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HRS Ground Water Route Work Sheet

Site: U.S. DOE Hanford 100 Area 8/17/87
Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

1. Observed Release 45 1 45 45 3.1

If observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to line 2.

2. Route Characteristi: . 3.
Depth to Aquifer of Concern 0 2 0 6
Net Precipitation 0 1 0 3
Permeability of the 0 1 0 3
Unsaturated Zone
Physical State 0 1 0 3
Total Route Characteristics Score 0 15
3. Containment 0 1 0 3 3.3
4. Waste Characteristics 3.4
Chemical
a. Toxicity/Persistence 18 1 18 18
Hazardous Waste Quantity 8 1 8 8
Total Waste Characteristics Score 26 26
5. Targets 3.5
Ground Water Use 1 3 3 9
Distance to Nearest Well/ 0 1 0 40
Population Served
Total Targets Score 3 59 V‘
6. If Tine 1=45 (1x4x5) A\\
If 1ine 1=0 (2x3x4x5) 3310 57330 '\SC
7. Line 6/57330 * 100 Sc(gw)= L-12 ‘ \%u,
............................ - ----------------------------G
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HRS Surface Water Route Work Sheet

Site: U.S. DOE Hanford 100 Area 8/17/87
Assigned Multi- Max. Ref.

Rating Factor Value plier Score Score (Section)
1. Observed Release 45 1 45 45 4.1

If observed release is given a score of 45, proceed to line 4.
[f observed release is given a score of 0, proceed to line 2.
2. Route Characteristics 4.2
Farility Slope & Intervening 0 0
.arrain
l-yr. 24-hr. Rainfall 0 1 0
Distance to Nearest Surface 0 0
Water
Physical State 0 0

4. Waste Characteristics 4.4
a. Chemical
Toxicity/Persistence 18 1 18 18
Hazardous Waste Quantity 8 1 8 8

5. Targets 4.5
Surface Water Use 3 3 9 9
Distance to a Sensitive 0 2 0 6
Environment
Population Served/Distance 35 1 35 40
to Water Intake
Downstream

Total Targets Score 44 55

6. If line 1245 (1x4x5)
If line 1=0 (2x3x4x5) 51480 64350
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HRS Air Route Work Sheet

ROUTE NOT SCORED 5

‘
............................................................. comcccnccnsse e

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

1. Observed Release 0 1 0 45" 5.1
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If observed release is given a score of 45, proceedto line 2.
If observed release is given a score of 0, the Sa=0. Enter on Line 5.

2. waste Characteristics £.2

a. Chemical

Reactivity and 0 1 0 3
Incompatibility
Toxicity 0 3 0 9
Hazardous Waste Quantity 0 1 0 8
Total Waste Charzcteristics Score 0 20
3. Targets 5.3
Pcpulation Within 4-Mile 0 1 0 30
Radius
Distance to Sensitive 0 2 0 6
frnvironment
Land Use 0 1 0 3
Total Targets Score 0 39
4. Multiply 1 x 2 x 3 0 35100
- \\\
5. Line 4/35100 * 100 Sc(a)= 0.00 \







DOCUMENTATION RECOROS
FOR
HAZARD RANKING SYSTEM

INSTRUMENTATIONS: As briefly as possible summarize the information you used
to assign the score for each factor (e.g., “Waste quantity = 4,230 drums plus
800 cubic yards of sludge"). The source of information should be provided
for each entry and should be a bibliographic-type reference, include the
location of the document.

| GILITY NA© U~ 77 Han

LOCATION: Hanford Site, Benton County, Washington

DATE SCORED: 8-17-87

PERSON SCORING: R. D. Stenner, Pacific Northwest Laborator: “or DOE

PRIMARY SOURCE(S) OF INFORMATION (e.g., EPA region, state, FIT, etc.):

The information was taken from Department of Energy documents and databases
associated with the Hanford Site, as well as from other publicly available

documents addressing conditions at or in the vicinity of the Hanford Site.

Information was also gathered through telephone and personal communications
with responsible individuals (such information is referenced accordingly in
the package).

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION:

Even though air concentrations of some of the constituents of interast can be
detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effluents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored.

COMMENTS OR QUALIFICATIONS:

The Department of Energy has completed a preliminary assessment of the
hazardous waste sites located on the Hanford Site. This work served as the
primary basis for developing the scores for the aggregate 100 Area Site.
These preliminary assessment efforts are documented in the “Draft Phase I
Installation Assessment of I[nactive Waste-Disposal Sites at Hanford" vol‘ges
and respective addenda which are referenced throughout the package. \qq 71
\
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GROUND WATER ROUTE

1 OBSERVED RELEASE
Contaminants detected (5 maximum):

Ar nbserved release to the ground water beneath the 100 Areas can be verified
u: 1g several different substances. For the purpose of documenting observed
release to the ground water it was determined that the strontium-90 (Sr-90)
an chromium (Cr) would provide sufficient evidence. Evidence of observed
release can be given in terms of a comparison of background concentrations
and down gradient concentrations for bo Sr-90 and Cr. Wells used to verify
observed 1 .ease of Sr-90 are listed in the following table.

I Wel f Sr-90

BACKGROUND DOWN GRADIENT
Concentration Concentration
Date Well _(priny Date Well (pCi/L)
4/10/87 1-H4-5 <0.753 pCi/L 4/10, 7 1-H4-4 8.05 pCi/L
) 5/29/87 1-N-4 12.5 pCi/L

The wells used to verify observed release of Cr to the ground water beneath
the 100 Area are listed in the following table.

100 Area Wells for Cr

DACKGROUND DOWN GRADIENT
Concentration Concentration
Date Well _(pg/L) ~ _Date Well (ga/L)
6/12/87 6-77-54 <10 ug/L 5/21/87 1-83-1 62 pg
3/25/87 1-D5-12 1,560 pg/L
3/18/87 1-x-20 137 ug/L

Reference 5, page 3.14; Reference 2; Reference 3, pa . 19, 23, 274, 13,i6,
and 21; Reference 1; Reference 10; Reference 18

Rationale for attributing the contaminants to the facility:

The nine 100 Areas (B, C,D, DR, KE, KW, F, H, and N) border the Columbia
River in the northernmost part of the Hanford .Site. Each of the nine areas
has one production reactor. Eight of these reactors have been shut down;
only the N Reactor, used for both plutonium and electricity production is
still in operation. When the reactors were operational, cooling water was
drawn from the river and treated with alum, sulfuric acid and chlorine.

Excess sulfuric acid was used to maintain the pH of the water within a
desired range. To control oxidation of aluminum parts in the reactor, sodium
dichromate was used to maintain an oxidation coating on aluminum parts. The
chlorine was added for algae control in - »: settling basins; at times copper
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sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.)
were dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as Sr-90
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric
acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-plated boron steel balls, nickel-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety
system, one involvinag the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normal
horizontal control rods, was incorporated into the reactors. Iis
supplementary control system consisted of a Poison{a) Column Control Facilitv
thi could charge selected process tul : with a \d-cadmium poison to abs¢
neutrons. Boron-carbide aluminum poison splines were also used for
supplementary control. These activities resulted in waste containing the
contaminants discussed above being disposed of in the 100 Area. Down
gradient wells show contaminant concentrations significantly above those
found in the background wells.

!

(a) The term poison refers to a material's ability to absorb neutrons and
thus control the rate of fission.

Reference 4, pages 2.11-2.13

2 ROUTE CHARACTERISTICS

Depth to Aquifer of Concern

Name/description of aquifer(s) of concern:

The aquifer of concern is the unconfined aquifer which is comprised of the
glacio fluvial sediments of the Hanford formation and the late deposits of
the Ringold © mation. It generally slopes downward from west to east; depth
to ground water is from 10 to 15 meters (34 to 48 feet). It is bounded below
by either the basalt surface or, in places, the relatively impervious clays
and silts of the lower unit of the Ringold formation. Laterally, the
unconfined aquifer is bounded by the anticlinal basalt ridges that ring t
basin. Tl Yakima and Columbia Rivers, however, do not entirely transect
these sediments and therefore do not constitute a discontinuity for HRS
Scoring purposes. The basalt ridges above the water table have a low
permeability and act as a barrier to lateral flow of the ground water. The
saturated thickness of the unconfined aquifer is greater than 61 m in some
areas of the Hanford Site and pinches out along the flanks of the basalt
anticlines.

\
Recharge to the unconfined aquifer originates from several sources. Natural \Yi
recharge occurs from precipitation at higher elevations and runoff from \\‘ AT
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ephemeral streams to the west, such as Cold Creek and Dry Creek. The Yakima
River recharges the unconfined aquifer as it flows along the southwest
boundary of the Hanford Site. The Columbia River recharges the unconfined
aquifer during high stages when river water is transferred to the aquifer
along the river bank. The ur~onfined aquifer receives little recharge from
precipitation directly on the nanford Site because of a high rate of
evapotranspiration under native soil and vegetation conditions. Large scale
artificial recharge occurs from offsite agricultural irrigation and liquid-
waste disposal in the operating areas at Hanford.

Underlying the surface sands is a mixture of sand and ( ivel extending to a
depth of about 200 feet (60 meters). Basaltic rock starts at that depth and
extends downward over 1.9 miles (3000 meters).

Reference 5, page 2.5; Reference 4, p. 2.11-13; Ri  -ence 9

Depth(s) from the ground surface to the highest seasonal le' of the

saturated zone [water table(s)] of the aquifer of concern:

Not applicable.

Depth from the ground surface to the lowest point of waste disposal/storage:

Not applicable.

2b
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Net Precipitation

Mean annual or seasonal precipitation (1ist months for seasonal):

Not applicable.

Mean annual lake or seasonal evaporation (list months for seasonal):

Not applicable.

Net precipitation (subtract the above figures):

Not applicable.

Permeabilitv of Unsaturated Zone

Soil type in unsaturated zone:

Not applicable.

Permeability associated with soil type:

Not applicable

Physical State

Physical state of substances at time of disposal (or at present time for

generated gases):

Not applicable.

\\“\
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3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:
Not applicable.

Method with highest score:

Not applicable.

4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated: ; -

These substances are associated with production reactor operation (See Tables
1 and 2):

Substances in the 100 Area

uranium mercury cesium-137

lead plutonium-238 cesium-134
cadmium plutonium-239 europium-152
sodium dichromate plutonium-240 europium-154
sodium oxalate tritium europium-155
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid strontium-90 nickel-63
potassium borate copper sulfate sodium hydroxide

Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are
not included in the package, please consult the reference 6 document using
the list of individual sites listed on the cover sheet of this package for

verification of which individual sites contain which substances); Reference
19

Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL

Substanc~ Score Score Score

?ranium 3 3 18

ead 3 3 18
mercury 3 3 18 :({%
dichromate 3 3 C\}
plutonium 3 3

18

18 '14

Reference 7, pages 794-797; REference 20.
4
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Hazardous Waste Quantity

Total quantity of hazardous substances-at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quant vy is
above maximum):

The total gquantity of hazardous substances associated with the agg gzate 100
Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the
individual sites and associated data for the 100 Area Liquid Waste Sites that
were used in creating the aggregate 100 Area Site. Table 2 presents the
individual sites and associated data for the 100 Area Solid Waste Sites that
were used in creating the aggregate 100 Area Site.

References are listed by waste site in ble 1.
Basis ° estimating and/or computing waste quantity:

The volume of wastes disposed of to waste sites at the 100 Area was
calculated as the sum of the volumes received by individual waste sites. The
basis for this estimate of 1iquid waste volume is given in Table 1. For
purposes of developing the inventories, individual waste sites were
aggregated into groups that received similar wastes. These groups, and the
individual sites comprising each group, are identified in Table 1. Also
included in this table are a description of the general types of waste
received by the group of sites, the period of operation covered by the group,
the estimated waste volume received by the group, and the references for the
waste volumes received by the individual sites. In some cases, an individual
site received more than one type of waste. I[f so, the site was assigned to
more than one group and its waste volume was divided into the volumes
received by each particular site group. Similar information for ) Area
sites receiving solid wastes is presented in Table 2.

4a



Area No. and Name

100 Area Decontamination

Waste Cribs (116-B-4,
116-8-6, 116-C-2,
116-D-1A, 116-D-1B,
116-F-5, 116-F-10,
116-0-3, 116-K-2)

100 Area Contaminated

Reactor Effluent Cribs and

Trenches (116-8-1,
116-8-3, 116-C-1,
116-0-2, 116-DR-1,
116-DR-2, 116-DR-4,
116-F-1, 116-F-2,
116-F-3, 116-F-4,
116-i-1, 116-4-4,
116-K-1, 116-K-2)

—

{
= =

~= <

TABLE 1. 100 AREA LIQUID WASTE SITES
No. of
Haste Types Years Estimated Volume Cubic Yds References
Decontamination 1947-1970 2.3 x 106 1 3,000 Reference 6,
solutions consisting pages 13-14,
of chromic, oxalic, 17-20, 45-48,
and/or sulfuric acid 59-60, 61-62,
solutions neutralized 113-114, 121-
with soda ash. 122, 151-152,
Solutijons were used to 173-174
decontaminate dunuwy
fuel elements and
reactor hardware,
Reactor effluent con- 1946-1971 3 x 1011 3.9 x 108 Reference 6,

taminated when fuel
element cladding
failed. Radiological
contamination
consisted chiefly of
mixed fission
products. Chemical
contamination
consisted of sodium
dichromate added to
reactor coolant as
oxidant.

ab

pages 7-8,
11-12, 43-44,
63-64, 87-88,
89-90, 93-94,
105-106, 107-
108, 109-110,
111-112, 147-
148, 153-154,
171-172, 173-174




Area No. and Name

Waste Types

No. of

Years Estimated Vol Cubic Yds

References

100 Area Laboratory HWaste
Cribs and Trenches
(116-8-5, 116-B-10,
116-C-2, 116-D-3,

116- 4, 116-F-9,
116-r-13)

100 Area Fuel Storage
Basin Cribs and Trenches
(116-B8-2, 116-D-1A,
116-D-18, 116-DR-3,
116-F-3, 116-KE-3,
116-KW-2)

-
e

:(_._n_ o
. S o

Wastes associated with

labs and shops in the
108 Buildings,
including 108-B
Tritium Lab and Tube
Examination Facility,
108-C Meta)
Examination Facility
and 100 f Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
recejved nitrate from
animal wastes.

Storage basin cooling
water contaminated
with low levels of
mixed fission products
due to failure of fuel
element cladding.

1950-1976 3.2 x 3t 4.2 x 105

1946-1971 2.0 x 107 L 2.6 x 104

4c

Reference 6,
pages 15-16,
23-24, 45-48,
65-66, 67-68,
119-120, 127-128

Reference 6,
pages 9-10,
59-60, 61-62,
91-92, 109-110,
179-180, 195-196




Area No, and Name

100 Area Reactor
Decontamination and
Maintenance Effluents
Cribs and Trenches
(116-DR-6, 116-F-1,
116-F-6, 116-F-12,
116-H-2, 116-K-2)

100 Area Reactor
Confinement Seal Pit
Drainage |
116-F-7, 117-B, 117-C,
117-D, 117-H)

100 Area Sulfuric Acid
Sludge Disposal Sites
(100KE*1, 100KE*2,
100KE*3,  OKkW*1,
100KW*2)

-
—/
)
-

puun— g
"Eve«.

ibs (116-DR-8,

Waste Types

Years

Reactor effluents
during reactor
maintenance
activities. Much of
the waste volume was
uncontaminated.
Radionuclides present
were mainly low levels
of mixed fission
products and
activation produc .
The main chemical
contaminant was

sul furic acid, which
was used for reactor
decontamination.
Sodium dichromate was
also present in some
of the effluents.

Drainage from 117
Building confinement
system seal pits.
very low levels of
contamination.

Mercury-contaminated
sludge from sulfuric
acid storage tanks.

1945-1971

1960-1969

1955-1971

A

Estimated Volume

No. of
Cubic Yds

References

6.1 x 108 L

2.2 x 106 L

3.7 x 104 L

8.0 x 105

2,900

48

Reference 6,
pages 95-96,
105-106, 115-
116, 125-126,
149-150, 173-174

Reference 6,
pages 42-44,
49-50, 85-86,
99-100, 117-118,
167-168

Reference 6,
pages 181-183,
185-187, 189-
191, 197-199,
201-203



Area No. and Name

Waste Types Years

Estimated Volume

100 Area Miscellaneous
Floor and Sink Drain Cribs
(116-8-9, 116-D-6,
116-F-11)

100 Area Potassium Borate
Crib (116-DR-7)

100 Area Gas Purificati
Condensate Cribs
(116-KE-1, 116-KH-1)

- 100 Area lon Exchange
Regenerant Crib (116-KE-2)

—
-=
%:——-
=, =

=

Drainage from floor 1952-1967
and sink drains. Very

low levels of

radioactive

contamination. No

chemical

contamination.

Liquid potassium 1953
borate solution. No
radioactive

contamination.

Condensate from 1955-1971
reactor gas

purification system.

Contamin 2d with

tritium and carbon-14

and small amounts of

fission products.

Wastes from 1955-19.
regeneration of ion

exchange columns.

Contained sulfuric

acid, caustic, and

mixed fission products

and activation

products.

de

3.4 x 105 L

1 x 103 L

1.6 x 106 L

3.0 x 106 L

No. of
Cubic Yds References
10 Reference 6,
pages 21-22,
69-70, 123-124
5.2 Reference 6,
pages 97-98
2.1 x 103 Reference 6,
pages 175-176,
193-194
3.9 x 103 Reference 6,

pages 177-178




Area No. and Name

Haste Types

100 Area Retention Basin
Leakage (107-8, 107-C,
107-D, 107-DR, 107-F,
107-H, 107-KE, 107-KW)

100 Area White Bluffs
Pickling Acid Crib

eactor effluent
containing very small
amounts of fission
products and
activation products.
Chemical contaminal >n
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

Waste nitric and
hydrofluoric acid used
to pickle galvanized
piping. Acid may or
may not have been
neutralized.

Do 077
o. of
Years Estimated Volume Cubic Yds References
1944-1971- 3.0 x 1012 L 3.9 x 109 Reference 16
1943-1945 7 x 105 L 900 Reference 16
107 3.3 x 1012 ¢ 4.3 x 109

Af




[ABLE 2. 100 AREA SOLID WASTE SITES
Area No. and Name Waste Types Years Estimated V~Tme
100 Area Metallic Waste Metallic waste 1944-1975 1,000 m3
Burial Grounds (118-B-1, consisting mainly of
118-B-4, 118-B-5, discarded reactor
118-C-2, 118-D-1, hardware, including
118-D-3, 118-D-5, such items as aluminum
118-DR-1, 118-F-1, tubes and spacers;
118-F-3, 118-F-~7, lead and cadmium
118-1-1, 118-H-2, containing slugs,
118- -3, 118-H-4, graphite, desiccant,
118- .5, 118-K) aluminum and boron
splines; lead; and
mercury. Radioactive
contaminants,
primarily :tivation
products.
100 Area Construction Construction waste, 1953-1967 48,000 m3
Waste Burial Grounds demolition debris.
(118-B-2, 118-8-3, Small amounts of
118-D-4, 118-F-1, radioactive
118-11-3) contamination.
100 Area Lab Waste Burial Low-level radioactive 1950-1976 20 )0 m3
Grounds (118-8-6, 118-F-5, wastes from 100 Area
laboratories, in-
118-F-6) cluding tritium wastes
and animal wastes.
-
Ny
P
IR = g

No. of
Cubic Yds

References

1,300

63,000

26,000

Reference 6,
pages 25-27, 33-
34, 35-36, 55-
56, 71-72, 77~
79, 83-84, 101-
102, 129-131,
135-136, 143-
144, 155-157,
159-160, 161-
162, 163-164,
165-166, 205-297

Reference 6,
pages 29-30, 31-
32, 81-82, 129-
131, 161-162

Reference 6,
pages 37-38,
139-140,
141-142




Area No. and Name

100 Area Miscellaneous

Solid Waste Burial Grounds
(118-8-1, 118-B-7,

118-C-1, 118-b-1,
118-p-2, 118-F-2,

118-F-4, 118-11-1, 118-K)

100 Area Burn Pits
(100 B/C Burn Pit,

100/DR Burn Pit,
100F Burn Pit,
100N Burn Pit,
100K Burn Pit)

No. of
Waste Types _ Years Estimated Volume Cubic Yds References
Radioactivity 1944-1975 61,000 m3 80,000 Reference 6,
contaminated trash and pages 25-27, 39-
miscellaneous solid 40, 51-53, 71-
wastes from 100 Area 72, 73-75, 133-
facilities. 134, 137-138,
155-157, 205-207
Combustible trash from 1943-1971 130,000 m3 170,000 Reference 6,
100 Area buildings and pages 57-58,
offices. 103-104, 145-
146, 169-170,
209-210
TOTAL 260,000 m3 340,000 yd3
\
4h
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5 TARGETS

fround Water Use

Use(s) of aquifer(s) of concern within a 3-mile radius of the facility:

There are no wells which draw water for drinking or irrigation purposes
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

Reference 8

Distance to Nearest “~'1

ot 1 of . 1V d ring from quic-- -< or occupied building
not served by a pubiic water supply:

The nearest wells are 699-72-101A, B, and C that are located at the Vernita
Bridge Rest Stop.

Reference 8: Reference 9, page II.1-65

Distance to above well or building:

The wells located at the Vernita Bridge Rest Stop are just over 3 miles from
the boundary of the 300 Area Site.

Reference 8

Population Served by Ground Water Wells Within a 3-Mile Radius

Identified water-supply well(s) drawing from aquifer(s) of concern within a
3-mile radius and populations served by each:

There are no wells which draw water for drinking or irrigation purposes
within 3 miles of the 100 Area. Therefore, there is no use of the aquifer of
concern within 3 miles of the 100 Area.

Reference 8

Computation of land areas irrigated by supply well(s) drawing from aquifer(s)
of concern within a 3-mile radius, and conversion to population (1.5 people
pe acre): _ :

There are no documented irrigation wells within 3 miles of the site.
Total population served by ground water within a 3-mile radius:

The total population served by ground water within 3 miles is zero. \\\\\% 73
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SURFACE WATER ROUTE

1 OBSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it
(5 maximum) : '

The observed rt¢ 2ase of contaminants to the Columbia River adjacent to the
100 Area can be verified by comparison of upstream and downstream
concentrations of selected constituents. Verification of observed release

does not require evidence of release for each contaminant di: 'd at the
facility, but relies on identification of at least one const it in o
surface water that can | attr tot  ility. Stronm ‘90 (Sr-y0)
was chosen to illustrate observea release the 100 Area. » following

table compares upstream concentrations of Sr-90 with concentrations of Sr-90
at designated surface water use points. The water intakes designated as use
points are in the 100N and 100D areas.

BACKGROUND : pAL ﬁnnnrruv[a)
Sample Concentration Jamp e vuncentration
Nadn Daint (pCi/L) Date Point (pCi/L)
11/23/82- Prst Rap 0.34 = 0.18 12/18/82 100N 28 = 0.47
12/21/82 12/18/82 100D 1.1 & 0.05

(a) This data represents an analysis of the composite of river water samples
taken every 0.5 mile for the river interval indicated on the date shown.

Reference 11; Reference 5, page 3.14; Reference 12, pages 15 and B.3;
Reference 10

Rationale for attributing the contaminants to the facility:

The nine 100 Areas (B, C, D, DR, KE, KW, F, H, and N) border the | umbia
River in the northernmost part of the Hanford Site. Each of the nine areas
has one production reactor. Eight of these reactors have been shut down;
only the N Reactor, used for both plutonium and electricity production is
still in operation. When the reactors were operational, cooling water was
drawn from the river and treated with alum, sulfuric acid and chlorine.
Excess sulfuric acid was used to maintain the pH of the water within a
desired range. To control oxidation of aluminum parts in the reactor, sodium
dichromate was used to maintain an oxidation coating on aluminum parts. The
chlorine was added for algae control in the settling basins; at times copper
sulfate was added for additional algae control. As the cooling water passed
through the reactor various activation products (e.g, Co-60, Ni-63, etc.)
were dissolved in the cooling water. When a fuel element ruptured or
developed a pin hole in its' cladding some fission products such as Sr-90
would dissolve in the cooling water. Chromic acid, oxalic acid and nitric \Q$
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acid were used for dummy fuel-element decontamination. In addition to
vertical safety rods for emergency reactor shutdown, the reactors were
equipped with hoppers of nickel-plated boron steel balls, nickel-plated
carbon steel balls, and stainless steel balls that would drop into the
vertical safety rod channels for emergency shutdown. This system required no
supplementary power source. Although it was never used, a third safety
system, one involving the use of potassium borate solution, was in place at
the reactors. A supplementary control system, in addition to the normal
horizontal control rods, was incorporated into the reactors. This
supplementary control system consisted of a Poison(a) Column Control Facility
that could charge selected process tubes with a lead-cadmium poison to absorb
neutrons. Boron-carbide aluminum poison splines were also used for
supplementary control.

Tl dvit 11" | in strontium-90 i inated ' :te ' ‘ng “sp |
ot 1n tne 100 Area, ana down gradient sampies snow strontium-YU concentrarion
levels significantly above the strontium-90 concentrations found in
background samples.

(a) The term poison refers to a material's ability to absorb neutrons and
thus control the rate of fission.

Reference 4, pages 2.11-2.13

2 ROUTE CHARACTERISTICS

Facility Slope and Ir*~-vening Terrain

Average slope of facility in percent:

Not applicable.

Name/description of nearest down slope surface water:

The Columbia River, which originates in 1e mountains of eastern British
Columbia, Canada, flows through the northern edge of the Hanford Site and
forms part of the Hanford Site's eastern boundary. The river drains a total
area of approximately 70.800 kmZ enroute to the Pacific Ocean. The flow of
the Columbia River is regulated by 11 dams within the United States, 7
upstream and 4 downstream of the Site. Priest Rapids Dam is the nearest
impoundment upstream of the Site, and McNary Dam is the nearest dam
downstream. (The Hanford reach of the Columbia River extends from Priest
Rapids Dam to the head of Lake Wallula, which is created by McNary Dam.)
This is the only stretch of the Columbia River within the U.S. that is not
impounded by a dam. The width of the river varies from approximately 300 m
to about 1000 m. The flow through this stretch of the river is relatively
swift, with numerous bends and several islands present throughout the reach.
The ground water beneath the site discharges directly into the Columbia River
as evidenced by seeps and springs along the river shore. ‘%x
"

6a | \\ ,i{?)



1 : flow rate of the Columbia River in this region is regulated primarily by
Priest Rapids Dam. Hanford reach flows fluctuate significantly because of

t : relatively small storage capacity and operational practices of the nearby
t tream dams. A minimum flow rate of 1,000 cubic meters per second (36,000
cubic feet per second) has been established at Priest Rapids. Typical daily
flows range from 1,000 cubic meters per second (36,000 cubic feet per second)
to 7,000 cubic meters per second (250,000 cubic feet per second) with peak

s 'ing runoff flows of up to 12,600 cubic meters per second ( 450,000 cubic
feet per second) being recorded. Typical annual average flows at Priest

F 1ids Dam are 3,100 cubic meters per second (110,000 cubic feet per second)
t 3,400 cubic meters per second (120,000 cubic feet per second). Monthly
mean flows typically peak from April through June and are at the lowest
levels from September through October.

I ’ereﬁce 5, page 1 3

Average slope of terrain between facility and above-cited surface water bc
in percent:

Not applicable.

Is the facility located either totally or partially in surface water?

. Not applicable.

6b
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Is the facility completely surrounded by areas of higher elevation?

Not applicable.

1-Year 24-Hour Rainfall in Inches

Not applicable.

Distance *n Naapagt P~~~ ~l~ne Surface Water

Not applicable.

Physical State of Waste

Not applicable.

3 CONTAINMENT

~--~ainment

-Method(s) of waste or leachate containment evaluated:

Not applicable.

Method with highest score:

Not applicable.
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4 WASTE CHARACTERISTICS

icity and Persistence

( npound(s) evaluated

ese substances are associated with production reactor operation (See Tables
1 and 2):

Substances in the 100 Area

uranium mercury cesium-137

lead plutonium-238 cesium-134
cadmium plutonium-239 ‘europium-152

st T chromate plutonium-240 europium-154
soaium oxalate tritium europi -
sulfuric acid cobalt-60 sodium sulfamate
sulfamic acid strontium-90 nickel-63
potassium borate copper sulfate sodium hydroxide

Reference 4, pages 2.11-2.13; Reference 6 (The numerous individual pages are
not included in the package, please consult the reference 6 document using
the list of individual sites listed on the cover sheet of this package for
verification of which individual sites contain which substances); Reference
19

Compound with highest score:

Several of these substances results in a score of 18. Uranium, lead, mercury
sodium dichromate and plutonium are among those having scores of 18.

Toxicity Persistence TOTAL

Substance Score Score Score
uranium 3 3 18
lead 3 3 18
mercury .3 3 18
dichromate 3 3 18
plutonium 3 3 18

eference 7, pages 794-797; Reference 20.

Hazardous 1'--“e Quantity

Total quantity of hazardous substances at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quantity is Q}
above maximum):

The total quantity of hazardous substances associated with the aggregate 100 4L 9\
8 -




Area Site is estimated to be 4.3 billion cubic yards. Table 1 presents the

i lividual sites and associated data for the 100 Area Liquid Waste Sites that

were used in creating the aggregate 100 Area Site. Table 2 presents the
l[ividual sites and associated data for the 100 Area Solid Waste Sites that

v ‘e used in creating the aggregate 100 Area Site.

References are listed by waste site in Table 1.

B is of estimating and/or computing waste quantity:

» volume of wastes disposed of to waste sites at the 100 Area was
« culated as the sum of the volumes received by individual waste sites. The
| is for this estimate of liquid waste volume is given in Table 1. For
purpc s ° developing the inve : individual w. .e sites were
¢ jregated into groups that received similar wastes. These groups, and the
i lividual sites comprising each group, are identified in Table 1. Also
i :luded in this table are a description of the general types of waste
received by the group of sites, the period of operation covered by the group,
the estimated waste volume received by the group, and the references for the
waste volumes received by the individual sites. In some cases, an individual
site received more than one type of waste. If so, the site was assigned to
more than one group and its waste volume was divided into the volumes
received by each particular site group. Similar information for 100 Area
sites receiving solid wastes is presented in Table 2.
In compiling the inventory,since groundwater seeps into the Columbia River,
it is assumed that the contairment associated with the surface water route
is considered not to be 0, and all the waste quantities cited were available
for migration.

Reference 12; Reference 14.
5 TARGETS

§ -face Water Use

Use(s) of surface water within 3 miles downstream of the hazardous substance:

The Columbia River is used as the source of drinking and process water for
the 100 and 200 areas. The intake at 100-B Pumphouse supplies water to
100-8/C, 100-D, 100-N, 100-K, and the 200 areas. The intake at 100-D is used
as a backup to 00-8 intake. The 100-N intake supplies water to 100-N area
and Washington Public Power Supply System Generation Station attached to the
100-N reactor. The 100-K Pumphouse supplies water to 100-K area.

The Columbia River both near and down stream of the 100 Area is used for
recreation.

, \
Reference 9, pages I1.1-64-11.1-65; Reference 13, page 3; Reference 17. \\\\\{
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TABLE 1. ~ 100 AREA LIQUID WASTE SITES

No. of
Area No. and Name Haste Types Years Estimated Volume Cubic Yds References

100 Area Decontamination Decontamination 1947-1970 2.3 x 106 L 3,000 Reference 6,
Waste Cribs (116-8-4, solutions consisting pages 13-14, 17-
116-8-6, 116-C-2, of chromic, oxalic, 20, 45-48, 59-
116-D-1A, 116-D-18, and/or sulfuric acid 60, 61-62, 113-
116-F-5, 116-F-10, solutions neutralized 114, 121-122,
116-1-3, 116-K-2) with soda ash. 151-152, 173- |

Solutions were used to

decontaminate dummy

fuel elements and

reactor hardware.
100 Area Contaminated Reactor effluent con- 1946-1971 3.0 x 1011 3.9 x 108 Reference 6,

Reactor Effluent Cribs and
Trenches (116-B-1,
116-8-3, 116-C-1,

116-D-2, 116-DR-1,
116-DR-2, 116-DR-4,
116-F-1, 116-F-2,

116-F-3, 116-F-4,

116-1-1, 116-H-4,

116-K-1, 116-K-2)

taminated when fuel
« 2ment cladding
railed. Radiological
contamination
consisted chiefly of
mixed fissfon
products. Chemical
contamination
consisted of sodium
dichromate added to
reactor coolant as
oxidant.

HIN

pages 7-8, 11-
12, 43-44, 63-
64, 87-88, 89-
90, 93-94, 105-
106, 107-108,
109-110, 111-
112, 147-148,
153-154, 171-
172, 173-174




No. of

Area No. and Name Estimated Volume Cubic Yds References

Waste Types

100 Area Laboratory Waste
Cribs and Trenches
(116-8-5, 116-8-10,
116-C-2, 116-0D-3,

116 -4, 116-F-9,
116-r-13)

100 ea Fuel Stora
Basle Cribs and Vrenchos
(116-B8-2, 1H6-0-1A,
Mio-n-1, Hib-0i-4,
116-F-3, 116-KE-3,
116-KH-2)

-
/
—
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Wastes associated with
labs and shops in the
108 Buildings,
including 108-B
Tritium Lab and T e
Examination Facility,
108-C Metal
Examination Facility
and 100 F Biology
Labs. Contaminants
consisted mainly of
tritium and low levels
of mixed fission and
activation products.
Negligible chemical
contamination except
Biology Lab
facilities, which
received nitrate from
animal wastes.

Storage hasin cooling
waler conLaminated
with low levels ol
mixedd fission products
due » failure of fuel
element cladding.

Years

1950-1976 3.2 x 108 L

1946-1971 2.0 x 107 1.

8c

4.2 x 105

2.6 x 104

Reference 6,
pages 15-16, 23-
24, 45-48, 65-
66, 67-68, 119-
120, 127-128

2ference 6,
pages 9-10, 59-
), 41672, 9)-
vz, 1u-1lo,
179-180, 195-196




References

No. of
Area No. and Name Waste Types Years Estimated Vo Cubic Yds
100 Area Reactor Reactor effluents 1945-1971 6.1 x 108 L 8.0 x 105
Decontamination and during reactor
Maintenance Effluents maintenance
Cribs and Trenches actjvities. Much of
(116-DR-6, 116-F-1, the waste volume was
116-F-6, 116-F-12, uncontaminated.
116-0-2, 116-K-2) Radionuclides present
were mainly low levels
of mixed fission
products and
activation products.
The main chemical
contaminant was
sulfuric acid, which
was used for reactor
decontamination,
Sodium dichromate was
also present in some
of the effluents.
100 Area Reactor Drainage from 117 1960-1969 2.2 x 106 | 2,900
Confinement Seal Pit Building confinement
Drainage Cribs (116-DR-8, system seal pits.
116-F-7, 117-8, 117-C, Very low levels of
117-b, 117-H) contamination.
100 Area Sulfuric Acid Mercury-contaminated 1955-1971 3.7 x 104 ¢ 18
Sludge Disposal Sites sludge from sulfuric
(1DOKE*1, 100KE*2, acid storage tanks.
I KE*3, 100KW*1,
100KW*2)
|
!
—{
7E:~ —:gi 8d

-

Reference 6,
pages 95-96,
105-106, 115-
116, 125-126,
149-150, 173-174

Reference 6,
pages 42-44, 49-

50, 85-86, 99-
100, 117-118,
167-168

Reference 6,
pages 181-183,

185-187, 189-
191, 197-199,
201-203




Area . and Name

15 TS S R A S N T T A
: :

1IN0 Area Miscellaneous

{ or and Sink Drain Cribs
(116-8-9, 116-D-6,
116-F-11)

100 Area Potassium Borate
Crib (116-DR-7)

100 Area Gas Purification
Cond sate Cribs
(116-KE-1, 116-KW-1)

100 Area lon Exchange
Regenerant Crib (116-KE-:

—
pu——

= "
(—“
p ol

regeneration of ion
exchange columns,
Contained sulfuric
acid, caustic, and
mixed fission products
and activation
products.

8e

No. of

Waste Types Years Estimated Volu Cubic Yds References
Drainage from floor 1952-1967 3.4 x 5L 440 Reference 6,
and sink drains. Very pages 21-22, 69-
Jow levels of 70, 123-124
radioactive
contamination. No
chemical
contamination.
Liquid potassium )53 4 x 103 L 5.2 Reference 6,
borate solution. No pages 97-98
radioactive
contamination.
Condensate from 1955-1971 1.6 x 106 L 2.1 x 103 Reference 6,
reactor gas pages 175-176,
purification system. 193-194
Contaminated with
tritium and carbhon-14
and small amc ts of
fission products.
Wastes from 1955-1971 3.0 x 106 L 3.9 x 103 Reference 6,

pages 177-178




Area No. and Name

Haste Types

Years

100 Area Retention Basin
Leakage (1 '-B, 107-C,
107-0, 107-uR, 107-F,
107-4, 107-KE, 107-KW)

100 Area HWhite Bluffs
Pickling Acid Crib

\,‘b\“\\

Reactor effluent
containing very small
amounts of fission
products and
activation products.
Chemical contamination
limited to small
amounts of sodium
dichromate added to
reactor coolant as
oxidant.

Waste nitric and
hydrofluoric acid used
to pickle galvanized
piping. Acid may or
may not have been
peutralized.

1944-1971

1943-1945

TOTAL

8f

: . of
Estimated Volume iic Yds References
3.0 x 1012 ¢ 3 x 109 Reference 16
7x 1051 9 Reference 16
3.3 x 1012 4.3 x 109




TABLE 2. 100 AREA SOLID WASTE SITES

) No. of
Area No. and Name Haste Types Years Estimated Volume Cubic Yds References

100 Area Metallic Waste Metallic waste 1944-1975 1,000 m3 1,300 Reference 6,
Burial Grounds (118-B-1, consisting mainly of pages 25-27, 33-
118 -4, 118-B-5, discarded reactor 34, 35-36, 55-
118-c-2, 118-D-1, hardware, including 56, 71-72, 71-
118- 3, 118-D-5, such items as aluminum 79, 83-84, 101-
118- -1, 118-F-1, tubes and spacers; 102, 129-131,
118-F-3, 118-F-7, lead and cadwmium 135-136, 143-
118-1-1, 118-H-2, containing slugs, 144, 155-157,
118-14-3, 118-U-4, graphite, desiccant, 159-160, 161-
118-0-5, 118-K) aluminum and boron 162, 163-164,

splines; lead; and 35-166, 205-207

mercury. Radioactive

contaminants,

primarily activation

products.
100 Area Construction Construction waste, 1953-1967 48,000 m3 63,000 Reference 6,
Waste Burial Grounds demolition debris. : pages 29-30, 31-
(11R-B-2, 118-8-3, Small amounts of 32, 81-82, 129-
118 -4, 118-F-1, radioactive 131, 161-162
118 -3) contamination.
100 Area Lah Waste Burial Low- :vel radioactive )50-1975 20,000 m3 26,000 Re ‘:rence 6,

Grounds (118-B-6, 118-F-5,
118-F-6)

wastes from 100 Area
}aboratories, in-
cluding tritium wastes
and animal wastes.

89

pages
37-38, 139-140,
141-142
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No. of
Area No. and Name Waste Types Years Estimated Vol e Cubj~ Yds References
100 Area Miscellaneous Radioactivity 1944-1975 61,000 m3 80,000 Reference 6,
.Solid Waste Burial Grounds contaminated trash and pages 25-27, 39-
(118-8-1, 118-B-7, miscellaneous solid 40, 51-53, 71-
i18-c-1, 118-D-1, wastes from 100 Area 72, 713-75, 133-
118-D-2, 118-F-2, facilities. 134, 137-138,
118-F-4, 118-H-1, 118-K) 155-157, 205-207
100 Area Burn Pits Combustible trash from 1943-1971 130,000 m3 170,000 Reference 6,
(100 B/C Burn Pit, 100 Area buildings and pages 57-58,
100/DR Burn Pit, of fices. 103-104, 145-
100F Burn Pit, 146, 169-170,
100N Bu Pit, 209-210
100K Burn Pit)
TOTAL 260,000 m3 320,000 yd3
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Is there tidal influence?

The site is located upstream of four dams, therefore, there is not tidal
influence at the site. .

Reference 5, page 2.1

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:
No fresh-water wetlands were found near the Hanford Site.

Reference 8

Distance to critical habitat of an enc igered species or national wildlife
refuge, if 1 mile or less:

Although there are several sensitive and threatened species that are
residents of Hanford Site (for at least part of the year), no endangered
species are known to be residents of the site. Two threatened species, the
bald eagle and the ferruginous hawk, are residents of the site (for at least
part of the year). Because there are no endangered species (federal listing)
that reside at the site, there is no critical habitat to be considered in the
ranking of the 300 Area Site.

The Draft Phase I Installation Assessment of Inactive Waste-Disposal Sites at
Hanford, Volume 1, July 1986 listed the Merriam's Shrew as being on the State
Endangered Species List. This information was taken from a list published in
a preliminary draft of an environmental impact statement, and, since the
referenced February 1987 list shows the Merriam's Shrew as only a proposed
sensitive species, it is assumed that the previous list taken from the
preliminary draft is in error.

Reference 4; Reference 14

Population Served by Surface Water

Location(s) of water-supply intake(s) within 3 miles (free-flowing bodies) or

1 mile (static water bodies) downstream of the hazardous substance and ¢

population served by each intake: \‘\%
\

vata




The 100-B Pumphouse (at 100-B/C Area) supplies water to 100-B/C, 100-D,
100-N, 100-K and 200 areas. The 100-D Pumphouse (at 100 D/OR Area) is a
backup to the 100-B Pumphouse. The water plant at 100-N supplies water to
both 100-N and the Washington Public Power Supply System Generating Station
which is attached to the 100-N reactor. The 100-K Pumphouse supplies water
to the 100-K area. The worker population of the 100 Area is 760 and the
population of the 200 Area is 2,355.

Reference 9, pages II1.1-64-11.1-65; Reference 13, page 3; Reference 15, page
1; Reference 4; Reference 8

C utation of land area irrigated by above-cited intake(s) and conversion to
p ilation (1.5 people per acre): '

There are no cr ; irrigated by the 100 Area intakes, ar * “'ere are no

documented irrigation intakes drawing from the columbia river within 3 miles
of the 100 Area Site. : -

Total population served:

The total population served is calculated by summing all the respective
population estimates:

760 + 2,355 = 3115

Name/description of nearest of the above water intakes:

The intake at the 100-D Area is the 181-D Pumphouse. The intake at the 100-N
Area is the 181-N Pumphouse. :

Reference 4; Reference 8

Distance to above-cited intakes, measured in stream miles.

The distance to the above intakes is zero because the intakes have documented
observed releases.

Reference 4; Reference 8; Reference 11; Reference 12
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AIR ROUTE

1 0BSERVED RELEASE

Contaminants detected:

Even though air concentrations of some of the constituents of interest can be

detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous e: luents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored.

Date and location of detection of contaminants: . -

Not Applicable

Methods used to detect the contaminants:

Not Applicable

Raticnale for attributing the contaminants to the site:

Not Applicable

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

Not Applicable

Most incompatible pair of compounds:

Not Applicable

11 15{}”






Distance to critical habitat of an endangered species, if 1 mile or less:

Not Applicable

Land Use

Distance to commercial/industrial area, if 1| mile or less:

Not Applicable

Distance to national or state park, forest, or wildlife reserve, if 2 miles
or 1. i:

Not AppTicable

Distance to residential area, if 2 miles or less:

Not Applicable

Distance to agricultural land in production within past 5 years, if | mile or
less:

Not Applicable

Distance to prime agricultural land in production within past 5 years, if 2
miles or less:

Not Applicable

Is a historic or landmark site (National Register or Historic Places and
National Natural Landmarks) within the view of the site?

Not Applicable

¢l
17

13
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20-Sr-02-01
Rev. No. 1, 2/8s8
UST-RD-PM=9-80

STRONTIUM DETZRMINATION
ALL MATRICEZS

Principle

Strontium is precipitated sequenctially firstc as che
nitracte, and then as the carbonata. The fuming nitric acid
separation removes most of the other interifering ions and
concentrated nitric precipitations remove calcium. Radio-
isotopes of barium., radium, and lead are co~-precipitated with
barium chromate. Iron and final traces of fission products
are removed by a hydroxide scavenge using mixed hold back
carrier. An additional barium and hydroxide scavange is done
on difficule macrices. Following a final carbonace

recipitation, gravimerric yield and Stcronzium-89 'plus
Scrontium-90 activity is determined or just Sr-383 tracer yield
is established. Yttrium-90 is permitted to grow into
eguilibrium with the strontium-90., then separated from the
strontium by successive hydroxide and oxalate precipitacions.
The yrttrium oxalate is transfarred to a counting dish, dried
under a heat lamp., ignited to Ytsrium Oxide, weighed for
chemical recovery. and counted on a low background 3Seta
Properticonal Counter. Decay counts are made to check tne
purity of the Yttrium-=90.

Scooe: Procedures are described for the following matrices:
milk, water, urine, feces, £filter, soil, vegeta:zion.,
and ion exchange resin. Ffood, beone., tissue and

grains are treated as vegetation.

The different sample matrices analyz=d as described in
the scope require slightly different preparations. Refer to
the Appropiate Preparation Procedure; 30-19-0l, for Biocassay
Samples and 30-20-01 for Environmental Matrices.

For Strontium analysis, varying sample types require aven
preliminary separations to bring them to a common point £or
the Strontium Determinatcion steps summarized below.

e e aeaa Ref. 1.1




20-Sr-02-02
Rev. No. 1, 2/8s8
Us? WDO=pPr 3=80

Milk

. Scrontium is saparated from milk and concentrated by
equilibration with cation exchange resin using a patch
technique. The resin after equilibration is washed with water
to remove milk solids. Strontium is desorbed from the resin
by equilibrating wich 4M NaCl solution. Strontium is
separacted from the NaCl solution by precipitating as the
carbonate.

Soil

Following leaching the sample is dissolved in 9M HClL and
the majority of iron is removed using an isopropyl ether
extraction. The HCl solution is converted back to the nitric
form and a fuming nitric acid precipitation is performed. The
nitric acid supernate 1s reserved for actinide (usually
plutonium) chemistry.

Vegetation

In the case of vegetation (especially alfalfa) and
produca, the sample residue may contain some radiocactivity,
depending on the sulfate content of the sample. Hence,
following sample preparation and a fuming nitric acid
precipation, the residue is dissolved in water and any
insoluble material is boiled with a concentrated solution of

NasC03 =zo convert the insolubls sulfate residue te the acid
soluble carbonate (mezathesis). The carmcnate is then

refluxed with nitric acid and combined with the soluble water
fracetion.

0L =i -

Tor large volume samplie, the sample is acidified and
concentrated by evaporation, neutralized with ammonium
nydroxide, and strontium tnen is pracipitated as the
carbonate. Strontium 1is precipitated directly from small
volume samples, one liter or less, by neutralizing with
ammonium hydroxide to the red end point of pnenolpnthalzin and
then adding about 25 mL saturated NasCos.

Urine and Fecses

rollowing ashing., the sample salts are dissolved in
nitric acid (aliquot of a Facal sample is analyzed), then made
basic with hydroxide and carbonate neated and precipicated as
the carbonate.

Ion‘Exchanqe Raesin Samoles

The resin is transferred to a beaker and dried and
muffled for up to 1 week Oor more. Sodium carbonate (Na5Co3)
is added and a fusion is parformed. The fusion "cake” is
dissoived in water and a small amount of nydrochloric acid and
then reprecipitated as the carbonace.

Ref. 1.2






20-Sr-02-04
Rav. No. 1, 2/86
UST-RD-PM-9-80

Y carrier: 20 mg Y per mL. 23.4 g Y303 dissolved in 1235 mL
conc. HNO3 and diluted to 1 liter with .I. H20. Calibrated
€o 23.4 mg Y303 per mL.

38a carrier: 10 mg Ba*2/mL, 20 g Ba(NO3) dissolved and diluced
to 1l liter with B.I. water.

HNO;5 : (nitric acid).
Fuming; 90% (or 24M HNOjy)
Concentrated; 1l6M HNOg,

2M HNO3; 123 mL of concentraced HNOj diluted to 1l liter with
D.I. water.

HCl: (nydrochloric acid) concentrated or 12M HCl.

9M HCL; 730 mL of concentrated HCL diluted to 1 licer with
D.I. wa 2ar.

8M HCLl; 300 mL of concentrated HCl diluted to 1 liter with
D.I. water.

CHyCCOH: (glacial acetic), 17.4M.
1.3M acatic acid, 86 mL glacial acatic acid diluted to 1l liter
with D.I. water.

NH4C2H302: (ammonium acstata) 3IM.
231 g of NH4C2H3C2 dissolvad and diluted to 1 liter with D.I.

water.

NasCrO4: (sodium chromate) 1.3M.

123 g NasCrQ4 dissolved and diiutaed to 1 licer with D.:I.
water.

NH4OH: (ammonium hydroxide) 14.7M or concentrated.

Nas;C03: (sodium carbonace) saturaced agqueous - 223 g NazCO3
diluted to 1 liter with D.I. wacter.

NaOH: (sodium hydroxide) 1l2M or concentrated. 340 g of
sodium hydroxide dissolved and diluted to 1 liter with D.ZI.
watcar.

6M NaOH; 270 g of sodium hydroxide diluted to 1 liter with
D.I. water.

H2C204.2H20: (oxalic acid) 133% solution, 130 g of H3C:04
dissolved and diluted to 1 liter with D.I. wacer.

Collodion: 10% solution, (30 mL of collodion, 300 mL of
diethyl ether., 130 mL of ethyl alcohol)

Metnyl red indicator, 0.1%: Dissoclve 0.1 g methyl rad in 100
mL D.I. wacer.

Ref. 1.4
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20-35r-02-C3
RE . NO- l,l 2/86
UST-RD-PM-9-80

Phenylphthalein indicator. 0.1%: 1 g phenylphthalein dissolved
in 700 mL of 93% ethanol and 300 mL D.I. water.

.xaed Co, Ce, Cs, Mn, Ni, Fe Hold Back Carrier:

Thig solution when prepared as below will contain 2 mg/mL
Co and Ni, 1.0 mg/mL Cs, Mn, Fe, and Ce. Transfer tne
following into a 250 mL beaker:

9.91 g Ni(NO3)3.68H20 (Nickel nitrate), and
+24 g Fa(NO3)3.94320 (Ferric nitrate), and
.80 g MNCl3;.4H20 (Manganese cnloride), and
:07 g Cc L3.6d20 (C¢ ilt chloride), ad

2.34 g C2(NO3)3.68H20 (Cerous nicrace)

1.27 g CsCLl (Cesium chloride)

Add fifrty mL of water and 3 mL of 8 M nitric acid. Warm
gently until everything has dissolved, then transfer
gquantitatively to a 1l liter volumetric flask. Bring the
volume to 1000.0 mL mark, mix well, then pour into a storage
bottle without rinsing the volumetric flask.

Reagents for milk oniv:

Cation Exchange Resin - Dowex 30W-X8 (Na form), 30-100 mesh
size, availaocle from Bio-Rad Lavoratorias. (The commercially
available H* form is converted into the Na¥™ form by mixing
1.31 of 4M NaCl and 200 mL of resin on a magnetic stirrer for
30 minutes. The resin 1s filtered in a large Buchner funnel
and washed with deicnized water until the wasn watar 1is
Cl-free wnen tested with 10% AgNO;. 2f a wnite AgCl
precipitated forms, additional water washings are necassary.
It is advantageous to prepare enough resin for several
samples anead of time.)

4M NacCl: 234 g NacCl dissolved in a 1 liter graduated mixing
cylinder in distilled watar, then diluted to 1 liter.

10% AgNO3 Silver Nitrate: 30 grams of AgNO;3 gissolved in 300
mL of deionized wacer. Store in dark bottla, away from
lighz.

Zguipme=~= 1r- M=<aerials

Beaxkers, 2 liter, 1 liter, 230 mL

Centrifuge

Centrifuge tubes., 100 mL plastic and/or glass, 30 malL conical
bottom

Hot plate

Heat lamo

Meekar ourner
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Magnetic stirrer and stirring bar

Filter paper 7 cm GFrA. Whatman 242 12.35 cm
Buchner funnel, 7 cm

Tunnel, 609

Side arm flask. 1000 mL

123 mL separactory funnel and stopoer

Wrist action shaker

Placinum crucible, 130 mL

Muffle furnace 3009C, 1000°C

Stainless steel planchet L 1/2", 1" and cardboard holders
Plastic jar 230 miL or plastic vial, 23 mL
Balance, 100 g

Calculation of Strontium Activities in Urine, Feces., and
Environmental Matrices

The calculactions for manual mode or computer mode
(CALCTL for ERA samples, PERCTL for BA samples) are basically
the same except that in the manual mode, results obtained )
should be considered as tentative, as only the uncartainty
:Fom counting statistics are considered.

ra

£ the program is nort available, use the following
calculatcion:

Sr-89 or Sr-90 decay corrected value =
(Sr=-89 or Sr-90 refaerance valua) x a-¥K €
where:
t = differencs in referance date and current date

"K" = decay constant for Sr-39 and 5r-90., expressed in the
same time unitcs as "t" = .693/tl/2.

1. Tontal strontium activiety of the ¢-—ple and the
corresoonding counting uncertainey are calculacted as
follows:

Sr (Total) dpm per sample or pCi per unit =

(Ci1, - 3)((dpe)Tor) x [V or W]

(2.22] ®x Yg x (Va or Wa)

Counting Uncertainty dpm or [pCi] per unit or [(sample] =

Ref. 1.6
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(2] x SQR (Cy/T) + B/T3) x (dpclToe x [V or W]
(2.22] x Yg x (Va or Wa)
where:
[ 1} = Tha square bracksts indicate parameters exclusively
used for environmental or bicassay analyses only.
(dpC)The = Disintegrations per count value corresponding o
the weight of Sr(NOj3); in mg from the dpc table.
Sr-89 and Sr-90 activities are assumed to
nerit ly to the tot L stiviey.
<y = Gross cpm from the first strontium count
T = Sample counting time in minu=es -
=) = Background cpm
T3 = Background counting time in minuces
Ys = Chemical recovery of strontium expressed as a
decimal
{V.or W] = Volume or weignt of the sample in the same unizs a&as

Va or Wa (applicable for bicassay samples only)

Va or Wa = Volume or weight of the aliquot in che raguirad
unit

2.22 = Factor for conversion of activity from dpm to pdli
(only for environmental samples)

[2] = Two sigma uncertainty reported for environmental
samples only

2. Sr-90 activity of the sample and the ¢orr~-—--ging
counting uncertainty from thne ¥-90 milking is caicu’'-ca2” 1s

follows:

Sr-390 dpm per sample or pCi per unic =

(Cy, - B) x eX2%T2 x (dPC)Yz X [V or W]

[2-22] x T X Yg 2 Yy % Va Or Wy

- Counting Uncerzainty dpm per sample or pCi per unic =

Ref.
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2] x 3QR (Cy/Ty + B/T) x e¥2t2 x (dpelyy x (V or W]

where:

{1 = parameters exclusively used for environmental or
bicassay analysis

Cy = Gross Y-90 cpm

Ty = Time of Y-90 counting in minutes

8 = Background cpm

Ty = Length of background counting in minutes

e2T2 = Corraction for the decay of Y-90 during the time

T2 hours) elapsed becween Y-90 milking and

counting. "K" is the decay constant for Y-90 =
0.693/64.1 hours.

(gpc)y

2 = Disintegrations per count of Y-20 corresponding to
the welignet of ysetrium oxide and the countar used

{V or W] = Volume or weight of zche total sample in the same
units as Vp or Wp for Biocassay only

Ya or Wy = Volume or weignt of che sample aliquot in the units
required

[2.22] = ractor., dpm or pCi (Applicable for environmental
samples only)

I = Correction for the fractional ingroweth of ¥Y-90 in
the strontium sample at the time of milking (from
the table)

Yg = Gravimetric recovery of scrontium as stronctium
carbonate

Yy = Gravimetric rec¢ rery of yttrium oxide (waight of
final Y503 precipitated (mg)/25.4 mg expected).

3. ' 3r-89 Determinaszion: Sr-89 activity is determined oy

subtracting Sr-90 acetivity and Y-90 ingrowth. wnich ara
estimared from Y-90 milking and determination, from the rtotal
strontium activity observed during the first strontium count
with appropriate corrections for self apsorption, scattering,
and counting efficiency.

Ref.
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Sr-89 dpm per sample or pCi per unit =

(dpm)gg, (dpm)sg, _
(Cy = B) = —===memm - m—————— * (1 - e-KiPtl)
(QPC)SQO (dFC)Yl

[ 1 = arameter exclusive for
environmental or biocassay
analyses

(de)sgo = Disintegrations per minute of
Sr-90 nominal value befors
correcting for factors, such as
2.22, Yg, volume and weight
terms as snhown below:

(dec)sqq., (EPely;, (dPC)sgg = Disintegration per counz of
Sr~-390, Y-90, and 3r-39
raspectively corresponaing to
tne counter usad and the welgns
of strontium carbonate.

(L - a=K1tl) = Factor expressing Y-90 ingrowth
in the szrontium sample <during
the time (t; in hours) elapsed
between the time "tg" of the
£irst ¥Y-90 removal from the
strontium sample and the firse
(strontium) count. "Ki" is che
decay constant for Sr-30 =
.693/28.8 years.

2.22 = Factor, dpm per pCi - for

environmental samples only.

[V or W]} = Volume or waight of the sample
in the same units as V, or Wy -
only for Bioassay analysis.

Ref. 1.9
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eK3t3 = Corraction for tne decay of
Sr-89 f£rom the 1te of irst
strontium counting to the sample

date. "Ki" is the decay
constant for Sr-89 = 0.693/30.3
days.

Counting Uncartainty dpm per sample or pCi per unit =
2] x I U (Cy/T, + B/Tg) + oo P mmmm—e e

x (dPC)3p89 4 aX3t3 « (V or W]
(2.22] x Y5 x Va or Wa .
where:

SQR(Cy/Ty + B8/Ta) x eK2t2 x (dpPC)y,

All the known uncertainties are propagatad using a
computer program.

SEZPARATION:

Milx

1(M) . Add 100 cc of Dowex 30W~X8 resin (Na-form)
aquilibrated as described in the reagent section, to
the milk sample aliguots and stir for 3 hours using a
magnetic stirrer. Allow the resin to settle for 3-10
minutes. Decant as much of che milk as possible into
2 separate beaker without losing any resin.

2(M). Add about 300 mL of D.I. Water to tne resin beaker
and stir for about one minume using magnetic stirrer.
Allow the resin to settle, decant and discard che
supernats. Repeat this process until visibia milk
solids (cloudiness) have been removed from the resin.

3(M). Add 400 mL of 4M NaCl to the rasin sample and scirv
for 13 minutes. Allow the resin to sectle and filter
through a 7-Cm GFfA filter and collact the filtrare in
a 1000 mi =zrlynmeyer flask. Transfer tthe NacCl
solution from the flask to 2 clsan 1000 mL beaker.
Transfer the resin from ctche filter rasarvoir back to
the resin beaker, add 200 mi of 4M NacCl, stir for 13

Ref. 1.10
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4(M).

3(M).

soil '

1(s).

2(s).

3(s).

4(8).

Water

T(W).

20-Sr-02-011
Rev. ! . y 2/88
UST-RD~-PM-9-80

min., filter under is before vacuum and rinse the
resin with H70, collect the filtrate in the 1000 mL
Erlynmeyer flask. Add the second NaCl solution and
rinse from the flask to the 1000 mL beaker containing
the first NaCl solution as wash solution. Discard
the resin to waste.

Add 2-3 drops of phenolphthalein indicator to the
NaCl solution, then add conc NH4OK while stirring
until the solution turns pink (8n poinet). Add
70-100 mL of saturated NasC03, and heat for 10
minutces, then <cool =k« n temperature. Decant most

!oer SUp rnate £o v . <Centrifugea to col! : et
precipitate remaining.

Proceed =o zhe Strontium Determination Section.

KEYPOINT: Exercise axtreme caution when performing
the fuming nitric acid step since a
vigorous reaction is possible if any resin
ls remaining. .

Evaporate the 8M HNO3 sample leacnace to dryness.
then add about 3 mL conc. HCl and carefully svaporatsa
=0 near dryness at least twoQ times.

Dissolve the sample in 9M HCLl, transfer to a
separatory funnel, add about 20 mL of isopropyl ather
and shake with frequent venting for 1-2 minuces.
Reject the ether (upper pnhase). Repeat the (sopropyl
ether extraction two more times or until the
yellowish tint indicating iron does not appear in the
ether phasa.

Transfer 9M HCl phase back to the original bzaker and
evaporate to dryness. Convert the sample back =9 the
nitric media using 2-10 mL additions of conc. aitric
acid and cooperating to dryness after each addition.

Proceed to step one of the Strontium Daterminaci-~~_

Section.

Add saturated Na3C0Oj3 directly to the water sample or
to the water sample that has been concentrated by

evaporating and allow the precipitate 2o settle

overnigr=. Decant most of the supernate zo waste and

collect wne precipitate in a centrifuge tube.
Dissolve the precipitats in about 3 mL of 2M HNOj,
dilute to 20 mi witn D.I. H30 and proceed to step 4

Ref.
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of the Strontium Determination Section.

Urine and Feces

1(U).

2(uU).

3(Q).

Dissolve sample salts by adding about 30 mL of D.I.
water, warm and add 3 to 10 mL of conc. HNO3. Add
phenolphthalein indicator, and adjust to the red end
point using concentrated NH40H. Add 25 mL of

sacturated Naj;CO3, heat for 2-5 min. (metathesis).,
then cool for 10 minutes.

Transfer, using D.I. wataer to 1 or 2 100 mL plastic

centrifuge tubes and allow the sample to cool for at
least 1/2 . < ige ar cant the Tnate
to waste. Add about 30-40 mL of D.I. Water. Stir,

cantrifuge, and decant the supernate to waste.

Proceed to the 3tre~+-i'— Netermination Saection.

Ion Exchange Resin Samoles

1(R).

2(R).

3(R).

4(R).

A prepared amount (see 30-20-01) of strontium-83 and
strontium carrier is added mo the sample in its
original container. Add a small amount of deionized
water, cap the container and shake vigorously.
Transfer the sample guantitatively to a 6§00 mL beaker
(labeled with a Tech pen) with OI water followed by a
rinse with about 3 mL of concentrated nitric acid.
The entire sample is again mixed with a stirrer and
dried under a heat lamp.

The sample is ashed to a pinkish white residue ac
500-330°C in a muffle furnace (process may take up to
a week or more) and then transferred gquantitatively
to a platinum crucible. Najl03 is added in an amount
equal to 4-35 times that of the sampie weight and
mixed in thoroughly. The mixture is fused at
900-10009C for approximately 1-2 hours.

The platinum crucible is placed in a 600 mL beaker
and the fusion mixture is dissolved with
approximately 200 miL of not water. The platinum

crucible is removed and rinsed with a minimum of &M
HC1.

Approximately 23 mL of sat. NajCO3 is added to the

sample with stirring. After allowing the precipitate
to sattle the majority of the supernate is decanced
to wasta and the remaining is centrifugead. Proceed

with the strontium carbonate precipitate to the

Sterontium Determination Section.

Ref.
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STRONTIUM DETERMINATION

SPECIAL SAFETY PRECAUTION: rfuming nitric acid is
usaed in this procedure. It can be hazardous;
especially when brought in contact with organics,
therefore exarcise extreme care.

All waste fractions are generally saved to the end of
the procaedure; atfter acceptable recoveries are

received they may be discarded.

Dissolve the sample residue or carbonate precipitate

in a minimum amount of HI  whi! tirring. Add
30-70 mL of fum.~-~ nitric aci and cool in an ice

bpatnh for 20-30 minutes. Centrifuge and save the
suparnate for Seguential Analysis if requested;
proceed to the plutonium procedure (20-Py-~01l) with
this fraction.

The fuming nitric acid addition may be done in a
oeaker firsc, then rtransferred to centrifuge zubes,
especially in the case of soil and vegetation.

KEY POINT: The fuming nitric precipitacion is an
axcellant separation goint for sequential
chemistry and is usually included in the
sample preparation chemistry (30-ENV-SP).

To the precipitace, add 30-40 mL of conc. HNO5 =o
remove excess calcium. Stir, centrifuge and decant
to waste. Repeat one or more times depending on the
calcium content of the particular matrix.

Add 20-30 mL of warm D.I. water. Stir to dissolve
completely. If any insoluble material is present
separate this precipitate by centrifuging and
decanting the supernate to a clean centrifuge tube.

for Vegetation Samples (or any other sampl-~ tnh--_has
peen muffled) wnhen insolublie raesidue remains atter
dry wasning: (metatnesis) Transfer the insoluble
material to a beaker with IM HNO3, add excess Nazc03
and boil for 13 minutes. Transfar back to the tube,
centrifuge and decant supernate to waste. Dissolve
precipitate in 3-13 mL conc. HNO3, warm., stir,
centrifuge and comoine this supernate with the waszer
soluble fraction.

KEY POINT: Insoluble material not undergoing
metachesis should be ratained until an
acceptaole f{inal precipitate weight

Ref. 1.13
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recovery or tracer recovery is
aestablished, then it can be discarded.

Add l1-2 drops of phenolphthalein indicator anc adjuse
dropwise just to Basic (pink endpeint) using conc.
NH40H, then add 5 drops in excess. Add 1 or 2 drops
of mixed (hold mack) carrier, allow iron and other
metal hydroxides to flocculate. Centrifuge and
transfer the supernate to a clean centrifuge tube.
Rinse the precipitate with 10 mlL of D.I. water
centrifuge and comoine the supernates.

Add 10 mL of £ 1ly pr tv " buff 21 =l
prepared by mixing equal amounts of l.3M acetic acid
and 3M ammonium acetate. Add 2-3 droos of methyl red
indicator and adjust the pH to about 5.0, straw coior
of methyl red, using glacial acetic acid.or conc.
NH4OH. Heat for 5-10 min. then add 1 mL of barium
carrier and 1 mL of 1l.3M Naj3CrO4 and continue heating
for 3-10 min.

Centrifuge and/or filter the BaCr0,4 through a 2" §0°

funnel (using Whatman 242 filter paper) into a clean

centrifuge tube. Rinse the filter with D.I water.
ill the cencrifuge tube Or tubes with saturated

NazC03, centrifuge, and decant the supernate to
wasta.,

KEY POINT: Centrifuge only 1f the 3alrOy pcrecipicate

appears to be heavy, octherwise filter.
£¢- ag-t-mfsm SoFY m- @ #ftes- --- "es. Dissolve
the Prf8uipicacs LIl a @miilimum QL &it nw03 ang repeaat
steps 4, 5, and 6.

Add fuming HNOj3 dropwise to the precipitate until the
effervescence has ceased, then add 30 mL of fuming
HNO3 and cool in the ice water bath for 3-10 minutes.
Centrifuge and decant the supernate o wasts.

KEY POINT: Add the fuming nitric very slowly at
first to aveoid sample loss due Lo the
effervescense.

Wasn the sample one or more times using 20-30 mL of
conc. HNO3 depending on sample matrix. High calcium
content matrices may require up to 3> nitric acid
washes. Record the Sr-Y ==apar=+-%on time on the
counting request card.

KEZY FPQINT: 1. If an unusually large precipitate

Re
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does not appear te diminish in size
after two conc HNO3 washes
discontinue further washes and chack
with your supervisor.

2. The time of the last nitric acid wasn
should be considered the separation
cime.

If Sr-835 --=~3r was a-ded, dissolve the sample
precipitace 1n D.I. n30 and transfer to 25 mL volume
in styrene jar or 20 mL volume in a plastic
(scintillation) vial and submit for a gar 2 wr £c
Sr-83 recovery.

If only Sr (cold) carrier was added., dissolve the
precipitate in 10 mL of Hz0, add 25-30 mL of
saturated NajC0o3, warm for 3-10 minutes, centrifuge,
and discard the supernate. Wash the precipitate
gwice with 20-30 mL D.I. H30, centrifuge and discard
the wash. 3Slurry the stroatium carbonata precipitacte
with 1-2 miL of D.I. H30 and transfer quantizacively
to a tared 1" or 1l 1l/2"” stainless steel planchect.
Dry under infrared lan . Cocol., weigh, and record on
the request card and beta count on either a Low 3eta
(plated on 1 1/2" planchet) or a Quad Low Background
Beta proportional counter (plated on 1" or 1 Ll/2"
planchet) .

Allow up to 14 days to permit Y¥Y-90 to grow into
equilibrum with the 3vr-30 (the ingrowtn time may be
shortened if necessary provicded a growth correction
is made).

Ref. 1.15
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STRONTIUM-90 (BY YTTRIUM-90)

‘ 12. Using 2M HNOj3, carefully dissolve and rinse the

[ strontium carbonate precipitate from the planchet:
into a 30-mL centrifuge tube. If Sr-83 yiaeld
datermination was performed, transfer from the
Styrene jar or plastic and to a 100-mL tube.
Transfer one Yttrium carrier vial containing exactly
i1 mL of Yttrium carrier (20.0 mg Y/mL). Rinse the
vial with 0.I. water, stir and lec stand for 10
minutes.

13. Add 12M NaOH until a permanent clear gelatinous
precipitate forms, then add 2 to 3 mL excess and
decant supernata to a Styrene jar for possible

o re-milk. Stir, centrifuge for 3 minutes. Note the
Ytrrium separation date and time on the analysis

- request card.

= 14. Dissolve the precipitate with (1-2 mL) of conc. HNOj,

- dilute to approximataely 25-30 mL with water, then add
‘ conc. NH4OH (approximacely 13 mL) uncil a permanent

r. precipitace forms. Add 2 to 3 mL excess NE, 0H, sti .

‘ centrifuge for 3 minutes and decant the aupﬂrna~e £o

o waste.

‘f"j .

. 15. Repeat Step *l4 then wash the precipitate with 23 mL

—- of water, centrifuge for 3 minutes and decant the

supernace to waste.

' ls. Dissolve the precipitate using 1 mL of conc. HCL,

' then add 40 mL of boiling not 13% oxalic acid

— solution and let stand for 3 to 10 minutes.

- Centrifuge for 3 minutes and cecant and di :card the
supernate. Wash the oxalate precipitats twice with
10 mL of water., centrifuge for 3 minutes and decant
and discard the suparnata.

17. Transfer the precipitate wich water to a previously
flamed, labeled, and tared 1" or 1 1/2" stainlass
ste¢ planchac (depending on the beta counter to be

| usad) with & plastic transfer pipet and dry under a
) heat lamp. Ignite slowly over a Meker burner to

| convert the oxalate co the oxide. Cool, weign and
record waight on the request card, f£ix the sample to
the planchet witn collodion (2 or 3 drops), and

. submit for a beta proportional count.

mean .9 &etrtas

i
|
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DESIGNATION CASING DRILL DEPTH DEPTH T0  MIR-MAX DATE 1
----------- COORDINATES  ELEV. DEPTH (FT) TO DIA. BOTTOM  PERFORATED CoNP. FORMER
EMA NO. (FT-NSL)  (PT) WATER (IN)  (FT)  DEPTH (FT) (M-Y}  DESIGNATION COMMENTS
N 871000
(199 B3 V'» 439.79 63 46 8.9 63 20 - 68 3-53  197-B-1 SAMPLE PUMP
185 W 979038
N 971752 :
199 B3 2 P 442.59 79 28 8.9 768 635-645 8-53  187-B-2
1852 W 978818
1856 P 443.38 778 1.58 758-178 3-78
1857 Q@ 442.81 642° 42 1.58 429 632-642 3-78
N 070089
199 B4 1 P 461.00 9% 65 8.8 83 50 - 99 2-49  108-B-1 SAMPLE PUMP
1853 W 080650
N 969933 _
199 B4 2 P 461.99 9 63 6.0 86 62 - 99 2-49  198-B-2 PLUG AT 86
1854 W 960672 :
N 969933
199 B4 3 P 461.75 91 63 8.9 86 60 - 98 2-49  108-B-3 PLUG AT 86
1855 W 000636
N 968978
199 B4 4 P 41224 185 76 8.8 96 49 -192 9-68 SAMPLE PUMP
1891 W 989367
N 969930
199 B5 1 P 455.56 151 S8 8.8 188 40 -148 8-62 PLUG AT 108
1895 W 962000
N 967375
199 B8 1 P 494.59 75 8.9 16 NONE 3-51  C43l1-1 NOT ACCESSIBLE
W 980499
N 867400
199 B8 2 P 495.59 25 6.9 26 NONE 4-51  C431-2 CABING REMOVED
W 889808
N 067455
199 B8 3 P 488.59 25 6.9 26 NONE 4-51  C431-3 CABING REMOVED
ETIS
N 967510
199 B8 4 P 488.59 25 8.0 26 NONE 4-51 131-4 CABING REMOVED
W 881420
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WELL INIT.
DESIGNATION CASING  DRILL DEPTH DEPTH TO  MIN-HAX DATE
----------- COORDINATES  ELEV. DEPTH (FT) TO DIA.  BOTTOM  PERFORATED COHP. FORMER
EMA NO. (FT-MSL)  (ET) WATER  (IN) (FT)  DEPTH (ET) (M-Y)  DBSIGNATION COMMENTS
199 k 13 464.00 159 72 12.8 138 3-53  180-K OIL IN WELL
19 x4 469.85 95 8.8 95 12-52  185-KW-1
N 877160
199 K 15 P 408.40 150 6.9 150 4-43  U.8.E.D.TH.
W 969959 O, 1
N 976300
199 x 16 P 494.98 59 8.0 58 2-53  185-KE-1
W 867800
199 k17 A 486.9¢ 15 8.8 B s8 - 1s 9-53  185-KE-2
199 X 18 499.90 60 21 8.9 " 18-54  187-KE-3
~ 1879 : -
N 978800
19 K 19 P 422,17 51 38 8.8 51 19 - 58 4-55  107-KE-4 SCREEN 26-~46 PT.
1884 W 067000 SAMPLE PUMP
N 979588 -
199 _k_20) P 422.57 8 31 8.8 48 18 - 58 5-55  107-KE-5 SAMPLE PUNP
885 W 966125
N 080000
199 X 21 P 421.73 59 DRY 8.8 16 19 - 59 5-55  107-KE-6
1886 W 966080
N 981000
199 k 22 P 421.68 59 390 8.9 49 19 - 59 5-55  187-KE-7 #15 SCREEN 29-49 rT.
1887 W 065080 SAMPLE PUNP
N 978000
199 x 23 P 495.00 89 DRY 8.9 25 65 - 89 2-56  1786-KER-1
W 968009
N 977009
199 &k 24 @ 467.90 59 8.9 50 NONE 12-52  195-KW-2
W 869809
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2.0 DESCRIPTION OF HANFQRD SITE

This section provides a summary of environmental conditions at the
Hanford Site and a brief discussion of the Site's purpose and history. It
also describes specific environmental features and the the process history of
each operatiognal area (i.e., the 100, 200, 300, 400, and 600 Areas).

2.1 ENVIRONMENTAL SUMMARY

The semiarid Hanford Site, operated by the DOE, occupies about 1,476
squara kilometers (570 sq mi) of the southeastern art of Washington State
north of wher the Yakir Ri* * flows into the Columbia (see Figure 2.1). The
Site lies about 320 kilometers (200 mi) east of Portland, Oregon, 270 kilome-
ters (170 mi) southeast of Seattle, Washington, and 200 kilometers (125 mi)
southwest of Spokane, Washington.

Environmental conditions common to all areas at Hanford Site are
summarized below. Descriptions of these environmental aspects are based on

saveral recent reports (U.S. DOE 1984; Sommer et al. 198l; Yandon 1977; U.S.
ERDA 1975).

2.1.1 Geology and Soils

The Hanford Site lies in the Pasco Basin, a structural and topographic
basin of eastern Washington and the Columbia River Basalt Plateau. The region
is underlain by three geologic units. In ascending order these are: 1) the
sequential beds of basaltic lavas and interbed sediments of the Columbia River
Basalt Group at the base; 2) the Pliocene-age Ringold Formation (lacustrine
formation), consisting of well-rounded pebbles and cobbles with interstitial
spaces filled with medium sand; and 3) the Hanford Formation, consisting of
the Pasco (glaciofluvial) gravels and associated sediments of the late
Pleistocene age lying at the surface.

The surface geology of the Site is characterized by a surface layer of
light brown, fine, slightly silty, wind-deposited sand, sparsely covered by
vegetation. Although the surface soil is fertile, it has little agricultural
value without irrigation. Underlying the surface sands is a mixture of sand
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and gravel axtending to a depth of about 60 meters (200 ft). Basaltic rock
starts at that depth and extends downward over 3000 meters (1.9 mi).

Elevations range from a low of about 105 meters (345 ft) above mean sea
level (MSL) in the southedastern part of the Hanford Site to a maximum of
1,091 meters (3,579 ft) at the crest of Rattlesnake Mountain to the west.
(See Section 2.3 for a discussion of geologic features peculiar to each
operational area.)

2.1.2 Meteuro1ogx

The Site lies east of the Cascade Mountains and, as & result, has a
semiarid clf reflecting t! rainshadow ‘fect of t! mountains. Ti
average dnnual precipitation for the Site is about 160 millimeters (6.3 in.).
Ten percent of this amount falls from July through September, and 42% falls
from November through January. The greatest amount of rainfall recorded in a
12-hour periud was 47.8 millimeters (1.9 in.).

Because of the limited rainfall, surface runoff from the Hanford Site is
minimal. The annual precipitation mostly evaporates, resulting in small
amounts of water available for runoff or infiltration.

2.1.3 Hydrology and Hydrogeulogy

The Columbia River (the fifth largest river by volume in North America)
is the dominant aquatic ecosystem on the Hanford Site. Numerous dams have
been built on the river. The only free-flowing section in the United States
is between Priest Rapids 0am and McNary Reservair, along the Hanford Site. No
significant tributaries enter the stream in this section.

The Columbia has a lung-term annu: average flow of about 3,600 cubic
meters per second (127,000 cfs). ([The Yakima River, by comparison, flows an
average of about 90 cubic meters per second (3,180 cfs).] The flow ratas of
the Columbia are influenced by water usage and upstream reservoir projects.
The reservoirs provide active storage of more than 4.6 x 1010
(37,000,000 acre-feet) of water.

cubic metars

The uppermost daquifer in the Pasco Basin is an unconfined system within
the Hanfurd and Ringold Formations. The elevation of this aquifer ranges from
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excluded from public use by the DOE and are used as a wildlife refuge and for
D0E environmental research. The land north of the Columbia River is
controlled by the Washington State Department of Game and the U.S. Fish and
Wildlife Service as controlled hunting areas and a game refuge.

Land use thin a 50-kilometer (30-mi) radius of the Site includes
residential, s urban, corporate city, agricultural, industrial and com-
mercial, scenic, recreational, and general use areas. The predominant use of
lands within the 50-kilometer (30-mi) radius is agricultural, with farms
iocated along or near all the Site boundaries.

2.1.6 Popularin~

Population in the area surrounding the Hanford Site is sparse, consisting
Jrimarily of farms and farming communities to the north, east, and west of the
Zite. The Tri-Cities (Kennewick, Pasco, and Richland), located to the south
and southeast f the Hanford Site, represent the major population concentra-
tion in the a: 1 {Sommer et al. 1981).

In 1980, an estimated 341,000 people were living within an 80-kilumetar
{50-mi) radius of the Hanford Meterological Station (HMS) (see Figure 2.4); it
is estimated that the number will grow to 417,000 by 1990.

2.1.7 Air Nuality

Air quality in the vicinity of the Hanford Site is generally quite good.
w#ind-eroded dust is a problem in the area, and the dust storms that occur in
the region can produce high total-suspended particulate concentrations. How-
ever, on both an annual and a short-term basis, the region is in compliance
with the National Ambient Air Quality Standards (NAAQS) for particulates. All
vther polluta : levels also satisfy the federal and State of Washington
standards (U. DOE 1984).

2.2 PURPOSE AND HISTORY

In 1943, after the Fenni experiment showed that nuclear fission could be
Controiled in a small reactor, the U.S. Army Corps of Engineers selected
“anfurd as the location to build larger versions of the Fermi reactor to
7roduce Plutonium for possible use in military weapons. Construction started

2.9
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in March 1943 on three reactor facilities and three chemical processing
facilities. The first of the reactors went into operation about 18 months
after the star of construction, and the first plutonium was available some
4 months later.

After Wor 1 War [I, five reactors similar to those built during the war
sere constructed. A total of eight graphite-imoderated reactors used the
Sulumbia River for once-through cooling (i.e., water circulated through the
~eactors only once before being released back ta the river),

garly in the 1950s construction began on the research and development
facilities known as the Hanford Laboratories. This marked the first diversi-
fication of Hanford from a pu1 y defw a ~fa’ production lity to one

neavily involy | in peacetime uses of the atom.

In 1963 t : N Reactor was built. The N Reactor is different from the
other eight re :tors in that it generates steam as a by-product of the
Jlutonium prod :tion and does not use river water as a once-through coolant.
Since 1966 the Washington Public Power Supply System has used the staam to
generate electricity.

A presidential decision was made in early 1964 to begin shutting down the
older Hanford reactors. This decision resulted in the closing down of all
eight of the older reactors by the end of 1971, leaving the N Reactor as the
only operational production reactor.

2.3 DESCRIPTION OF OPERATIONAL AREAS

Environmental features specific to each operational area are described
below; the waste-processing history of each area is also discussed. Each area
is identified by number (i.e., 100, 200, 300, 400, and 600) and by letter
(e.g., the 100-F Area is the location of the 100-Area F Reactor). Appendix 8
provides further information on waste-disposal site locations and types of
waste-procassing facilities in Hanford's operational areas.

2.3.1 100 Areas

The nine 100 Areas (B, C, D, DR, KE, KW, F, H, N) border the Columbia
River in the m thernmost part of the Hanford Site. Each of the nine areas
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has one production reactor. Eight of these reactors have been shut down; only
the N Reactor, used for both plutonium and electricity production, is still
operating. Because some of the areas are contiguous (B/C, D/DR, KE/KW), the
Hanford Site map shows only six 100 Areas (Figure 2.1).

The 100 Areas are generally flat with no major surface features. The
Hanford Formation lies near the surface of the 100 Areas, covered by a thin
layer of wind-deposited silt and fine sand. The water table is found in these
sediments at a depth of about 20 meters (66 ft), except in the F and H Areas
where the depth to the water table is about 35 meters (115 ft) and 40 meters
(131 ft), respect rely. The depth to t! Ringold Formation is about 25 meters
(82 ft); the top of the basalt bedruck is approximately 240 meters (790 ft)

below the surface.

Because the 1ter table occurs within the highly permeable sandy gravels
of the Hanford Formation, it fluctuates as the river level rises and falls.
The ground water —nerally fiows from the 100 Areas and toward the river.
When active, each of the 100 Areas included support facilities such as power-
houses. Except for 100-N, these powerhouses produced process steam from
coal~fired boilers; 100-N has oil-fired boilers. Adjacent to each area's
powerhouse were large storage areas that received railroad carloads of coal
and disbosal dreas for flyash/clinker disposal. Most areas also included
water-treatment plants, water-storage tanks, subsurface sewage-disposal
systems, raw-water intake structures, and process sewers.

B and C Areas. The B and C reactors are located adjacent to edach other
on a 2.6-square-kilometer (650-acre) site (the 100 B/C Area) and are the
farthest upstream of the 100 Areas. The B Reactor was operated from 1944 to
1968, and the C Reactor was operated from 1952 to 1969. Virtually all the
facilities in the area are inactive, with the exception of the B/C export
water system, which continues to provide the rdaw water supply to the 200 Area
and some 100 Areas. An electrical substation in the area taps power for the
pumps providing t| 200-Area water. Fewer than 100 people work in this area
(Yandon 1377).

When the reactors were operational, cooling water was drawn from Che
river and treated with alum, sulfuric acid, and chlorine. Excess sulfuric
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acid was used to maintain the pH of the water within a desired range. To
control oxidation of aluminum parts in the reactor, sodium dichromate was used
to maintain an oxidation coating on aluminum parts. The chlorine was added
for algaa contro! in the settling basins; at times copper. sulfate was added
for additional algae control. Chromic acid, oxalic acid, and nitric acid were
used for dummy fuel-element decontamination.

In addition to vertical safety rods for emergency reactor shutdown, the
reactors were equipped with hoppers of nickel-plated boron steel balls,
nickel-plated carbon steel balls, and stainless steel balls that would drop
into the vertical safety rod channels for emergency shutdown. This system
required no supplementary power source. Although it was : ‘rer i :d, a third
safety system, one involving the use of a potassium borate solutiun, was in
place at the reactors.

A supplementary control system, in addition to the normal horizontal
control rods, was incorporated into t! reactors. This supplementary control
system consisted of a Poison(a) Column Control Facility that could charge
selectad prucess tubes with a lead-cadmium poison to absorb neutrons. Boron-
carbide aluminum poison splines were also used for supplementary control.

- The coolant water system and backup control and shutdown systems at the
uther 7 once-through-cooled reactors were similar to the thosa in
100 B/C Area.

0 and OR 8reas. The 100-D/0OR Areas, covering about 3.9 squdre kilometers
(970 acres), » Tocated 11 kilometers (7 mi) downriver of the 100-8/C Area.
The D Reactor was operated from 1944 to 1967 and the DR Reactor from 1950 to
1965. These ¢ eas are extensively used, and their utilities and services are
still in operation. The electrical substation serves as a backup supply for
the 100-N Area. The water system is a backup system for the 100-8 water
system, which supplies water to the 200 Areas. The UNC Nuclear Industries
=ngineering laboratory here is operated in support of the N Reactor.
Approximately 20 people are employed in the D and DR Areas (Yandon 1977).

e —————

/

‘4) The term oisun refers to a material's ability to absorb neutrons and
thus cunurol the rate of fission.
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Thotg 11,1-5a (Continued)

CHARACTERIZATION OF 300 NORTH AND WYE BURIAL GROUNOS

e Field survey of waste disposal sites begun late FY-1975
e Drilling of current series of sampling wells completed late FY-1976

e Estimate of any migration of radionuclides based on available data completed early
FY-1977

* Ffinal report and disposal site maps completed and issued late FY-1977
PLUTONIUM RECOVERY

* Detailed schedules will be developed based on the results of the 216-Z-9 Crib
plutonium recovery program.

FISSIov °°nDUCT RECOVERY

e No schedule for recovery has been established.

11.1.1.3 Plant Water Usage

Sanitary and process water for the Hanford Reservation operations are supplied from a number of
different locations (Table I[I.1-6). The 100-8 pumphouse, with the 100-D as backup, supplies
water to 100-8-C, 100-D0, 100-H, 100-F, and 200 Areas. (All of these areas are shown on Fig-
ure [[.1-1.) A water plant at 100-N Area supplies sanitary and process water to both 100-N

and the WPPSS generating station located adjacent to 100-N. The 300 Area pumphouse supplies all
water needs for the 300 Area. The City of Richland water supply system is intertied to the

300 Area system as an emergency backup. VYarious wells in the 600 Areas on the site supply both
sanitary and process water. '

4n average of 440 cfs (0.4% of annual average flow) of Columbia River water is continuously
withdrawn, mainly for cooling purposes. Mast of this water is discharged directly ¢k to the
river as nonradioactive disposal. In addition, approximately 34.7 cfs (less than u.uU3% of the
total annual average flow) of Columbia River water is withdrawn and discharged to the ground as
sanitary and industrial wastes. Wells supply approx tely 73,000 gal/day for sanitary and
minor irrigation use which is almost entirely discharged to the ground.

II.1.1.4 NWaste [nv-—-=-ries [X.18]

Multiple disposal sites for radiocactive waste have been used at Hanford during its 30-yr

‘history. The choice of disposal site is based on many factors including half-life and toxicity

of the elements involved, quantity of material to be discarded, proximity to water table and/or
the Columbia River, and optimum personnel radiation exposure and contamination control. The
use of many of these sites has been terminated.

The waste inventory data reported subsequently and in greater detail in Appendix II.1-C for
cribs, burial grounds, ponds, ditches, specific retention sites, and unplanned releases are sub-
ject to variations in sample collection and analysis.

High-level waste streams are analyzed for plutonium, uranium and neptunium. Fission product
content is calculated from irradiation history. The total contents of all waste tanks are known
with fair precision, although the contents of individual tanks and, to some extent, of individ-
ual tank farms are less certain because nf transfers among tanks and f: ;. ,
Discharges to cribs, specific retention sites, ponds and ditches are based on 1ine samples.
Since the concentration of radionuclides fn these streams is often low, accuracy is low and con-
siderable uncertainty is involved. In some cases, particularly for discharges to ponds and
ditches, the radioactivity is below limit of detection and the resuilts are therefore reported

as "less-than" figures.

Unplanned releases of liquids to grounds are based on estimates of volumes involved and of con-
centrations-of the radionuclides in the stream. Gaseous releases are based on stack samples.

11.1-64
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TABLE II1.1-6

PLANT WATER USE

Source of Supply

Primary ''--

100-8
100-0

100-K
100-N

100-F
200 Areas

300 Area

FFTF

Atm. Physics

609 Fire Sta.
(100 Area
Central)

609 A rire Sta.
{200 Area
Central)

6652C (Aeronomy)
66521 (Ale Haq)

Emergency
Relocation Ctr.

8Y Telephone
Exchange

Hanford Road
Maintenance

Vernita Park

Reportad quantities of radioactivity in burial grounds or stor

Columbia River
100-8 Pumphouse

Columbia River
100-0 Pumphouse

from 100-K Pumphouse

Columbia River-100-N
Pumphouse

From 100-8 Pumphouse

100-8 Pumphouse
Well 299-£26-6
#g]ls 299-£28-11 and

Columbia River
300 Area Pumphouse

Wells 699-50-7
699-50-8
699-51-78

100-8 Pumphouse
100-8 Pumphouse

100-8 Area

Rattlesnake Springs
Well 699-26-89
Well 699-518-51]

Well 699-50-28A
Well 699-Han-9

wells 699-72-101A,
8 and C

Process water
Procass water

Process water

Process, sanitary and
cooling water

Process water

Process and cooling water
Emergency cooling water

supply
Emergency process supply

Process and sanitary
331 Fish Ponds

Construction and Sanitary

Sanitary
Sanitary

Sanitary

Sanitary
Sanitary and [rrigation
Sanitary

Sanitary
Industrial and Sanitary

Sanitary and Irrigation

» tynnels are estimates based on

operating histary and radiation levels of the equipment or waste buried. Generally, these data
are of greater uncertainty than liquid and gaseous streams since there is no practical method by

which a representative sample, pa

Overall, however, the accuracy of the inventory

rticularly of large equipment pieces, can be obtained.
total is believed to be within a factor of two,

probably within 50% or better. The reported inventories in this final environmental impact

data.

I1.1.1.4.1 Contained Solids and Liquids

11.1.1.4.1.1 wsal Sites

The approximate inventories of solid waste di
below are shown in Appendix 1I.1-8, Part 3.

the end of 1372.

11.1-65

statement have been adjusted to a single significant figure to reflect the uncertainties in the

sposal in the 100 Areas through 1972 summarized
These inventories are corrected for decay through

Ref. 9.2
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. METHOD 5Q10
[NOUCTIVELY COUP! €0 PLASMA METHOO

1.0 Scope and Agolication

1.1 Method 6010 is appraoved for determining the concentration of trace

elements in modility procedure extracts (exclusive of arsenic and selenium),
wastes, and sails.

1.2 This method may be used for the determination of total elemants in
groundwater {f the detection limit is s than primary i1 rim drinking
water standards ¢r 1ess than background levels,

1.3 Al sama1es myst e subjected to an appropriate disssluticn stap
prior to analysis. (Refer to Section 2.1.)

1.4 Precaution must be taken %o ensure that all spectral, chemical and
physical interferencas are detec.ed and the appropriate corrective measures
taken,

1.5 Usa of this methed is restricted to experiencad spectroscopists.

1.5 Elements for which Method 6010 is an approved procadure ar

Aluminum Cobale 1tassium
Antimony Copper Silica
Barium [ron Silver
Beryllium Lead Sodium
8aran Magnesium Thallium
Cadmium Manganese Yanadium
Caleium Molybdenum Zing
B Chromium Nicxel

2.9 Summary of Method

2.1 Prioe to analysis by Method 6010, samples must be prepared for
sample introduction., The method of sample preparation will vary according 23
the sample matrix. Aqueocus samples are subjected to the acid digestion
procedure described in this method. Sludge-type samples are prepared using
the procedure described in Method 30S0. For samples containing ails, greasas
ar wazxes, the procedures described in Methods 3030 and 3040 may be applicabdle.

2.2 Method 6010 describes a technique for the simultaneous or sequential
myitielement determination of trace elements in solution. The basis of the
method {s the measurement of atomic emission by an optical spectroscspic
technique, Samples are netylized and the aerosol that is produced {s trans-
ported to the plasma torch where excitation cccurs. Characteristic atomic-line
emission spectra are produced by a radig-frequency inductively csupled plasma

Ref.
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(1CP). The spectra are dispersed by 3 grating spectrometer and the intensitias
of the lines are monitored by photamuitiplier tubes.. The photocurrents from
the phaotomultiplier tubes are processed and controlled by 3 computer system,

A background correction technique is required to compensats for variable
dackground contribution to the determination of trace elements. Bacxground
must de measured adjacent 20 analyta lines on samples during analysis. The
position selected for the background intensity measurement, On either aor both
sides of the analytical line, will be detarmined by the complexity of the
spectrum adjacent to the analyte line. The position used must be free of
spectral iaterference and reflect the same change in background intensity as
occurs at the analyte wavelength measured. B8ackground correction is not
required in cases of 11 bt idening where a bi .ground correction measyrement
would actually degrade tne analytical result. 1ne possidility of additicnal
interferences named in 3.1 (and tests for their presencs as descrided in 3.2)
should also be recognized and appropriate corrections made.

3.0 Interfarsnces

3.1 Several types of intarference effacts may contridute 28 inaccuractes

in the determination of trace elements. They can be summarized as follows:

3.1.1 Scectral interferences can be categorized as (1) overlap of
a spectral line from another elem :; (2) unresolived overlap of molecylar
band spectra; (3) bSackground contridution from continuous or recombBina-
tion phenamena; and (4) background contridution from stray light from
the line emissicn of high concentration elements. The first of thesa
aeffects can e compensated By utilizing a computaer correction of the
raw data, requiring the mnitoring and measuyrsment of the interfering
element. The second a2ffact may require salection of an altarnate
wavelength., The third and fourth effects can usually be compensated
By a background caorrection adjacant to the analyte line. [n addition,
ysers of simyltaneous miltielement fnstrumentation must assume the
responsidility of verifying the absence of spectral interfaresnca for
an elemant that could occur in 2 sample but for which there is no
channel in the instrument array. Listed in Table 2 are some inter-
ference effects for the recommended wavalengths given in Table 1. The
data in Table 2 are {nteanded for use only as a rudimentary gquide faor
indicating potential spectral interfersncas. For this purpose, linear
relations between concentration iand intensity {or the analytes and the
_interferents can be assumed. .

3.1.1.1 The interfarsnce information, which was collected at
.the Ames Laboraccry.l {s expressed as analyte concantration
equivalents (i.2., false analyte concentrations) arising from 100
mg/liter of the interfarence slement. The suggested usa of this

limes Laboratory, U.S. DCE, lowa State University, Anes, Iowa 50011.

Ref. 10.2
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TABLE 1. RECOMMENOED WAVELENGTHS ANO
ESTIMATED INSTRUMENTAL DETECTION LIMITS

3

Estimated datection’

Elemant Wavelengthd (nm) limit? {ug/1) .-
Aluminum 308.215 : 48
Arsenic 193.636" 53¢
Antimony . 206.833 ° 2
Bi 455,403 2
B¢ | 313.042 . 0.3
8oron 249.773 s
Cadmium 226.502 4
Calcium 317.933 10
> Chromium 287.716 7
Cobalt 228.616 7
Copper 324,754 §
[ron 259.940 7
Lead 220.353 42
Magnesium 279.079 30
Manganese 287.810 2
Molyddenum 202.030 8
Nickel 231.604 15
Patassium 766.491 seed
Selenium 196.026 78¢
Stlica (51Q7) 288.158 g8
Silver 328.068 7
Sediun $88.395 29
Thallium 190.864 4Q
Yanadium 292.402 8
Zine 213,856 2

aThe wavelenqgths listed are recommended decause of their sensitivity
and aoverail acceptancs. Other wavelengths may De substituted if they can
provide the needed sensitivity and are treated with the same corrective
techniquas for spectral interference (see 3.1.1). In time, other alements
may be added as mere information becomes availadle and as required.

" DThe estimated instrumental det2cticn 1imits as shown are taken from
“Inductively Coupled Plasma-Atomic Emission Spectroscopy-Prominent Lines,”
EPA-600/4-73-017, They are given as a guide for an instrumental limit.

The actual method detection limits are sample~dependent and may vary as
the sample matrix varfes.

CMethod may not be applicable for groundwatezr analysis for these
metals.

dHighly dependent on operating congitions and plasma gositjon.

Ref.
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TABLE 2.

ANALYTE CONCENTRATION EQUIVALENTS
ARISING FROM INTERFERENTS AT THE 100 HG/L LEVEL

laterfereat (mg/!

Analyte Mavelength (nm) A) Ca Cr Cu fe Mg Mn Ni l v
Aluminum 308.215 -- -- -- -- -- -- 0.21 -- - 1.4
Ant imony 206.833 0.47 -- 2.9 -- 0.08 -- -- -- 0.25 0.45
Arsenic 193,696 1.3 -- 0.44 -- -- - - - -- 1.1
Barium 455.403 -- -- - -- - - - - .- -
Bery)ljum 313,042 -- -- - -- -- -- -- -- 0.04 0.0%
Boron 249.713 0.04 -~ -- -- 0.32 -- -- -- .- .-
Cadmium 226.502 -- -- -- -- 0.03 -- ~- 0.02 .- --
Calcium 3172.913 -~ -- 0.08 -- 0.01 0.0l a. -- 0.0 0.0]
“~3Chromium 267,716 -- -- -- -- 0.003 - 0. -- .- .04
Cob t 228.616 -- -- 0.03 -- 0.005 -- -- 0.0 0.1% --
Copper 324,754 -~ -- -- - 0.00 -- -- -- 0.05 0.02
lron 259.940 -- -- -- -- - - 0.12 - - --
Lead 220,353 0.17 -- .- -- - - -- - - -
Magneslum 279.019 -- 0.02 0.11 -- 0.13 -- 0 -- 0.07 0.12
Hanganese 257.610 0.005 -- 0.0l -- 0.002 0.002 -- -~ -- --
Holyhdenu 202,030 0.08 -- -- -- 0.03 -- .- -- - .-
Nickel 231.604 - - - - - - -- -- - .-
Seleal 196.026 0.23 -- -- - 0.09 - .- .- -- -
*Stlicon 208.158 -- - 0.07 - .- - - -- .- 0.0}
Sodlum 588.995 - - - -- - - - -- 0.08 .-
Thallfum 190.864 0.30 .- -~ - - - .- - -- --
Vanadium 292.402 -- -- 0.05 - 0.005  -- -- -- 6.02 --
linc 213.856 - -- -- 0. - - -- 0.29 -- -
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information is as follows: Assume that arsenic (at 133.636 nm) i

to be determined in a4 sample containing approximately 10 mg/licer

of ¢ Mpum. According to Tadle 2, 100 mg/liter of 2luminum would
yield a false signal for arsenic equivalent to approximately

1.3 mg/liter. Therefore, 10 mg/l1iter of aluminum would result in

a false signal for arsenic equivalent to approximately 0.13 mg/licer.
The reader is cautioned that other analytical systems may exhidit
somewhat different levels of interference than those $hown in

Tadble 2, and that the intarference effects must de evaluated for
each iddividual system,

3.1.1.2 Only those interferents listed were investigated,
the dlank spaces in Table 2 indicate that measyrable interferencas
were not observed for the interferent concantrations listeg in
Table 3. Generally, finterferer s were discernidble if ey pr ¢
peaks or background shifts carresponding to 2-5% of the peaks
generated by the analyte concantrations also listed in Tanle 3.

3.1.1.3 At present, informaticn on the listed.silver and
potassium wavelengths s not available but it has been repart:
that sacond order energy from the magnesium 383.231-nm wavelength
interferes with the listad potassium line at 768.491 nm,

3.1.2 Physical ‘~+s=rferences are generally considersd tg be
effects associatad wiva ne sampie nebylization and transport grocasses.
Such properties as change in viscosity and surface tension can cause
significant inaccuracies especially in samples which may contain nign

“dissolved solids or acid concantrations. The usa of a peristaltic

pump may lessen these interferencas, [f these types of intarferenceas
are operative, they must be raduced by diluting the sample and/or util-
iZing standard addition tachniques. Anaother problem which can occur
from high dissolved salids is salt duildup at the tip of the nedbulizsr.
This i 'acts aerosal flow rate, causing instrumental drift. Wetting f
argon prior to nepulization, the use of a tip washer, * sample dilution
have deen used to control this problem. Alsg, the use of a high solid
nebulizer can reduca salt build-up in the nedbulizer and can also pre- 1t
grifting and loss of sensitivity in the instrument. [n addition, it has
been reporzied that better control of the argon flow rate improves
{nstrument performance. This is accomplished with the use of mass flow
cantrollers,

~3.1.3 Chemical intsrferences are charactarized by molacular

compound formation, ionization effects and solute vaparization-effects.
Normally these effects are not pronounced with the [CP technique;

however, {f gbserved they can be minimized by careful selection of
operating conditions (that is, incident power, odservation pasiti
and so forth), by buffering of the sample, Dy matrix matching, and
by standard addition proceadures., These types of interfersnces can
be highly dependent cn matrix type and the specific analyte elerent.

)

Ref,

10.5




6 / M 'TELEMENT INORGANIC ANALYTICAL TECHNIQUES

TABLE 3. [INTERFERENT ANO ANALYTE ELEMENTAL CONCENTRATIONS
USED FOR INTERFERENCE MEASUREMENTS [N TABLE 2

Analytes mg/1iter Interfarents mg/1iter
Al 10 Al 1,000
As 10 Ca 1,000
8 19 Ce 200
8a ) Cy 200
ge 1 Fe 1,000
Ca 1 Mg 1,000
of. 10 Mn 200
Co 1l N{ 200
Cu 1 v 200
Fe 1
Mg 1
Mn 1
Mo 10
Na 10
N{ 10
PY . 10
Sb 10
Se 10
Si 1
T 10
¥ 1
in 10 .

Ref. 10.6
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1.2 It is retommended that whenever & new or unysual sample matrix
ts encountsred, a series of tests be performed prior to reporting caoncentra-
tion data for analyte elements. These tests, as outlined in 3.2.1 througy
3.2.4, will ensure the analyst that neither positive nor negative interfer-
encas will have on any of the analyte elements and distort the 3ccuracy of
the regortad values.

3.2.1 Serial dilution: [f the analyte concentration is sufficiently
high (minimally a factor of 10 abave the instrumental detection limit
after dilution), an analysis of a dilution s! (1d agree within S perces
of the original determini ion (ar wit n some acceptable introl limit
that has been estadlished for that matrix). [f not, a chemical or
physical interferenca effect should be suspected.

3.2.2 Spike addition: A spike addition added at a minimum level
of 10x the instrumental detecticn limit (maximum 100x) to the original
determination should Be recavered tg within 9Q to 110 percant or within
the estadlisnhed control limit for that matrix. [f not, a matrix effect
should be suspected. The uyse of a standard addition analysis procacure
can usually compensate for this effect., CAUTION: The standard addition
tachnique does not detect csincident spectral overlap. [f suspected,
use of computerizad compensation, an altermate wavelength, or compariscn
with an alternate methad is recommended (see 3.2.3).

3.2.3 Compariscn with alternate method of analysis: When inves-
tigating a new sample matrix, comparison tasts may be parformed with
other analytical techniques such as atomic absorption spectrocetry or
other appraoved methodalogy.

3.2.4 Wavelength scanning of analyte line region: [f the apgpro-

priate equipment is available, wavelength scanning can be performed to
detect potantial spectral interferences.

4,0 Apparatus and Materials

4.1 Inductively coupled plasma-atomic emission specirometar

4.1.1 Corputer-controlled atomic emission spectrormter with
background correction.

- 4.1.2 Radiofrequency generator.

4.1.3 Argon gas supply, welding grade or detter,

Ref.
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4.2 Operating conditions: Because of the differences between various
makes and madels of satisfactory instruments, nag detailed operating fastruc-
tions can be provided. Instead, the analyst should faollow the instructions
provided by the manufacturer of the particular instrument. Sensitivity,
instrunmencal detaction limit, precision, linear dynamic range, and inter-
fersnce effects must be investigated and established for each individual
analyte line on that particular instrument. [ is the respansibdility of the
analyst (1) to verify that the instrument confiquraticn and operating conditions
used satisfy the analytical requirsments and (2) to maintain qu ity control
data confirming instrument performance and analytical resylts.

5.0 1aqents

S.1  Acids used in the pregaration of standards and for s. 1e processing
must De ultra-high purity griade or equivalent. Redistilled acids ‘e accept-
able.

£.1.1 Acetic acid, conc,
§.1.2 Hydrochloric acid, conc.

§.1.3 Hydrochloric acid (1:1): Add 500 ml conc. HC1 tao 400 mi
Type [l water and dilute to 1 litar,

£.1.4 Nitric acid, conc.

5.1.5 Nitric actd (1l:1): Add 500 ml conc. HNO3 to 400 ml Type
Il water and dilute to 1 litar,

5.2 Type Il water: Prepare by passing distilled water through a mixed
bed of cation and anion exchange resins, Use Type [l water for the prepara-
tion of all reagents, calibration standards, and as dilution water. The
purity of this water must bde equivalent to or better than ASTM Type 1!
reagent water of Specification D1133.

5.3 Standard stock sqlutions may be purchased or prepared from yltra-
high purity grade chemicals or metals. "All salts st be dried for 1 hr at
105° C unless ctherwise specified. (CAUTION: Many metal salts are extremely
toxic and may be fatal if swallowed. Wash hi is thoroughly aftar handling.)
Typical stock solution preparation procedures follow. )

§.3.1 Alyminum solution, stock, 1 mi=1Q0 ug Al: Ofssolve 0.100 g
of aluminum metal in 2n acid mixture of & ml of (1:1) HC! and 1 ml of
canc. HNO3 in a beaker. Narm gently to dissolve. When solution is
complete, transfer quantitatively to a one liter flask and id an
additional 10 ml of (1:1) HC! and dilute ts 1,000 ml with Type !I
water,

Ref.
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§.3.2 Antimony solution, stock, 1 ml1s10Q ug Sh: Oissolve 0.2569 g
K(50Q)C4H40g in Tyoi 1 water, add 10 ml (1:1) HCl and dilute ta
1,000 ml with Type [l water.

5.3.3 Arsenic solution, stock, 1 mi=100 yg As: ODisselve 0.1320 g
af Asp03 tn 100 ml of Type Il water containing 0.4 g NaQH. Acidify
the sglution with 2 ml conc. HNO3 and dilute to 1,000 m1 with Type I1
wa! ', )

5.3.4 Barium solution, stock, 1 mi=100 ug 8a: Oissolve 0.1516 g
BaCly (dried at 250° C for 2 hr) in 10 ml Type [I water with
1 ml (1:1) HCl. Add 10.0 ml (l:1) HC! and dilute to 1,000 m] with
Type [[ water.

5.3.5 Beryllium solutfon, stock, ml1=10Q ug 8e&: 0o not dry.
Ofssalve 1.966 g BeSO4°4H20 in Type [l water, add 10.0 ml ccnc.
HNQOq and dilute to 1,000 ml with Type I water.

§.3.6 Boron solutien, stock, 1 misl0Q ug 8: Qo net dry. Oissel:
0.5716 g anhydrous H9803 in Type [l watar and diluta to I.UES ml.

Keep in a tightly stoppered bottle, and stare in a desiccator ta prevent
the entrance of atmospheric moisture.

5.3.7 Ci Jum salution, stock, 1 mi=l0Q ug C4: Oissolve 0.1142 g
Cd0 in a minimum amount of of (1:1) HNO3. Heat to increasa rate of dit

'solution. Add 10.0 ml conc. HNOj and dilute ta 1,000 ml with Type 1!

watar,

§.3.8 Calcium sglution, stock, 1 mi=100 ug Ca: Suspend 0.2498 g
CaC0q dried at 180° C for 1 hr before weighing in Type I water and
dissolve cautiously with a minimum amount of (1:1) HNO3. Ade 10.0 m!
conc. HNQq and diluts ts 1,000 ml with Type ! water.

@ 65,1.9 Chromium salution, stock, 1 m1=100 ug Cr: Ofssalve 0.1923 g
CrQy in Type [l water. When salution is complete, acidify with 10 ml
conc, HNOg and dilute to 1,000 ml with Type [ water.

§.3.10 Cobalt solution, stock, 1 mi=l00 pug Co: Ofssolve 0.1000 g
of cobalt metal in a minimum amount of (1:1) HNG3. Add 10.0 ml (1:1)
HCl and lute to 1,000 ml with Type Il water.

§.3.11 Copper sclutian, stock, 1 m1 = 100 ug Cu: Oissolve 0.1252 g
Cud in a minimum amount of (1+1) HNG3. Add 10.0 ml cone. HNO3 and diluta
to 1,000 ml with dejonized, distilled water. ,

§.3.12 lron solution, stock, 1 mi=100 ug Fe: ODissolve 0.1430 g
Fey,dy tn a warm mixture of 20 ml (1:1) HCl and 2 ml of conc. HNO3.
Caal, add an additional 5.0 ml of conc. HNO3 ana dilute to 1,000 ml
with Type [l water.

Ref. 10.9
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§.3.13 .Lead solution, stock, 1 m1=100 yg Pu: Dissclve 0.1599 g
PB(NO3)2 1n a minimum amount of (1:1) HNO3. Add 10.0 m1  :1) HNOj
and dilute to 1,000 ml with Type 11 water,

§.3.14 Magnesium solution, stack, 1 m1s1Q0Q yg Mg: Oissolve
0.1658 ¢ Mg0 in a minimum amount of (1l:1) HNQq. Add 10.0 ml (1:1)
conc. HNQq and dilute to 1,000 ml with Type Il water,

5.3.15 7 igar ;e sclution, stock, 1 m1«100 pug Mn: DOissolve
0.1000 g of manganese matal in the acid m* .ure (10 ml conc. HCl and
1 ml conc. HNO3) and dilute to 1,000 m1 wiztn Type [l water.

5.3.16 Molybdenum solution, stock, 1 m1=100 ug Mo: DOfssolve
0.2043 g (NHg)oMaQ4 in Type I water and dilyta ts 1,000 m1 with
Type [ water,

5.3.17 Nickel soluticn, stock, 1 ml=100 ug Ni: Dissolve 0.1000 g
of nickel metal in 10.0 ml hot conc. HNQ3, cool, and dilute to 1,000 ml
with Type [] water.

5.3,18 Potassium solution, stack, 1 m1=100 ug K: Dissalve
0.1907 g KC1, dried at 11Q0° C, in Type [l water and di' :e to 1,000 ml.

5.3.19 Selentum saluzion, stock, 1 m1=100 ug Se: Do not dry.
Dissolve 0.1727 g HSeQy in Type [l water and dilute to 1,000 m1.

5.3.20 Silica solution, stock, 1 ml1=100 ug $10;: . dry.
Dissolve 0.4730 g NazSi03°9H2Q0 in Type [[ water. Add li.. .. Conc.
HNQ3 and dilute to 1,000 ml with Type [l water.

§.3.21 Silver solution, stor , 1 mi=100 pg Ag: DOissolve 0.1575 g
AgNQy in Type I1 water and 10 m] conc. HNO3. Oilute to 1,000 ml
with Type [[ water.

8.3.22 Sodium solution, stock, 1 m1=100 ug Na: Oissolve 0.2542 g
NaCl in Type [[ water. Add 10.0 ml cenc. HNO3 and dilute to 1,000 mi
with Type [1 water.

£§.3.23 Thallium solution, stack, 1 m1«100 ug T1: ODfissolve 0.1303
g TINO3 in Type II water. Add 10.0 ml conc. HNO3 and dilute to
1,000 m1 with Type Il water.

5.3.24 Vanadtum solution, stock, 1 m1=100 ug V: Dissolve 0.2297 g
MHgVQy in 3 minimum amount of conc. HNO3. Heat to increase rate of dis-
solution. Add 10.0 ml conc. HNO3 and dilute to 1,000 ml with Type [l
water.

§.3.28 linc solution, stock, 1 mi=10Q ug Zn: Oissol 0.1245 g
In0 in a minimum amount of dilute HNO3. Add 10.0 ml conc. HNO3 and
dilyte to 1,000 m1 with Type [l water.

Ref.
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5.5.2 The reaqent blank must contain a1l the reagents and in the
same volumes as used in the processing of the samples. The rsagent
Blank must De carriad through the comolete procedure and ¢entain ¢!
same acid cancanteasica ia the final solution as the sample solytion
usea ror gnalysis. : - :

5.6 Standards: In addition to the calibration standards, an instrument
check standard, an interference checx sample, and 3 quality control sample
are also required for the analyses.

6.1 T {nstry et ' standard 1s prepar | by the analyst
by combining compatible elermnts at a concentration equival: | tg the
midpaint af their respective calibration curves (see 3.5.1f. °

5.6.2 The interferanca check {s pravared hy the analvst in tne
following manner. Select a representative sample that contading minv |
cancentrations of the analytas of interest byt known concentrations or
interfering elements that will provide an adequate test of the ¢ rec-
tion factors. Spike the sarole with the elements of interest at the
approximate concentration of either 100 pg/liter or 5 times the estimated
detection limits given in Table 1. (For efflyent samples of expected
high concentrations, spike at an appropriate level.) If the type of
samples analyzed are varied, 3 syntnetically prepared sample may be

. used if the above criteria and intent are met., A limited supply of
synthetic interference chec: sample will be available from the Quality
surance Branch of EMSL-Cincinnati.

5.6.3 The quality control sample should be prepared in the same

acid matrix as the ¢aiioration stansards at a ccncentration near 1 mg/liter
ang in accordance with tne thstructions provided by the supplier,

§.0 Samole Collection, Han~'ing, ar Preservaticn

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Section One of this manual.'

6.2 For the determination of tracz elements, contamination and loss

are of prime concern. Oust in the labdoratory environ at, impurities in
reagents, and impurities on laboratory apparatus which the sample contacts

are all sources of potential contamination. Samples containers can introduce
either pasitive or negative errors in the measurement of trace elements Dby

{a contributing contaminants throygh leaching aor surface desarption and

b) by depleting concentrations through adsorpticn. Thus the ¢ollection

and treatment of the sample prior to analysis requires particylar attenticn.
Laderatory glassware including the sample bottle (whether polyethyle
polyprogylene, or FEP-flyorocarbon) should be tharsughly v jhed with de! “gent
and tap water: and rinsed with (l:1) nitric acid, tap water, (1:1) h -ochiaric
acid, tap watar, and finally Type !l water, in that order (see Notss 2 and 3).

Ref. 10.12
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. Chromic acid may be useful to remove organic deposits from
:?:fssare; hgf,,.,, the inalyst should be cautioned that the glassware
mst be thorcughly rinsed with water to remove the last traces of
chromtum. The use of chromic acid can cause a contamination prodlem for
the determination of chromium if the glassware is not rinsed progerlv,

A comrmercial product, NOCHROMIX, available from Godax Laboratories,
Varick Street, New York, NY 10013, mdy be uysed fn place of chromic acid.
Chromic acid should not be usad with plastic bottles.

NOTE 3: If it can be documented through an active analytical gqualil
¥ ol program using spik '3 and reagent dlanks that ¢ ain
steps in the cleaning § ; yogue 4 f uting sam ..
t! e steps may be eliminated from the procedure.
6.3 Aqueous samples must be preserved and pretreatad appropriataly
depending on whether data on dissolved, suspended, or total metals are
desired.

§.4 Nonaguecus samples shall be refrigeratasd when possible, and analyzed
as soon as possible. ) .

7.0 Procedure

7.1 The following definitions are intanded to clarify the easuing
discussion.

7.1.1  itrumental detaction limit: The concentration equivalent
to a signal, due to the analyte, which is equal to three times the
standargd deviation of a series of twenty reglicate measurements of a
reagent dlank signal at the same wavelength.

7.1.2 Sensitivity: The slope of the analytical cuyrve, i.e.,
functional relationship between emission intensity and concentraticn.

7.1.3 Instrument check standard: A muitielement standargd of
known concentration prepared by the analyst to monitor and verify
instrument performance on a daily basis (see S5.6.1).

7.1.4 Interference check sarple: A solution containing doth
interfering and analyte elemants of known concentration that can
de used to verify background and interelement correction factars
(see 5.6.2). ' : v

7.1.5 Quality.control sample: A solution obtained fram an outsice

source having known concentration values to be used to verify the cali-
bration standards (see $.5.3).

Ref. 10.13
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7.1.6 Calibration standards: A series of known standard sclutians
ysed dy the dnalyst for calibratton of the fnst; zent (i.e., preparation
of the the analytical curve; see 5.4),

7.1.7 Linear dynamic range: The concantration range Over which
the analytical curve remains linear,

7.1.8 Reagent bdlank: A volun of Type II water containing the
same acid matrix as the calibration s$tandards carr | through the enti;
analytical schems (see 5.5.2).

'7.1.9 Calibrat  blank: A volume of Type 11 water acidified wi:
HNO3 and HC1 (see S. ).

7.1.10 Methaod of standard addition: The standard additicn tache
nique involves the use of the unknown and unknown plus 2 known amount of
standard (see 7.9.1).

7.2 Sample preparation: Aquecus samples should be prepared according
to Section 7.3, Sludge-type samples st 1d be prepared according to Method
3050 and sarples containing oils, greases, or waxes may be prepared
according to Methads 3030 and 3040. The applfcability of a sample prepara-
tive technique to 3 new matrix type m: ba demonstral | Dy ly2ing spixed
sample or relevant standard refarences matar s,

7.3 Preparation of aquecus samples: For the detarmination of total
elements, choase a measur=d volume of the well-mixed acid-preserved sample
agpropriate far the expectad level of elements and transfer to a Griffin
Seaker (see note S below). Add 3 ml conc. HNOq. Place the beaker on a
hot plate and evaporate to near dryness cautiously, making certain that the
sample does not boil and that no area of the bottom of the de er is allow |
to go dry. Cool the beaker and add another S-ml portion of conc. HNO3.
Cover the beaker with a watch glass and return to the hot plate. Increase
the temperature of the hot plate so t! : a gentle reflux action occurs.
Continue heating, adding acid as necessary, until the digestion is complete
(generally indicatad when the digestate is 1ight in color or does not change
fn appearance with continued refluxing), Again, evaporate %o near dryness
and cool the beaker. Add 10 ml of (1:1) HC1 and 15 ml of Type I water
per 100 m1 final solution and warm the bdeaker gently for 15 min to dissolve
any precipitate or residue resulting from evaperation. Allow to cool, wash
down the deaker walls and watch glass with Type [I water And f{lter the
sample to remove insoluble matertal that could clog the nedbulizZer (see Note 4
delow). Adjust the sample to a predetermined volume based on the expected
concentrations of elements present. The sample {s now ready for analysis
(see Note 6 below). Concentrations so determined shall de | jarted as
“total.” ’

NOTE 4: [n place of filtering, after diluting and mixing, the sample
may be cantrifuged or allowed to settle Dy gravity ove ght to | no
insoludle matertal.

Ref,
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NOTE §: [f low determinations of baron are critical, quartz or paly-

propylene glassware should de used. Palypropylene glassware is cenerally
preferred since it is cheaper and Just as accurate as quartz.

NOTE 6: If the sample analysis solution has a different actd concen-
tration from that given in 7.3, But does not introduce a physical
interference or af fect the analytical resylt, the same calidration
standards may be used. .

7.4 Set up instrument with proper cperating parametars established
in Section &4 = The instrument must 3llowed to become irmally stable
before beginning. } usually I s at lea: )min « @ tiem | ar
to calibration.

7.5 Initiate appropriate operating confiquration of computar,

7.6 Profile and calibdrate instrument according ts instrument manufac-
turer's recommended pri :dures, using the typical mixed calidbr ion stancard
salutions described in Section 5.4, Flush the systam with the calidration
blank (5.5.1) between each standard (see Nota 7 delow). (The use of the
average intensity of multiple exposures for bdoth standardiz. ion and sample
analysis has been found to reduce randcm errar.)

NQTE 7: For boron concentrations greatze than 500 ug/liter extended
flush times of 1 to 2 min may de required.

7.7 Before beginning the sarple run, reanalyze the highest mixad
calibration standard as if {t were 2 sample. Concantraticn values odtained
should not deviats from the actual values by more than +5% (or the estadlished
control limits, whichever is lower). If they do, follew the recommendaticns
fo the {nstrument manyfactyrer to cat !¢t for this ccnditioen.

7.8 Bagin the sample run by flushing the systam with the calibration
blank solution (S5.5.1) bDetween each samle (see Note 7). Analyze the
fnstrument checx standard (S5.5.1) and the calidraticn blank (5.5.1) after
each 10 samples.

7.9 If it has been found that methods of standard addition are required,
the following procacdure is recosmended.

7.3.1 The standard addition tachnique involves preparing new
standards in the sample matrix Dy adding known amounts of standard to
one or more aliquots of the processsed sample salutien, ° Is tac iq
compensates for a sample constituent that enhancas or depresses the
analyte signal, thus producing a different sicpe from that of the cali-
dration standards. [t will not correct for additive {nterferenca whigh
causes a baseline shift. The simplest version of this technique is the
single-addition methaod. The procadure is as fallows. Two identical
aliquots of the sample salution, each of volume V., are taken. To t!
first (labeled A) {s added a small volume V¢ of a standard analyte

Ref.
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solution of concentration Cg. 10 the second (labeled B) fs added the
same volume Vg of the solveat. The analyticai signals of A and B are
| |sured and corrected for nondnalyte signals. The unknown sample
concentration ¢y is calculated:

. = Sg¥sts
x (Sa = Sg) Vg

where Sj and Sg are the analytical signals (corrected for the dlank)
of salutions A and 8, respectively. Vg and cg should be chosen so that
Sp is roughly twice Sg on the average. [t is best if Vg 13 mde much

less ©© g, and thus cg 1S much greater than ¢y, to avoid excess
" lut e rix. If 8 sc-iration or conct  ation step is
used, tne additions are oest made firs. 4nd carried thr | the entire

procadure. For the resylts from this technique to be vaiid, the follo
ing limitations must be taken into consideration.

1. The analytical response signals must be l{near with | ipect to
concantration. .

2. The chemical farm of the analyte added must respond the same as t !
analyte in the sample.

3. The interference effect m st be constant gver the waorking range «
concern.

‘4, The signal must be corrected for any additive interferencs,

7.10 Calculations: Reagent blanks (5.5.2) should be st .racted from all
samples, This is particularly impcrtant for digested samples requiring large
quantities of acids to complete the digestion. I[f dilutions were performeg,
the appropriate factor must be applied to sarple values. All results should
be reported in mg/liter with up t0 three significant figures.

8.0 Quality Control

8.1 All quality control data should be maintained and available for
easy reference or inspection. .

8.2 Dfluta samples if they ars more concentratad that the highest
standard or {f they fall on the plateay of a calibration curve.

8.3 'Emp1oy a minimum of one prdcesdural Blank per sample batch to
determine if contamination or any memory effects are occurring.

8.4 Run one duplicate sarple for every 10 samples. A duplicate sample
is a sample brought through the whale sample preparation process.

Ref. 10.1¢
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8.5 Check the instrument standardization By analyzing appropriate
quality control checx standards 3S follows:

8.5.1 Analyze an appropriate instrument check standard (5.5.1) -
containing the elermnts of interest at a frequency of 10%. This check
standar4 it used to detarmine instrument drift. [f agreement is nat
within $5% of the expected values or within the estadlished cantrol limits,
whichever is lower, the analysis is out of control. ~ @ analysis should
be terminated, the prodlem corrected, and the instrument recalibrated.

8. 2 A “yze the calibration dlank (5,5.1) at a frequency of 1
The result shouid de within the established cont | 1 } of 2 stang
deviations aof the mean value. if not, repeat th¢ 1walysis two more times
and average the three results. [f the average is not within the control
1i{mit, terminate the analysis, correct the problem, and recalibrate the
{nstrument.

8.5.3 To verify interelement and background correction factors,
analyze the intarferenca check sarple (5.6.2) at the beginning, end,
at periodic intervals throughout the sample run, Results should fall
within the established control limits of 1.5 times the standard devia-
tion of the mean value. [f not, tarminate the analysis, correct the
prodlem, and recalibrate the.instrument,

: 8.5.4 A quality control sample (5.5.3) obtained from an outside
source must first be used far the initial verificaticn of the calibra-
tion standards. A fresh dilution of this sample shall -be analyzed avery
week thersafter to monitor their stability. I[f the resuylts are not
within +5% of the true value listag for the control sample, prepare a
new calihration standard and recalibrate the instrument. [f tRis d
not correct the prodlem, pregare a new stock standard and a new calibra-
tion standard and regeat the calibration.

8.5 Spiked samples or standard reference matearials shall be employed
periodically ta ensure that caorrect procecures are deing followed and that
all equipment is operating properly.

8.7 The method of standard additions shall be usad for the analysis
of all EP extracts and whenever a sample suffers from matrix intarferesncses,

8.8 The method detection limit (MOL) is defined as ¢t minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The MOL concentrations listed in
Table | were odbtained using resagent water. Similar resylts were achieved
using represantative wastewaters. The MOL actually achieved in a given
analysis will vary de; 1ding on instrument sensitivity and matrix effects.

8.9 In an EPA round-rcobin phase ! study, saven laboratories applied
the IC? technique to acid-distilled water matrices that had been dosed wi!
various metal concentrates. Table 4 1ists the true value, the mean reported
value and the mean % relative standard deviation,

Ref. 10.17
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13-AUG-87 FPage
ENVIROMMENTAL ¥ ANALY [S =Z8ULT REFC T
21 DEC 82 to 15 MAR 8=
WATER RIVER WATER CUMULATIVE UNFILTERED
Samp #: FRIEST RAPIDS-RI\ _.&
121/8R 90O N
145 Sample
! Uje f o’a‘cé /-dur\d
Re ilt +/- 2 Sigma — o 04cKS
Date Of¢f (PCI/L ) | Comments
21 DEeC NOV 82 J.37E=QL +/- l.BZE-sz
PERREYY DEC 82  1.89E-¢' +/= ~.ace-0n K6
.- Fko N 83 1.91E=-01 +/- 5.18E-02
15 MAR 3 2.87E=-01 +/=- 4.11F 2
y
Fraction of Results:DL: 4/ 4 Mean: 2.44E-01
Minimum: 1.89€-01 (18 JAN ) Standard Error of Mean: §.54E-02
e Maximum: IT.I7E-O1 (21 DEC 32) Standard Deviation: 1.77E-91
Median: 1.921E-01
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TABLE B.1. Strontium-90 Analyses from Columbia River Samples

River Mile " .Sample Qate Concentration,

Location 1D Collected pCi/L =20
3.0-5.0 B Comp W) 01/22/83 0.55 : 0.23 D& _
5.5-7.5 K Comp RY 12/18/82 0.18 = 0.02 e, thes
8.0-9.5 N Comp RY 12/18/82 28 « 0.477 saw—p _/
10.0-12.0 D Comp RW 12/18/82 1.1 = 0.05 1749‘___
14.0-17.5 H Comp RW 01/22/83 0.50 = 0,12 A
18.0-22.0 F Comp RW 01/22/83 0.93 = 0.15 eif“gef
Upstream Columbia ®
River Concentration C boce f
(Average 1983) 0.18 = 0.22 Ab
DOE Cencentration }2
Guide (USDCE 1881) 300 /

/Y\%éna BY 4

(a) Comp-RW denotes composite river water sample comprised of /q_ﬁgz

aliquots from immediately preceding river sample locations. e A€

TABLE B.2. Iodine-129 Analvses from Spring and Columbia River Samples

River Mile . Sample " Date Cencentration,
Location 1D Collected pCi/L =2q
27.0 27.0 a'?) o1/22/83  2.3x107% = 1.ax107®
27.0 27-1 5o®)  og/11/83  1.6x107% = 2.1x1070
28.0 28-2 Sp 09/11/83  6.2x107% = 6.8x1073
29.0 29.0 RW 01/22/83  6.3x107> = 5.0x10°°
31.75 31-5 Sp 09/11/83  3.0x10°° = 4.0x10°°
32.5 32-0 Sp 09/11/83  4.4x107° = 2.7x10°°
Upstream Columbia
River Concentration -5 -5
(1983 Average) 2.4x107 7 = 2.6x10
DCE Concentration
Guide (USDOE 1981) 60

Sag RW denotes composite river water sample,
Sp denctes river bank spring sample.

(in PNL~ $297)

8.3
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TABLE 1. Concentration of Hanford Resarvatiaon Workers

by Site
Number of Parcent
Site Horkers ~E Taea]
100 7840 5
200 E&W 2,355 16
WPPSS #1,2,34 , 2,905 20
FFTF 2,420 16
300 3,110 21
Battelle, et al. 3,345 22
TOTAL 14,895 100

While the worker counts being reported by Resarvation employers are uysually
shown concentrated around a designated site, in reality a substantial portion
of tl workers are likely to be distributed over the surrcunding area. For
convenience, however, they are credited to such par cular sites as 200 Zast,
200 West, WPPSS 1, 2, & 4, etc.

[dentification of shift workers posad some reporting difficulties sinca
some firms run four shifts while most of the others conduct their operatians
in three. The 100 Area was a special problem since these warkers aoperats ogver
a wide area. Regardless, all workers have bHeen accountad for in this census
although some of the shift counts may be approximate.

OISTRIBUTION (F WORKERS BY RADII AND COMPASS DIRECTION

Figuras 2 maps the distribution of Hanford Reservation warkers by work shift
over intervals of one-mile radii and 16 compass directions centered at the Purex
Plant. These same worker distributions are re; ited in Figure 3 without the
maj | Reservation Area as a background. As a tabulating convenience, sactor
parcel counts have been rounded to units of S and 10, but were adjusted to the
total count for the separate companies. (Because of confidentiality, warker
counts for the separate compani ; are not being presented here.) For better
readability, sector counts within the first two mile radii from the Purex Plant
center are presented separately at the ttom of t! figure. Table 2 presents
work distribution in detail including a cumulative count of workers and percent
of total as distance and direction from the Purex Plant center increases.
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U.S. Fish d Wildlife Serv., Inte

ticular species. However, all other ap-
propriate rules in Parts 17, 217
through 227, and 402 still apply to
that species., In addition. there may be
other rules in this title that relate to
such wildlife, e.g., port-of-entry re-
quirements. It is not intended that the
references in the “Special rules”
column list all the regulations of the
two Services which might apply to the
Species or to the regulations of other
Federal agencies or State or local gov-
ernments.

(g) The listing of a particular taxon
includes all lower taxonomic units. For
example, the genus Hylobates (gib-
bons) is listed as Endangered through-

73

§1 7.y

out its entire range (China, India, an,,
SE Asia); consequently, all species
subspecies, and populations of tha,
geénus are considered listed as Endan
gered for the purposes of the Act. Iny
1978 (43 FR 6230-6233) the species Ha
ligeetus leucocephalus (bald eagle) wa,
listed as Threatened in “USA (WA,
OR, MN, WI, MI)” rather than ita
entire population; thus, all individuala
of the bald eagle found in those fiva
States are considered listed as Threat-
ened for the purposes of the Act.

() The “List of Endangered ana
Threatened Wildlife” is providedq
below:

3 A B ed s ks . .
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Specles wraton wihors | St | when | iical | Spocia =
populal re - n al
Common name Scientific name Historlc 1ange onl}i::g;v::du tus tsted habitet m. :
-—
Otter, glant Plaronura brasili South Amec € 3 NA NA
Oting, 10nG-ABHBD .....covver it einnenno | Luwra longicaudis (Incl /s). O E 3,45 NA NA
Otter, masine tuba teline Pary south 10 Strglts of Magellan ET 18 NA NA
Otter, SRANSIN VO ...t retvorennes {utra provocax Chile, Argenting € 13 N NA
Ottes, southein sta Enhydrs bitnis nerels.... Wesi coast US A (WA, OR, CA) south T 2 N4 NA
10 Maxico (Baja California).
Pands, glant Ailuropoda melancieucs People’s Republic of China Et. 130 NA NA
Pangolin (=scsly { Aanis inckl \lica [ 15 NA NA
Panther, FIOADE........coe.co. e revnrenenee ] FOHS CONCOIOr CONYA ... JSA (LA snd AR east to SC and FL)... E ] NA NA
Pianigale, litila Planigale lngami suolibssima (lolmon, ¥ \wsvahe ... E 4 NA NA
sublilissima).
Pianigele, BOUNBIN ..............cumencnnsmmmssiannss Planigale lemsostis ................. E 4 NA "NA
Porcupine, thin-spined Ch ys subspk . E 3 NA NA
Possum, Leadbeater’a Gymnotelideus lbadt LR E 232 NA NA
Possum, MOUNBIN PYBMY ......crnrervresinnnnn. Buramyy parws E 4 NA NA
P scaly-talied Wy squamicaudats E 4 NA NA
Pisitie dog, Mexk Cynomys mexicanus. E k] NA NA
Pesirie dog. Uah | COynomys panidens ... . T] 8 149 NA | 17 40(g)
Pronghom, peninsutar .. .{ Antiocapra amencanas pcnmsu/ana | E |~ 10 NA NA
Pronghoin, S ANUIOCaps 8menicana 8oN0GNNS . L USA (AZ), Mexico ....... E 1.3 NA NA
Pudu PRt pU..........onun.. Southern South Amet E AE] NA NA
Pums, Costa Rican Faks dor costark /s Nicaragua, Panamae, Cosls Aica. E 15 NA NA
DUORKE ...c.cinrreenmciassiresiecisssmiasssonecrnses sassssned Setond Inchywm Ausuraile E [] NA NA
RAsbbit, Ryukyu ...| Japan (Ryukyu islands) 13 50 NA NA
Rabbi, vol Maxico....... 13 3 NA NA
Ral, fates water s myonk . Ausuatia 13 4 NA NA o
Nat, Fresno kang Dwodomys dos axiis USA (CA) ccovocvriraenens € 170 | 17.05(a) N ©
Rat, Monro Bay hang Dpodomys i Y moTvensis ....do € 2] 17.95(a) NA
Ast, stick-nest Loporillug conuil Austrahia € [ ] NA NA Q
Aat-kangaioo, brush-18ied .........ccocrrevveencce. BOUONGS PONVCTHAIB ..........c.oo.ocoververininimnesn] e do.. € 4 NA NA 20
RAat-kangeioo, Gaimnard's Bvuangu 7217 71 PRSP [P do € L] NA NA
Rat-kangerco, Lesuas's MOSUNME ....covvvrrcarinreiresrreaiseenernne| venen do [3 4 NA NA 9
Rat-kangaroo, plaln ......... Caloplymnul (T T 1" SRR R do [3 4 NA NA
Ral-kanget00, Quesnsland...........ccoccc.ccourenec Botlongia ropica.................... A ...do [3 4 NA NA
Ahd . black Dceros bormis | Sub-Saharan Aldce [ 7 NA NA s
Rhinoceras, great Indian...............ccurvcasne.} RNINOCHNOS UNIA Intia, Nepal E 4 NA NA ?
Ah Javan R (2] ] Indonesia, Indoching, Burma, Thailend, E 3 NA NA e
i Sikkim, Bangtadesh, Malaysis &
Rhinocerns, NOMhem white ...........cccoov.oneren. | Ceratotherium sanum cotioni ......................| Zake, Sudan, Uganda, Central Alrican { 3 NA NA  on
Republic
an . Sumau Dicoroetibns { = Disormoceros) sumatren- | Bangladesh 1o Vietnam 1o 1ndonesis | .0 ... 3 3 NA T
('8 {Borneo) =
3aigs. Mongollan {entelope) Ssiga tatarics mongolkca Mongoll [ 15 NA NA o
e’
:::: ml‘:m beared g{»{rvpoln salanas sat, BIBTH ....ocoovervoeeeanmsnss s s e do..... . ‘ E 233 NA NA ©
Zoal ¥ .o do E 3 NA NA
esl, Caribbean monk M e ropicali Caribb " g0
3eal, } Han monk Monachus ORI USA R E| 1.2.48 NA NA
(H)... e B0 E i NA NA T
ool Madit monk Monachus hus M
X editerranean, Northweatl Aldcun Conl v 00 E 3 NA N &
. and Biack Ses. -2
f""""‘ {=~Gau) Bos peurve Bangladesh, Southeast A E 3 NA Na 8
io(ow Capricornis o rgensi Enl Asls, Bumalll - . h
‘erval, Barbary Feolis serval constanting LIRREN

hann
































































Nitroplvia mohavensis

Clstaceaes—Rockiona lemily.
Hudsonia monisna

Crasmdaceas— Sionecrop family:

Dudioys Fashiae Santa Berbara tsland lveloreves ...
Cucurtitacess—Gawd lamily:

Tumamocs macdougald T globe-berry
Cupresssceas—Cyprass family:

Fitzroys cupressonios Chilean Iaise 18rch { = aiotCe}..........ooceerneae
Cyperaceas—Sedge famiy:

Carox specuicols None

Ercaceoss—Heath family:

TV 0N (o7 N—

U S A. (AZ). Mexico
{Sonara).

Crite, Argentina ................

P
o Arctosiaphylos pungens vu averd { ~ A hooker! ssp. ravend)... .| Presidio {~flaven's) manzanits ......... .JUSA (CA).
[ X Riodadeadron chap Chap hododendson JUSA. (F1)...
Euphortiacese—Spurge family:
Evphortre { = Cmmsm) Jeltoides sep. dOiTOkN Spurge USA (FL) s
Evphoria | = Ch, y O ..o srssasessncsscsenssannsessnf coinad do
Euphorbile skotisborph var. kaleok Ewa Plains ‘ahoko ... JUSA (HY) ..
Jatrophe ooshdnmﬂ: Cosia Rican jauopha .{ Costa Aica...
fabsceas—Faa (amify:
Aroipha cremdats Crenuiale losd plant . JUSA (FL)....

Astragad.s hrib M miik-vaich.

Astragalvs peri Rydberg mitk-vatch

Astragahss p Ash Mead: mlik-veich

Baptisia Haley ratilowsed .

Gelactia smalli Smail's milkpea USA (FL).

Holtmannsegyia tenella Stender rush-poa.. - LJUSA (TX) .

Lohg dondrDideus ssp. traskins (=L, 8cOp8/k® 8P, L) ....coeacevenrrinan. San Clemente lmnd bvoom JUS A (CA)..

Maroneuron havak Uhduhl USA {H)..
* Vicia menniesd. H lan veich o )

Ferankonisceas—Fiankania {amity:
Frankenis johnsiond

Joh '8 WANKONS .......ovriicnrniensereraas

USA (TX). Mexico

{Nusvo Leon}.
Genllanaceas—Gentian famity:
Centaunm WU Spdng-loving contewry ......ueeccecorcnnns JUBA (CA NV}
Goodeniaceas—Goournia amily:
Scasvola coraces .. Owerl naupak UBA (Hi)
Hydrophylisceae—Waletieal lamity:
Phecnba argiliaces ... Clay phacel; US A (UT)...

Phacelia formosuis

North Park phacelia......

US A (CO)...

o
it
] 107 | 17.06(s) NA
13 » NA NA
E 228 NA NA
T 7% NA NA
T 120 17.00(a) NA
€ [ NA NA
[3 ar NA NA
€ 192 NA NA
1 192 NA NA
[3 120 NA NA
[ 154 NA NA
] 182 NA NA
[ 187 NA HA
T 3 NA NA
Y 181 | 17.08(a) NA
E a8 NA NA
E 192 NA NA
E 209 NA NA
€ 26 NA NA
3 238 NA NA
E e NA NA
| 185 , NA NA
1 181} 17 9849) HA
E 2 NA NA
44 NA NA
121 NA NA

(vorp3 98~1-01) 1 4D ¥ 05

uo ysu SH
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Onagiracess —Evemng-pHmiose iamey.
Carmissonis bend,

H o eviing pIoNe o USA (CA) v e
Oencihers avita s3p. kensi : Eumnvmcy sveningp i ldo Lo S E a9 NA NA
* Ownoihers delloides ssp. howet Antioch Dunas evening p 0 . E 29 | 17.08(s) NA
OlcNdicuo-OrcNd lamity: ™
lsoina meds Small whotied pog USA (CT. L, MA, E 122 NA NA
ME, Mt, MO, NC, vv.s,
NJ, NY, PA, Rl §C,
" VA ¥T), Canads
. (Qnt).
Spwanihes parksi Navasola ladies'-tr USBA (TX) crneinisncsiess] E 118 NA NA
Plplvsllc!lo—Poppy family;
humiiis Dwarl BOBI-POPPY....ouciimvnineissrimssssnssiesions | (TR: Y NN (V) { O E 78 NA NA
Pinaceae—Pine femily: .
m, g f’ it G ﬂ ( 'n (W ) Ada vk 0N 1, -‘ .‘ NA NA
Honduras, Ei
- Salvador,
g Poaceas—Grans family; =
Tuctoria mucronsta (e Orcuitia m.) Solano gress US.A. (CA} [3 44 NA NA
[ caten Carter's panicg U.SA (HY) € 133 | t7.06{(a) NA
Swalionia &l o Ewoka Dune grase US.A (CA) E 39 NA NA
Zizania lexana Texas wild-rice. UBA (MK ercrennnene] E 39 | 17.96(0) NA
Polygalaceas—Milkwort lamily: g
Pobpals smalii Tiny polygala USA (FL} E 192 NA NA
Polygonaceas—Buckwhoat lamily: 2
Enogonum gypsophi Gypsum wild-buckwh U.S.A. (NM) T {110, 112 | 17.968(e) NA
Ericgonum ovalifokum var. willamsk S188MBOAL BUCKWIGAL ...c.cecscuncrcssecssssnersi USA (NV E 237 NA NA 9
v P hik Clay-loving wild-buckwhes U.SA. (CO) ... E 181 | 17.90(s) NA
—-—
Pimulaceas—Primrose family: ~—
Prirrila magurel Maguke pri USsA (UM ] 190 NA NA '?‘
Runumul-cuo-aummap tamily: -a
Aconitum Northerm wiki monkshood USA (1A, NY, OH, wu y T k1] NA NA t
[~ tis soclalis Alab Josther flower ... JUSA (AL) .. E 245 NA NA
Delphickam kinki San G island larhapur . JUBA (CA) E 20 NA NA m
a.
Rhamnaceas—Buckthom famity: Y
Govania Wiiebrandi None UB.A (H) E 105 | 17.98(0) NA @
2
Rosaceas—Rose lamily: c
C & subinf Arizona chfirose UBA. (AD) € 148 NA
9 W1 | SO—— NA
Nesis ,'"""ff, - :uh Meadows vasle UBA (NV) T 181 ) 17.96(y NA !ﬂ
Potantite Robbing’ cinqueiol USA (NH, YN ..., E 104 | 17.98(s) NA T
Rublecess—Coftes (amity: g’
Gardenls brighamid Ne'u (Hawalian gardenie) UBA ¢y E 199 NA NA g
Rutaceae—Ciirus famity: o.
. e 81 Thomas prickly-ash... - US.A (PR, VI, € 213 NA NA g

e e e e o v ——— Py Y I TS oo







HANFORD SANITARY “ATER SYSTEMS

During CY-1984, sanitary water was supplied on the Hanford Site by 17
individual drinking water systems, each consisting of a raw water supply,
treatment facilities, and distribution piping. A1l of the systems are
operated by Department of Energy contractors with the exception of the City of
Richland municipal system which provides water to the 700, 1100, and 30
Areas. Twelve of the systems utilize Columbia River water as a raw water
source, four systems utilize groundwater, and one system (Richland municipal)
a combination of the two. The systems range in size from those providing
plant-scale treatment and serving extensive areas to nine systems which supply
water to single or small complexes of facilities only.

The systems, along with their sources of supply, service areas, and
additional pertinent information, are 1listed below. A Hanford Site map
depicting 1locations of the sys! s (with the exception of the Richland
municipal system) is given in Figure 1.

‘System Source of Supoly Notes

100-3 Columbia River via Filtered and chlorinated. Sani-
181-8 Pumphouse tary water supplied to 182-8 B8ldg.
only. System is Rockwell (RHOQ)

- operated.
100-D Columbia River via Filtered and chlorinated at 183-D.
181-0 Pumphouse Treated water also supplied to

100-F and 100-H Areas as needed.
System is RHO operated.

100-K Columbia River via .Filtered and chlorinated. System

181-K Pumphouse is United Nuclear Corporation (UNC)
operated.
100-N Columbia River via Filtered and chlorinated. System
- 181-N Pumphouse is UNC operated.

200-€ Columbia River via Filtered and chlorinated at 283-E.
100-8 raw water System is RHO operated.
export
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The site was used to
reactor buildfngs during construction. The

thousand gallons of nitric and hydrofluoric acid.
retired in 1945 and the surface was covered

SITE ID NO.: Pickling Acid Crib

ALIAS: None

FACILITY: Crib

STATUS: Inactive

ELEVATION:
DIMENSIONS: WATERTABLE:
Length: 50 ft -

wWidth: 30 ft
Depth: 10 ft
Diameter: 0

LOCATION: 600 Area
COORDINATES: To be determined

SITE DESCRIPTION:

A crib type structure 50 feet by 30 feet and 10 feet deep located
500 yards from the oid White Bluffs Ice Plant and 300 yards east

of Federal Avenue. Vent pipes extrude every 18 inches at the
surface,

SERVICE DATES: 1943 - 1945

SERVICE HISTORY:

pickle galvanized piping for use in the

process used several
The site was
with large cobbles.

REFERENCES:
Cocuments:

Photographs: 122440-464-CN, 122440-465-CN

Orawings:

Ref.
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This site was

No chemical inventory is available.

H-3:
C-14:
MN-54:
C0-460:
NI-63:
KR-85:
SR-90:
Y-91:
NB-95:
ZR-95:
TC-99:

RU-103:
RU-106:
SN-113:
S8-125:

[-129:

Cs-134:
Cs-137:
CE-141:

not used to deliberately dispose of radioactive waste.

SITE ID NO.: Pickling Acid Crib

CHEMICALS DISPOSED

RADIONUCLIDE INVENTORY

(in curies)

0.0000Q0 CE-144:
0.00000 PR-144:
0.00000 PM-147:
0.00000 EU-152:
0.00000 EU-154:
0.00000 EU-155:
0.00000 NP-237:
0.00000 PU-238:
2.00000 PU-~239:
0.00000 PU-240:
0.00000 PU-241:
0.00000 AM-241:

0.00000 U-233:
0.00000 U-235:
0.00000 U-238:

0.00000 TH-232:

0.00000 BETA:
9.00000 GAMMA :
0.00000 ALPHA:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

These values are decayed through April 1, 1986.

=

Ref. 16.2



SITE ID NO.: 107-8

OIMENSIONS: ELEVATION: 440 feet
WATERTABLE: 40 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-8/C
COORDINATES: N71660/W80560, N71660/W80090, N71430/W80560, N71430/W80090

DESCRIPTION OF FACILITY

Concrete lined basin, 230 ft. x 467 ft., with a vertical baffle
down the middle (lengthwise). The floor of the basin consists of
cancrete slabs, their joints originally closed with neoprene
water seals. To a height of almost 10 ft. above the floor, the
walls slope and are about 4 inches thick. The upper sections of
the walls (about 10 ft) area vertical and range in thickness from
about 5'8" at the bottom to one foot at the t

The basin has been backfilled with soil to a depth of almost four
feet,

\TE OF OPERATIONS: 1944-1968
DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 80% of the total
radionuclide inventory is contained within the soil adjacent to
the basins. Approximately 10 curies have leached into the
cancrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin

area:

- In early 1952, gross leakage at the inlet for the 105-B effluent
line was detected and steadily increased in volume.

- In Tate 1952, two known leaks from the effluent line occurred:
(1) near the #2 diversion box for the 30" line and (2) near the
8" riser for the temporary by-pass line northeast of the 105-8
Building.

- In February, 1954, a break occurred in the 107-8 Basin.

EXTENT OF CONTAMINATION

The extent of the contamination from these releases is well
within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

Ref. 16.3
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*** MEMO FIELD EMPTY w»»

REFERENCES:
Documents: UNI-946

Photographs:

Orawings:
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SITE ID NO.: 107-C

DIMENSIONS: ELEVATION:
WATERTABLE:
Length:
Width:

Depth: 16 feet
Diameter: 330 feet

FACILITY: Retention Basins (2)

LOCATION: 100-8/C
COORDINATES: N-71045/W-79970, N-71045/W-80320

DESCRIPTION OF FACILITY

Two carbon steel tanks, each 330 feet in diameter and 16 feet
deep. Each has a series of steel baffle plates inside to prevent
water from channeling across the tank into the discharge line.
Both tanks have been backfilled with soil to a depth of about
four feet.

DATE OF OPERATIONS: 1942-1969
OESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for radiocactive
decay and thermal cooling prior to release to the Columbia River.
Total radionuclide inventories in the vicinity of the basins

ranged from 5 to over 400 curies. 80% of the total radionuclide
inventory is contained within the soil adjacent to the basins.
Approximately 10 curies have leached into the concrete

floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
leaks could have been as high as 5,000 - 10,000 gallons per
minute. '

EXTENT QF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***

REFERENCES:
Documents: UNI-946

Photographs:

440 feet
40 feet

Ref. 16.5




Drawings:

P-5242
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SITE ID NO.: 107-D

DIMENSIONS: ELEVATION: 420 feet
WATERTABLE: 35 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100 D-DR
COORDINATES: N-94455/W-52730 to N-94685/W-53250

DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls. The
design is about the same as 107-B. the basin has been backfilled
to a depth of about 2 ft. The walls appear to be coated with
asphalt.

DATE OF OPERATIONS: 1944-1967
DESCRIPTION OF WASTE

Retained reactor cooling water effluent water from the 105 reactor for
radioactive decay and thermal cooling prior to release to the

Columbia River. Total radionuclide inventories in the vicinity

of the basins ranged from 5 to over 400 curies. 70% of the

total radionuclide inventory is contained within the soil

adjacent to the basins. Approximately 10 curi ; have leached

into the concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin

area:

- In early 1950, leakage occurred on the north side between the
basin and the river. Effluent water had drained under the
road to the section between the road and the perimeter fence.

- In the fall of 1951, excess leakage was detected above ground.
As a result, two excavations were made. The holes were then
covered, but effluent water continued to seep to the surface.

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***
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SITE ID NO.: 107-DR

DIMENSIONS: ELEVATION: 420 feet
WATERTABLE: 35 feet

Length: 600 feet
Width: 230 feet
Depth:

Diameter:

FACILITY: Retention Basin

LOCATION: 100-D/DR
COORDINATES: N-94058/W52516, N94680/W52219

DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 600 ft., with 20 foot walls. [t
has been backfilled to a depth of one to 3 feet.

DATE OF OPERATIONS: 1950-1964
DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
-adioactive decay and thermal cooling prior to release to the
Columbia River. Total radionuclide inventories in the vicinity
of the basins ranged from 5 to over 400 curies. 70% of the total
radionuclide inventory is contained within the soil adjacent to
the basins. Approximately 10 curies have leached into the
concrete floor and walls.

UNPLANNED RELEASE

The following is a summary of unplanned releases in the basin

area:
- In late 1951, extensive leakage of effluent water at the inlet

end of the 107-DR retention basin was caused by the pipes pulling
loose from the basin wall.

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the AC-5-40 permanent posting.

*#*x MEMO FIELD EMPTY **

REFERENCES:
Documents: UNI-946

Photographs:
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SITE ID NO.: 107-F

OIMENSIONS: ELEVATION: 400 feet

WATERTABLE: 30 feet

Length: 450 feet
Width: 230 feet
Depth: 24 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-F

COORDINATES: N79967/W24130, N79967/w28900, N79500/wW28900, N79500/W29130
DESCRIPTION OF FACILITY

A concrete-lined basin, 230 ft. x 467 ft., with 20 foot walls,
similar in design to 100-8 and 100-D. The basin has back-filled
to a depth of about 5 feet, with soil piled to cover the walls.
OATE OF QPERATIONS: 1945-1965

DESCRIPTION OF WASTE

letained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to releae to the
Columbia River. 70% of the total radionuclide inventory is

contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

TENT OF CONTAMINATION
The extent of the contamination from these releases is well within

tl zone encompassed by the retention basin and is within the
AC-5-40 permanent posting.

*** MEMO FIELD EMPTY **=

REFERENCES:
Documents: UNI-946

Photographs:
Drawings: M-1600-F Sh.5
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SITE ID NO.: 107-H

DIMENSIONS: ELEVATION: 420 feet
WATERTABLE: 10 feet

Length: 600 feet
Width: 273 feet
Oepth: 20 feet
Diameter:

FACILITY: Retention Basin

LOCATION: 100-H

COORDINATES: N96000/W38740, N96000/W38466, N95368/W38466, N95368/W38740
DF™ RIPTION OF FACILITY

Concrete-lined rectangular basin, 273 ft. x 600 ft.; 20 feet deep.

The basin has been back-filled to a depth of about 4 feet above
the floor and slopes to the top of the walls.

DATE OF OPERATIONS: 1949-1965
DESCRIPTION QF WASTE

letained cooling water effluent from the 105 reactor for
radiocactive decay and thermal cooling prior to release to the
Columbia River. 70% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. It has been said the
leaks could have been as high as 5,000 - 10,000 gallons per
minute.

EXTENT OF CONTAMINATION
The extent of contamination from these releases is well within

the zone encompassed by the retention basin and is within the
AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***

" REFERENCES:
Jocuments: UNI-946

Photographs:

Drawings: M-1600-H Sh.4 Ref. 16.12



SITE ID NO.: 107-KE

OIMENSIONS: ELEVATION: 480 feet

WATERTABLE: 70 feet

Length: .
Width:

Depth: 29 feet

Diameter: 250 feet

FACILITY: Retention Basins (3)

LOCATION: 100-K

COORDINATES: N(K)565699/W426802, N(K)532850/%w453651, N(K)53000/W480500
DESCRIPTION OF FACILITY

Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.

They have been backfilled with soil to a depth of about 4 feet.

DATE OF OPERATIONS: 1955-1971

DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radioactive decay and thermal cooling prior to release to the
Columbia River. 80% of the total radionuclide inventory is
contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating life. The leak rate from the
butterfly valves (that went to an adjacent trench) could have
been as high as 5,000-10,000 gallons per minute. Most of the

basin leakage was diverted to an open canal and disposed to the
river,

EXTENT OF CONTAMINATION
The extent of the contamination from these releases is well

within the zone encompassed by the retention basin and is within
the ; 5-40 permanent posting.

#+x MEMO FIELD EMPTY **+

REFERENCES:
Documents: UNI-946

Photographs:
Drawings: H-1-25529
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SITE ID NO.: 107-KW

DIMENSIONS: ELEVATION: 480 feet

WATERTABLE: 70 feet

Length:

Width:

Depth: 29 feet
Diameter: 250 feet

FACILITY: Retention Basins (3)

LOCATION: 100-K

COORDINATES: N(K)5245/W(K)6190, N(K)5245/W(K)6460, N(K)5245/W(K)6730
DESCRIPTION QF FACILITY
Three carbon steel tanks, 250 ft. in diameter and 29 ft. deep.
They have been backfilled with soil to a depth of about 4 feet.
DATE OF OPERATIONS: 1944-1970

DESCRIPTION OF WASTE

Retained cooling water effluent from the 105 reactor for
radicactive decay and thermal cooling prior to release to the
Columbia River. 80% of the total radionuclide inventary is

contained within the soil adjacent to the basins. Approximately
10 curies have leached into the concrete floor and walls.

UNPLANNED RELEASE

The basin and its approximate 5 foot diameter effluent line has
developed leaks during its operating 1ife. The leak rate form
the buttﬁrfly valves (that went to an adjacent trench) could have
been as high as 5,000-10,000 gallons per minute. Most of the

basin leakage was diverted to an open canal and disposed to the
river.

EXTENT OF CONTAMINATION

The extent of -the contamination from these releases is well

thin the zone encompassed by the retention basin and is w1th1n
the AC-5-40 permanent posting.

*** MEMO FIELD EMPTY ***

REFERENCES:
Documents: UNI-946

Phatographs:
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REFERENCE 17

File Memo regarding recreational use of the

Columbia River



)

s Batfelle

Pacific Northwest Laboratories Internal Distribution
KH Cramer
RD Stenner
Date August 26, 1987 File/LB

IWSS Files

To
From DR Sherwood M

subject  Recreational Use of Hanford Reach

The Hanford Reach of the Columbia River has many recreational uses.
Sportsman's access for fishing and waterfowl, big game, and upland bird
hunting is provided at several locations. Access points to the Columbia
River along the Hanford Reach are located at the old White Bluffs Ferry
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have
fished for steelhead and salmon along the Hanford Reach since 1980.

DRS/mgs
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-Pacific Northwest Laboratories
) P.O. Box 999
" Richland, Washington U.S.A. 99352
Telephone (509)

October 14, 1987 Telex 15-2874

Mr. D. M. Bennett

U.S. Environmental Protection Agency
Region X

Superfund Program

1200 6th Avenue

Seattle, WA 98101

Dear Dave:

Enclosed are the three descriptions of the 100 Area, 200 Area and 300 Area
ground water contaminant plumes we discussed on the telephone yesterday. I
have included some attached figures and maps to help show the independency of
the detected ground water contamination in each of .the three aggregate areas.

If there are any questions regarding the descriptions, please ‘contact me at
509-375-2916.

Sincerely,

(Snt

R.D. Stenner, Sr. Research Engr.
Earth and Environmental Sciences Center
GEQSCIENCES DEPARTMENT

RDS:th




100 Ar¢ Ground Water Contamination

The ground water chromium and strontium-90 concentrations in the 100 Area are
attributable only to the activities in the 100 Area because of the isolation
of these areas and the fact that several years of ground water monitoring in
the area show that any concentrations in ground water are found contained in
close proximity to each of the individual reactor sites. Upstream samples of
the surface water show that the contamination detected downstream are
attributable to activity in the 100 Area. The furthest downstream location
of contaminants from the 100 Area entering the river is at river mile 22.

The furthest upstream entry point of the 100 Area contaminants is just above
river mile 2, which is near the 100 B/C Area.

. . /4
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Pacific Northwest Laboratories
P.O. Box 999

Richland. Washington U.S.A. 99152
Telephone (509)

October 26, 1987 Telex 15-2874

D.M. Bennett

EPA/NPL Coordinator

EPA Superfurd Program

U.S. Environmental Protect1on Agency Regxon X
1200 Sixth Ave.

Seattle, Washington 98101

Dear Dave:

Per your telephone request, enclosed are the statements on liquid waste sites
and burning pits. It is our understanding that you will incorporate them as
references in the appropr1ate sections of the NPL packages and provide us

with a finalized copy of the packages following completion of the MITI Corp.
review.

If there are any questions regarding these statements, please don't hesitate
to contact me at 509-375-2916.

Sincerely,

Bob

R.D. Stenner, Senior Research Engineer
Environmental Pathways and Assessment Section
Geosciences Department

Earth and Environmental Sciences Center

RDS:dar
ENCLOSURE

bcc: KH Cramer
MS Hanson
DA Lamar
RM Mangin - DOE/RL
TJ McLaughlin
RG Schreckhise
WB Schulze - DOE/RL
DR Sherwood



100, 200, 300 Area Statement Regarding Liquid Wastes

The general operating procedures for ligquid waste sites in the 100, 200 and
300 Areas were such that the waste constituents listed for each site generally
entered the process lines and were mixed with each other prior to being disposed

of at the site. This process mixing of these waste constituents occurred
over the period of site operation.



o

Burning Pit Statement

Oue to the time period for which the burning pits operated, the nonhazardous
combustible waste materials (i.e., paper products, cans, etc.) would have
been mixed (i.e., mixed together i the garbage truck or waste container)
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to
the waste mixture being disposed of at the site.
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MITRE

To: Sandy Crystall, Date:
Acting Chief for NPL Operations,
Environmental Protection Agency (EPA)

29 December 1987

From: Kathleen Galloway, Member of the Technical Staff,
The MITRE Corporation

Subject: The Toxicity of Uranium and Plutonium

Copies: B. Myers, S. Parrish

According to Sax, uranium is a highly toxic element on an acute basis
as well as on a ratio-toxic basis. For this reason the Agency feels it is
appropriate to assign a value of three for the toxic: of uranium.

Sax states that the toxicity of plutonium compounds is based first upon
the very high radio-toxicity of the plutonium atom. 1In addition, the
permissible levels for plutonium are the lowest for any radiocactive element.
Therefore, although a method for assigning toxicity values for
radio-nuclides is not established, the language in Sax would appear to
justify a toxicity value of 3 for plutonium.

KG/js'

The MITRE Corporation
Civil Systems Division
7525 Colshire Drive, McLean, Virginia 22102-3481
Telephone (703) 883-6000/Telex 248923






