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Recelved: —

Facility name: U.S. DOE Hanford 1100 Area

tocation: Hanford Site, Benton County, Washington

EPA Region: X

Person(s) in charge of the facility: J. J. Keating, Asst. Mgr.

Safety, Environment and Security
509 - 376 - 7334
Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-12-87

General description of the facility:

(For example: 1landfill, surface impoundment, pile, container; types of
hazardous substances: location of the facility; contamination route of
major concern; types of information needed for rating; agency acticn,
etc.)

The 1100 Area contains a sand pit west of the 1171 Building that was

used for disposal of waste battery acid and a 5000-galion underground

tank in the 1171 Building that was used to dispose of waste antifreezas,

The 1171 Building is part of the maintenance operation facility that is

located adjacent to the Richland City limits. The groundwater route

is the route of major concern for the sites in the 1100 Area. Upon

examiqinu the SE/4 Richland Quadrangle Map, no overiand routs can be

found to the nearest surface water. Also, the sources in the 1100 Area

are covered sites that would not lend themselves to the dispersing of

contaminants directly to a surface water via an overland route. Thus,

the surface water routs was not evaluated.

Scores: Sy = 36.34 (Sgw = 62.86 Sgw = 0.00 Sy = 0.00)
SFe = NA
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National Priorities List

Superfund hazardous waste site listed under the ’ o _
Comprehensive Environmental Response. Compensation, and Liability Act (CERCLA) as amended in 1986

HANFORD 1l00-~AREA (USDOE)
Benton County, Washington

The Hanford 1100-Area is approximately 1 mile north of the City of Richland,
Benton County, Washington, in the southeast section of the 570-square-mile
Hanford Site. Since 1943, Hanford has been the scene of Federal nuclear
activities, primarily production of nuclear materials for national defense.

The U.S. Department of Energy (USDOE) conducts maintenance operations in
the 1100-Area. The area covers less than 1 acre and contains a sand pit, an
underground tank, and other areas of potential contamination. An estimated
15,000 gallons of waste hattery acid were disposed of in the pit; the tank,
which was used to store waste antifreeze, was suspected of leaking.

Ground water occurs at 24 feet, with highly permeable sand and gravel
overlying the aquifer; these conditions facilitate movement of contaminants
Mnto ground water. To date, USDOE has not detected any contaminants in ground
water in the 1100-Area. Richland has wells within 3 miles of the 1100-Area
that draw drinking water from the shallow aguifer. The nearest well is 2,640
&eet fram the disposal area. Almost 70,000 people obtain drinking water from
wells within 3 miles of the 1100-Area.

EPA, USDOE, and the Washington Department of Ecology are jointly developing
S% action plan that will include the work needed to address this area under the
Juperfund program, as well as other work needed to meet permitting, corrective
action, and compliance requirements of Subtitle C of the Resource Conservation
'dhd Recovery Act.
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Update #
. _gepyAEl
Recelvet: —

Facility name: U.S. DOE Hanford 1100 Area

Location: Hanford Site, Benton County, Washington

EPA Region: X

Person{s) in charge of the facility: J. J. Keating, Asst. Mgr.

Safety, Eﬁvironment and Security
509 - 376 - 7334

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8-12-87

General description of the facility:

(For example: Tlandfill, surface impoundment, pile, container; types of
hazardous substances; location of the facility; contamination route of
major concern; types of information needed for rating; agency action,
etc.)

The 1100 Area contains a sand pit west of the 1171 Building that was

used for disposal of waste battery acid and a 5000-gallon underground

tank in the 1171 Building that was used to dispose of waste antifreezs.

The 1171 Building is part of the maintenance operation facility that is

located adjacent to the Richland City limits. The gqroundwater route

is _the route of major concern for the sites in the 1100 Area. Upon

examinjnu the SE/4 Richland Quadrangle Map, no overland route can be

found to the nearest surface water. Also, the sources in the 1100 Area

are covered sites that would not lend themselves to the dispersing of

contaminants directly to a surface water via an overland route. Thus,

the surface water route was not evaluated.

Scores: 5 = 36.34 (Sqw = 62.86 Sgw = 0.00 S5 = 0.00)
SFE = NA

Soc = NA GP‘\M tg? Wtf]
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HRS Ground Water Route Work Sheet

Site: U.S. DOE Hanford 1100 Area 8/12/87

------------------------- Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Sect1on)

1. Observed Release 0 1 0 45 3.1

S o W D D TS S T TR W S T P A e o D A A o

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.

o D T S o Y ) D A e e A

2. Route Characteristics 3.2
Depth to Aquifer of Concern 3 2 6 6
Net Precipitation 1 1 1 3
Permeability of the 3 1 3 3
Unsaturated Zone
Physical State 3 1 3 3
Total Route Character1st1cs Score 13 15
3. Containment 3 1 3 3 3.3
4. Waste Characteristics 3.4
Chemical
a. Toxicity/Persistence 18 1 18 18
Hazardous Waste Quantity 3 1 3 3
Total Waste Characteristics Score 21 26
5. Targets 3.5
Ground Water Use 3 3 9 9
Distance to Nearest Well/ 35 1 35 40
Population Served
Total Targets Score 4;--_- §§ ------------
6. If line 1=45 (1x4x5) TTTmTTmmTYTYYYe
If line 1=0 (2x3x4x5) 36036 57230 Ig}
7. Line 6/57330 * 100 Sclgw)=  62.86 """"""""""",’{[30'
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Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)
1. Observed Release : 0 1 0 45 4.1

- S S T Y O S . S A A e - A i

If observed release is given a score of 45, proceed to line 4.
If cbserved release is given a score of 0, proceed to line 2.
2. Route Characteristics 4.2

Facility Slope & Intervening
Terrain

l-yr. 24-hr. Rainfall
Distance to Nearest Surface
Water

Physical State

R AR D T D D D s o o kS D D S A D D A N . - -

D D D L S D D S D R e TSk 0 e - A e b - e - -

4. Waste Characteristics 4.4
a. Chemical :
Toxicity/Persistence 0 1 4] 18
Hazardous Waste Quantity 0 1 G 8

O A S A . D ol i -

------—--——--——---——--—---q—--------n—--—-—-q-------—--------——----——-—---

5. Targets 4.5
Surface Water Use 0 3 0
Distance to a Sensitive 0 2 0 6

Environment

Population Served/Distance 0 1 0 40
to Water Intake

Downstream

T D S B - -

Total Targets Score 0 35

-----—---—--—---——----------—----—----——-—..--_---.------—q.---——--qq---—-—q-

6. If line 1=45 (1x4x5)
If line 1=0 (2x3x4x5) 0 64350

Pare 5 of /9
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HRS Air Route Work Sheet

R R S L S S NS TS S =TSRSS

ROUTE NOT- SCORED .
------------- Assigned Multi- Max. Ref.
Rating Factor Value piier Score Score (Section)

PR N NS E I S I R I I SN I T N I R R e N I N N E S SN R TR E R R E == e o

1. Observed Release _ 0 1 0 45 5.1

-k S e o G W D D W ) D R AR R N D D A S A Y N e A O P e e G P Y A A S e e

e S e T AR D N D R D 5 A D e D P A A e o S P D S e

If observed release is given a score of 45, proceed to line 2:

- If observed release is given a score of 0, the Sa=0. Enter on Line 5.
N ---------------------------------------------------------------------------
M 2. Wastd Characteristics 5.2
— a. Chemical
o Reactivity and 0 1 0 3
' Incompatibility
£ Toxicity 0 3 0 9
) Hazardous Waste Quantity 0 1 0 8
™I
- Total Waste Characteristics Score 0 20 N
™~
et T
3. Targets 5.3
Population Within 4-Mile 0 1 0 30
Radius
Distance to Sensitive 0 2 0 6
Environment -
Land Use 0 1 0 3
Total Targets Score 0- 5; ------------
4. Multiply 1 x 2 x 3 0 35100
5. Line 4/35100 * 100 Sc(a)= 0.00
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S 52
Groundwater Route Score (Sgw) 62.86 3951.3%
Surface Water Route Score (Sgw) 0.00 0.00
Air Route Score (Sa) 0.00 0.00
2 2 2
Sgw +Sg, * 53 - 3951.02
~
V2 Y.
Sew * Sew * S - 62.86
I
VoZ 5 <2 .2 - oy = i
Sgw + St Sa / 1.73 = SM 36.34
FIGURE 10
WORKSHEZT FOR COMPUTING Sy
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DOCUMENTATION RECORDS
FOR
HAZARD RANKING SYSTEM

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

FACILITY NAME: U.S. DOE Hanford 1100 Area

LOCATION: Hanford Site, Benton Countv, Washington

DATE SCORED: 8-12-87

PERSdN SCORING: R. D. Stenner, Pacific Northwest Laboratory for DCE

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 weil 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 nackage).

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION:

Even though air concentrations of some of the constituents of intaresst 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 surface-water route was not scored because the sources in the 1100 Area
are covered sites that would not lend themseives to the dispersing of

contaminants directly to a surface water via an overland route. iiso, there
is no viable route to the river that liquid contaminants could usa in

migrating over land from the site. ()ﬁ\ v%q
! ol
1
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GROUND WATER ROUTE

1 O0BSERVED RELEASE

No information was found to indicate that any measurements of ground-water
contamination by hazardous substances sufficient for HRS purposes have been
made at or in the vicinity of the site.

Contaminants detected (5 maximum}:

Not applicable.

Rationale for attributing the contaminants to the facility:

Not applicable.

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 lake deposits of
the Ringold formation. It generally slopes downward from west to east; depth
to ground water is from 10 to 15 meters (34 tc 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 the
basin. The 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 Tow
permeability and act as a barrier to lateral flow of the ground water. The
saturated thickness of the unconfined aquifer is approximately 43 m in this
arez of the Hanford Site and pinches out along the flanks of the basalt
anticlines.

Recharge to the unconfined aquifer originates from several sources. Natural
recharge occurs from precipitation at higher elevations and runoff from
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 unconfined aquifer receives little recharge from
precipitation directly on the Hanford Site because of a high rate of
evapotranspiration under native soil and vegetation conditions. Large scale

‘artificial recharge occurs from offsite agricultural irrigation and liguid- ,??

waste disposal in the operating areas at Hanford.

el
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Underlying the surface sands is a mixture of sand and gravel extending to a
depth of about 40-60 meters. Basaitic rock starts at that depth and
extends downward over 1.9 miles (3000 meters).

Reference 1, page 2.5; Reference 15; Reference 16

Depth(s) from the ground surface to the highest seasonal level of the
saturated zone [water table(s)] of the aquifer of concern:

Using Well 3000-D, which is approximately 1/2 of a mile (2640 feet) away, the
depth from ground surface to highest seasonal level is 24 feet. Well 3000-D
is one of the Richland City Recharge wells. Information on these wells was
obtained directly from the Richland City Engineer.

Reference 2; Reference 3; Reference 12 : Reference 15

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

The depth from the ground surface to lowest point of the waste disposal is
10 feet. This depth is based on the depth of the battery acid pit near the
1171 Building (approximately 12-foot diameter, 10 feet deep) which is filled
with sand and river rock. This results in 14 feet for the depth to aquifer
of concern (24 feet - 10 feet = 14 feet).

Reference 4: Reference 12

24



Net Precipitation

Mean annual or seasonal precipitation (list months for seasonal):

The seasonal (November-April) precipitation for the area is 6.52 inches.
Reference §

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

The mean annual lake evaporation equals 40 inches; however, it would be more
conservative to use a seasonal evaporation period of November - April for
sites in Eastern Washington. The adjusted seasonal lake evaporation is equal
to 20% of the 40 inches, which is equal to 8 inches.

Reference 5

Net precipitation (subtract the above figures):

6.52 inches minus 8.00 inches = -1.48 inches

Reference 6, page 788 o

Permeabiiity of Unsaturated Zone

Soil type in unsaturated zone:

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. Underlying the surface sands is a mixture of sand and gravel
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 7, pages 2.1-2.3

Permeability associated with soil type:

Using Tabte 2 of 40 CFR 300 Appendix A, the permeability of a sand and gravel
mixture results in a value of greater than 10-3 cm/sec.

Reference 6, page 789
Physical State

Physical state of substances at time of disposal (or at present time for
generated gases):

Liquid battery acid associated with batteries retired from service was poured
into the battery acid pit, and Tiquid antifreeze (ethylene glycol) was poured
into the waste storage tank for disposal purposes.

%
Reference 4; Reference 8, Site No. UPR-1100-4 and UPR-1100-1 [‘bl 30 lﬂ
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3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Liquid battery acid was disposed of in an unlined disposal pit that had sand
and gravel placed in the bottom, and used antifreeze (ethylene glycol) was
disposed of in a large tank that is suspected to have leaked directly to the
ground underneath.

Reference 4; Reference 8, Site No. UPR-1100-4 and UPR-1100-1

Method with highest score:

A containment value of 3 was assigned to the disposal pit because it was
uniined. A containment value greater than zero was assigned to the large
tank because it had no liner underneath.

Reference 6, page 794

4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated:

The constituents associated with the 1100 area site are sulfuric acid, lead
and ethylene glycol. The sulfuric acid and lead are from the battery acid
pit and the ethylene glycol is from the waste antifreeze storage tank. The
battery acid pit received waste electrolyte from old storage batteries. A
storage battery is constructed of alternate plates of spongy lead and lead
dioxide, separated by wood or glass fiber spacers, and immersed in an
electrolyte, an aqueous solution of sulfuric acid.

Reference 4; Reference 8, Site No. UPR-1100-4 and UPR-1100-1; Reference 14,
page 419.

Compound with highest score:

Lead has a score of 18 which is the highest. Sulfuric Acid and ethylene
glycol both have a score of 9.

Toxicity Persistence TOTAL

Substance Score Score Score
Lead 3 3 18
Sulfuric Acid 3 0 9 %q
Ethytene Glycol 2 1 9 I

Reference 6, pages 794-797




The total quantity of hazardous substances associated with the 1100 Area is
made up from the quantities of hazardous substance in the 1171 Building

Battery Acid Pit and the 1171 Building Waste Antifreeze Tank.

table shows the breakdown of these wastes.

The following

No. of
Estimated Cubic
Site Waste Type Years Volume Yards Reference
1171 Waste 1957-1976 15,134 gal 74.9 Ref. 4
Battery battery
Acid Pit acid
containing
lead
1171 Waste Waste 5,000 gal 24.8 Ref. 8
Antifreeze antifreeze {max.
Storage (ethylene capacity
Tank glycol) of the
tank)
99.7

Basis of estimating and/or computing waste quantity:

The total quantity of waste for the 1100 Area comes from the aggregation of
the quantity of waste battery acid disposed in the battery acid pit located
just west of the 1171 Buiiding and the 5000-gallon waste antifreeze tank
located in the 1171 Building.. The quantity of waste battery acid disposed
was estimated by personnel responsible for operation of the site. It was
estimated by reviewing equipment files and battery procurements to establish
an annual usage and then the annuail usage was multiplied by the number of
years the site was used. The quantity of the waste in the tank containing
the waste antifreeze was assumed to be the maximum capacity of the tank.

Reference 4; Reference 8, Site No. UPR-1100-4 and UPR-1100-1

43 ajft;n

Pomn 127 of s




3729

i

9 2

5 TARGETS

Ground Water Use

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

The City of Richland drinking water recharge wells are within 3 miles of the
site and draw water from the aquifer. There are 14 of these recharge wells
having depths that range from 40 feet to 134 feet. The recharge wells are
part of the city of Richland's water supply system. These wells are designed
to be used in conjunction with the water supply holding ponds located beside
the wells. The recharge well system is used during peak water demand periods
and when the Columbia River water pump system is down for maintenance. The
recharge system operates with water being pumped to the holding ponds from
the Columbia River; the water in the holding ponds then filters through the
soil column to the aquifer where it is pumped by the recharge wells to the
city's supply system. The water drawn from the recharge wells then becomes
mixed with the total water in the Richland system (i.e., water from the river
water treatment system) and is distributed through out the city.

Reference 2; Reference 3

Irrigation Water:

The Batteile Farm Operations irrigation welil (RRC well located in Section B-3
of Reference 9.1) is within 3 miles of the 1100 Area site.

Reference 3; Reference 9

Distance to Nearest Well

Location of nearest well drawing from aquifer of concern or occupied building
not served by a public water supply:

The nearest well that draws from the aquifer of concern is the Richland
Recharge Well 3000-0.

Reference 2; Reference 3
Distance to above well or building:

The Richland Recharge Well 3000-D is located approximately 1/2 of a mile
(2640 feet) from the 1171 building where the two waste sites are located.

Reference 2; Reference 3

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

Identified water-supply well(s) drawing from aguifer(s) of concern within a als
3-mile radius and populations served by each: ,2J3

; ! ’;?{_
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There are 14 Richland recharge wells located within 3 miles of the site that
draw water from the aquifer. As discussed above, the recharge wells are used
by the city to supplement the water supply .during peak periods. The water
from the wells is mixed in with the water in the system from the Columbia
River and distributed through out the city. Thus, the population of Richland
is used for the population served by the wells. Based on the 1980 sensus,
the Richland population is 33,578 people.

The population of Kennewick, Washington, is also considered because the
Richland City Water Supply System has an emergency water intertie to the
Kennewick Water Supply System. The population of Kennewick is 34,387.

The 300 Area worker population is also considered because the 300 Area has an
emergency intertie with the Richland City Water System. The population of
the 300 Area workers is 3,110 (see page 5b).

The Benton Franklin District Health Department was contacted in an effort to
establish the locations of any wells (drawing from the unconfined aquifer)
across the Columbia River from the site that might be in the 3-mile range of
the site. The total number of wells within the defined 3-mile radius
boundary is 5 private dwelling wells. It is estimated that 19 people are
served by these private single dwelling wells.

No data were available regarding the depth and screen intervals of these
private wells; therefore, the population asscciated with these wells was not
counted in the total.

Reference 2; Reference 10, Figure 4.11, pages 4.32-4.33; Reference 11,
page 3; Reference 13.

Computation of land areas irrigated by supply weli(s) drawing from aquifer(s)
of concern within a 3-mile radius, and conversion to population {1.5 peopTe
per acre):

The Battelle (BNW) Farm Operations RRC well, which has a depth of 50 feet, is
tocated within 3 miles of the site. The farm operations draw water from the
well and from the river to irrigate the forage crops that are grown. The PNL
irrigation operations cover a total of 168 acres. Using the 1.5 people per
acre criteria, this results in an affected population of:

(168) (1.5) = 252

Reference 9; Reference 3

Total population served by ground water within a 3-mile radius:

The total population served is the result of summing the population
associated with the city of Richland intake, the across river wells and the
estimated population associated with the Battelle Farm Operations irrigation
well. The total estimated affected population is:

12{3°
33,578 + 34,387 + 252 = 68,217

5a 1:(
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The 3110 workers in the 300 Area were not added into total population
estimate because these workers would be included in the population estimate
numbers for the City of Richland and City of Kennewick. This was done to
avoid double counting of populations. -

5b
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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 surface-water route was not scored because the sources in the 1100 area
are covered sites that would not lend themselves to the dispersing of
contaminants directly to a surface water via an overland route. Also, there
is no viable overland migration route from these sites to the nearest surface
water.

Rationaie for attributing the contaminants to the faciiity:

Not applicable.

2 ROUTE CHARACTERISTICS

Facility Slope and Intervening Terrain

Average slope of facility in percent:

Not applicable.

Mame/description of nearest down slope surface water:

Not applicable.

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

Not applicable.

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

Not applicable.

Is the facility completely surrounded by areas of higher elevation?

lot applicable.
/8t
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l1-Year 24-Hour Rainfall in Inches

Not applicable.

Distance to Nearest Down slope Surface Water

Mot applicable.

Phvsical State of Waste

Not applicable.

3 COMTAINMENT
Cantainment
“azhed(s) of waste or leachate containment evaluated:

‘ot applicable.

“ethod with highest score:

let applicable.

,L”o}”
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4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated

Not applicable.

Compound with highest score:

Not applicable.

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 quantity is
above maximum):

Not applicable.

Basis of estimating and/or computing waste gquantity:

Not applicable.

5 TARGETS

Surface Water Use

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

Not applicable.

[¢7

ke )
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Is there tidal influence?

Not applicable.

Distance to a Sensitive Environment

Distance to S-acre {minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to S-acre (minimum) fresh-water wetland, if 1 mile or less:

Not applicable.

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

Not applicable.

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:

Not applicable.



Computation of land area irrigated by above-cited intake(s) and conversion to
population (1.5 people per acre):

Not applicable.

Total population served:

Not applicabie.

Name/description of nearest of above water bodies:

Not applicable.

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

Not applicable.

oo
10 7:{}1
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AIR ROUTE

1 OBSERVED RELEASE

Contaminants detected:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, not 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.

Date and location of detection of contaminants:

Not applicable.

Methods used to detect the contaminants:

Not applicable.

Rationale for attributing the contaminants to the site:

Hot applicable.

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

Hot applicable.

Yost incompatible pair of compounds: g?
)0’

Not applicable. '1‘

11
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Toxicity
Most toxic compound:

Not applicable.

Hazardous Waste Quantity

Total quantity of hazardous waste:

Not applicable.

Basis of estimating and/or computing waste quantity:

Not applicable.

3 TARGETS

Population Within 4-Mile Radius

Circle radius used, give population, and indicate how determined:

0 to 4mi 0 tolmi 0 to 1/2 mi Qtel/4 mi
Not applicable.

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:

Not applicable. 1
,ngolg

, 1
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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 less:

Not applicable.

Distance to residential area, if 2 miles or less:

Not applicable.

Distance to agricultural land in production within past 5 years, if 1 mile or
less:

Not applicable.

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

Not applicabie.

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

Not applicable.

] 2 )0l<‘1'
13 jﬁfﬁ
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PAGE __ 1 OF 2

HRS DOCUMENTAYION LOG SHEET SITE NAME U.S. DOE Hanford 1100 Area

CITY Benton County STATE WA
IDENTIFICATION NUMBER

REFERENCE
NUMBER DESCRIPTION OF THE REFERENCE

1 Environmental Monitoring at Hanford for 1986, PNL-6120,
May 1987

2 Personal Communication from Michael Gillum to KH Cramer
regarding Richland Water System (info, maps and data sheets)
August 6, 1987

3 U.S.G.S. Maps Showing 1100 Area Surroundings

4 Internal memo from WHC Fleet Maintenance Dept to file about
waste quality estimates for the 1100 Area Battery Acid Pit,
August 11, 1987 (R. A. Evanoff)

5 Climatic Atlas of the United States, U.S. Department of
Commerce, June 1968 (w/EPA Region X info on seasonal
evaporation)

6 Uncontrolled Hazardous Waste Site Ranking System: A Users
Manual, 40 CFR 300 Appendix A

7 Braft Phase I Installation Assessment of Inactive Waste-
Disposal Sites at Hanford, July 1986, Vol. 1

8 Draft Phase 1 Installation Assessment of Inactive Waste-
Disposal Sites at Hanford, Vol. 3

9 Battelle Farm Operation Orawings, RC-486 and RC-1147

10 Disposal of Hanford Defense High-Level, Transuranic and Tank
Wastes, March 1986, DOE/EIS-0113, Vol. 1
11

Hanford Reservation Area Workers Census, BNWL-2298, July 1977

Pore a5 Of 207
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HR® DOCUMENTATION LOG SHEET SITE NAME U.S. DOE Hanford 1100 Area

CITY Benton County STATE WA
IDENTTFICATION RUMBER -
REFERENCE
NUMBER DESCRIPTION OF THE REFERENCE
12 Hanford Wells, PNL-5397, February 1985
13 Memo to file from R.D. Stenner Regarding franklin County
Orinking Water Wells based on conversation with C.L. Bates
August 26, 1987
14 General College Chemistry, 4th Edition, C.W. Keenan and
J.H. Wood, Harper & Row, Publishers
15 Geology and Hydrology of Radioactive Solid Waste Burial
Grounds at the Hanford Reservation, Washington, USGS 1976
open file: 075-625
16

Waste Management Operations; ERDA 1538
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REFERENCE 1

Environmental Monitoring at Hanford for 1986

PNL-6120, May 1987
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the Ringoid formation has been removed.
These sgdiments wera deposited by the an-
cestral Columbia Riverwhen it was swoillen by gla-
cial meltwater. The glaciotluvial sediments con-
sist primarily of graveis and sands, with some
silts (Newcomb, Strand and Frank 1972).

Hydrology

Both confined and unconfined aquifers are
beneath the Hanford Site. The confined
acuiters, in which the ground water is under pres-
sure greater than that of the atmosphere, are
found primarity within the Columbia River basaits.
in general, the unconfined or water-table aquifer
is located in the Ringoid Formation and giacio-
fluvial sediments, as well as some more recent
alluvial sediments in areas adjacent to the Colum-
bia River (Gaphart et al. 1979). This reiatively
shaillow aquifer has been aifected by waste-
water disposal at Hanford more than the
confined aquifers (Graham et al. 1981). There-
fore, the unconfined aquifer is the most
thorougthily monitored acuifer beneath the Site.

The unconfined aquifer is bounded beiow by
aither the basalt surface or, in placas, the rela-
tively impervious clays and silts of the lower unit
of the Ringold Formation. Laterally, the uncon-
fined aguiter is bounded by the anticlinal basait
ridges that ring the basin and by the Yakima and
Columbia rivers. The basalt ridges above the
water table have a low permeability and act as a
barrier to lateral flow of the ground water
(Gephart ot al. 1973). The saturated thickness of
the unconfined aquifer is greater than 61 m in
some araas of the Hanford Site and pinches out
along the flanks of the basalt anticlines. The
depth from the ground surface lo the water table
ranges from less than 0.3 m near the Columbia
River to over 106 m in the center of the Site.
The siavation of the water table above mean sea
level for June of 1986 is shown in Figure 2.3.

Recharge to the unconfined aquifer originatas
from saveral sources (Graham et al. 1981). Natu-
ral recharge occurs from precipitation at highar
elevations and runoff from ephemeral streams to
the west, such as Coid 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 re-
charges the unconfined aquifer during high
stages when fiver water is transferred to the
acuifer along the river bank. The unconfined
aquiler receives little, it any, recharge from pre-

25
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cipitation directly on the Hanford Site because of
a high rate of evapotranspiration under native
soil and vegetation conditions. However, pre-
sent studias, such as those described by Heiler,
Gee, and Meyers (1985), suggest that precipita-
tion may contribute more recharge to the ground
water than was originally thought.

Large scale artificial recharge occurs from offsite
agricultural irigation and fiquid-waste disposal in
the operating areas at Hanford. Recharge from
irrigation in the Cold Craek Vailey enters the
Hanford Site 3s ground-water flow across the
westem boundary. Artificial recharge from waste-
water disposal at Hanmord occurs principaily in the
Separations Area It was estimated that re-
charge to the ground water from facilities in the
Separations Area (inciuding B Pond and Gable
Mountain Pond, as weil as the varicus cribs and
trenches in the 200W and 200E Areas) adds ten
times as great an annual voluma of water to the
unconfinad aquifer as is contributed by naturai
inflow to the area from precipitation and irrigation
waters to the west (Graham et al. 1981).

The operationai discharge of water has created
ground-water mounds near each of the major
waste-water disposai facifities in the Separations
Area and in the 100 and 30Q Arsas (Figure 2.3).
These mounds have aitered the l!ocal tlow
pattern in the aquiter, which is generaily from the
recharge areas in the west 1o the discharge areas
{primarily the Columbia River} in the east. Water
leveis in the unconfined aguiler have changed
continuously during Site operations because of
varigtions in the volume of waste water
discharged. Consegquently, the movement of
ground water and its associated constituents has
aiso changed with time.

In addition o the Separations Area, ground-
water mounding aiso occurs in the 100 and
300 Areas. Ground-water mounding in these
areas is not as significant as in the Separations
Area because of differences in discharge vol-
umes and subsurface geoloQy. However, in the
100 and 300 Areas, water levels are also greatly
infuenced by river stage.

Liquid Effiuent Movement

If signdicamt quantities of liquid effluents are
discharged to the ground at the Hantord Site
waste disposal facilities, then these effluents
wouid percolate downward through the
unsaturated zone to the water table. As

Ref.

1.1
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REFERENCE 2

Personal Communication with Michael Gillum, City of Richland

regarding Richland Water System {info, maps and data sheets)
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MEMO: To File
DATE: 8/6/87
FROM: K. H. Cramer

SUBJECT: Personal conversation with Michael Gilium
Regard Richland City Recharge Wells and Water Supply System

There are 14 recharge wells that are within 3 miles of the Hanford Site
boundary. These wells have depths that range from 40 to 134 feet. The
recharge well system is part of the city's overall water supply system. The
recharge wells are designed to be used in conjunction with the Water Supply
holding ponds located beside the wells, The recharge well system {s used
during peak water demand perfods and when the Columbia River Water Pump
System 1s down for maintenance. The recharge system operates with water
being pumped to the holding ponds from the Columbia River. The water in the
ponds then seeps through the soil to the aquifer where it is pumped by the
recharge wells to the city's water supply system. The recharge wells are
tied into the overall water supply system, which means that the water from
tge wells is mixed with the Columbia River water and distributed throughout
the city.

509 343-3164

MICHAEL GILLUM

Assotate Engireer
ttety Admogtration Jwvison
Water & Waste Unitves Secartmem

€08 SWIFT QOUEEYAAD ECY F30 AICHLANC WASKING™CN 58157 i

Preo 2y of 197
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A.

CITY OF RICHLAND

WATER SYSTEM DATA

PRODUCTION
The City of Richland's water supply cames from two major sources:

1.

Water Treatrent Plant: The Water Treatment Plant uses the "Micro-
Floc” process for water treatment (see attached flow diagram). Its
present design production capacity is 30 million gallons per day. The
plant can he expandad to a maxdimum production capacity of 45 MGD.

2. Wells: The 18 wells are located in five well fields. The total
production capacity of all the wells is 18.2 MGD. The North Richland
well field groundwater is recharged artificially through the use of
recharge basins (see attachment). The wells are recharged through the
months of April to November,

The production capacities can be summarized as follows:

Source § Wells Capacity
Columbia Well Field 1 0.8 MGD
ke Well Field 2 2.0 MDD
tNorth Richland Well Pield & D=5 11 11.0 MD
Wellsian Way Well Field 3 3.0 M
Willowbrock Well 1 1.4 MD
Water Treatment Plant 30.0 M3D
TOTAL 13 48.2 MGD

STORAGE

—————

The City of Richland's water system has a water storage capacity of 23.67 million
gallons. The major elevated storage, a five and ten million gallon reservoir, is
located west of the Yakima River, The cother elevated storage consists of five
additicnal reservoirs, with a capacity of 4.47 million gallons and are also lecated
west of the Yakima River, serving the Badger Mountain Area. Water fram the remain-~
ing reservoirs is pumped into the system by booster pumps.

Storage can be summarized as follows:

Storage Capacity
™0 (2) cne-million gallon reservoirs (1182) 2.0 MG
Five million gallon reservoir 5.0 MG
Ten million gallon reservoir 10.0 MG
Water Treatment Plant Clearwell reservoir 2.2 M5
Tapteal I reservoir (reservoir #1) 0.75 MG
Tapteal I reservoir (reservoir §2) 2.6 MG
Tapteal II reservoir (resarvoir #1) 1 0.18 MG
Tapteal IT reservoir (reservoir §2) | UPPSE Pressuze 4
Country Ridge reservoir | 0.24 MG
TOTAL 23.67 MG

e
g
3.

Ref, 2.2
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C. IRANSMISSION
All water transmission lines, 10" or larger, are shown on the utility map of the
City of Richland. The major transmission lines are shown on the attached facil-
ities lccation map.

D. PRESSURE ZCONES
The City of Richland has three pressure zones:
1. Richland City core area.
2. Badger Mountain/Meadow Springs area (area west of Yakima River) - Tapteal

I pressure zone.
3. Badger Mountain/Meadow Springs area (higher elevations west of Keene Road
and portion of Hills West area) - Tapteal II pressure zone.

meaadgerMuntain/NEadeprmgsareamterisgmpedfrmtheRichlandCity
core pressure zone to the higher Badger Mountain pressure zone. The bcoster pum
staticn for this zone is located at the five and ten million gallon reservoirs.
The third pressure zone is supplied by (1) a poping station off High Meadows
Street and currently serves the majority of hames on High Meadows Street, Hillview
DrivemdallhmeswestomehardertonOIctdeayardGreenviewDrive, and
(2) amtpingstaﬁmmKememadatCmntryRidgeandservestheCmmt:yRidge/
Keene Village aresa.

7-9-84

+r

D:"‘? _.}zg?;__ﬁfii Ref. 2.3
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North Richland Well Field

Hell ¢ Depth
3000-A 88’
3000-8 . 87'
3000-C | 64*
3000-0 75.3"
3000-E 61.8'
3000-H 56°
3000-4 AN
3000-K §9'
3000-L 83'
3000-N 40°
3000-05 13¢4°
Duke Well Field
Mell 4 - Depth
1100-8 120°
1100-D 86"

NORTH RICHLAND WELLS

way

Gea wbrs.h:'ng fon

A =

Saycier L.

Hao =8 oo=L0

\ Lynnwood Love .
\ Dol Lo

Attachment

4

ol 7
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;
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|
|
|
|
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¢
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FIGURE III-4

300 Area Intertie

NORTH RICHLAND

DUKE WELL

FIELD
\- .

WATER TREATMENT PLANT

COLUMBIA WELL

s WASHINGTON

8Y-pPass

. Kennewick Emergency
s Intarties
Tapteal II Reservoir —\”“"‘:: S

ladicucon

“TGN l
ti00we l kwILLONBROOK WELL

CITY OF RICHLAND

WATER SYSTEM SOURCE and STORAGEZ FACILITIES
LOCATION MAP

Pome 33, of 9 Ref. 2.5
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REFERENCE 3

U.S.G.S. Maps Showing 1100 Area Surroundings

Richland, Wash 7.5 Minute Map
Columbia Point, Wash 7.5 Minute Map
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REFERENCE 4

Internal Memo from Westinghouse Hanford Company to file
regarding waste quality estimates for the 1100 Area Battery
Acid Pit, August 11, 1987 {(RA Evanoff)
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Westinghouse
Hanford Cempany

Internal

Memo
From: Fleet Maintenance Department
Phone  6-6680 1171/1100
Date August 11, 1987
Subrect BATTERY ACIDS DISPOSITION
To File )
cc: AD Poor 1171/1100
The folliowing information was obtained by discussion with
personnel, review of equipment files and review of battery
procurements during the 12 month period ending July 1987.
During the approximate period of 1957 through 1976, 20 years,
batteries were emptied of fluid into a dry sump located near
the auto body repair shop at the 1171 Building. The sump
was approximately 12 foot in diameter, 10 foot deep, and
filled with river rock and sand.
In 1976 the vehicle fleet was approximately 2,000 units and
the fleet is currently approximately 3,000 units. In
estimating the volume of fluid emptied into the dry sump,
it is assumed that the 12 month period through July 1987,
is a representative base period, that usage would be directly
proportional to fleet size, batteries were full when emptied,
and that battery fluid capacities in the period 1957 through
1976 were equivalent to current capacities.
During the 12 month period ending July 1987, 843 batteries
were ysed with a total fluid capacity of 1,135.1 galions.
This equates to a total volume of fluid dumped into the
dry sump during the 20 year period of 1,135.1 gal/yr X 20 yrs
X 2/3 = 15,134 gallons.
P _1;:;;5555’;'
. A. Evanoff, Maniger
Fleet Maintenance
Department
mlf
Page 720 of /7 _
Ref, 4.1
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REFERENCE 5

Climate Atlas of the United States,

U.S. Department of Commerce, June 1968

(w/EPA Regfon X info on seasonal evaporation)
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REFERENCE 6

Uncontrolled Hazardous Waste Site Ranking System;

A Users Manual, 40 CFR 300 Appendix A
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REFERENCE 7

Draft Phase I Installation Assessment of Inactive

Waste-Disposal Sites at Hanford, July 1986, Vol. 1




B

2,0 DESCRIPTION QF HANFORD SITE

This section provides a summary of environmental conditions &t the
Hanfard Site and a brief discussion of the Site's purpose and history. [t
also describes specific environmental features and the the process history of
each operational area (i.e., the 100, 200, 300, 400, and 600 Areas).

2.1 ENVIRONMENTAL SUMMARY

The semiarid Hanford Site, operated by the DOE, occupies 4dbout 1,476
squara kilumeters (570 sq mi) of the sgutheastern part of Washington State
north of where the Yakima River flows into the Columbia {see Figure 2.1). The
Site ties about 320 kilometers (200 mi) east of Portland, Jregon, 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
several recant reports (U.S. DOE 1984; Sommer et al. 1981; Yandon 1977; U.S.
ERDA 1975).

2.1.1 Geology and Soils

The Hanford Site lies in the Pasco Basin, a structural and topographic
Dasin 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 intarbed sediments of the Columbia River
Basalt Group at the base; 2) the Pligcene-age Ringold Formation (lacustrine
formation), consisting of well-rounded pebbles and cobblas 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 geolugy of the Site is characterized Dy a surface layer of
lignt brown, fine, sligntly silty, wind-deposited sand, sparsely cavered Dy
vegetation., Although the surface soil is fertile, it has little agricuttural
value without irrigation. Underlying the surface sands is a mixture of sand

2.1
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} and gravel extending to a depth of about 60 meters {200 ft). Basaltic rock
i'ﬂ gtarts at that depth and extends downward over 3000 meters (1.9 mi}).

Elevations range from a low of about 1035 meters (345 ft) above mean sea
level (MSL) in the sgutheastern part of the Hanfurd Site to 4 maximum of
1,091 meters (3,579 ftr) at the crest of Rattlesnaks Mountain to the west.
(See Section 2.3 for a discussion of geologic featuras peculiar to each
operational area.) '

2.1.2 Meteuralogy

The Site lies east of the Cascade Mountains and, as a result, has a
semiarid climate reflecting the rainshadow effect of the mountains. The

U —

) average annudl precipitation for the Site is about 160 millimeters (6.3 in.).
Ten percent of this amount falls from July through Suptember, and 42% falls
from November through January. The greatest amount of rainfall recorded in a
12-hour pariud was 47.8 millimeters (1.9 in.).

Becausa 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 Hydrugeulogy

The Columbia River (tne fifth largest river by vulume 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 Dam and McNary Raservoir, along the Hanford Sita. No
significant tributaries enter the stream in tnis section.

The Calumbia has a lung-term annual average flow of about 3,600 cubic
meters per second (127,000 cfs). [The Yakima River, by comparison, flows an
average of adout 90 cubic meters per second (3,180 cfs).] The flow rates of

the Columbia are 1nfluenced Dy water usage and upstra2am resarvoir projects.

it The reservoirs provide active storage of more than 4.6 x 1010 cubic mecers
;ﬂana (37,000,000 acre-feet) of water.
The uppermost aquifer in the Pasco Basin is an unconfined system within
| m—— the Hanfurd sand Ringold Formations. The elevatiun of this aquifer ranges from
!
2.3
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SITE ID N9.: UPR-110C-4

ALIAS:
DIMENSTIONS: . ELEVATION:
WATERTABLE:
‘Length:
Width:
Denth:

LOCATION: 1100 Area
COORDINATES:

DESCRIPTION OF RELEASE

Antifreeze was disposed of in a 5000-gallon underground tank in
the 1171 Buiiding bus garage.

DATE OF OCCURANCE: Pre-1978
DESCRIPTION OF WASTE

Antifreeze of unknown gquantity,

EXTENT QF CONTAMINATION

There was no known release.

INTERIM REMEDIAL ACTION

The tank was retired as a suspected leaker but nc cleanup action
was taken,

Additional corrective action may have been provided.

REFERENCES:
Oocuments:

Photographs:

Drawings:

P a {-.: % __éf_ __%__ C;.!F___/.Z_Zm Ref.

320 fes:
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8.1



SITE ID NO.: UPR-1100-1

ALIAS:
DIMENSIONS: ELEVATION:
WATERTABLE:
Length:
Width:
Depth:

LOCATION: 1100 Area
COORDINATES:

DESCRIPTION OF RELEASE

A sand pit west of the 1171 Building was used for battery acid
disposal.

DATE OF OCCURANCE: 1954-1977
DESCRIPTION OF WASTE

An unknown quantity of sulfuric acid.

EXTENT OF CONTAMINATION

There was no known releases and the guantity of acid disposed of
ts unknown.

INTERIM REMeDIAL ACTION

Periodically, when the sand was saturated, it would be scraped
off and new sand added to the pit.

Additicnal corrective action may have been provided.

REFERENCES:
Qocuments: Personal communicated from Walt Haerer to Don Elle

Photographs:

Drawings:
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Battelle Farm Operation Drawings, RC-486 and RC-1147
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REFERENCE 10

Disposal of Hanford Defense High-Level, Transuranic and Tank Wastes,
March 1986, DOE/EIS-0113, Vol. 1
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9

has been designated a Metropolitan Statfstical Area (MSA)(") hy the Bureay of the Census. A
datailed review of area socioeconomics is given in 0O0E (1982), NRC (1982), Piott and Schau
(1983} and Watsonm et al. {1984),

4.8.1 Economy and Nork Force

The primary economic bases of the Tri-Cities MSA are the activities at Hanford, serv-
ices, wholesale and retail trade and manyfacturing (NRC 1982; Piott and Schau 1984). Domi-
nant sectors of the economy in 1983 include services (27% of nonagricultural employment),
wholesale and retail trade (20%), manufacturing (18%) and government (i7%), The contract
construction work force declined from 13,550 in 1981 (21% of the nomagricultural total) to
5,620 (10% of the nonagricultural total) in December 1983 {Piott and Schau 1983, 1984}, Much
of this decline was due to the completion, deferral, or cancellation of myclear power plant
construction. The Washington Public Power Supply Systam (WPPSS), the major non-00E-related
employer at Hanford, had about 2,200 employeas as of March 1984, This is expected to decline
to about 1,600 after uUnit 2 becomes fully operatfonal. About 13,000 persons ars emplayed on
COE-retated projects at Hanford {July 1983). Agricultural employment in Senton and Franklin

Countiss varies seasonally from a low of aboyt 2,000 to a high of about 5,000 {Piott and
Schauy 1383).

The average annual per capita income, including agricuttural payroils, was about 38,300
in 1982. As of September 1985, the unemployment within the Tri-Cities was 7.5% compared with
7.2% for the state and §.9% for the nation (personal communication, Schau 1985).

Cartain projects possibly could compete for workers employed in disposal of Hanford
high-level and transuranic wastes. These include the construction of a basalt waste isola-
tion facility for disposing of commercially generated radiocactive wasts (and perhaps defense
#aste), with a projected peak force of 1,100, and the expansion of Priest Rapids and Wanapum
Dams, with a projected peak work faorce of 1,100.

From 1970 to 1982, housing units increased 94.3%, following increased pepulation and
emplayment that accompanied WPPSS projects in the mid-1970s (Watson et al, 1984)., The number
of housing units grew at an annual average rate of 7.8% from 1973 through 1981. Righland,
Pasco, and Kennewick alT have experienced sharp declines in housing growth sinca 1981 (Watson
et al. 1984), Housing units in 1982 in the Tri-Cities totaled about 58,000 with §9% being
single=family units, 20% multifamily units, and 11T mobile homes (Tri-Cities Real Estate

1983}, The total vacancy rate in the Tri-Cities MSA fn 1983 was about 8.5%, or 5,000 vacant
housing units (Watsom et al. 1984),

4.3.2 Popylation

There were about 340,000 people residing within an 80-km radfus of the 200 Arsas accord-
ing to estimates based on the 1980 census (Figure 4.11). The projectad popuTation within an
30-km radius of the 200 Areas for 1990 is about 42,000 (Sommer et al. 1981).

(a) An MSA is a designated population nucleus and surrounding areas that are part of the
same economic and social structure. It comprises a single city of 50,000 population or
more plus the surroundfng associated areas or is a generally urbanized area of more than
100,000 population. The MSA usually follows county boundaries,

4,32
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The estimated population of Benton and Franklin Counties from 1981 to 1990 varies from a
decline of about 8% to an increase of about 8%, depending on different assumed economic
factors. These factors include the restart of construction of WPPSS reactors, possible

changes in agricultural growth, or the start of new DOE-related projects {Watson et al.
1984},
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Hanford Reservation Area Workers Census, BNWL-2298, July 1977

of /7

e i s T e L TS



"*fe-ii.'u;a R
‘n”m*m,ﬁ

yoi
de s

4

e

v S,

R 4

DM

o

“u(‘d\.- .KI‘Jf g u‘\ s
a P“ 3

.. u

)mt-e' 11-\.&32_.'" rf

e S ohmna A Y Ta Ay A Ly g laginrs g S N
VI& et T -uL.p.u v ohmp ) A mad - : i ! y by g Ve ¥

v ‘:!;lv., ¥ Q\ . paen REEIE - SRS 3 5 ge% Lol P gore - d Tp iR v‘\u
TR S d : - ] . . . E RS- : . X -a.nr.\-‘. r.,-uv
: . A ! ) ! - ey b, IR ) 3 T2, &

. ; : :

N N i
L N ) R Ty
NPT E S RPN e Treisa ol ey foq Ty il

: b .

U OV froag '.‘3"‘.“'!‘(.-'~“ .. 3 gt N b h %
Fl T f 5 . . .

L3S




9 2

TABLE 1. Concaentration of Hanford Resarvation Workers

by Site

Number of Percent

Site Workers gf Total
100 760 §
200 E&W 2,355 18
WPPSS #1,2,44 _ 2,945 20
FFTF ) 2,420 16
300 3,110 21
Battelle, ot al. 3,345 22
TOTAL 14,895 100

Whije the worker counts being rsportad by Reservation employvers are usually
shown concentrated arcund a designated site, in reality a substantial partion
of thaese workers are likely to be distributed over the surrounding area. For
convenience, however, thay are credited to such particular sitas as 200 East,
200 West, WPPSS 1, 2, & 4, etc.

Identification of shift workars posed some reporting difficulties since
some firms run four shifts while most of the athers conduct their gperations
in three. The 100 Area was a special problem since these warkers gparate agver
a wide ar2a. Regardless, all workers have heen accounted for in this c¢2nsus
although some of the shift counts may be approximata.

DISTRIBUTION OF WORKERS BY RADII AMD COMPASS DIRECTION

Figure 2 maps the distribution of Hanford Reservation workers by work shift
over intervals of one-mile radii and 16 compass directions centeéred at the Purex
Plant. These same worker distributions are repeatad in Figure 3 without the
maped Reservation Area as a background. As a tabulating convenienc2, sector
parcel counts have been rounded to units of § and 10, but were adjusted to the
total count for the sesarate companies. {Because of confidentiality, worker
counts for the separate companies are not being presentad hers.) For batter
readability, sector counts within the first two mile radii from the Purex Plant
center are presented separately at the bottom of the 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 increasas.
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REFERENCE 12

Hanford Wells, PNL-5397, February 1985




]
WELL INIT.
DESIGHATION CASING  DRILL DEPTH DEPTH TO  MIN-WAX DATE
m—————— ~~~ COORDINATES ELEV. DEPTH (PT) 10 DIA. BOTTOM  PERFORATED COMP. FORMER
EMA NO. { FT-HSL) {PT] WATER (IN) {FT) DEPTH (FT) {M-Y) DESIGNATION COMMENTS
M $35558
1199 36 18 R 371.71 26 36.0 26 -8 P20 COVERED OVEK
E 918156
N 835888
1199 36 1% R 368.51 29 29 -8 F-51 COVERED OVER
E 019388
N 837258
1199 37 8 R 373.67 -0 P-4 COVERED OVER
E 087608 , .
N 837898
1198 317 13 R 496.28 52 52 -0 P49 COVERED OVER
E #13394 ‘
¥ 036589
98 37 19 R 373.71 36.9 -8 F-11 COVERED OVER
£ 818771
N 937856
1199 38 11 R 362.26 1) 6-8 98 g-44  3888-D-4
E 018621
w N 938585
S L9 33 1A R 367.15% 188 6.0 188 9-44 3009-D-3
E P89526
oyt H 039972 .
o 1199 39 188 R 362.61 54 _ 6.8 54 8-44 3088-D-2
T E 010168
2
Ty H #38031
e 1199 393 16A R 366.02 62 17.9 63 22 - 58 §-48  1848-E
) E 015384
LN M 938290 :
5 Q)\ 1199 39 168 R 371.01 118 8.8 118 3-40  3908-5
' E 015848
1
! N 839897
- 1199 3¢ 16C & 385.77 15 24 208 75 4 -1 5-48 3808-D
, E #1562}
N #13394
1199 39 160 R 371.17 64 18 2.8 64 12 - &2 5-48  0P8-C
™~ E 815945

L*21 *48y -




REFERENCE 13

Memo to file from RD Stenner Regarding Franklin County Drinking

Water Wells based on conversation with CL Bates, August 26, 1987
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MEMO TO FILE
Date: 8/26/87 L
From: R. D. Stenner .

Re: Franklin County Private Wells that Fa]] Woiithin the 3-Mile Radius
of the 1100 Area

Mr. Clifford L. Bates of the Benton Franklin District Health Department
was contacted by a representative of the HRS evaluation team regarding
information on the number of wells within the subject boundary. Mr. Bates
has a map of Franklin County in his office showing the location and nitrate

levels of drinking water wells that he is aware of. There may be other wells
that have not been reported to him.

The number of wells, as determined from the above referenced map, within
the 3-mile radius of the 1100 Area Site is 5. These are all private single

dwelling wells. Using the 3.8 people/private well factor, the total number
of people served by these 5 wells is 19.
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REFERENCE 14
General College Chemistry, 4th Edition, Harper & Row
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SOLUTINN

{iow much electricity will be required to decompose 1 Ib  One mole of water (18 g) contains 2 equivalents of hydrogen
-434 g) of water by electrolysis? The overall reaction is: (2 g) and 2 equivalents of oxygen (16 g). The equivalent

weight of water is therefore 9 g. This weight of water will be
decomposed by the passage of 1 faraday of electricity
(yvielding 1 g of hydrogen and 8 g of oxygen}. To decompose
1 1b of water, the following amount of electricity is needed:

2H,0 =— 2H, + 0O,

4
__:488 x 1 faraday = 50.4 faradays |

Y]

The production of electric power by chemical reaction is familiar to us in exampies
such as the automobile lead storage battery® or the flashlight battery. During the
discharge of a battery, spontaneous reactions occur and the action is that of a voltaic
cell. #a l‘attery can be recharged. forced reactions of electrolysis occur which regen-
erate the original reactants.

~canwrawscr ool The storage battery of an automobile can be recharged, so it acts
both as a voltaic cell and an electrolytic cell. The battery is constructed of alternate
plates of spongy lead and lead dioxide, separated by wood or glass fiber spacers, and
immersed in an electrolyte, an aqueous solution of sulfuric acid (Fig. 18-8). When the
battery supplies current, the lead plate, Pb, is the negative pole and the lead dioxide
plate, PbO,, is the positive pole. The following changes take place.

’iﬂ ’W‘ H25Ca and H;0
. . ) i 2%

, A -

PbO,; + 4H* + 20~ — Pb¥* + 2H,0 Pb—=PbE" + 28”

Pb*t + 50,5 = P1S0, PHZ* + §0,% ~=PbSO,

Schematic representation of the lead storage battery.

* The word battery was originally used 10 designate a serjes of voltaic cells. but il is now popularly used to

d;:ote any voltaic source of current. sither a single dry-ceil “battery” or the several ceils of an automobile
“battery.”

Electrochemistry; Oxidation-Aeduction Equations 19

4
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REFERENCE 15

Geology and Hydrology of Radioactive Solid Waste Burial

Grounds at the Hanford Reservation, Washington

USGS 1976 open file: 075-625
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Dispersion brought about by such ground-water movement may account

for the tritium in the ground water at the west end of Gable Butte.

Although the tritium in the 200 Areas is not shown as being connected

with the tritium north of Gable Butte and Gable Mountain, it is con-

ceivable that tritium could move into this area by ground-water flow

_ around the west end of Gable Butte northward through the gap between

Gable Butte and Gable Mountain. The Columbia River water that entars )
the ground is unlikely to be the source of the tritium concentrations
that are mapped. The river water has a tritium concentration on the
order of 2 pico curies par mililiter (pCi/me) (Bromson and Corley,
1972, p. 1), whereas wells §99-72-88, -72-92-0, -72-98, which define
the extent of tritium contamination at the east end of Gable Butte have

water with tritium concentraticns of 20 to 30 pCi/me (Kipp, 1973, p. 22).

Conditions at the Solid Waste Burial Grounds

The burial grounds and other solid waste storage sites can be
divided into two categories: (1) those lying ih the Tow terraces adjacent
to the Columbia River mainly at the 100 Areas and the 300 Area, and (2) those
lying on the high terrace south of Gable Mountain in the 200 Areas. The
burial grounds in the first category are inactive except for 2 sites in
the 100 F Area, one in the 100 K Area, and one in the 300 Area where mainly
laboratory wastes are being huried, and the 100 N Area where fuel element
spacers are stored. Most solid wastes are now being buried in the 200 Areas.
The waste material contents (including radionuclide activity) of the

burial grounds are not well known for alT burial grounds, because precise

28
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records of disposed materials were not kept until recent years.
Karagianes (1972) describes the inventory of radicnuclides in the
solid wastes on the basis of records and indirect estimates.

Included in the present report, as appropriate, for each area
containing burial grounds, are:

(1) site maps of production areas, showing facilities, which were
obtained from Vitroe Engineering Division. * Added to these maps by the
authors were burial grounds, weils and test borings, water-table contours,
lines of geologic sections and grid lines for the Hanford Plant and other
special coordinate systems. These site maps, as obtained, are not
accurate as to scale. They are not available for those burial grounds
outside of production or laboratory areas.

(2) Plan drawings showing.grid lines, burial grounds, wells, and
1ines of cross sections, which were used as a basis for constructing
geologic c¢ross sections. '

(3) Geologic cross sections showing profiles of the land surface
and water table, and the character of the geologic materials as indicated
by well records. )

Monitoring well data on ground-water contamination are also
discussed. These data were reviewed with the intention of determining
their suitability for defining the movemeﬁt of radionuclides that may
occur from solid waste burial grounds. Monitoring well data for the

period 1967 to the present are tabulated in the Battelle Northwest files

23
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by well number and were available to the project. Prior to 1967,

the data are recorded on laboratory analytical reperts by sample batches.
Most of the monitoring data collected prior to 1957 had been placed in
permanent storage in a federal reccrds repository at Seattle, Washington.

None of these data in permanent storage was inspected. It proved imprac-

_ tical to follow the monitoring history of more than a few selected wells

in detail throudh the period 1957 to the present because of the difficulty
of extracting data for individual weils from the records.

Some general obsarvations can be made on the utility of the monitor-
ing data with regard to the solid waste burial grounds. The monitoring
wells on the Reservation were constructed with the intention of detecting
movement of radionuclides from cribs, swamps or sumps, and other liquid
waste disposale facilities. However, with the exception of § menitoring
wells (designated by the prefix S§-E4) near the 300 Nortg Burial Ground,
where 2 c¢rib is also located, the p1a€ement of a2 monitoring well near a
solid waste disposal site was bnly by happenstance, or the result of
geographic proximity or superpositioﬁ of solid and ligquid waste disposal

areas. Only about 5 wells (other than the S6-E4 and 200 Area wells) are

sftuated so as to intercept contaminants leached from the solid waste

burial grounds. [t appears, however, that any contaminants that may

have been Teached from so]id waste burial facilities are masked by the
contaminants from 1iquid waste disposal,
At few wells was monitoring carried through a long period of time

for more than one chemical constituent or type of radioactive determination.
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The records are fragmentary apparently because myltiple types of

analyses were only continued Tong enough to trace the passage of a
particular plume of contaminants that was anticipated to pass a well,

The number af analyses was reduced as the level. of concentration of .
the contaminant decreased. Tritium content, beta activity, and nitrate
concentration are the most commonly analyzed characteristics or
cﬁnstituents. The detection limits of tritium and beta activity have ~

varied, over the years making comparisons within one record difficult.
Tritium should be an indicator of ligquid wastes from hath rgactor and
fuel reprocessing plants. have ait iguid or solid

wastes as_the source. Alpha activity, which is only selectively analyzed

near some cribs, may be from either solid or liquid wastes. Nitrate in

large concentrations is associated with Tiquid wastes, but is n&tural1y
present in the ground water in low concentrations. Some nitrate may
also be present from agricultural ferfilizers, used mainly prior to
building of the Hanford Works. The spectrum of analytical data appears
to be inadequate to define selectively the ﬁaterials that may be

leached from the burial grounds.

100 B Area
The 100 B Area, the most westerly of the reactor areas, is approxi-
mately centered on Hanford coordinates N70,000 and W80,000. It contains
three burial grounds, one east of the 105-B reactor, one east of the
105-C reactor, and in the southwestern part of the area (fig. 11). The

durial ground east of the 105-C reactor is considered terminated and

3
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i{s monumented. The other two burial grounds are unused but as of
January 1973 were not officially considered terminated. The locations
shown for these latter two burial grounds are approximate within an
error of about 50 feet. :

Surficial materials in the 100 B area are sand and coarsa gravel
and the burial grounds are backfilied with the same material. The
two burial grounds east of the 105-B and 105-C reactors are on flat or
gently sloping ground with no prominent surface drainage.

At the burial ground in the southwestern part of the area,

individual burials are marked by concrete posts with brass identifica-

tion plates. The general land slope is to the north. There are no
prominent surface drainage features at or near the burial ground. A

small area immediately north of the burial ground is 6-8 fegqt higher

. than the northern end of the burial ground. It is possible that runoff

could accumulate on the surface at the north end of the burial ground
and infiltrate into the ground.

Water-level data are insufficient to define the slope of the water
table and the direction of ground-water movement. Although the figure 8
water-table shows no contours in this area, the approximate position
of the 400-feet water contour is shown in figure 11. The regional
direction of flow is generally toward the river in a northern or northe
westerly direction. During times when the Columbia River is at high
stage, bank storage entering the ground reverses the gradients and

water flows away from the river.
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The geologic units underlying the 100 B area along section F-F
(fig. 12) are shown in figure 15.

The burial grounds are 50 to 70 feet above the water table, which

lies within the glaciofluvial deposits as shown in figure 13. Except

when the river is at high stages, it is probable that radionuclides

ey

carried downward to the water table by percolating soil water, would .

_move to the Columbia River through the permeable glacial deposits.

The Yakima Basalt lies at altitudes of about 100 to 200 feet below sea
level. There is a 500- to 600-foot thiékness of Ringold sediments

!
including the lowest "blue clay” zone between the glaciofluvial depasits

and the Yakima Basalt. It is unlikely that radionuclides from the

100 B Area burial grounds would enter the basalt in the immediate area

before being dischargad to the Celymhia River,

[:ﬁrcund-water samples to monitor radicnuciide concentrations were

collected at wells 199-B-3-2 and 199-8-4-4. At well 199-8-3-2, 4 water
samples collected in 1956-57 showed Beta activity on the order of 103
pCi/e, which probably was the detection limit at that time.{ A later
series of sampies beginning in 1967 and collected at intervals varying
from monthly, quarterly, to semi-annually, with an 18-month period of
no record during 1967-69, showed maximum concentrations of about

5x 103 pCi/L which declined during i969 and 1970 to about ]0'2 pCi/e
Several samples taken since 1962 contained 1 to 3 ppm nitrate. As this
well is close to a crib and detention basins (107-8, 107-C), it is

presumed that the radiocactivity resulted from reactor cooling water
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building. Segment G is south of the 105-DR building. The OR Gas
Loop site south of the 105-DR building is also considered as a solid-
waste burial by Karagianes (1972, fig. 14).

Suyrface materijals at all burial grounds in the 100 D area are sand
and coarse gravel,-containing cobbles, with a sparse-vegetation of
weeds. Burial ground no. 1 is marked by monuments, and surface drainage
is east and northeast to a swale southeast of the 105-DR building.
Burial ground no. 2 is monumented. [ts surface is smooth to gently
rolling and has no prominent drainage features. Water could collect in
subtle depressions on the surface. In general, surface drainage from
burial grounds no. 3 and 4 would be soﬁther1y to a swale southeast of
TOSQDR building. Within burial ground no. 3 are bladed-up mounds of
soil and an apparently active treqch at .its east end.

The water-lTevel data for 2 wells in the area indicate that the water
table slopes nortﬁer]y (fig. 16). Ground water that recejves any radio-
nuclides from the burial grounds should move to the Columbia River within
a few thousand feet of the burial grounds during Tow and normal stages.
When the 107-D and 107-DR detention basins were operated, a ground-water
mound doubtless was built up to sufficient altitude to cause ground

water to move easterly and southeasterly to the Columbia River at the
oppesite side of its bend around the raservation.

The cha;acter of the materials underiying the area along section

line G-G' (fig. 15) are shown in figure 16. The bottoms of the burial

35
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grounds are about 55-65 feet above the water table. The saturated
zone extends 5-15 feet above the base of the glaciofluvial deposits.
Radionuglides reaching the water table from_the burial grounds would

move to the river mainly through the glacial deéosits. The surface of

the Yakima Basalt is indicated to be at an altitude of about 100 feet

by Brown (1962, fig. 6). [E; is unlikely that radionuclides leached
from the burial grounds would enter the basalt at or near the 100 D area
before the ground water discharges to the Columbia RivéE:?

Wells 199-0-2-5 and -0-5-12 have been monitored for Beta activity,
tritium, and nitrate in the grﬁund water.. These wells possibiy inter-
cept radioactivity moving from bﬁria] grounds nos. 1, 3, and 4. Beta
activity at well 199-D-2-5 was monitorad on a monthly to quarteriy basis
from 1967-69. A single sample taken prior to this monitoring period had

a Beta activity of about 5 x 104

pCi/e. This and two samples taken during
March and April 1967 showed a greater level of Beta activity than the
other samples, which consistently had a Beta activity of about 102 pCi/e.
At well 199-D-5-12 Beta activity was monitored from mid-1967 to present.
Unfortunately, the record at this latter well does not extend back ﬁhrough
the period when the relatively high Beta activity was obtained at

well 199-D-2-5. The character of the fluctuations in Beta activity at

199-D-2-5 suggest either that a winimum of two small slugs of contaminants

passed that well in a short period of time or that the samples were
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contaminated during co11ectionz::%he Beta activity at well 199-0-5-12
has been rather uniform within the range >102 to 5 x 102 pCi/e. The
tritium and nitrate content of water samples from these two wells were
determined for 1971 and 1972. At well 199-0-2-5 tritium rose from

3 4

about 4 x 10° to 10" pCi/e and nitrate rose from 2 to about 75 ppm during

19771-and 1972. At well 199-D-5-12 tritium fluctuated between 6 x 103
and 104 pCi/2 during 1970-1972 and nitrate rose from about 10 to about

65 ppm from 1971-1972. Both monitoring wells almost certainly are inter-
cepting wastes moving northeastward from the 100 N area where a ground-
water mound has been built up by dischgrged waste water. Such a directicn
of movement is indicated by figures 9 and 10. It appears that the
contaminants reaching these wells from the 100 N Area make the record
obtained from them of iittle value in evaluating the possibiIify that

radionuclides may be entering the ground water from the solid waste

burial ground. f

The 100 F Area is on the eastern limb of the bhend of the Columbia

100 F Area

River at Hanford Plant coordinates N79,000 and W31,000. Terminated
and monumented burial gfounds nos. 1, 2, and 3 are in the southwest
quarter of the area (figs. 17 and 18). Battelle Pacific Northwest
Laboratories operates a burial ground for radicactive refuse from bio-
logical experiments at the south side of inactive burial ground no. 1.
Battelle PNL also operates the so-called Sawdust Repository, east of
the 100 F area, where litter from animal pens containing small amounts

of radiocactivity is buried as a land fill.
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The soil material at the inactive burial grounds is sand and
coarse gravel. Vegetation is sparse. The surfaces of the burial
grounds are graded fairly smooth. At burial ground no. 2, the land
surface is several feet above swales and linear Aepressions bordering
it. Wind deflation appears to have removed some of the soil cover
from an area on burial ground no. 2. _

The water table 1; not clearly defined by the ground-water level
information for the area but it appears to-slope northeasterly toward
the Columbia River. There may be a low ground-water mound built up
in the vicinity of the 107 basin as a result of wastas water qischarge
from the Battelle laboratory operation.

The water table lies within the glaciofluvial deposits, as shown
in figure 19, and is within 10 feet of the land surface at the southwest
part of .the 100 F area. The depth to water increases northeasterly
across the area, mainly because of a rise in the land surface. The

water table is close to the surface in the area where burial grounds

nos. 1 and 2 are located. Conceivably the water table could rise into

burial ground nos. 1 and 2 as a result of & high stage of the Columbia

River, Burial ground no. 3 and the Sawdust Repository are on higher
——

ground and the depths to the water table are somewhat greater. The
water table lies within the glaciofluvial deposits, through which the
ground water from the vicinities of the burial grounds can move freely
to the Columbia River within distances of a few thousand feet. The

Yakima Basalt 1ies at about sea level beneath the 100 F Area, and 300

- feet or more of the Ringold Formation lies between it and the glaciofluvia
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deposits. It is unlikely that radionuclides leached from the byrial

grounds would enter the basalt before reaching the river.

Monitoring records of radicactivity at wells 199-F-5-1 and
199-F-8-1 were inspected. Water sample analyses on both these wells
are sparse. Thirteen samples analyzed for Beta activity from well
199-F-5-1"from 1956 to 1962 indicate that some contaminants reached
this well in 1958 and persisted through 1962. Source of these radio-“-
nuclides probably was the 107 detention basin or a nearby crib. Samples
analyzed for Beta activity in 1967-68 were at laboratory detection
levels. Tritium and nitrate analyses for 1971-72 indicate that negli-
gible concentrations, if any, of these contaminants were in the ground
water at this well. It is improbable that continued surveillance would
provide any data useful in eQaIuating the burial grounds. The well is
too far from the abandoned burial grounds and not in the path of ground
water moving below the Sawdust Rqusitory, but samples from it may show
if radionuclides move away from the crib, |

Well 199-F-8-1 is near burial ground no. 3 but the well appears
to have been installed to-monitor 1iguid waste discharge to a crib
between it and well 199-F-8-2.7 Few anajytical data wers found for
this well. Four analyses for nitrate in 1962-63 indicated that the
water in the well was contaminated {11 ppm) in June 1962, but the

other 3 samples contained about 1 ppm. A later series of analysas for

1971-72 showed nitrate concentrations varying between 55 and 75 ppm. i
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Tritium content for this same period was fairly constant at about 2 x 10

pCi/t. Well 199-F-8-1 reflects the contaminants in a large body of

1

polluted ground water which partly underiies the 100 F area. This body of
/———;

——

polluted ground water is shown in figures § and 10. The source of the

e .
polluted water may not be the 100 F area. This water may have moved

eastward from the reactor areas on the western limb of the bend on the
Columbia River, or it may have moved northward between Gable Butte a;d
Gable Mountain from the 200 Areas and then eastward. Monitoring records
of nitrate north of Gable Mountain are too few to define the source of

this body of water, Beta activity was not determined for the wells in

the 100-F Area so it is not known if radionuclides gther than tritium
Ty

are associated with the—high nitrate concentrations. The value of

e,

iy

well 199-F-8-1 is suspect in monitoring radionuciide movement from the
burial grounds because of the possibility that contaminants from another

source have moved into this area. '

100 H Area
The 100 H Area is the most northerly of the reactor areas and is
well within the bend of the Columbia River. The Hanford plant coordinates
N95,000 and W40,000 intersect within the area (fig. 20). Burial grounds
nos. 1 and 2 are about 1,000 feet southwest and about 1,200 feet
west, respectively, of the 105 reactor building. Both oflthese burial
grounds have been terminated and are marked by monuments. They are

built up a few fest above the apparently original land surface by a fill
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of sand and coarse gravel. Burial ground no. 1 is bounded by broad
swales. Shallow closed basins have been formed in these swales by
artificial fill for a road cutting across the burial ground and by
fi11 for the railroad 1ine to the east. Burial ground no. 2 is in a
flat area which appears to have been modified from the original topo-
graphy. A few small shallow depressions lie along its margins.

The geologic materials along a line J-J' across the area (fig. 21}
are shown in cross section in figure 22. The slope of the water table
is not defined by the limited water-level data fn the area. The water
table probably is at about an altitude of 375 feet and Jies within the
glaciofluvial depesits. A significant ground-water mound was built up
by water discharged to the 107 detention basin in years prior to 1965. |
Only two wells (199-H-3-1 and 199-H-4-2) are presently monitored for
water-level altitude. Well 199-H-4-2, the deeper of the two, is
described by K. L. Kipp, Jr. (written communication, 19?3) as tapping
confined ground water, presumably water in the Yakima Basalt. The
water-level altitude in this well appears to be significantly higher
than the water table.

The depth to the water table beneath the burial grounds is about

10 to 20 feet.’ Under present conditions, any radionuclides reaching the

L -J

water table would generally follow a direct easterly course to the

Cotumbia River through a distance of 3,000 to 4,000 feet. At times of

high river stage, however, the direction of ground-water movement may

be revarsed for a time,
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There is a scanty radiological monitoring record available for
well 199-H-3-1. However, data from this well are not significant with
regard to the solid-waste burial grounds. Ground water flowing beneath
the burial grounds would not reach this we11 as long as the former
ground-water mound existed around the 107 basin. [fﬁree analyses made
during 1962-63 showed tritium to be about 10° pCi/z and nitrate to be
10 ppm which probably were caused by local waste discharges. [ Beta
activity, based on 10 samples, during 1967-68, was 102 pCi/e, with one

3

sample of 3 x 10~ pCi/¢, which probably was contaminated during collec-

~tion or was poorly ana1yzed.[:§;mp1es,were again taken from the well

.

during 1971-72 for tritium, which was about 104 pCi/e and nitrate,

n— S

fﬁﬂich was about 8-10 ppm. It would appear from figures 11 and.12 that

these recent samples contain contaminants that entered the 100 H area

a— L
by moving northeastward from the 100 N argzif -
—~ L — e

100 K Area

The 100 K Area is Jlocated at Hanford plant coordinates N76,000
and W69,000. Facilities within the area have been surveyed by a land
grid specific to the area. 3oth the Hanford plant and the 100 K grids
are shown in figures 23 and 24. There is one large burial ground in
that area at Hanford coordinates N77,000 and W67,000. This burial! ground
is not in use but is considered active and is fenced.

The burial ground is on the high river terrace on which the

principal facilities of the 100 K Area are located. The surface materials
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and b&ckfi]i at the burial ground a§e mainly sand and coarse gravel.

These materials have been graded to a fairly smooth surface, which

drains northward toward a large effluent basin. There is a burning

pit a short distance north of the southeast cormer of the burial ground.

This burning pit is 20-25 feet deep at its center. ‘

The water table is inadequataly defined‘by two observation wells

in which water levels are monitorsd. With the shutdown of the 105 KE )

in January 1971 and 105 KA reactors in February 1970, the ground-

water mound built up by discharge 6f yaste water to the ground began to

decay. An experiment duging 1973 at the 100 K Area regquired the pumping

of a large quantity of river water. If any of this water were discharged

to the ground, the water table was again modified. It %s possible that,

at the burial ground, the water table Ties at an altitude of about /
o

390 feet, which is about 60 feet below the bottom of the burial ground.

" The water table is in the conglomerate zone of the Ringold heneath the

southern part of the burial ground and in the glaciofluvial deposits

beneath its northern part (fig. 25].' Radionuclides reaching the ground

water would have 3 direct flow path about 2,000 feet long, northerly

or northwesterly to the Columbia River through the most permeable part

mm——

of the Ringold Formation and the glaciofluvial deposits (figs. 25 and

26). At least a 450-foot thickness of the Ringold Formdtion intervenes
between the water table and the Yakima Basait. The blue clay zone in

the lowermost unit of the Ringold appears to have been reached by

wells 199-K-10 and 199-K-11 at about a depth of 300 feet. LIt is unlikely

that radionuclides from the burial ground would enter the basalt before

reaching the riverz:]
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Radiological monitoring of ground water was done at wells 199-K-11
and 199-K-20. Neither of these wells is placed so as to intercept
radionuciides that may move from the burial ground through the ground-
water body. Well-199-K-5, which is withih the burial ground, was drilled

for subsurface information and its casing was removed. This well was

never used for monitoring. Un i afjlled with care
tg_gggxgns;si:cula:inn_;h:nngh it, it may be an avenue of downward -

movement of radionuclides from the buried wastes.

The radionuclides in the ground water at the 100 K Area apparently

were from local sources such as the effluent trench near well 199-K-20.
This well was sampled 13 times for Beta activity from November 1956

to October 1959 and showed a general rise to about 104 pCi/¢. Ancther
series of Beta activity determinations for the years 1968-72 showed
Tevels of about 10° pCi/e which declined throughout 1970, after waste
discharges ceased, to about 102 pCi/a. Beta activity at well 199-K-11

was low, about 102

pCi/L during the period 1967-69 but the well was not
otherwise sampled for Beta activity. Tritium apparently was released
to the ground localiy within the 100 K Area. Tritium determinations
for the two monitoring wells are few and were made mainly during 1971

and 1972. These tritium data, though inconclusive, suggest that some

tritium-bearing ground water moved southward when waste water was discharged

—~——
to the ground, then moved northward toward the Columbia River as normal

gradients were restored. A large body of nitrate contaminated ground
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water is south and southeast of the 100 K Area (fig. 10) and may
move northward through the area to the Columbia River. The possibility
that wastes originating outside the 100 K Area may move into the area

should be considered if monitoring of the burial ground is undertaken.

100 N Area

.The 100 N Area is located at Hanford coordinates N85000 and W6i000.
Surveying within the area based on a local 100 N grid which is shown
on figures 27 and 28 along with the Hanford grid. The only radioactive
solid wastes stored in the 100 N Area are used fuel element spacers,
which are stored in a céncrete subsurface structure containing three
silos northwest of the 105-reactor building. The spacers may be retrieved
through hatches in the tops of the silos. There is no likelihodd of
radioactivity from the spacers entering fhe soil materials as leng as
the storage structure is .intact.

The surficial materials in the 100 N Area are principally sand and
coarse gravel of the glaciofluvial deposits. These are underlain at an
indefinite depth by the middle conglomerate unit of the Ringold Formation.
The upper surface of the Ringold may range from about an altitude of
350 feet near the Columbia River to about 400 feet in the eastern part
of the 100 N Area (figs. 29 and 30). At well 699-36-60, where the top
of the Ringold is at an altitude of about 400 feet, the top of the blue
clay unit is at an altitude of about 360 feet,

A large ground-water mound has been built up to an altitude of

more than 400 feet, more than 20 feet above normal river stage, where
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waste water is discharged to the ground in the northeastaern part of
the area. Ground water has moved in ail direction; from this mound.
The eastward moving ground water probably has carried contaminants

into the 100 H and 100 F Areas. Radionuclides éntg;ing_zng_ggggﬂd-

water body from the spacer storage will move toward the Columbia River

under the influence of the high artificial ground-water gradient from

this mound. If waste-water discharge were stopped and the mound
——
decayed completaly, movement of ground water beneath the spacer storage
facility would still be toward the river but at a lower velocity. How-
ever, at times of nigh stage of the Columbia River, there would be a
movement of water eastward beneath the spacer storage facility. In
fact, during high stages, water might move in the subsurface across
the part of the reservaficn enclosed by the bend of the river and
eventually eﬁter the river (after it had returned to normal stage) in
the reach that includes the 100 H and;10Q F Areas.

Although several completed wells are in and near the area of
waste dischargg, only test boring data are available on the subsurface
materials in the southern two-thirds of the 100 N Area. Samples for
radiological monitoring are collected regularly at wells 199-N-3,
199-N-4, and 199-N-10 near the waste discharge. Beta activity. tritium,

and nitrate concentrations are available and originate from reactor

liquid wastes.

an——
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300 Area

The 300 Area is in the southeastarn part of the Hanford Reserva-
tion at S 24000 and E 13000 of the Hanford piant'cnordinate system.
Facilities in the 300 Area are referenced to the Richland coordinate
system. Both systems-of coordinates are shawn in figures 31 and 232.

The burial grounds in or near the 300 Area are designated no. 1,
2, 3,4,5,7, 8, and 300 West. Of these burial grounds, only no. 7
is still receiving solid wastes. Burial ground no. 1 is east of the
333 building at plant coordinates S 24000 and E 13400 and is marked
by monuments. Part of its surface is paved with asphalt and the remainder
is graded smooth. Two small steel buildings are on it.

Burial ground nos. 2 and 3 are side by side a short distance north
of burial ground no. 1 and are marked by monuments. Surficial materials
are sand and gravel. A few minor depressions occur in the surface.
Surface drainage is to the north. !

Burial ground na. 4 is north of the 300 Area and is marked by
monuments. Surface materiqls are sand and gravel. ft is in a broad
shallow swale that drains eastward to the Columbia River. Fill placed
in the burial ground has blocked drainage through the swale and created
a surface depression centering on the burial ground. The depression
may also be partly caused by compaction of buried materials. With the
present condition, runoff can collect on the burial ground and seep

through it. The burial ground may also be susceptible to erssion by

—————

runoff, if the fill is washed out. | S

L
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Burial ground no. 5 is also located in a swale about 1,000 feet
southeast of burial ground no. 4. A burning pit, the use of which was
discontinued in 1973, 1is within the monumented confines of the burial
ground. Excavation and backfilling for the burials has considarably
modified the natural drainage. The swale has been blocked by fill at
the downstream end of the burial ground and an excavation was made on
the upstream end. As with burial ground no. 4, burial ground no. 5 may
collect runoff that will infiltrate through it, and it may be eroded
by surface water.

Burial ground no. 7 is northwest of the main facilities sector of
the 300 Area. It is marked by steel posts and a chain. Surficial materials
are sand and coarse gravel. Natural topography consists of rolling prairi-
with 8-10 feet of relief. Operations at the burial ground have considerably
modified the surface at places. In January 1973, a trench was open in the
northern part of the burial ground in which a variety of solid wastes had
been placed. These wastes contained such items as stainless steel and
aluminum vessels, a tank truck body, machine equipment, a wooden ladder,
and various packaged wastes. Presumably these materials were only slightly
contaminated by radicactivity as access to them was controiled only by
radiation signs. '

The 300 West burial ground is about 1000 feet southwest of burial
ground no. 7 (fig. 32) and is marked by monuments. It is a small burial

ground about 20 by 140 feet in dimension. The surficial materials are sand
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and gravel. The topography of the burial ground and surroundings is
gently rolling. The 300 West burial ground contains uranium-bearing
solvent in steel drums which were buried in 1955-56.

The water table heneath the 300 Area is affectad by waste water

discharges to the north and south process ponds. A low ground-water

e,

— -

_mound-has formed beneath the pands (fig. 31). This mound causes ground

water that normally would move beneath the burial grounds, to follow

circuitous courses to the Columbia River. The water-level data gn the

300 Area are insufficient to allow the flow paths from the burial grounds

to be traced. If waste-water discharges wefe stopped, ground water

should flow easteriy directly to the river after the mound decayed. A1l

e ———

of the burial grounds are close enough to the river, so that ground-watar

e

flow beneath them is reversed when the Columbia attains high stage in

late spring.

The relationships of the burial grounds to the geologic materials
and the water table are shown in the cross sections of figures 33 and 34.
Within the 300 Area, the water table lies at a general altitude of

about 342 feet. [The more éasterly burial grounds are about 20 feet above
-'i“‘-.__ d

the water table; the westeriy burial grounds are about 40 feet above it.
The water table lies in the glaciofluvial deposits, w;?:;_;;e underlain
by the midd]g conglomerate unit of the Ringold Formation. Hydraulic
data show that the water-bearing materials in the 300 Area have a high
transmissivity and the movement of water to and from the Columbia occurs

at a high rate (Tillson, Brown, and Raymond, 1969). The surface of the
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Yakima Basalt is at an altitude of about 200 feet. There is a
saturated section of about 140 feet of Ringold Formation and glacio-
fluvial deposits above the basalt. The Yakima Qasalt probably is
involved little, if at all, in the movement to the river of wastes
originating in the 300 Area. |

Radiological and chemical monitoring data are availablie for 14

of the wells shown in figures 31 and 32. T:igigg‘ggg_ngx_gg;g:miped

3

A but alpha activity and Cr+6 and F~ concentrations, as well as beta
GF activity and nitrate concentrations, were measured in ground-water
sampies.
”-’_-

Apparently all of the contaminants observed at these wells are

-

locally introduced by liquid waste discharges, principaliy to the process

———

ponds. The concentrations of contaminants observed at wells decrease

in a general way with distance of the well from the process ponds.
Radicactivity in the ground water 1s‘caused mainly by urarium (Kipp,

1973, p. 23). Beta and alpha activities generally are low. In wells
4

near the ponds, beta activity occasionally reacnes levels of 10

E - or somewhat higher, but generally is not much higher than 102

pCi/e
pCi/a.
E Nitrate is the principal chemical contaminant having reached concentrations

?f greater than 100 ppm in the ground water near the ponds. Nitrate detsrmina-

tions on wells 399-8-1, 399-8-2, and 299-8-3 indicate that wastes from

the process ponds probably have moved beneath even the most distant
| f . burial grounds. /
! e —
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300 North Burial Ground

The 300 North burial ground is about 2-1/2 miles north-northwest
of the 300 Area at Hanford plant coordinates S 6000 and E 3000 (fig. 35).
Its boundaries are delineated by monuments. The burial ground is in
an area of undulating topography with 10 to 20 feet of relief between
swales and hillocks. There is no plant topographic map for this area.
Altitudes are available for wells and the corners of the burial ground
(fig. 35). The profile of the topography shown in figure 36 was based
on the U.S. Geological Survey topographic map of the Richland quadrangie
(contour interval, 20 feet).

Surficial maferials are sand and coarse gravel. Surface drainage
from this area is eastward to the Columbia. However, the burial. ground
has been graded with earth-moving machines, is poorly drained, and may
be in a closed basin. Seven wells were drilled east and southeast of
the burial ground. Five of thesa wells/were found in 1973 to be still
in existance. Apparently one of the wells was a production well which
supplied water to wash out truck bodies after wastes were delivered to
the buyrial grouna. It was reported that this wash watar was dispoged of
in a ¢crib adjacent to the burial ground.

The ground-water level is monito;ed near the burial ground at
well 699-56-E4C. This record indicates the water table to be at an
altitude of about 370 feet. The water table is within the permeable

glaciofluvial deposits, as shown in figure 36. The water table is about

.ié_feet beneath the bottom of the burial ground.. The Hanford water-table
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map (fig. 8) indicates that ground water moves easterly from the .

burial ground to the river, The map of tritium concentrations in

ground water (fig. 9) shows that there is a preferential movement

- ad

indicated by the most southerly segment of the waste plume extending

from the 200 West Area. In general, the direction of ground water

should roughly approximate the line of section of figure 36. The iength
of the flow path from the burial ground to the river is on the order of
2 miles.

Monitoring of ground water at wells 699-2-3, 639-56-£4C, and
699-511-E£14 indicate that wastes from the 200 West Area have appeared
at all three wells. fjﬁ;we11 699-2-3 tritium reached a level of >103
pCi/e in 1969, indicating that contaminants were present. Tritium

Al

increased to 2 x 104 pCi/% by October 1972. Nitrate content it this

well increased in 1970.tn 16 ppm and ha;—;;;n rather erratic in concentra-
tion since, but at levels generally of 7.5 to 10 ppm. Beta measurements
were discontinued at this well before the arrival of the tritium.

At well 699-356-E4C piezometers 0 and P have been sampled. Piezo-
meter O is 148 feet deep aﬁd piezometer P js 460 feet deep. The shallow
ground water is not monitored at this site. Beta activity has not been
detarmined since 1969. However, tritium and nitrate appear to have been
present as contaminants in small concentrations. In the shallower piezo-
meter, nitrate was as high as & ppm in 1963. Tritium has fluctuated in

recent years from 5 x 102 to 103

pCi/e. In the deeper piezometer, tritium
fluctuations were similar but nitrate did not rise above 3 maximum of

about 2 ppm.
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At well 699-S11-E12 nitrate concentrations rose to 6 to 11 ppm
____‘.——-—————-—-—'-—"-

during 1971 a h definjtely indicate the arrival of wastes
Bata activity was not mopitored. Tritium was reported at low levels

4 pCi/l,

during 1971 and 1972, excapt for one measurement‘of 7.7 x 10

which probably resulted from a contaminated sample or & poor measurement.

300 WYE Burial Ground

The 300 WYE burial ground is about 7-1/2 miles northwest of the
300 Area and 3-1/2 miles west of the Columbia River (fig. 1). The
burial ground is inactive and is marked with monuments. The WPPSS
(Washington Public Power Supply System) Hanford No. 2 generating plant
is under construction to éhe east of the burial ground.

The burial ground is on one of the lower river terraces with an
altitude of 440 feet and with a topography characterized by areas of
rolling prairie and intervening broad, flat meadaws. There is no
plant topographic map of the burial gro%nd area. The authors have
drawn contours of the area, shown in figure 37, on the basis of altitudes
obtained by WPPSS in its site investigation for the Hanford No. 2
generating plant. Land sué%ace profiles shown in figurss 40 and 41
were drawn on the basis of the tépography shown on the U.S. Geological
Survey topographfc map of the Richland quadrangle. A low medial ridge,
4-5 feet high, trends east-west through the burial ground. Drainage
from the burial ground is locally north and south of this ridge and
generally eastward to the Columbia River. There are some shallow

depressions at the west margin of the burial ground.
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Surficial materials at the burial ground are sand and gravel of

.the glaciofluvial deposits. These extend downward about 45 feet, as

shown in figures 38 and 39, to the middle unit of the Ringold Formation.
However, the base of the glaciofluvial deposits is not definitely
known in this area, and it may really lie at a greater depth of about
40 feet below the bottom of the trenches at the burial ground. There
are some tubular-shaped taissons that reportedly received considerable’
solid radioactive wastes in the burial ground, which extend to greater
depths than the ;renches.

Ground water moves easterly from tﬁe 300 WYE area to the Columbia
River. The lobate fronts of the waste plumes from the 200 East Area,

shown by tritium and nitrate concentrations of qround water (figs. 9

and 10) indicate that ground water flow is more rapid to the north and

south of the 300 WYE burial ground. These di%ferences in the rate of
ground-waéer Tlow probably result from the different transmissivities
of materials in the upper part of the zone of saturation from place to
place on the Reservation.

No monitoring wells are near enough to the 300 WYE burial ground
to have any utility in determining if contaminants from the solid wastes
are reaching the water table. Wells 699-17-5 and 699-9-E2, the closest
monitoring wells, are each about a mile from the burial ground. Soi?
borings by NﬁPSS, listed gn figure 29, were drilled recently. WPPSS
reportedly may monitor two of these borings for water levels and
radioactivity but probably in connection with 1iquid waste discharges

or for possible leaks from the Hanford No. 2 génerating plant. The
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monitoring record for well §99-17-5 indicates that wastes from the

200 Areas recently (1872) may have reached that well. Occasional
nitrate concentrations above background concentrations have been
observed at that well since 1967. Thesa may be accounted for as

due to contaminated samples or poor laboratory analyses. In 1972,

“nitrate contents of 5.9, 11, <0.5, and 7.7 ppm were observed in the ..

months of February, May, July, and September, respectively., Three of

these determinations are indicative of contamination.

B

200 Areas

The 200 East and 200 West fuels separations areas are spaced about
I miles apart in the central part of the Hanford Reservation gon a
high terrace with an altitude of about 700 feet. The 200 East Area is
approximately centered on Hanford coordinates N 42000 and West 52000
and the 200 West Area on Hanford coordinates N 42000 and W 74000,

The solid waste burial grounds andiregulated storage sites in the
200 Areas contain maost of the radiocactive solid wastes from the operations
at Hanford. There are 27 §olid waste burial sites and 9 regulated equip-
ment storage locations (L. L. Lundgren, Atlantic-Richfield Hanford Ca.,
written communication, January 26, 1971). Many of the burial grounds
coalesce into large areas of solid waste burials. The Atlantic-Richfield
Hanford Company is presently updating drawings and maps showing the
various burial grounds and other solid waste storage. Most of the burial

grounds are shown in figures 40 and 41. Wastes generally have been placad

S5
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in trenches in the burial grounds which were backfilled with the
excavated soil material. There is also contaminated or radicactive

equipment in various storage facilities. The largest such facility
consists of two railroad tunnels ip which are stared flat cars contain-

—

ing large radicactive egquipment items from the Purex plant (the 202-A

- buiid%ng in figure 40). Such stored equipment is presently retrievab]q:

The topography of the 200 Areas is flat or gently sloping. In
the 200 East Area the slope of the land and the natural drainage is
northeasterly. In the 200 West Area the land slopes and natyral drainage
are mostly westerly and southwesterly, - Both of the 200 Areas are
intensively developeq and drainage is now controlled along the retworks
of roads and railroads, the waste-water canals and ponds, and other
structures. The 700-foot altitude of the 200 Areas would seem to place
them well above any conceivable extreme flcod levels of the Columbia
River. Unruh (1970, p. 25) states, "....a coincident failure of Grand
Coulee Dam and the simultaneocus arrival of breech (sic) flows from upper
Canadian storage projects.....would produce a2 flow of only 10 million
cfs past Hanford. Even this flow rate would raise the surface waters to
an elevation only 560 ft. above sea level...."

The surficial materials in the vicipity of the 200 Areas are
mainly sand and gravel of the glaciofluvial deposits. In the 200
West Area the surficial materials are a finer grained facies of the
glaciofluvial deposits and consist mainly of sand and silt. The sub-
surface geology of the 200 Areas has been described by Brown (1959).

Figure 42 is a topographic map'of the 200 Areas taken from Brown's report
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and shbws lines qf geclogic cross sections that Brown prepared. ‘
Figures 43, 44, 45, 46, and 47 are copies of Brown's cross sections
and show the character of the geologic materials at depth in the |
vicinity of the 200 Areas. '

The g]aciof?uvié1 deposits are much thicker beneath the 200 East

Area than they are beneath the 200 West Area. As a result of waste

" water discharge, the water table has risen into the glaciofluvial

deposits beneath the 200 East Area. The water table has risen considerably
higher beneath the 200 West Area, but it is well within the Ringold Forma-
tion., Because the glaciofluvial depositS are much more permeable than
the Ringold Formation, wéﬁtes in the ground-water system move away from
the 200 East Area much more rapidly than they do from the 200 West Area.
The extent of waste movement and the direction of ground-wazer fﬁow
from the 200 Areas is indicat;d by the bodies of wastes originating in -
these areas and moving principally easterly and southeasterly as a large
plume and northerly toward the'Cqumbi; River (figs. 9 and 10).

Radiologic monitor%ng of ground water has been intensive in the
200 Areas and immediate vicinity. However, this monitoring has been
conducted to provide operating information for liquid waste discharge
facilities, consisting of cribs and pands, and to provide information
on the movement of radionuclides from liquid wastas through the ground-
water system. The monitoring wells are not located to detect {f materials
from solid wastes have entered the soil or the ground water beneath

the burial grounds.
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In recent years, a considerable effort was made at Hanford to
develop a.predictive computer model of waste transpart through the soil
and ground-water system. Cearlock (1971) describes the features of this
compyter model system. De Mier (1972) described.the use of the model
relative to ground-water flow and indicates that the predictive capa-
bility of the model is poor, except for the region of the tritium plume
extending southeast of the 200 East Area and shown on figure 3. The
modeling of waste movement through the soil at Hanford is still in
the deveIﬁpment stage. Further laboratory and theoretical studies are
necessary to determine the intereactions of wastes and soil materials
and to develop suitab1e!mathematica1_reiationships (Battelle Pacific

Northwest Laboratory, 1972, p. 2).

213 Area

The 213 Arez is located on the south flank of Gabie Mountain at
Hanford coordinates N 54000 and W 35000 tfig. 1). It includes a concrete
structure containing two vaults formerly used for storing the plutonium
product of the Hanford Works and two small burial pits in the yard south
of the vauit structure, These pits are reported to be about 4 feet deep
and to be covered with rough concrete slabs about 8 feet square. —They
received both solid wastes such as plutonium-bearing wipe rags and wash
water used fqr decontamination. The wash water may have contained
particulate plutonium. .

Tﬁe yard where the pits'are located has a gently sloping surface.

However, runoff can reach the area from a steep slope north of the facility.
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In light of the shallowness of the pits, erosion by surface water or
wind may in time-re1ease the wastes. The water table is probably on

the order of 150 feet or more below the land surface. It may lie either
within the unconsolidated deposits or the Yakima Basalt. The concrete
slab covers probably have prevented water from ihf%]t}ating the ground.

The wash water presumably could have carried either dissolived or

-particylate plutonium into the ground beneath the pits.

Hydrologic factors related to long-term waste

storage at burial grounds

The burial grounds in the 100 Areas and the 300 Area have in common

the following features: (1) nearness to the Columbia River, (2) unsatu-
rated materials above the water table are mainly ccarse-grained glacio-
fluvial materials, (3) the uppermost parf of the saturated zone is mainly
in coarse-grained glaciofluvial deposits and the middie conglomerate unit
of the Ringold.Formation, (4) location on low river terraces that could
be flooded and eroded away without the protection provided by upstream

dams on the Columbfa River or they could be flooded in the event of a
rupture of a dam. In the Jight of the hydrologic setting of thesa burjzl
grounds in the areas near the river, it ca congluded that they are

E93—52i3321e for long-term storage of radiocactive soiid wastas. Radio-

nuclides could conceivably be leached from the wastes by infiltrating

water and reach the water table, from which they could reach the Columbia

River within several days to several months. Despite the dry cl{;;te at

—

Hanford, infiltration and ground-water recharge could occur in amounts
\\ -

e,
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of significance to radionuclide transport in the 100 Areas and

300 Area burial grounds. The precipitation is seasonally distributed

with about one-half of the average annual precipitation eccurring in

the wintar months when evapotranspiration is negligible and conditions

for infiltration are most favorable. These burial grounds are underlain

by very permeable deposits, and the water tabie is relatively clgse to

the surface. The passibility of water infiltrating through the burial"
i

grounds and reaching the water table is enhanced if the burial grounds
have surface depressions in which water can collect, as some of them do.

The 100 Areas and 300 Area burial grounds would be flooded 1n the

event of the “"probable ggxzmum flgad” g:gdicted by the U.S. Army Corps

. of Engineers (1969). However, such a flood would cause much;mnuzguuzgys

results by inundating reactor and laboratory buildings. The possible

flooding of these burial grounds is not as impartant a factor in their

—

evaluation as is the possibility of th$ reiease of radionuclides through

the soil water and ground-water systems, which could be a continucus

—

process.

The 300 North and 300 WYE burial grounds are on relatively low
river terraces but are at a considerable distance from the Columbia

River. Excapt for their greater distance from the river. they have all

the undesirable features of the 100 Areas and other 300 Area burial

—

grounds.

P S S

The 200 Areas burial grounds are the most favorably situated for

long-term storage of any of the burial grounds in the Hanford Reservation.

_They Tie on a high terrace underlain at depth by fine-grained materials.
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The depth to the water table is on the order of 200 to 300 feet. These
depths would be greater if waste-water discharge to the ground were
stopped and natural ground-water conditions were restored. The great
depth of the water table and the fine-grained sediments at depth make
it much less likely than in the 100 Areas that infiitfating water wouid

actually reach the water table under present climatic conditions. The

fine—gfained geologic materials at shallow depth beneath the 200 Areas -
have been shown to sorb large proportions, but not all, of the radionuclides
that have been discharged to the ground in ligquid wastes (Brown, 1967).
These 1iquid wastes, however, have been. treated to raise their pH to
alkaline, which faciTitates sorption in the soil. However, in the event

of water infiltrating the burial grounds, the resyltant chemica]_éharacter
of water-waste mixtures could be expected to be closer to natural condi-
tions. Conceivably, large concentrations of radionuclides could be built
up in a particular zone of sediments below a burial ground through sorption.
This tendency for radionuclides to be concentratad in particular soil

layers has been observed with regard to liquid waste disposal at Hanford
(Brown, 1967, 1971). Under some circumstances such a concentration of
radionuclides may be particularly hazardous should the materials be

breached by erosion or should the burial ground be dug up for removal of
wastes. The suitability of the 200 Area burial grounds for long-term
storage cannot be evaluated with the data available. The important

deficits pertain to the effects of the movement of soil water, as was
discussed previously in relation to sorption and infiltration, and to

the transport of radionuclides by sail water.

61

Page w7 6l 47



o™

9 2

Conclusions and Recommendations

The following actions should be undertaken to assure that the
release of radionuclides from the burial grounds will net occur,

100 Areas.--Solid waste buriais in the 100 Areas are pqorly
inventoried for the years prior to 1963. However, file data indicate
that most radiocactive solid wastes in the 100 Area burial grounds are
irradiated reactor components, pipes, and various metal equipment items.
Mast of the radicactivity in these burial grounds is believed to be in
these metailic wastes and is due to cobalt-60 and other activation
products. It was estimated by Corbit (1969, p. 61) that the bulk of
these radioactive wastes would decay to nonradicactive states by the
year 2050 though a small amount would still be considered radicactive
through the year 2110. Wastes of this type would release radicactivity
s1o;ly even if subjected to continqous percolation of water through them,
because the metals would have to corroee in order to release any signifi-
cant amounts of soluble ions o? radionuclides. Because these wastes are
relatively inseluble and the radiation is due to fairly short-lived
radioisotopes, sﬁch wastas probably are not serious environmental hazérds.
However, a‘review should be made of the records of disposals to identify
those burigl grounds or the parts of burial grounds where relatively
large quantities of cobalt-&0 bearing metallic wastes or other very
hazardous wastes are located. At a few sites, mainly older burials,
containing hazardous materials, samples should be taken of the soil

below the wastes and analyzed to determine if radionuclides are migrating

downward to the water table. Wells also should be constructed adjacent

62



™

9 2

- /

to selected burial sites so as to intercept water moving beneath
them in the uppermost part of the saturated zone. They should be

sampled regularly and the water analyzed for chegical and isotopic

constituents indicative of the waste cgns:i&gsfzf_iP the burial grounds.

If movement of radionuc?ides_jjgmLJhase.ng:iil¥grounds is detected, a

study should be made of the advisability of removing the wastes,

e

iy

300 Area.--The buyrfal grounds in the immediate vicinity of the
300 Area are reported to contain little radiocactivity. None is reported
to contain plutonium except burial ground ne. 1. If plutonium is present
there in other than trace quantities, then removal of the plutonium-
bearing wastes should be considered. |

300 North and 300 WYE Burial Grounds.--Both of these burial grounds

contain fission products and plutonium, apparently in large quantities.
Neither can be depended upon to retain these radionuciides through long
periods of several hundred to several thousand years, the time required

to reduce the activity to innocuous levels. [t is recommended that the

desirability of removing the piutonium and fission products from these

T

burial grounds be considered.

200 Area Burial Grounds.--The numerous burial grounds in the 200

Areas contain large amounts of plutonium, fission products, and radio-

activity and are ¢great potential environmentai hazards. It is also

———————————

pointed out that the high-level liquid wastes stored in the 200 Areas

and now being reprocessed to salt cakes, and radionuclides in the soil
R

beneath abandoned cribs and ditches also are a great potential hazard.

——

It is clear that presently there is no means to predict the potential

———
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for movement of radionuclides from the solid waste burial grounds,
particularly over the many thousands of years that containment of
plutonium would be necessary. The waste ~anagement plan for Hanford
(Xaragianes, 1973, p. 119) calls for environmental studies to determine
the safety of long-term storage of the residual salt-éake from high
1eve1'1iquid wastes. Iﬁ}ormation developed through these studies on -
water and radionuclide movement through the soils beneath the 200 Areas |
may have a direct bearing on determining the suitability of the 200 Area-
burial grounds for long-term storage. In fact, these environmental studies
should be designed so as to aiso provide éonclusions directly pertinent
to the burial grounds.

(———;;3 Area.--The two small burials of piutonium-bearing waste in the
213 Area should be considered for removal as their Tocation and the shallowness
of the burials do not assure long-term containment.

General,-~Where necessary, the s%fface charactaristics of the burial
grounds should be modified to prevent or reduce (1) erosion by local runoff
or wind and (2) collection of runoff and precipitation in depressions or
swales that will add to the infiltration of moisturéz:]

Temporary storage facilities for relocated salid radicactive wastes,--

Solid radicactive wastes containing plutonium and other fission products,
removed from burial grounds, according to the recommendations of this
report, must be storad so as not to cause environmental haza}ds. Temporary
storage for these relocatéd wastes should be provided in either or both

of the 200 Areas. These areas already contain extensive waste management

64

Page ~< of vy




3

facilities, personnel security measures are stringent in both areas,
and, from a hydrologic standpéint, they are least objectionable for
solid radioactive waste storage of any of the facilities areas.
The relocated wastes should be placed in facilities that will
prevent any possible release and transport of radionuclides and from
_which they can be recovéred subsequently. Ease of recovery is desirable
should later studies lead to the requirement that solid wastes containfhg
transyranium elements and fission products be removed from the 200 Areas
and placed elsewhere in a permanent repository. The facilities also
should be designed so thaF they can be stﬁbi1ized with relative ease if
1t s later proved that the wastes may be retained with safety in the
200 Areas.
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e Trilateration measurements are performed between 17 benchmarks to measure crustai
motion. 1he initial base data were developed 3 years ago, with additional measure-
ments at & months, 12 months, and 36 months from that time.

» Tiltmeters are installed at three Tocations on the Hanford Reservation. These pieces
of equipment provide contfnucus geographic coverage of crustal motion. The output is
telemetered to Menla Park for interpretation. :

Figure I1.3-9 shows the active earthquake zones in Washington deducad from earthquake activity.
East of the Cascades the trends are largely north-south, paralle} to the Cascades, and divide
the state into separate geographical, structural and tectonic provinces.

In eastern Washington, clearcut relationships of epicenters to specific surface faults or
structures capable of faulting are not yet recognized. The suggested low rate of tectonic
deformation for more than 10 million years!?® does not indicate any cause for cancern. Much of
the stress resulting from the continuing low rate of tectonic deformation appears to be dissi-
pated from random epicanters along joints and bedding planes.

On the assumption that an MM-VII quake (magnftude 5.5) were to occur at the northwest end of the
Rattlesnake-Wallula fault zone., ground acceleration of 13% g could be expected beneath most of
the Hanford Reservation.3! A design basis of 25% g on the Hanford Reservation thereby allows
for an MM=VIII intensity quake (magnitude up to 6.8) for an earthquake spicentered at the same
site. No such quake has ever been recorded in eastern Oregon or Washington.

The siting of nuclear facilities over the synclinal troughs assures the maximum distance from

all hypothesized faulis capable of earthguake generation. [f, in addition, the Ringold Formation
and Pasco Gravels are compact and undisturbed, the site is certain to pose few problems. An
appreciable to high degree of conservatism appesrs present by acceptance of the MM-VIII quake
(magnitude 5.8) and the resulting 25% g acceleration for facility design purposes.

11.3.8 Hydrology‘®) [aeB, X.18, X.25]
11.3.8.1 Surface Water

The surface water bodies Jocated within the boundaries of the Hanford Reservation consist of the
Columbia River, various ditches and ponds in and near the 200 Areas and three ponds located in
the 300 Areas (Figure I1.3-10). Two ephemeral striams, Cold and Dry Creeks, appear for a short
time only after heavy rainfall or snowmelt. The Yakima River borders part of the Reservation's
southern boundary.

11.3.8.1.1 Columbia River

The river reach from Priest Rapids Dam {river mile 337) to the head (approximately river mile 351)
of the reservoir behind McNary Dam is the Tast free-flowing reach of the Columbia River within
the United States. The main channel is braided around the island reaches, and submerged rock
ledges and gravel bars cause repeated pooling and channeling. The riverbed material s mobile,
dependent on river velocities; it is typicaliy sand, gravel, and rocks up to 8 inches in diameter.
Small fractions of silts and clays are associated with the sands in areas of low velocity
deposition, becoming more dominant approaching the upstream face of each river dam,32,33,3%

The Columbia River in this reach has widely varying flow rates due to regulation by the power
producing Priest Rapids Dam just upstream (Figure 11.3-11). Flows during the summer, fall and
winter vary from a low of 36,000 cubic feet per second (cfs) to as much as 160,000 ¢fs each day.
The long-term annual average flow at Hanford s about 120,000 cfs,35 but durfng low flow periods,
daily flows average 80,000 to 90,000 cfs. The mean annual flow rate for 1972 at Hanford was
159,500 cfs. In recent years, peak flows during the spring runoff have ranged from 160,000 to
550,000 cfs; the maximum flood peak of record is 693,000 ¢fs in 1948,

The river width in the Hanford reach varies between 400 and 600 yards depending upon flow rate
and position along the river.26 The depth at the deepest part of the measured cross-sections
veries approximately from 10 to 40 feet, with an average around 25 feet. ODaily fluctuations in
depth caused by Priest Rapids regulation can be as much as 10 feset above Vernfta and 5 feet at
Hanford. The maximum velocities measured vary from less than 3 feet per second (fps) to over
11 fps, again depending upon the river cross-section and flow rate.

{27 Appendix 11.3-D provides a more detailed description of the hydrology of the Hanford
Reservation. 1In 1973 Atlantic Richfield Hanford Company authorized an independent review,
recently completed, of the hydroiogy program.
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