m#, one 120 m#, and one 20 mf. Table 1
lists required container types and anaiytes.

6. Don appropriate sampling attire, including new gloves. Attire for
sampling in radiologically controlled areas will be seiected in
consultation with the WHC HPT.

7. Collect sediment sample. A volume of 2.2 liters will be required
for each interval; 0 to § in. and for 12 to 24 in. Do not decant any
turbid water from the sampling containers.

B. Place filled, labeled, and sealed container in Ziplock"-type plastic
bag and seal.

9. Place bagged containers cap up, in cooler with ice.

10. Verify that all containers are filled, labeled, and sealed; then
sign Sampling Checklist.

11. Remove used gloves and place in plastic bag that is labeied with
Tocation and interval.

1%. Decontaminate the sampling equipment and wrap or bag in clean
plastic.

13. If samples were collected in a radiologically-controlied area,
survey out samples equipment, waste and personnel.

14. Sign the Sampling Checklist.
Excavation Sampiing

1. Personnel will don new nitrile gloves prior to each sampling
interval to reduce potential for cross contamination of samples.

2. Use a decontaminated (per Sec. 6.5) stainless steel spoon/trowel or
similar size impiement, or shavel.

3. Collect approximately 2.2 liters of sediment for each sample
interval. Six containers will be filled per interval. See Tabie 1 for
1ist of containers and analytes.

4. Do not decant liquid from the sample containers unless it is clear
and non-turbid.
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5. Record description of tzxiure and ccior of sediment.

6. Fill containers with seaiment, seal, bag, and verify all label data
are complete; then place samples on ice.

7. Document collection and tabeling on Sampling Checklist form.

8. Decontaminate the sampling equipment and wrap or bag in cilean
plastic.

6.3.2 Sampling With AMS Core Sampler

To collect the required 2.2 ¢ of sediment from each interval at teast
seven cores from the 0 to 6 in. interval and three to four cores from the 12
to 24 in. interval will be needed. Cores will be collected with the AMS
sampler assembled -- the 24 in.-long configuration to sample the O to 6 in.
and the 12 to 24 in. intervai without cross contamination. The 6 to 12 in.
int- -al will be discarded. The remaining cores required for the 0 to 6 in.
int. :al will be collected with the AMS sampler assembled in the 12 in.- long
contiguration. When the AMS core sampler is used:

Verify core catcher is operational before use

Use stainiess steel or clear plastic liners

Use core tip with drive hammer and

Do not hammer down sampler once penetration stops or
Use auger tip with "T-Handle."

1. Assemble the AMS sampler in the 24 in.-long configuration.

2. Drive or auger the AMS sampler 24 in. into the sediment, ¥ -
possible.

3. Extract the sampler.

;. ]PTace the 0 to 6 in. interval in a decontaminated stainiess steel
owl .

5. Place the 6 to 12 in. interval in the container for waste materials.

6. Place the 12 to 24 in. interval in a second decontaminated stainless
steel bowl.

7. Decontaminate and reassemble the sampler and collect the next core.

B. Repeat steps 2 through 7 above to collect 2.2 liters of sediment for
the 12 to 24 in. interval. )
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9. Record description of the texture and color of the sediment.

10. Mix the sediment from the 12 to 24 in. interval and fill the sample
bottles. Include any turbid 1iquid. Do not decant liquid from sample
bottles.

11. Immediately after filling bottles, seal, bag, and verify bottle
labels are complete; then place samples on ice.

If additional sediment is needed for the 0 to & in. interval:
12. Assemble the AMS sampler in the 12 in.-long configuration.
13. Drive or auger the AMS sampler 8 to 12 in. into the sediment.
14, Extract the sampier.

15. Place the sediment from the 0 to 6 in. interval in the
decontaminated stainless steel bowl.

16. Place the 6 to 12 in. interval in the contatner for waste
materials.

17. Repeat steps 11 through 14 above until the 2.2 £ of sediment is
collected from the 0 to 6 in. interval.

18. Record description of the texture and color of the sediment.

19. Mix the sediment from the 0 to 6 in. interval and fill the sampie
bottles. Include any turbid liquid. Do not decant liquid from sample
bottles.

20. Immediately after filling bottles, seal, bag, and verify bottle
tabels are complete; then place samples on ice.

21. Document collection by signing Sampling Checklist form.

2%. Decontaminate the sampling equipment and wrap or bag in clean
plastic.

6.4 SAMPLING IN RADIOLOGICAL CONTROLLED AREAS
Any sampling activities conducted in areas under radiological controi

will require a Radiation Work Permit (RWP) in accordance with WHC-IP-0718
"Guidelines for Conduct of Radiological Work" as described in Section 5.3.
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1. Before samciing is initiated, a radiological survey shall be made of
the immediate vicinity of the site{s) to be sampled to determine site-
specific background radtation levels.

2. Sample containers shall be closed and sealed while still inside the
posted boundaries of the controiled area.

3. ATl sampling equipment and samples shall be surveyed by a Health
Physics Technician (HPT) and either unconditionally released or
appropriately labeled upon removal from the controlled area.

4. Sample containers shall not be permitted to leave the controlled
area until exterior surfaces are found te be free of removable
radioactive contamination. The determination of the presence or absence
of removable radioactive contamination shall be accomplished using
standard wipe/counting metheds. The Sampling Checklist form shall be
used to document sampie survey by the HPT.

ey 5. During sampling activities all protective clothing and/or waste that
o are used or generated shall be controlled in a manner that protects it
from undue exposure to the elements (wind, rain, etc.) and prevents
inadvertent loss of control.

6. Used protective clothing and waste that are generated during the
sampling activities conducted in radiologically controlled areas shall
be contained, surveyed, labeled and transported to appropriate storage
or disposal areas at completion of activities.

7. Upon completion of sampling activities, surface radiological
contamination leveis shall be determined; radiological contamination
levels in excess of pre-sampling levels shall be remediated prior to
cessation of activities in that area.

6.5 PREPARATION OF SAMPLES FOR OFF-SITE SHIPMENT

1. Immediately after collection seal, label, bag, and place sample
containers on ice per WHC-CM-7-7, EII 5.11, Rev 1, "Sampie Packaging and
Shipping.”

2. Place samples in storage Tocation that meets chain of éustody
requirements identified in WHC-CM-7-7, EII 5.1, "Chain of Custody.”

3. Complete a Sample Analysis Request form (Figure 6} for total
activity analysis, and sign Sampling Checklist form.

4. Complete a Chain of Custody form (Figure 7) for total activity
analysis and sign Sampling Checklist form.
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5. Submit the sampies of sediment that were collected for total
activity analysis for radiological release counting to the WHC 2225 or
105N laboratory. The counting analysis is required for radiation
release of sampies for transport of samples off the Hanford Site or to
uncontrolled areas/facilities on the Hanford Site.

6. Sign and date the Sampling Checklist form when total activity scan
of the samples is completed and the samples are cleared.

7. Prepare the sample for shipment off site per EII 5.11, Rev. 1.
6.6 ANALYTES, PRESERVATIVES, SAMPLE CONTAINERS AND HOLDING TIMES

A1l sample containers shall be purchased "certified clean®.

Sediment samples will be collected and transported in the containers

listed in Table 1. Following collection and labeling all sediment samples
will be placed in an ice chest and cooled with frozen "blue ice" or water ice.

6.7 DECONTAMINATION OF EQUIPMENT

Decontamination of sampling equipment shall be done in accordance with
WHC-CM-7-7, EI1 5.4 Rev 3, "Field Decontamination of Drilling, Well
Development and Sampling Equipment.”

‘1. Sediment sampling equipment shall be decontaminated at the start of
each day’s activity and between sampling locations.

2. Decontaminate by:
e Scrubbing the instrument in river water to remove coarse material;
e Wash and scrub using Alconox® or equivalent detergent solution;

s Rinse twice using commercially available distilled or deionized
water and;

* Wrap or bag in clean plastic pending use at next sample interval
or location,

6.8 FIELD DATA

Site characteristics shall be recorded in the Sampie Collection Log or
controlled notebook. A Field Activity Daily Log {Figure 3) will also be
maintained. A new page is necessary for each sampling locatton. These data
consist of the folliowing:
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Record date, time, and names of sampie crew members

Record sampling location coordinates

Record the start and finish 24 hour sampling times to the minute
Record a physical description of the sampling site

Record the color and texture of the sediments

Record a description of weather conditions during sampling

Record unusual occurrences.

6.8 SANPLE CONTROL AND SHIPMENT

6.8.1 Sample Packaging and Shipment

Once the samples have received a radiation release they will be packed
for shipping in accordance with WHC-CM-7-7, EII 5.11, "Samplie Packaging and

Shipping.*
The Sampling Checklist form (Figure 1) will be used to document:

Sample(s) packaged in shipping container

Completion of total activity scan

Completion of Sampie Analy: s Request forms (Figure 6)
Compietion of Chain of Custody forms (Figure 7)
Shipment of sampies to the laboratory.

Once samples are shipped OSM will be provided with a 1ist of sample
numbers. OSM will be requested to include total activity count data with the

data package for the sample.
6.8.2 Chain-of-Custody

Maintenance of chain-of-custody shall be in accordance with WHC-CM-7-7,
EI1 5.1, "Chain of Custody.”

A Chain of Custody form (Figure 7) will be initiated when sampies are
transported to the 222S or 105N total activity scaaning laboratery, and for
all other transfers of custody.

The Sampling Checklist form will also be used to dotument completion of
the chain of custody process.

7.0 REFERENCES

1. US Environmental Protection Agency (EPA), 1986, "Test Methods for
vatuating Solid Waste - Physical Chemical Methods, Third n

(Revised). SW-846."
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WHC-CM-7-7, Environmental Investigations
Manuyal, EIT 1.6, "Records Management.”

WHC-CM-7-7, Environmental Jnvestigations & ite Char r jon
Manual, EII 3.4, "Field Screening."

WHC-CM-7-7, Environmental Investigations and Site Characterjzation
Manual, EII 4.2, "Interim Control of Unknown, Suspected Hazardous and
Mixed Waste."

WHC-CM-7-7, Environmental Investigations and Site Characterjzation
Manual, EII 5.1, "Chain of Custody."

WHC-CM-7-7, Environmental Investigations and Site Character
Manual, EII 5.2, "Soil and Sediment Sampling."”

WHC-CM-7-7, Environmental Investigations and Site Characterization
Manual, EII 5.4, “Fieid Decontamination of Drilling, Well Development

and Sampling Equipment.”

WHC-CM-7-7, Environmental i ions and Site Char
Manual, EII 5.11, “Sample Packaging and Shipping.

WHC-IP-0718, Guidelines for the Conduct of Radiological Work.
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Table 1. Sediment Sample Analytical Methods, Holding Times, and Containers

ANALYTE METHOD HOLDING TIME CONTAINER /VOLUME
ICP METALS EPA SW846 6010 & months Glass - wide mouth
(EPA 1986) 120 ms
LEAD EPA Sw846 7421 6 months Glass - wide mouth
{EPA 198B6) 250 m¢
MERCURY EPA SWB46 74717 28 days Glass - wide mouth
{EPA 1986) 250 me
STRONTIUM-90 Laborat Standard
aboratory Standar _
ALPHA SPEC. Operating Procedures 6 months ?g;gtii wide mouth
GROSS BETA m
GAMMA SPEC.
TOTAL Laboratory Standard N/A Plastic
ACTIVITY Operating Procedure 20-100 me
SIEVE ASTM 422-63 or None Plastic - wide mouth
ASTM 136-84a and 500 m?
ASTM 117-90 a

ICP - Inductively coupled plasma atomic emission spectroscopy

EPA (1986) - US Environmental Protection Agency (EPA), 1986, "Test Methods for
Evaluating Solid Waste - Physical Chemical Methods, Third Edition (Revised).

SW-846."

‘. Graphi%é Furnace AA

2 . Cold Vapor Detector

ALPHA SPEC. - Alpha radiation spectrographic analysis including Americium,
Plutonium, and Uranium

GAMMA SPEC. - Gamma ray spectrographic analysis

N/A - Not applicable, transport sample to lab on same day, analyze as soon as
practical

ASTM - American Society of Testing and Materials
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Figure 1 COLUMBIA RIVER SEDIMENT SAMPLING CHECKLIST

Activity Performed
TAILGATE SAFETY MEETING COMPLETED

SAMPLES COLLECTED AND LABELED

SAMPLES SURVEYED BY HPT

SAMPLES PACKED IN ICE AT END OF DAY

CHAIN OF CUSTODY FORM INITIATED
FOR TOTAL ACTIVITY SAMPLES

SAMPLE ANALYSIS REQUEST FORMS COMPLETED
FOR TOTAL ACTIVITY ANALYSIS

TOTAL ACTIVITY SAMPLE DELIVERED TO LABORATORY

TOTAL ACTIVITY SAMPLE SCAN COMPLETED

RADIATION RELEASE COMPLETED - e -

SAMPLE ANALYSIS REQUEST COMPLETED
FOR CHEMICAL, RADIOLOGICAL, AND SIEVE ANALYSES

CHAIN OF CUSTODY FORM INITIATED
FOR CHEMICAL, RADIOLOGICAL, AND SIEVE ANALYSES

SAMPLES SHIPPED TO LABORATORY
DAILY LIST OF SAMPLES

Signature - Date - Time
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Figure 2 COLUMBIA RIVER SEDIMENT SAMPLING PROJECT CHANGE FORM
COLUMBIA RIVER SEDIMENT SAMPLING PROJECT CHANGE FORM
Date:

Person Initiating Change:

Change:

Reason for Change:

APPROVAL:

Field Team Leader:

Operable Unit Coordinator:

Environmental QA Representative:
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Figure 3 FIELD ACTIVITY DAILY LOG
ATIONAL Eﬁ:ﬂe
Wi
FIELD ACTIVITY DAILY LOG [T oF

PROJECT NAME Jﬂo.:ecr NO,
FIELD ACTIVITY SUBJECT:
DESCRIPTION OF DAILY ACTIVITIES AND EVENTS:

-1

VISITORS ON SITE: CHANGES FROM PLANS AND SPECIFICATIONS, AND
OTHER SPECIAL ORDERS AND IMPORTANT DECISIONS.
WEATHER CONDITIONS: IMPONTANT TELEPHONE CALLS:
1T PERSONNEL ON SITE
SIGNATURE DATE:
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Figure 4 TAILGATE SAFETY MEETING

[8Y TAILGATE SA=ETY MEETING

Divimons Subswdisry Facdity .
Oate Time Job Number
Customer Address:
Speoific Location
Tyos of Work
Chemicals Used
SAFETY TOPICS PRESENTED

Protective Clothings Equrpment

Cham:.2; Hazaras

Physicet Mazards.

Emargency Procsaute

Hospial / Clinre Phone | e Parameonc Phone | ]

Hospital Address ..

Soecal Equipme-

Qther

ATTENDEES
NAME PRINTED SIGNATURE

Meesting conducted by:

NAME PAINTED SIGNATURE
Supennsor Mansger
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Figure 5 SAMPLE COLLECTION LOG

| 1

pare| | |
ITIME

eacel | [ | |

PROJECT NO.

PAGE e OF e

mmm

SAMPLE COLLECTION LOG

PROJECT NAME
SAMPLE LOCATION
SAMPLE TYPE

SAMPLE NC.

AMOUNT
COLLECTED

|
T

CONTAINERS
USED

—_—NO

COMMENTS:

COMPOSITE . YES
COMPGQSITE TYFE
DEPTH OF SAMPLE

WEATHER

PREPARED BY:

A-21



WHC-SD-EN-TI-198, Rev. 0

Task Order 92-26

Sediment Sampling Procedure
Revision No. 1

Date: November 10, 1992
Page 19 of 20

Figure € SAMPLE ANALYSIS REQUEST FORM

Westingrom
@ SAMPLE ANALYSIS REQUEST
~_ARTI: FIELD SECTION
Coll Date Samoied Time oy
Company € __ Telephone { )
§
:unm Numbar and Type of Samoe Type of Sampte® . Anaiyus Reacuesed

Fisld informauon®®

Special Hangling and/or Storage

Posubie Sampie Hazandy

PART I LABORATORY SECTION

l Recerved by Title Date
Anaiyus A od

*IRGICALE Wether LAITOIE 15 i, SU0ge. WAtEr. IC,
*%iite DACK Of DAGE 1OF MAILONS! INTOIMELON reSUYE 1O SAMDIE HOCAUON. A-5000-204 00}
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Figure 7 CHAIN OF CUSTODY FORM

!

Werangnouss namtord

4 ny CHAIN OF CUSTODY
Custoay Form imuator
Company Contact Teteonone

Project Deugnaton/sampiing LOCATONS

Collecoon Date

ice Chest Na.

Fisio LogDoox No.

Bill of LacingsArtiil No.

Qtfsite Procerty No.

Metnog of Shioment

Shippea to

Posubie Sampie HazamiwRemarss

Samoie germbficstion
’
1
i
1
]
i
i
!
= Fisid Transrer of Custooy CHAIN OF POSSESSION [Sign ana Annt Names)
Relinaunned Dy: ! Receiveo by: 1 DatefTime: !
Aehnaursned oy - Recoven DY  sareTime: ;
' !
Rennouisneo oy: Receiven by: : JateTime:
Reunauisme ov: Aecevea by: 1 DaterTime: :
- nai Samore Dispoution
Cisoosa Metnog: Jisposed OV e Time:

Jomments:
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WHC-SD-EN-TI-198, Rev. 0

Data Validation Qualifier Codes for Inorganic Analyses

Analyte concentration is greater than instrument detection limit but less than contract
required detection limit

Concentration estimated due to quality control deficiencies

Analyte not detected, detection limit shown

Estimated concentration is greater than instrument detection limit but less than
contract required detection limit, concentration estimated due to quality control
deficiencies

Analyte not detected, estimated detection limit shown
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Sempt

BO7TNCE 0ice BOTNDY 0709 BOMNF3 BOTHFL
Date 11-19-92 11-23-92 1M-20-92 11-20-92 $1-20-92 11-20-92
Site Eq 8lk £q 8lk SITE BCY SITE 8CY SITE BC2 S11E BC2
Paramcter | Depth 0.00 - 0.00 0.00 - 0.00 0.00 - 6.00 0.00 - 6.00 0.00 - 6.00 12.00 - 138.00
Type Eq Bik Eq 8tk Dupi icate
Units Result Q fesult ] Result ] Result Q Result ] Resul t q
Inorganics
ALUMIN | MG/XG 387.000 572.000 4720.000 3450.000 $670.000 7460.000
ANTINONY | WG/KG 3,200 us L.400 W 4,700 w 3.800 w 4.800 Ui 3.9%00 w
ARSENIC | mG/xG 0.570 [ ¥} 0.700 4 1.890 J t.400 ] 1.200 T} 1.200 1]
SAREUM | MG/KG a.000 ] 13.600 | S8.300 45.800 S0.400 [ T1.800
BERYELIUM ]| MG/KG 0.080 1] 0.100 [T} 0.110 v 0.090 u 0.110 (] 0.090 u
CADMIUN | WG/KG 0.1%0 u 0.260 u 0.280 1) 0.220 u 0.2080 u 0.230 u
CALCIUM | WG/KG 127.000 [} 162.000 8 2140.000 1850.000 2960.000 3110.000
CHRONIUM | MG/KG 0,850 w 1.200 [} 47.400 50.400 45.200 131.000
COBALT | mG/xG 0.600 u 0.810 [ | 4.400 u 4£.600 » 5.400 [ | 1.300 B
COPPER | MG/KG 1.300 [ 0.910 1] 10,200 T.000 11.500 19.200
1RON | MG/KG 1940.000 1940.000 9770 200 8490.000 10900.000 14100.000
LEAD | WG/xh 1.700 d 2.800 " 7.300 19.300 39.200
MAGNESIUN | WG/):; 61800 [ ] 88.400 u 2630.000 2210.000 3400.000 3956.000
MANGANESE | MG/Ku 42.100 J 58,400 4 220.000 4 100.000 J 110.000 J 140.000 J4
MERCURY | NG/KG 0.040 u 0.060 v 0.070 (7] 0.060 u 0.070 u 0.060 u
WICKEL | MG/XG 1.000 u 1.400 1] 12.600 9.100 11.200 [ ] 135.200
POTASSIUN | MG/XG 75.600 [ ] 14.7.000 » 819.000 [ ] 640,000 | 789.000 [ ] 1150.000
SELENItM | MG/Ke 0.580 ] 0.920 u 0.820 v 0.470 uw 9.820 u 0.630 U
SILVER | WG/KG 0.470 u 0.8460 u 0.700 v 0.780 u 0.710 u 0.570 ]
SODIUM | MG/KG 22.400 [ ] 51.4600 u 114,000 [ 96.400 [ | 167.0600 8 145.000 |
THALLTUM | NG/XG 0.260 ul 0.970 u 0.370 ud 0.300 [1¥] e.370 W 0.280 W
YANADRUM | MG/XG 1.800 u 1.800 u 23,400 19.100 28.200 34.500
TINC | MG/KG 1.100 &4 8.300 u 83.100 4 73.100 4 159.000 4 192.000 J

0 "A3Y ‘861-LL-NH-dS-DOHM
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GRIAGGS 77
f"%f. g.ﬁj'i_z.,g_‘.f gu
Somplt 807%00 s0TNCY BONFO BO7WFY (17,11 SOTNMA
Date 11-17-92 1%-17-92 11-19-92 1M-19-92 11-19-92 N-23-92
Site SITE D/N SI1TE D/ SITE D& SITE DS SI1T1E 05 SITE DAY
Parsmcter | Depth 0.00 - &.00 12.00 - 10.00 0.00 - 4.00 Q.00 - 6.00 12.00 - 18.00 0.00 - 4.00
Type
Units fesult [] Result Q Result Q Result ] Resul ¢ ] Result ]
Inorgenics
ALumtm | MG/KG | 5340.000 5960, 000 7400.000 5220.000 9480.000 8030.000
ANTINONY | MG/KG 6800 s 3.600 © Ul 1.500 W 3.800 W 4,300 W 4200 W
ARSENIC | MG/KG 2.300 [ ] 6.300 . 1.900 [ ] 2.000 | ] 4,400 4.100
saniun | MG/XG £0.900 " £3.000 | 55.200 s 52.800 89,308 73.200 4
SERYLLIUM | MG/xG 0.200 ] 0.310 . 0.180 v 0.110 5 0.100 ) 0.100 u
caomim | mo/xG 0.870 u 0.910 u 3.400 u 1.100 v 1.700 v 1.600
cacim | mo/xe | 3180.000 2750.000 5070.000 3990. 000 4470000 4260000
CHROMIUN | MG/XG 15.000 17.%00 14.100 47.000 21.900 22.300
COBALT | MG/KG 5.400 [ ] 8.300 [ | 5.700 | 8.800 B 0.800 [ 7.700 [ ]
COPPER | MG/KG 23.300 d 22.300 ¢ 23.100 15.900 21.300 23.800
1non | me/xc | 11500 000 16200000 13900. 000 17800, 000 18500.000 16700, 000
LEAD | NG/KG 23.300 4 11.900 4 32.000 18.600 27.300 $9.800
MAGHESIUM | MG/xG | 3130.000 3380.000 3870.000 3700.000 $230.000 £640.000
MANGANESE | MG/KG 148,000 4 244,000 J 181.000 207.000 209.000 202,000 J
mercuny | me/ue 0.070 u 0.050 u 0.100 ] 0.060 v 0.060 u 0.070 s
MICKEL | WG/KG 12.000 14.900 11.200 . 7.900 I~ 16.200 14.300
POTASSILM | MG/KG 614.000 ] 552.000 ] 942.000 s 651.000 8| 1500.000 993.000 .
SELEMIUN | MG/KG .10 W 0.870 W t.200 u 0.690 ] 0.780 W 0.860 v
SILVER | MG/XG 1.000 u 0.890 u 1.100 u 2.810 J 0.640 u 1.400 u
SODILN | MG/KE 242.000 [ | 122.000 [ ] 364.000 [ ] 213.000 [ | 237.000 ] 224.000 B
THALLIUM § mo/xe 1.100 u 0.870 u 0.820 (] 0.610 4 0.440 » 0.910 u
YANADIUN | MG/XG 26.800 36.600 35.900 44.400 £0.4600 35.400
TINC | mG/xe 221.000 219.000 377.000 221.000 257.000 294,000

0 "A3Y ‘861-LL-NH-dS-DHM
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Parsmeter

s07w07

Inorganics

ALUMINM
ANTInONY
ARSENIC
BARIUM
BERTLLIUM
CAPHIT M
CALCILM
CNROMTUM
COBALY
COPPER
1hon

LEAD
MAGNESTUM
MANGANE SE
MERCURY
#I1CKEL
POTASSIUM
SELENIUN
SILVER
$00 1L
THALL IUM
VANAD IUM
inc

Samplt ONINZ BOTHDS [ [ihy -1 s0hod BOTWNS

Date 11-23-92 1-19-92 1-19-92 11-19-92 "-19-92 1-24-92
Site SITE DAl SI1TE P11 SITE DY SI1E D12 SI1TE DI2 SITE DI3
Depth 12.00 - 20.00 0.00 - 6.00 0.00 - §.00 0.00 - &.00 12.00 - 20.00 0.00 - 4.00
Type Dupt tcate

Units Result [] Result Q Result '] Result Q Result Q Result Q
MG/KG | 11100.000 5290.000 . 6020. 000 5580. 000 5260.000 &£400. 000
WG/KG 4.700 d 4.100 (11 ] 4.200 ud 3.300 w 3.400 uJ 3.900 uw
MG/KG 4.000 2.900 | @ 3.100 2.700 2.200 3.000
MG/KG 111.000 4 45,500 [ | $3.100 51.900 40.000 [ ] 42,300 J
HG/XG 0.540 1 ¢.100 u 0.100 1] 0.080 u 0.080 u 0.090 u
"G/ XG 0.200 {1} 0.3%0 1] 0.390 u 0.200 u 0.200 u 0.230 (1}
MG/KG 2830.000 3650.000 3880.000 9120.000 2140.000 2710.000

] 1] 31,900 10.300 12.900 10.600 9.200 9.100

NG/KG 9.700 8 5.400 [} 6.000 [ ] $.100 [ 4.000 [ ] 4.200 B
MG/KG n.100 26.000 27.500 #0.700 4.900 18.200

WG/KG | 31100.000 13100.000 14200.000 13400.000 11400, 000 10200.000
MG/KG 11.400 18.000 20.600 21.600 3.400 2400

NG/KG 3880.000 3800.000 4230.000 1840.000 3490.000 3010.000

NC/XG 168.000 4 193.000 250,000 195.000 164,000 206,000 ]
MG/KG 0.050 u 0.040 u 0.040 U 0.050 u 0.050 u 0.060 1]
WG/KG 21.4800 10.000 12.600 10.500 10.700 8.400 »
HG/KG 619.000 | 716.000 [ | 797.000 B £53.000 s 543.000 [ ] 560.000 ]
MG/XG 0.740 [17] 3.400 u 0.650 W 0.580 u 0.580 1) 0.810 us
NG/KG 0.940 u 0.610 U 6.630 u 0.490 v 0.500 ] 0.610 u
MG/KG 113.000 B 219.000 ] 299.000 | 224.000 [ ] 103. 000 ] 199.000 |
NG/KG 0.780 w 0.300 u 0.390 [ 4 0.260 [} 0.260 u 0.850 1)
MG/KG 84,200 27.900 30.000 26.900 23.200 18,300
MG/KG 85.100 192.000 203,000 144.000 26.800 1685.000

0 A9y ‘861-LL-NI-AS-OHM
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BOTRIS

Sompl sOTuNT o7 p07%88 aTs9 BOMINCE
Date 1-24-92 11-24-92 11-12-92 11-12-92 11-12-92 11-16-92
Site SITE DI3 SITE D13 SITE K2 SITE F3 SITE F3 SITE F4
Paremeter | Dcrty 0.0 - &.00 0.00 - 4.00 0.00 - &.00 0.00 - £.00 12.00 - 24.00 0.00 -+ 4.00
Typt Dupl icate Split
Units fesult Q Result Q Result ] Result ] Result Q Result ]
Inorgoenics
Al | MG/KG 5630.000 2460.000 ¢ 7380000 7260.000 B490.000 4030.000
ANTEMONY | MG/KE 4.200 us w700 . U 4.700 1] 4.300 i 4.000 w 4.100 w
ARSENIC | MG/KG 2.800 2.200 | a4 4.000 $.400 6.200 5.700
BARIUM | WG/KG $3.300 J 36.200 [ 68,400 56.100 70,300 54.100
BERYLLIUM | mG/KG 0.100 u 0.250 [} 0.460 [ ] 0.530 | 0.430 [ ] 0.220 | }
CADMILM | MG/KG 0.250 u 1.720 u 0.280 u 0.240 ] 0.240 1] 0.410 ]
CALCIUN | MG/KG 3440.000 2740.000 4180_000 4100.000 4300.000 4850.000
CHROMALN | MG/KG 11.300 $.300 17.700 28.100 45.700 16.800
COBALT | MG/KG $.900 8 3.300 ] T.600 ] 8.100 [ | £8.900 [ ] 1.700 [}
COPPER | MG/XG 23.700 23.000 51.400 37.400 42.100 69.600 4
InON | MG/KG | 12500.000 6480, 000 4 1 16100.000 17400.000 18300. 000 19300.000
LEAD | MG/XG 246,800 18.100 49.700 31.400 44.300 50.000 J
MAGNESTUM | MG/XG 3834.000 1480.000 4440.000 4630.000 $140.000 3490000
MANGANESE | MG/XG 23,000 4 144 ..000 165.000 197.000 254.000 179.000 J
MERCURY | MG/KG 0.040 u 0.060 w 0.060 u 0.080 [ ] 0.090 [ | 0,040 ]
NICKEL | MG/KG 11.200 T.400 [ ] 14.000 12.200 16.300 11.100
POTASSIUM | WG/KG 724 .000 [} 424.000 [ ] 1010.000 [ ] 1080.000 [ ] 1200.000 847.000 [}
SELENTUM | WG/KG 0.8%0 ) 0.500 ul 0.750 u 0.730 U 0.840 B 1.000 [1¥]
SILVER | MG/KE 0.8%0 i %.300 4 0.980 u 0.800 1] 0.760 L] 0.990 L]
SoDIUe | MG/KG 272.000 [ ] 219.000 [ | 227.000 ] 215.000 [ ] 209,000 [ | 346.000 [ ]
TRALLIUM 1 MG/KG 0.940 u 0.520 W 0.980 us 0.940 w 0.940 w 1.000 u
VANADIUM | MG/KG 23.600 6.500 B 33.200 38.300 39.100 43.700
ZINC | MG/KG 209.000 167.000 309.000 2646.000 195.000 315.000

0 ‘A% ‘861-LL-NI-AS-OHM
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BOTNCS

Sampl R07uN3 BOTNNG BOTNGY BONNWO BONCO
Date 11-16-92 11-23-92 11-23-92 11-23-92 11-23-92 11-13-92
Site STIE F& SITE FF1 SIE FFY SITE FI SI1TE FI S11E Wt
Parameter | Depth 12.00 - 16.00 0.00 - &.00 12.06 - 20.00 0.00 - &4.00 12.00 - 18.00 0.00 - &.00
Yype
Units Resuft Q Result [} Regult Q Result @ Resul t Q Resul t Q
tnorganics
ALUMINUN | MG/KG $940.000 5410.000 7700.000 6700.000 5040, 000 9040 . 010
ANTINONY | WMG/KG 3.500 W L1000 W 4.200 w 4.000 W &.200 w 3.600 w
ARSENIC | WG/KG 3.000 4.500 |} 3.500 4.900 §.900 ] 7.900
BARIUN | MG/KG 4£8.800 100,000 97.100 J 48,700 4 45,100 J 19.500
BERYLLILM | ME/XG 0.240 B 6.100 it 0.100 u 0.0%0 '] 0.100 v 0.570 [ ]
CADMTIM | MG/KE 0.350 u 0.240 0.250 u 8.530 u 0.300 u 1.200 u
CALCIUM | mG/KE 1760.000 5450.000 6210.000 4069,000 2300.000 530,000
cHRONIUN | nG/KG 16.100 10.100 12.500 15.400 12.500 22.600
COBALY | WNG/XE 1.200 [ ] 8.000 B 7.200 ] 6.400 B 4.500 [ ] 2.500 [ ]
COPPER | MG/KG 27.200 Fi 13.400 16.500 29.300 12.800 34.000
IRON | MG/KG | 22000.000 12800.000 13400.000 14700.000 11700.000 17300.000
LEAD | MG/XG 3.000 J 22.600 12.100 49.700 11.100 43.400
MAGHESTUM | MG/KG 2890.000 3940.000 £420.000 4190.000 3740.000 5320.000
MANGANESE | MG/KG 146,000 4 344,000 d 286,000 4 156.000 4 170.000 4 204,000
MERCURY | MG/KG 0.050 u 0,060 u 0.070 v 6.070 u 0.060 u 0.040 ]
NICKEL | WG/XG 14.100 10.400 9.900 | 11.700 11.900 16.200
POTASSIUM | MG/KG 573,000 [ $52.000 L 1210.000 » 855.000 ] 570.000 [ ] 1550.000
SELENIIM | WG/KG 0.890 w 0.850 W 0.870 v 0.880 ud 0.830 v 1.800 4
STLVER | MG/KG 1.500 | ¢.770 u 0.6%0 ] 1.300 u 0.620 u 1.000 U
SoOtUN | MG/XG 98.300 » 144,000 ] 141.000 [ ] 291.000 [ ] 147.000 [ | 225.000 [ ]
THALLIUM | WG/KG 0.890 u 0.8%0 u 0.920 u 0.930 U 0.830 u 0.820 (17]
VANADIUM | MG/XG 40.300 25.400 25.900 29.800 21.100 35.300
1IN | MG/XG 27.400 82.000 94.000 294.000 $71.300 <B7.000

0 "A9Y ‘861-LL-NT-AS-OHM
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Sory.¥ 207nC 0TNE2 B0 /LY POTNCE BO7NCT 0702
Oate 11-13-92 11-13-92 11-13-92 11-16-92 11-16-92 1-17-92
Site SITE M1 SI1E W2 SETE w3 SITE WANY SITE nAmY SITE HANZ
Parameter | Depth t2.00 - 18.00 0.00 - 4.00 0.00 - &4.00 0.00 - 6.00 12.00 - 16.00 0.00 - 6.00
Type
Units Result -] Result Q Result ] Result Q flesult ] Result a
Inorganics
ALUMINUM | MG/KG 9690000 $480.000 5790000 1.000 4030.000 6790.000
ANTIMDNY | MG/KG 3.500 [1X) &.6400 w 4900 w 3.700 [ 1] 3.400 w 3.000 uJ
ARSENIC | MG/XG 12.600 2.400 i [ ] 4.500 2.500 5.600 3.400
BARIUM | MG/KG 82.300 54.300 44 300 [ ] i8.800 [ ] 48.200 63.500
BERYLLIUM | MG/KG 0.210 ] 0.420 B 0.500 s 0.180 [ | 0.170 ] 0.290 [}
CADMIUM | MG/KG 0.200 u 0.260 v 0.430 u 0.370 u 0.9%0 1] 1.400 u
CALCIM | MG/KG 27v0.000 3780,000 3940.000 2960.000 3040.000 4040,060
CHROMIUM | MG/KG 25.900 18.300 23.300 13.400 13.200 20.000
COBALT | MG/KG 9.400 [ ] $.200 B $.900 [} 5.900 ] 6.400 » 6.700 |
COPPER | MG/KG 42,700 32.600 26.100 23.900 4 24.500 d 29.100 4
IRON | MG/KG | 29700.000 13500.000 13400, 000 12800.000 13000.000 13700.000
LEAD | MG/KG 16.400 35.700 28.300 14.900 J 39.100 4 42.800 F)
MACHESTUN | ME/KG 3610.000 3450.000 3620.000 3830,000 3r10.000 3920.000
MANGANESE | MG/KG 276,000 206.000 117.000 141.000 J 146.000 4 130.000 J
MERCURY | MG/KG 0.060 [ ] 0.060 u 0.080 W 0.040 u 0.680 0.080 [ ]
NICKEL | MG/KG 22.600 9.000 ] 10.000 [ | 13.000 12.400 11.800
POTASSIUM | MG/XG 541.000 a8 8587.000 [ ] 704,000 [ ] 497.000 [ ] 822.000 ] pO2.000 |
SELENIUM | MG/KG 0.600 ul 0.830 8 1.10 ] 0.900 w 0.930 1w 0.970 w
SILVER | MG/XG 1.800 u 0.770 v 0.730 u 0.880 u 0.820 '] 0.920 /]
S001UN | ME/KG 137.000 [ ] 249.000 [ | 247.000 [ ] 161.000 [ ] 155.000 | 198.000 »
THALL IUM | WG/KG 0.780 uwl 0.940 u 1.000 (1] 0.900 v 0.930 u 0.970 u
VANADILM | MG/KG 83.200 28.900 £1.000 25.200 25.300 33.600
TINC | MG/KG 79.400 168.000 141.000 123.000 219.000 293.000

0 "A9Y ‘861-LE-NJ-dS-OHM



or-ga

S idnhs TR
/ % § J ;lﬁc.?..f.s' v\.m
Samplh BO7NDY BOTNG3 BOHES POTHGS OMNG7 somiGt
Date 1-17-92 1-22-92 11-22-92 11-22-92 n-22-92 11-21-92
Site SITE HAN2 SIE W SITE WY SITE WY SITE W SITE K2
Parsmeter | Depth 12.00 - 18.00 00 - 6.00 t.t) - 6,00 12.00 - 18.00 $2.00 - 18.00 0.00 - 3.00
Type fee i feate split
Units Result Q Result Q Result Q Result Q Result Q Result Q
Inorgonics
ALIMIMIM ) HGC/KG 7430000 1640_000 . 7430000 8420 000 4830.000 4040 _000
ANFIMONY | MG/KG 3.600 [IX] 4.400 W) &.600 u) 4.000 W 17.800 u &.B800 [TX]
ARSENIC | morxs 3.200 £.500 3.500 4.800 £.300 4 6.000
BARIUM | MG/KG 68,200 58.400 J 58.500 4 £4.500 4 78.500 58.000 J
BERYLLIUM | MG/KG 0.340 B 0.100 u g.110 u 0.090 U 0.420 [} 6.110 u
CADRIUM | MG/KG 0.410 v 2.000 1.700 1.200 u 2.080 u 0.650 u
CALCIUM | NG/KG 3510.000 3720.000 3520.000 3970.000 31260.000 3580.000
(HRDMTtM | MG/XG 17.400 22.800 21.700 2b. 800 13.300 24.300
COBALT | MG/XG 8.500 B 8.500 B 7.800 [} 8.600 [ | 7.000 [ | 4.700 B
COPPER | MG/XG 25.400 J 18.900 18.400 21,500 17.200 23.200
IRON | MG/KG | 18800.000 15500.000 15000.000 14700.000 10500, 000 4 | 14900.000
LEAD | MG/KG 17.100 & 32.700 J 31.300 27.800 27.900 30.500
MAGNESIUM | MG/KG 4090.000 4450.000 4350000 4990.000 3040.000 3870.000
MANGANESE | WG/KG 155. 000 & 193.000 J 193.000 & 182.000 4 130.000 211,000 4
MERCURY | NG/KG 0.060 L] 0.e70 [ ] 0.080 [ ] 0.050 U 0.070 w 0.070 u
WICKEL | WG/KG 15.000 13.000 14.500 15.100 11.800 [ ] 12.300
POTASSIUM | MG/KG B&4 . 000 B 1040.000 B 1050.000 ] 1420,000 1080.000 [ | 83%.000 ]
SELENILM | MG/KG 0.910 us 1.000 u 0.970 i 0.890 u 0.590 w 1.000 [1#]
SILVER | MG/KG 0.870 u D.650 1] 0.4680 u 1.000 1] 2.970 (1] 0.890 u
sooluM | MG/KG 179.000 B 205.000 B 209.000 [} 194.000 [ | 131.000 [ ] 237.000 [ ]
THALLIUM | MG/KG 0.91% u 1.100 [TX] 1.000 u 0.940 uJ 68.590 ud 1.100 u
VANADEUN | MG/KG 13.400 29.900 28,700 33.900 14.500 ] 31.800
ZINC | MG/KG 155.000 | 397.000 369.000 253.000 230.000 209.000
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Sampll sOMmG2 OGO BOTNF9 BOMGL 20NN
Date 11-21-92 11-21-92 11-22-92 11-22-92 11-20~-92
Site SITE 3 SITE N SITE xut SITE N SITE vBul
Paremeter | Depth 0.00 - 6.00 0.00 - &.00 12.00 - 18,00 0.00 - 3.00 12.00 - 22.00
Type
tnits Result ] Result Q Result ] Result Q Result Q
Inorganics
ALUMTNUN | MG/XG 7550000 7250,000 9850. 000 5110.000 $990.000
ANTIMONY | WG/XG 3. 700 [1H] 5.100 u 4.900 w 4.500 w &.200 (11 ]
ARSENIC | MG/KG 2.900 5.100 ' 4,200 10.700 4 1.900 [ P
PARIUM | MG/KG $5.100 ¥ 61,300 f] 27.500 J 40.500 J 57.000
BERYLLIUM | WG/KG 0.0%0 u 0.120 u 0.120 U 0.110 u u 0.100 u
CADMEUM | MG/KG 0.229 u 1.500 1} $.400 0.270 u 9 0.250 u
CALCIUN | MG/XG 3740.000 4070.000 $040.000 3310.000 27460.000
CHROMIUN | MG/KG 18.800 25.800 64.100 $6.400 13.200
COBALT | MG/KG 6.700 [ ] 7.300 B 10.100 ] &6.700 [ | §.400 [ ]
COPPER | MG/KG 17.700 20.500 42.700 14.900 9.500
IRON | MG/KG | 15400.000 15300.000 17600.000 15200.000 12600.000
LEAD | MG/KG 10,600 40,200 59.300 23.900 J 5.800
MAGNESTIM | MG/KG 4640.000 4320.000 $520.000 3310.000 £060.000
MANGANESE | MG/KG 222.000 ] 203.000 4 173.000 d 305.000 J J 160.000 d
MERCURY | MG/EG 0.060 u 0.960 ¢ 0.090 [ | 0.070 [} u 0.050 U
NICKEL | MG/KG 15.200 13.700 19.100 10.900 $3.100
POTASSIUN | MG/AG 877.000 s 1016.000 B 1650.000 630.000 [ ] » 834.000 |
SELENIUM | MG/KG 0.838 w 5.100 u t.100 1] 0.920 W '] 0.720 1]
SILVER | MG/AG 9.550 u 0.920 u 1.400 u 0.840 u [ 0.630 v
SOb1UM | MG/XG 168.000 2 232.000 [ | 213.000 [ ] 164.000 [ ] ] 102.000 ]
THALLTAM | MG/KG 0.080 u 1.100 u 1.100 U 0.970 u w 8.320 ud
VANADIUM | MG/XG 30.500 30.800 41.100 32.700 23,800
TINC | WG/XG 94800 378.000 454,000 152.000 $ £3.700 J
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Samplt S07TNFT BOTNFB BO7NB6 B0THDS
Date 1n-20-92 11-20-92 11-12-92 11-19-92
Site SI1E vBU2 SITE vBUl SITE FY SITE D11
Parameter | Depth 0.00 - .00 0.00 - 3.00 6.00 - 6.00 12.00 - 18.00
Type
Units flesul t a Result a Result [ ] Resul t L]
Inorgsnics
ALUMINUM | WG/KG 4790.000 5040.000 7230.000 5740.000
ANTIMONY | NG/KG 4.000 wl &£.000 [1H] 4.500 ul &.000 [11]
ansenic | morxg 2.400 4 5.800 ) 4 7.400 3.500
BARIUM | MG/KG 3%.100 [ ] 51.000 73.000 50.900
BERYLLIUM | NG/xG 0.100 u 0.100 u 0.430 [ ] 0.100 [}]
CADMILM | MG/KG 0.450 | 0.420 B 0.410 ] 0.450 ')
CALCITM | WG/KG 3840.000 3300.000 3730.000 4020.000
CHROMIUN | MG/KG 14.800 11.200 15.200 9.400
COBALT | MG/KG 6.300 B 4.300 [ 8.000 B 5.400 [}
COPPER ' NG/KG 20,400 20.600 462,900 34.200
IRON | HG/XG | 14900.000 13200.000 15900. 000 13104.000
LEAD | MG/XG 15.300 27.000 55.700 21.600
HAGNESTIM | MG/KG 3440.000 3290.000 4440.000 1470.000
MANGANESE | MG/KG 140.000 J 263.000 J4 194 .000 251.000
MERCURY | MG/KG 0.050 u 0.060 u 0.070 u 0.060 :
NICKEL | WG/KE 12.400 11.000 14.100 5.900 [ ]
POTASSIUN | MG/KG 565.000 [ 659,000 [ | 955,000 [ ] 734.000 [ ]
SELENIUM | MG/KG 0.690 u 0.690 [1¥] 0.0 u 8.720 u
SILVER | mG/xG 0.5%0 1} 0.590 w 0.9%0 u 9.59%0 u
soofum | we/xg 208.000 ? 213.000 [ ] 215.000 ) 339.000 [ ]
TRALLIM | #G/KG 8.150 8 0.560 | ] 1.000 w 0.320 u
VANADIUM | MG/KG 40.300 27.600 26.600 26.400
TINC | MG/KG 151.000 F 205,000 4 335.000 216.000

0 A9Y ‘861-LL-N3-AS-OHM
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Data Validation Qualifier Codes for Radiological Analyses

J- Concentration estimated due to quality control deficiencies

R -  Concentration rejected due to quality control deficiencies

U -  Analyte not detected, detection limit shown

UJ - Analyte not detected, estimated detection limit shown

UR - Analyte not detected, concentration rejected due to quality control deficiencies

Other Acronyms

N/R - Concentration not reported

i
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Sampl 20700 07uco sOTFC S0TwFy BOTNE2 2071
bate 11-17-92 11-17-92 1-19-92 111992 13-19-92 11-23-92
site SITE O/N SITE /0 SITE 04 SLIE 03 SITE % SITE oMY
Parameter { Depth 0.00 - 6.00 12.00 - 18,00 $.00 - 6,00 0.08 - 6,00 12.00 - 18.00 0.00 - 46,00
‘m ,.'
Units Result Q Result e flesult Q fResult Q Result Q fesult Q
Radionuc| ides
GROSS ALPNA | pCile 8.000 W 16.000 * J 8.700 J 5. 700 J 8.000 u 7.700 3
CROSS BEVA { pCi/e 12.000 20.000 . 12.000 9.000 4 12.008 14.008
URANIUN-2337234 | pChig 0.820 0.990 | 0.540 8440 0.37¢ 0.908
uraniun-23% | prize 0.200 u 8.08% 4 6.200 um 9.300 Um 0.200 um 8.200 u
URANIUN-238 | pCise 0.400 0.950 0.4690 0.440 0.580 0.980
Mutonium-238 | ptise 0.09¢ e 0.048 ] 0.048 u 6.060 ] 0.020 ] 8.040 u
PLUTONIUM-239 | pCise 0.050 um 0.029 ] 0.030 u 9.020 v 0.020 u 0.020 1]
ARERICELM-241 | pClig 8.030 uR 0.030 un 0.030 u 0.040 ] 0.030 L] 8.048 u
STRONTSUN-90 | pCi/e 9.900 u 0.900 u 8.200 u 0.200 U 0.200 u 1.000 v
roTASSILN-48 | pClrg 11.000 14,008 8.400 12.000 13.000 14.000
1eon-3% § pCize 0.300 v 0.300 u 8.400 u $.300 u 0.400 u 8.408 u
CHRonIUN-51 | pCize 2.000 u 2.008 u 3.000 v 2.000 v 3.000 ] 4.000 1]
COBALY-60 | pCise 0.062 .13 9.330 4,200 0.089 9.100
Zinc-65 | pclse 0.100 '} 0.200 u 9.200 u 0.200 u 0.200 L] 9.200 u
RUTRENIUN- 106 | pCise §.400 u 8.408 '] 8.500 u 0.500 u 0.500 ] .700 u
CESIUN-134 | ptise 8.080 u 0,088 u 0.000 u §.0480 u 0.060 u 0.009
cEsIm-137 | pCisg 0.240 4 o.on 4 8.558 4 0.480 4 1.300 4 ..M
EmoPHM-152 | pClie e. 110 .31 8.410 4 8.350 4 0.900 4 0.790
funorm-154 | pClzg LT 0.200 u LI W 0.200 W 8.400 W 0.300 u
PADIUN-228 | pLi/e 0.170 1.008 9.550 0.540 0.410 .90
TRORIHM-228 | pCi/g 1.200 1.100 0.540 .90 0.958 1.500
thonim-232 | pcise 1.200 1.400 e.no 0.140 .91 1.200
EvkoriIN- 135 | peisg T/ ] 0,100 [T} LT/ ] am [T/ ]
MANGARESE -S4 | pCizg [T ] L] ] 0.057 T ] /A e
JECMETIUN-99 | pCi/p [ 1] ] (T ] (T, ] [T} wa nre
URANIUN-238 GAMA SCAN ] ptis/p ne R " LT LT L 1L
COBALT-38 | pti/e e ne [ T [ Fi e nn
cEnfum-144 | peize e um nt e nre e
REPTUNIIN-23T | pClse L T} ] N/R n/R i wa [ 7] ]
ThORIIN-231 | pCi/e e nR L L] w/R LT e
ThORIUN-234 | pCisg N/ L1 ] T/ nm wn e
RADSM-228 | pLi/g L T] ] R n/R LIL wh n/R
fabium-228 | prise 7] ] e [ T]] N/ LT ] L T] ]

0 "A9Y ‘861-LL-NT-AS-DHM
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Parsmeter | Depth | 12.00 - 16,00 0.06 -+ &.00 12.00 - 20.00 0.00 - 6.00 12.00 - 18.00 0.00 -+ 6.00
Type
Units Result Q Result Q fesult [] fesult Q fesult ] Result ]
Radionuc ides
GROSS ALPHA | pCisg 6.900 4 T.400 ¢ 3 5.000 u 4.700 f] 5.000 u 4.000 Uy
cROSS BETA | pCisp 14.000 12.000 . 19.000 10.000 18.000 18.000
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0 'A%y ‘861-11-NI-AS-DHM



o
>
L]

&

o0

=

n

Z

W

A

“

:

(]

“n T/ ] " e i T £22-wniava
17 (17 ] v un " ”n 8/1d | sz2-wnleva
wn e an “a e " 871 | yi2-animoNl
wn 7] ] an e ”u wn 871d | 152-wisont
v e ”n wu e "1} o/1d | 252-ninnLdm
7] ] T wa s/ M7 “ 874d | yyL-un1E3
wn (7] ] (7] 7] ] wa an 87124 | 85-1'Wwend
am 1] 111 ] (7] ] wa 008°9 8712d | wyds vivd 9E2-MNINVEN
(Y]] n n (7] “a wn 8/ | 84-wniiamndaL
Vn 17| an W we ¥ 87 | 95- IS TNeUVY
wn wn wn (1] ] 7] ] w 8734 | 5i-Mile0wn3
000} ol 002°3 b0t 0091 o052 07424 | 26Z-mieowi

00r") ooR"} ool") [T} 004} 000°¢ 8740 | g2z-wnivont
o190 o 0iv'e 089°0 000" ) 00y’ 87id | 922-mnlav

oL e ] 08e0'e n 0.0°0 n onl's n ooz's n soL°9 871 | ysi-wieound
0zee n 00470 n o010 (11 ] oLy’ n 00082 $71d | 51-midown

r 008"t m %00 r °o'0 r oiE’e r "Y'y r 02%°0 871d | 25)-M0182)

n o0'e n 0l0°0 n 090°0 n 0z9°0 n 060°9 n o0'e o | ssi-wnisn

n 00s'e n 005°0 n 005" 0 n 0050 n ous's n o0s'e #8792 | sor-wninantne

n 000 n 002'0 n 00Z'8 n 00z'e n 00Z'e n 0029 o871 | s9-am2
9s0°0 n "¢ n 020'8 n o0l0°¢ 080°0 n 0s0°e s7pd | 09-1we02

n 000°2 n o002 n 000°2 n 000°2 n 000°¢ n oo 0)d | 1s-wniwowmd

n 00t'0 n 00t 0 n 00£°9 n o0f°d n 00y 0 n 00g'0 871 | as-nowl
008" ¥ 000" 41 000°91 000" ¥l 000" 000" 1 8/1d | oy-wnissvIOd

n 004°0 n 000°0 n 000" % n 00071 n 004°0 n 006'® 87924 | 06-MIEINOELS

mn oo nm o 80 n o o m 0508 m o000 - o0 S712d 1 1y2-miIM MY

n 9Y0°0 m oye n 020°8 n ({1 ] m e n oto'o 87124 | at2-wnmoInnd

n 000 N 0900 n 0509 n 0509 wn  ool'® n 0900 87y | 9EZ-wninoinid
ost’o 0e'o ouY'o ook eoz'L 00§ 2 8712d | sg2-wninvn

r olL'e n 002’0 n 002°8 n ooz'y n [T ) n o0L°0 /4 | cg2-wnjuvin
osLo 0589 009°9 00¥'l I o02"d 0052 8/710d | yE2/sEZ-minvin
000°91 000" 42 000" #) oou°i? 00002 000" §2 87¢42d | va3e ssom

o 000’y r oo’ r 000°8 r 000" €4 00022 r 00092 s71d | vwdw ssow

£3p| 1 onuo|pel
° yynsay ] ey . nsay [ sy 0 Ineay ° wnsaw | Bipun
- aday
00°9 - 000 00°9L - 00" 09 - 00°0 00’9 - 90°0 00°9 - 00°0 009t - 00°ZL | wadag | sarwesny
v L8 tava 3118 vt 3318 { R ]T] o s i 3ts Qs
26-0-48 26-9-L1 26-91-18 26-E1-10 26-EL-14 26-KL-11 s1eg
zonz08 2208 yonLos fanoes - ba 110 1200 ey




WHC-SD-EN-TI-198, Rev. 0

wa mn 0969 ”n (1] ) 7] ] i i

i wn wn 7] | wa [T/ ] W d

n r Y ] “a “n (7] ] e A

" r "y [T/ ] wn 1T/ ] wn §/d

e r ”79'e LT T/ ] “a (7] 1 A

(1] ] fm 090°0 wn e » A (TT)

T} ] m  110°0 110 n n wn o

wn e 1] (T, ] e v T,

n LT | 7] ] e ”n (17} (%)

“wa wn i " {7/ ] 1T ] mne

wn m  Sgoo um wa wn un W

018°0 7] ] 0ts"0 (TN ] 0ye°0 00l L F
oot} wu 059'0 0068 059°0 ooL°2 8

[0 N ] i 0s9'0 0998 ] oozl o

m 0900 r e o129 n o0oz'e n 002'0 ] 080°9 LIS ]
m o' r 0ss’l 00g') 0949 005°0 n 00170 a5yd
r oMo r [ 1T )1 0054 0880 ovl'e m 090°0 L
n 050’0 m 9000 n 020°0 n oue’e n 0070 n (1] s
n o0s"e e n 009°e n 009°0 n 0099 n T ) s/
n 0010 e n o0z's n 002°9 n 002’0 n on2'e s
n 0Y0'0 t o 0Zy'e L Tio] K" n 09070 o
n 000°2 v n 060°§ n 000"y n 000°§ a 000°2 L T
n 00870 Mmoo 900 n 0059 n 00c'e n 005°0 n o0L'e s/
000°K1 r o0z st 000°%1 000" 000" St 000" {1 LT

n 009'0 m  Yiéo n 00679 n ocae n oR'o n 000t sy
n 020°0 m oe0d n 0%0°0 n ev's n 050°0 w0200 (T
n 020'0 1200 n 700 n s0'e n 0e'e n 11N ] s
n 050°0 wn n v.0°e n 2%0°8 a 0Y0'0 n 0sa’e 8/ d
019’0 Mmooy oLy oiL'e ] osto oDt o
w00z r 22070 n 0010 n ool'e N poEo n onto s
sy o i 06y’ 0 058’ ) esye 005" 1 o
000" 000°94 00o°£4 r 00£° ¢ 900yt 000" 81 UL

n 000" 9 wn n 000° S n 000§ n , oo0'y r 000" 14 sy
] ¥insay ] Iyneay | ] ynsay ] Vineay ] 3y ] Vnaay s)un
11ds a3waqdng addy

w'E - 000 00°8L - 00°2 00°gl - 00°20 00°9 - 00°0 00°'9y - 000 00°gL - 00721 | Wadea
m AL i 318 W3S i als W 311s T R ITH s
26-12-4L 26-22-41 26-22-44 26-22-10 26-22-10 26-20-M neg
tozon FLoTL Soo8 9IMI00 '+ T tfonzon pdews

£2T-iave
-
y2-ntsonl
MZ-Wninonl
262-WiniLdIn
L -N01N12
85-11v802
WIS WaivS BC2-MNvEN
&4-WN113MN331
¥5- ISINVIINVI
$S1 -dmnidound
TE2-Wivonl
922-uniwoNl
°T-Wnjove
ySi -wiidound
51 -0
251-01S1)
i) -u3$D
P01 -NNINMINY
§9-M12

91 Wam)
L§-NIWOUHD
45-moni
oy-WNSSYI0d
06-WN1LNONLS
13-y
S12-MIN0INY
SHZ-WunoLne
9L 2-¥invan
LET-WAlNvIN
¥S2/LET-wninv
VA3S SS0US
w41V $S0¥)

FEYE ™ ¥

$ary | 200 1pey

C-10



-2

A
T §07NG2 s07wC0 S07WFP s07wGA BOTHFS s07NF6
Date 11-24-92 "-21-92 1-22-92 1-22-92 11-20-92 15:20-92
shte SITE K3 S$17E Ut SIVE KUY SITEN S15E vaul SITE vBUY
Parameter | Depth |  0.00 - 6.00 0.006 - 6.00 | 12.00 - 18.00 0.00 - 3.00 0.00 - 6.00 | 12.00 - 22.00
Type :
Units fesul t Q fesult Q Rasult Q fResult Q Result (] Result Q
Radionucl ides
GROSS ALPHA | pCi/g 15.000 s.200 ' 3 5.400 4 5.000 U 8.300 6,100 4
cross BEVA | ptije 14.000 13.000 . 12.000 15.000 14.000 14.000
URANIUN-293/7234 | ptise 0.980 6.530 | 0.770 0350 0.850 0.530
uRANIUN-23% | pCi/e 0.200 e 0.200 1m 0.200 v 0.300 M 9.200 M 0100 un
umaniin- 238 | pcize 0.400 8.570 9.960 0530 @ 0.540 0.740
PLTONIUN-230 | pCi/e s.028 U e0ts 1 0030 U et U 0.100 ue o.100  Lm
PLUTONILM-239 | pCi/e .10 v 0.020 0.020 M 020 U 0.0¢0 WM 0050 um
snEnICIM-241 | peiseg 0.0 u 0030 U t020 0.040 W 0020 M 0.050 im
STRONIILM-90 | pCise 0.900 U 0.900 U 0.800 U 8900 U o700 U o900 v
POTASSHM-40 | pCh/e 15.000 15.000 13.000 15.000 16.000 14.000
non-59 | peise 0.200 U 0.300 U 0.500 8.500 U .30 U 0.400 U
cumonium-59 | pclse 2.000 U 2000 U 3.000 3.000 U 2000 U 2000 U
CoBALY-80 | pri/g Lo U p.050 U 070 b p.010 U s.080 U 0.060 U
zone-85 | pcize e.100 U 0.106 U s.200 U e.200 W 0 U om0 v
MUTHENIUN-108 | pClre g.400 v 0.8006 U 0.600 U 0.800 M 0500 0.600 U
CESImM-1346 | pCi/e 0050 v 0.068 U g.080 U 0.070 © s.078 o.088 U
CESM-137 | peise 0.0(0 W e g 8.450 ¢.190 s.850 W e.082 I
ELROPILN-152 | peise 080 W 0.09 W 0.320 s.100 O 100l 10w
EuRoPLM- 454 | prize s.068 W .08 W 9.200 v a0 U s.070 W 0.000 W
o Im-226 | peize 0.950 .ne 0.900 9.900 8.180 1.200
THORILN-228 | peisy 1.900 e.910 1.400 $.300 1.500 2.500
TRORIIN-232 | pCire 1.500 0.890 0.970 1.200 1.200 2.500
EUROPILM-155 | pClsp 7] (L) (7] un R ue
nancanese-S4 | peive R " " um s (Y]
TECWMETIIN-99 | pi/g i e R nr “n e
URANIUM-233 GamnA SCan | pel/e /R e A LI [P} ne
comaLT-58 | pCise ua o e ne nn L)
CERIUM- 344 | peisg R (1] wa (1] un (7
NEPTUNIIN-237 | pCise e e T "R e o
Thoniim-251 | pcize R Y] e e (% i
thoricm- 234 | peisp /R e na 7 (1L "R
RABILM-228 | pei/g R um L7 LI ] n/R e
maniw-223 | pcize /N an e an /R um
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Parsmeter

Radionucl Ides
GROSS ALPHA
GROSS BETA
URANIUN-2337234
URANEUM- 215
URANTIUM-238
PLUTONIIM- 238
PtUTONIUN- 239
AMERICIUN-241Y
STRONY IUN-90
POTASSIUM- L0
TAON-59
CHROMIUM- 51
CODALTY -840
TINC-63
RUTHENTUN- 108
CESIUM- 134
CESIIM- 137
EUROP [IM- 152
EUROP ILN- 154
RADIUN-228
THORIUN-228
1HOR 1UM-232
EURDPIUM- 155
MANGANESE -54
TECHNETIUN-99
URANTUN-238 GANMA SCAN
. COBALT-58
CERIUN- 144
NEPTUNIUN-237
TooR1UM-231
THOR JUM- 234
RADIUN- 228
RADIUM-223

BOTHET [ [ 1R BOTHBE BOTNDS
11-20-92 11-20-v2 11-12-92 11-19-92
SI1E veuz SH1E VBUS SITE F1 SITE DI
0.00 - &.00 0.00 - 3.00 0.00 - 6.00 12.00 - 18.00
Result Q Result Q Result Q fesult Q

8.400 J 7500 v 1.000 us 4,000 1]
15.000 16.600 | 22.000 20.000

1.000 1.000 | 0.4670 0.4%0

0.200 ] 0.100 uR 0.100 u 0.200 m
0.580 0.800 0.850 0.350
0.050 u 0.0s0 1) 0.070 (] 0.040 u
0.020 u 0.030 u 0.030 u 0.020 [}
0.020 u 0.030 U 0.040 uR 0.040 1]
0.900 u 0.800 u 0.900 u 0.200 u
15.000 12.000 16.000 15.000
0.300 (1] 0.300 u 0.400 v 0.400 u
2.000 u 2.000 1] 2.000 ° 2.000 o
0.050 u 0.0L0 u 0.060 u 0.410
0.100 u 0.100 u 0.200 u 0.200 u
0.400 u 0.400 u 0.4600 u 0.500 u
0.060 u 0.060 u 0.070 u 0.050 u
0.040 uw 0.140 4 0.130 3 0.140 J
0.100 w 0.090 (14} 0.100 0.480 J
6.080 u 0.080 u 8.200 u 0.200 w
0.630 0.600 0.740 0.420
1.300 1.100 1.200 0.460
1.000 0.990 1.100 0.500

n/R L 1] ] N/ n/r

(T} (1] ] L1 LT

N/R R (1] ] N/n

N/R [ F] ] R N/R

N/R LI N/R R

N/R [P ] 1] ] R

N/R [ F] ] N/R nR

N/R [ Fl ] LIl n/R

N/R LT e N/R

N/R [ 1] ] R n/R

N/R R IR [ TL]
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WHC-SD-EN-TI-198, Rev. 0

ATTACHMENT 1

METRIC CONVERSION CHART

The following conversion chart is provided to the reader as a tool to aid in

conversion.

Into Metric Units

It You Know  Mulitiply By
Length
inches 25.4
inches 2.54
feet 0.305
yards 0.914
miles 1.609
Area
sq. inches 6.452
5q. feet 0.093
sq. yards 0.836
sq. miles 2.6
acres 0.405
weigh
ounces 28.35
pounds 0.454
short ton 0.907
Volume
teaspoons 5
tabiespoons 15
fluid ounces 30
cups 0.24
pints 0.47
quarts 0.95
gailons 3.8
cubic feet 0.028
cubic yards 0.765
Temperature
Fahrenheit subtract 32
then multiply
by 5/9ths

To Geat

millimeters
centimeters
meters
meters
kilometers

$q. centimeters
8qG. meters

aq. meters

8q. kilometers
hectares

grams
kilograms
metric ton

miliiiiters
milliliters
milliliters
liters

fiters

liters

liters

cubic meters
cubic meters

Celsius

QOut of Metric Units

If You Know Multiply By To Get
Length
millimeters 0.033 inches
centimeters 0.394 inches
meters 3.281 feet
meters 1.094 yards
kilometers 0.621 miles
Area
sq. centimeters - 0.155 8q. inches
$4. Meters 10.76 5q. feet
8Q. meters 1.196 8q. yards
sq. kilometers 0.4 sq. miles
hectares 247 acres
Mass (weight)
grams 0.035 ounces
kilograms 2.205 pounds
metric ton 1.102 short ton
Yolyme
millititers 0.033 fluid ounces
liters 2.1 pints
liters 1057 quarts
liters 0.264 gallons
cubic meters 35.315 cubic feet
cubic meters 1.308 cubic yards
Jemperagture
Celsius multiply by Fahrenheit
9/5ths, then
add 32

Att-1



THIS PAGE INTENTIONALLY
LEFT BLANK



-~

WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION

Washi ent of Wildli
2802 Fruitvale Bilvd.
Yakima, WA 98902

T. Clausing
J. Hall

Washingto t t 1
Mail Stop PV-11
Olympia, WA 98504-8711

S.F. Cross

Washington State t of Ecol
7601 West Clearwater

Suite 102

Kennewick, WA 99336
D. Teel

Washington State artment of Health
Radiation Protection Division
Airindustrial Park

Bldg 5

P. O. Box 47827

Olympia WA 98504

D. Wells

Washington State artme ealth
Radiation Protection Division

2 South 45th Ave

Yakima, WA 98008

R.A. Danielson

Distr-1



WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION (cont)

1 e t e
625 Marion NE
Salem, OR 97310

D. Dunning

1 Qregon Department of Environmental Quality
811 SW Sixth Street

Portland, OR 97204-1390

J. Christenson

| U.S. Fish and Wildlife Service
Saddle Mountain Wildlife Refuge
1007 South Sundance
Othello, WA 99344

D.E. Goecke

1 UU.S. Fish and Wildlife Service
911 NE 11th Avenue
Portland, OR 97232-4181

T. O’Brien
1 atio ark ice
Pacific Northwest Regional Office
83 South King Street
Seattle, WA 98104

K. Sycamore

1 Yakima Indiap Nation
1933 Jadwin Avenue
Suite 110
Richland, WA 99352

R. Cook/R.P. Tulee

Distr-2



. WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION (cont)

1 Yakima Indian Natiog
P.O. Box 151
Toppenish, WA 98948

R. Jim

1 Confederated Tribes of the Umatilla Indian Nation
P.O. Box 638

Pendleton, OR 97801
W. Burke
1 Nez Perce Tribe

P.O. Box 305
Lapwai, ID 80540

S. Harris/D. Powaukee

1 Wanapum Tribe
P.O. Box 275

Beverly, WA 99321

R. Buck, Jr.

5 IT Corporation
1045 Jadwin Avenue
Suite C
Richland, WA 99352

R.O. Mahood

C.M. Eddy
D.A. Myers

Distr-3



=3

f copie

ONSITE

47

WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION (cont)

U.S. Department of Energy

B.L. Foley AS-19
E.D. Goller A5-19
R.D. Hildebrand AS5-55
R.G. McLeod AS5-19
K.M. Thompson - AS5-15

UU.S. Environmental Protection Agency

L.E. Gadbois B5-01
D. Faulk

D. Sherwood

P. Innis

Pacific Northwest Laboratory

E.J. Antionio K6-13
R.L. Dirkes K6-13
C.]1. Driver K4-12
S.L. Friant K6-13
T.M. Poston Ké6-13
K.M. Probasco Ké6-13
R.K. Woodruff Ké6-13

Westinghouse Hanford Co

M.R. Adams H6-01
J.M. Ayers H6-02
R.L. Biggerstaff H6-02
R.A. Carison H6-03
S.W. Clark H6-01
T.W. Ferns Hé6-26
G.E. Fitzgibbon Ho6-07
M.A. Galbraith H6-02
K.A. Gano X0-21
F.W. Gustafson He6-04
R.P. Henckel H6-02
G.C. Henckel H6-04
N.A. Homan H6-02

Distr4



WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION (cont)

Number of copies
ONSITE
Westinghouse Hanford Company (cont)
J.D. Hoover H6-23
L.C. Hulstrom H6-03
A.R. Johnson H6-30
V.G. Johnson H6-06
C.D. Kramer H6-04
A.D. Krug : Ho6-02
N.A. Lane Hé6-01
K.A. Leonard H6-22
R.M. Mitchell H6-04
N.M. Naiknimbalker H6-02
C.J. Perkins X0-21
R.E. Peterson H6-06
R.D. Price H6-07
J.W. Roberts H6-02
F.V. Roeck Hé6-01
J.W. Schmidt Hé-30
M.T. Stankovitch H6-02
S.G. Weiss (15) Hé-02
P.J. Vaicich H6-04
S.E. Vukelich H6-02
Central Files (2) 18-04
EPIC (2) H6-08
ERC H6-07
IRA (2) H4-17

Distr-5



THIS PAGE INTENTIONALLY
LEFT BLANK



WHC-SD-EN-TI-198, Rev. 0

DISTRIBUTION (cont)

Number of copies
ONSITE

Westi use rd Compan

J.D. Hoover H6-23
L.C. Huistrom H6-03
A.R. Johnson H6-30
V.G. Johnson - H6-06
C.D. Kramer . H6-04
A.D. Krug - H6-02
N.A. Lane H6-01
K.A. Leonard H6-22
R.M. Mitchell H6-04
N.M. Naiknimbalker H6-02
C.J. Perkins X0-21
R.E. Paterson H6-06
R.D. Price H6-07
J.W. Roberts H6-02
F.V. Roeck H6-01
J.W. Schmidt H6-30
M.T. Stankovitch H6-02
S.G. Weiss (15) H6-02
P.J. Valcich H6-04
S.E. Vukelich H6-02
Central Files (2) L8-04
EPIC (2) H6-08
ERC H6-07
IRA (2) H4-17

Distr-5



THIS PAGE INTENTIONALLY
LEFT BLANK



	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF
	22.TIF
	23.TIF
	24.TIF
	25.TIF
	26.TIF
	27.TIF
	28.TIF
	29.TIF
	30.TIF
	31.TIF
	32.TIF
	33.TIF
	34.TIF
	35.TIF
	36.TIF
	37.TIF
	38.TIF
	39.TIF
	40.TIF
	41.TIF
	42.TIF
	43.TIF
	44.TIF
	45.TIF
	46.TIF
	47.TIF
	48.TIF
	49.TIF
	50.TIF
	51.TIF
	52.TIF
	53.TIF
	54.TIF
	55.TIF
	56.TIF
	57.TIF
	58.TIF
	59.TIF
	60.TIF
	61.TIF
	62.TIF
	63.TIF
	64.TIF
	65.TIF
	66.TIF
	67.TIF
	68.TIF
	69.TIF
	70.TIF
	71.TIF
	72.TIF
	73.TIF
	74.TIF
	75.TIF
	76.TIF
	77.TIF
	78.TIF
	79.TIF
	80.TIF
	81.TIF
	82.TIF
	83.TIF
	84.TIF
	85.TIF
	86.TIF
	87.TIF
	88.TIF
	89.TIF
	90.TIF
	91.TIF
	92.TIF
	93.TIF
	94.TIF
	95.TIF
	96.TIF
	97.TIF
	98.TIF
	99.TIF
	100.TIF
	101.TIF
	102.TIF
	103.TIF
	104.TIF
	105.TIF
	106.TIF
	107.TIF
	108.TIF
	109.TIF
	110.TIF
	111.TIF
	112.TIF
	113.TIF
	114.TIF
	115.TIF
	116.TIF
	117.TIF
	118.TIF
	119.TIF
	120.TIF
	121.TIF
	122.TIF
	123.TIF
	124.TIF
	125.TIF
	126.TIF
	127.TIF
	128.TIF
	129.TIF
	130.TIF
	131.TIF
	132.TIF
	133.TIF
	134.TIF
	135.TIF
	136.TIF
	137.TIF
	138.TIF
	139.TIF
	140.TIF
	141.TIF
	142.TIF
	143.TIF
	144.TIF
	145.TIF
	146.TIF
	147.TIF
	148.TIF
	149.TIF
	150.TIF
	151.TIF
	152.TIF
	153.TIF
	154.TIF
	155.TIF
	156.TIF
	157.TIF
	158.TIF
	159.TIF
	160.TIF
	161.TIF
	162.TIF
	163.TIF
	164.TIF
	165.TIF
	166.TIF
	167.TIF
	168.TIF
	169.TIF
	170.TIF
	171.TIF
	172.TIF

