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Washington State Department of Ecology. These revised plans are based on two

| primary objectives: 1) to collect the additional site-specific hydrogeological
information needed to more fully characterize the area and support decisions
concerning the monitoring well network for the 183-H Basins, and 2) to conduct
an expanded sampling and analysis effort designed to determine the extent of
contamination originating from the basins and the rate of movement of
contaminants. A crucial element in achieving both of these objectives is the
installation of new wells. Therefore, a number of new wells are planned.

|

|

The current five-well sampling and analysis effort will be expanded as
new wells are completed and added to the network. The basics of this effort,
including procedures and quality control, were established and documented in
the original program plans (USDOE 1985), but they have been updated for inclu-
sion in the text and appendices of this document.
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FIGURE 4. Plan View of the 183-H Basins

The 183-H Basins were originally used for water treatment, but in the
1970s they were designated for use as evaporation basins for mixed wastes. At
that time, the basins were modified by permanently plugging the drains and
installing a pipeline to be used in filling the basins (Greager 1982).

Operation e 183-" ° °

Mixed wastes from the 300 Area fuel fabrication facility were first dis-
charged to the 183-H Basins in June 1973. At that time, only basin #1 was in
use. After 2 months in service, use of the basin was postponed for over a
year because of operational problems in the 300 Area. Use of basin #1 was
resumed in January 1975, but was discontinued again in Auqust 1978, after
nitrate contamination was discovered in the ground water at well 199-H4-3 and
was attributed to seepage of wastes from this unline basin. At that time,
basin #1 was permanently removed from service, and the pumpable wastes were
removed from it, leaving a sludge. Use of basins #2 and #3, which had been
prepared by coating the walls and floors with urethane, was initiated at that




time. Filling of those two basins to capacity led to use of basin #4, which
had been lined with butyl and hypalon, starting in late 1982 (Greager 1982).

The 183-H facility is no longer receiving wastes and is now in the process
of being deactivated by UNC. This activity is being conducted in accordance
with the closure requirements of RCRA. The sludge remaining in basin #1 was
removed in July 1985, and the walls and floor of the basin were decontaminated
with a high-pressure water spray. Discharge of wastes to basins #2, #3 and #4
was discontinued in November 1985, and removal of the wastes in these basins
began in July 1986. Depth of wastes in each of these three basins prior to
initiating waste removal was 7 to 8 ft, for an approximate total of
620,000 gal of liquid and 36,000 ft3 of solid material.

The waste-removal process being implemented involves: 1) pumping the
liquid waste from basin #2 into basins #3 and #4, 2) removing the sludge from
basin #2 and packaging this material in barrels for disposal by Rockwell at
the Low-Level Solid Waste Burial Grounds, 3) installing a 36 mil hypalon liner
in “--in #2, 4) pumping all liquid wastes from basins #3 and #4 into basin #2,
ana 5 removing the sludge from basins #3 and #4 for packaging ... disposal.
The 1 d in basin #2 will later be removed, although the procedure to be
used 1s still under consideration. Following removal of any remaining sludge
in basin #2, the facility will be ready for final cleanup and demolition.

Nature of the Stored Wastes

The primary wastes discharged to the 183-H Basins were the neutralized
mixed wastes routinely produced at the 300 Area during the fuel fabrication
pr¢ ss. Nitrate, sulfate, and copper were present in the wastes in high con-
certrations; other materials, such as fluoride, hexavalent chromium, and riched
uranium, were present in smaller amounts. Table 1 gives the quantities
v ious materials discharged to the basins in CY 1985 (through November 8, at
which time disposal to the basins was discontinued). The materials in Table 1
are representative of those discharged in the past.

The total volume of routine wastes from the fuel fabrication process dis-
charged to the 183-H Basins since 1973 is 2,529,000 gal. The amount sch
annually rose fairly steadily over time until discharge was halted, with the



Table 1. Quantities of Materials Discha--2d to the 183-H Basins
in 1985 (from Rokkan 1986)

__M-t--ial Pounds

Ammonium ion 520
Fluoride ion 27 ,00u
Nitrate ion 550,000
Chromium 90
Cor—r 49,000
B ] 200
Sul ion 97,000
Uranium 440

most recent annual figure (for January 1 thro n Nove 8, 1985) being

370,000 gal (Rokkan 1986).

Relatively small quantities of other chemical wastes besides those gen-
erated during fuel fabrication were discharged to the basins on a nonroutine
basis. These wastes were checked for compatibility with the fuel fabrication
wastes before disposal, and they were required to be “2ter-soluble, nonflam-
mable, and nonexplosive. Constituents in these wastt include the following:

cadmium and compounds
copper and compounds
oxalic acid

cyanide and compounds
mercury and compounds
bari__ perchlorate
hydrazine

chromium and compounds
vanadium pentoxide
lead and compounds
nickel and compounds.

GE( JGY AND HYDROLOGY OF THE 100-H AREA

Knowledge of the local geology and hydrology of the 100-H Area has been




gained mainly through installation of ground-water monitoring wells for the
routine Hanford Ground-Water Monitoring Project conducted by PNL. Most of the
wells in the 100-H Area penetrate only the uppermost geologic fi itions, but
one well has been drilled into the top layers of the basalt bedrock. The drill-
ing log for this deep well (199-H4-2) forms the primary basis for the following
interpretation of the local geology. Appendix A contains the drilling logs

for the six existing wells in the 100-H Area.

Gec -y

A genera]izéd geologic column for the 100-H Area is presented in Figure 5,
and cross sections are shown in Figure 6. (Figure 7 gives the location map
for the cross sections.) As shown in the geologic column and cross sections,
three geologic formations have been identified during drilling operations con-
ducted in this area. They are, in ascending order, the Columbia River Basalts,
the Ringold Formation, and the glaciofluvial sediments, which are informally
known as the Hanford formation. A description of the general nature of these
formations, including some additional detail concerning their characteristics
at the 100-H Area, follows.

The Columbia River Basalts are of Miocene age and form the bedrock beneath
the Hanford Site (including the 100-H Area). These flood basalts were extruded
from fissure systems in the eastern and southern portions of the Columbia
Plateau (Swanson et al. 1975). The individual flows comprising the formation
range in thickness from about 10 to 150 ft, and they are generally separated
by sedimentary interbeds. The basalts were originally flat lying but have
bi 1 locally warped and folded, producing anticlines that rise above the water
ta e and crop out at the land s. ace (Newc ', St1 d, and Frank 1972). At
the 100-H Area, the top of the basalts is at a depth of about 350 ft below
land surface, as indicated by the log of well 199-H4-2 (Appendix A).

The Ringold Formation overlies the basalts. This formation is of
Pliocene age (Gustafson 1978) and, with the exception of a weakly consoli ' ted
conglom¢ te member, it consists mainly of layered silts, clays, and fine sands
deposited in a lacustrine environment. Distinctive 1ithologic zones within
this formation include: 1) blue and green silts and clays of the lower Ringold,
and 2) a conglomerate consisting of well-rounded pebbles and cobbles, with












Hydrology

Both unconfined and confined aquifers ‘e present beneath the 100-H Area.
The uppermost aquifer, which is unconfined, is the most likely to be affected
by the 183-H Basins. Underlying aquifers, contained in the basalts, are
confined. The potential for these confined aquifers to be contaminated by the
183-H facility is low because of two factors: 1) a 300-ft thick layer of low-
permeability clays separates the basalts from the unconfined aquifer, and these
clays should serve as an aquitard; and 2) the piezometric surface for the
basalt aquifer, tapped by well 199-H4-2, is above the land surface (although
the casing has been extended so that the well does not flow). Because of the
low potential for contamination of the confined aquifers, the discussion of
hydrology that follows is primarily concerned with the unconfined aquifer.

The upper portion of the unconfined aquifer in the 100-H Area is in the
glaciofluvial sediments, and the lower part of the aquifer (probably partially
confined) is in the Ringold clays. The water table is at a depth of about
40 ft below land surface, and the clays begin at a depth of 50 to 60 ft.

The hydraulic conductivity of the glaciofluvial sediments is about 1,000
time tha of the Ringold clays (Bierschenk 1959). Therefore, the up ) to
20 ft of the aquifer is thought to be most active in transmitting wate the
100-H Area, and the top of the Ringold clays is considered as the effective
base of the aquifer. Based on the few quantitative hydrologic tests made in
and adjacent to the 100-H Area, aquifer transmissivity for the Hanfi formation
is on the order of 3,000 ft2 per day with a resultant hydraulic conductivity
of about 200 ft per day.

The hydrology of tI 100-H Area is complex and difficult to fully
terize because of the proximity and hydraulic influence of the Columbia
Studies conducted at the Hanford Site have shown that the diurnal a-~ seasonal
f1--~tuations of the river stage, caused by changes in the discharge rate of
tl _ dams upstream, have a marked effect on the unconfined aquifer near *--
river (Raymond and Brown 1963; Prater et al. 1984; Mitchell and Willia 185) .
These studies have shown that water levels within wells near the river -
tuate ° response to changes in the river stage. The water level in wells

13



near the river rises when the river stage is high and river water enters the
bank. This trend later reverses, and the bank-stored water reenters the river.
As a result of this phenomenon, concentrations of contaminants in the wells
near the river also vary with the river stage on a seasonal basis. The concen-
trations have been observed to decline in the spring months when the river
rises and river water enters the bank; this trend reverses in the fall when

the river stage drops {Prater et al. 1984). The character of the changes in
the unconfined aquifer due to the river's fluctuations depends greatly on the
local geology and must therefore be studied on a site-specific basis.

Knowledge concerning the local hydrologic system in the 100-H Area has been
fairly limited until recently, when new monitoring and modeling efforts
(described in a later chapter) provided a considerable amount of new
information.

Water-level measurements collected on a biweekly basis from a network of
wells located in and around the 100-H Area have been used to produce a series
of recent water-table maps. Four maps, one for each quarter of the past year,
are presented in Figures 8 through 11. These maps show that the general direc-
tion of ground-water flow in the vicinity of the basins is toward the northeast.
The contour lines shown on the figures are inferred from a limited number of
data points, and work is continuing to define the water table and dynamic inter-
actions with the river,

H-_—-_-A-. DATA 0! - H"E HAMFARNR ARNLIMN LUATEOD MAMTTANRTMA DNNICAT

The ground water in the 100-H Area has for many years been monitored on a
routine basis by the Hanford Ground-Water Monitoring Project conducted by PNL.
Although not specifically designed as a compliance-type monitoring project,
this effort has provided valuable historical information on the effects of the
183-H Basins on the ground water. The monitoring well network and the analyti-
cal data obtained for this effort before impiementation of the RCRA Compliance
Ground-Water Monitoring Project in 1985 are summarized below.

Five monitoring wells in the 100-H Area have been used by the Hanford
Ground-Water Monitoring Project for sampling the unconfined aquifer. These
five wells are designated as 199-H3-1, 199-H4-3, 199-H4-4, 199-H4-5, and

14
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199-H4-6. Locations of these wells relative to the 183-H Basins and the gen-
eral direction of ground-water flow are shown in Figure 12. A few other wells
have been installed in this area over the years but have been abandoned and
filled for various reasons. Another existing well in the 100-H Area, 199-H4-2,
was drilled into the basalts and is currently being used in a study of the
confined aquifer's piezometric surface.

0f the five wells used to monitor the unconfined aquifer in the 100-H
Area, only 199-H4-3 and 199-H3-1 have been sampled long enough to provide a
significant amount of historical monitoring data. Data obtained from 199-H4-3,
which is the closest well to the 183-H Basins, have provided the best informa-
tion on the facility's impacts.

Sampling of well 199-H4-3 began in 1974, shortly after its com etion.
Routine review of the analytical data obtained led to the discovery in June
1977 that nitrate and hexavalent chromium levels in well 199-H4-3 were
increasing. Subsequent investigation indicated that basin #1, which was the
only basin in use at the time, was apparently leaking. As described previously
in the section entitled "Operational History of the 183-H Basi ," corrective
actions were initiated to remove the source of contamination, and greund-water
sampling was conducted simultaneously and afterward to provide un inaication
of the success of these actions. As shown in Figures 13 and 14, the concen-
trations of nitrate and hexavalent chromium peaked in this well in 1978 and
declined sharply thereafter as the corrective actions took effect. T _ concen-
trations of these conti nants in this well then stabilized at a level igher
than preoperational concentrations. Stabilization at this higher leve® may
indicate that the source of contamination was not completely removed by the
corrective actions taken.

Nitrate data collected for well 199-H3-1 have shown a general . ard 1,
with a marked increase beginning in 1976 (Figure 15), shortly after continuous
use of the basins was initiated. Although this well is some distance . the
1 H Basins, this pattern had been thought to indicate a poss e eff from
the facility. When the RCRA Compliance Ground-Water Monitoring Project was
implemented in 1985, well 199-H3-1 was included in the sampling netw¢ so

19




that the additional data needed to determine the situation regarding this well
could be obtained.
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FIGURE 12. 100-H Area Well-Location Map
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Three of the wells (199-H4-4, 199-H4-5, and 199-H4-6) were constructed in
1983 for the specific purpose of monitoring the 183-H Basins. These wells
have carbon steel casings and stainless steel screens, as shown in Figures 16
through 18. The other two wells, 199-H3-1 and 199-H4-3, are older and have
perforated casings instead of screens (Figures 19 and 20, respectively). To
help determine the suitability of the existing wells for this monitoring effort,
a special field investigation was recently conducted on the Hanford Site at
the 300 Area. The results have shown that, at least within the limitations of
this study (i.e., selected volatile organic chemicals and one field location),
the different construction materials used in the past for construction of
Hanford Site wells did not, under field conditions, significantly affect the
analytical results obtained for ground-water samples collected from them
(Liikala et al. 1986). Continued use of the existing wells for sampling is
therefore deemed to be justified and should not have a detrimental effect on
the results obtained.

A11 five of the wells in the network have comparable completion intervals,
although the water column in well 199-H3-1 is slightly longer than the water
column in the others. All five wells are open at the upper portion of the
aquifer and are designed to accommodate some water-table fluctuations, which
are known to occur in this area.

These wells, along with all regularly sampled wells at the Hanford Site,
are kept on a regular maintenance schedule so that they will continue to be
useful sampling structures. Under this effort, the wells are periodically
swabbed, cleaned out, and redeveloped. The wells may also be checked for prob-
lems with a downhole television camera.

Sample Collection

Sampling of the wells has been conducted on a monthly basis during the
last year because of their proximity to the river. This frequency, although
greater than the quarterly frequency specified by the regulations, was deemed
to be necessary for defining the seasonal variability expected to be present
in the analytical data.
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Special pumps and new procedures have been employed to help ensure that
the samples collected are representative of the ground water. Each well has
two dedicated pumps: 1) a submersible pump for purging the well and for col-
Jecting samples to be analyzed for nonvolatile constituents such as anions and
metals, and 2) a Tef]on(a) bladder pump for collecting samples to be analyzed
for volatile, semi-volatile, and other organic chemicals. Additional inform-
ation on the pump types, materials, and position in the wells is given in
Figures 16 through 20.

The samples are collected'by trained Environmental Radiation Protection
Technologists (RPTs) using documented PNL procedures (Earth Sciences Department
1986). As required by the federal and state regulations, a water-level mea-
surement is taken at each well prior to sampling. The well is then purged for
a calculated period of time, based on removal of three borehole volumes. For
added assurance that the stagnant water has been removed from the well, the
pH, specific conductivity, and temperature are checked for stabilization via
periodic measurements taken as the well is purged. All of these measurements
are recorded in the field logbook, but only the final set of measurements taken
just prior to sample collection are entered into the data base. Procedures
for well purging, field measurements, and sample collection are contained in
Appendix B.

Sample preservation techniques are used as appropriate to help ensure
that the analytical results obtained by the laboratory have not been affected
by alteration of the sample after collection. The preservation techniques
currently used include pH control, chemical addition, and temperature control.
The specific techniques applied for each of the analyses are discussed in
anotl  section of this chapter, entitled "Sample Analysis." Regarding the
question of whether or not to filter the metals samples prior to acidification,
a rec ndation jssued by EPA in 1983 (USEPA 1983), indicating that the sam-
ples should not be filtered (thereby yielding "total recoverable" metals), has
been followed on this effort to date. To provide data needed for geochemical
modeling and to comply with more recent EPA guidance, plans are now being made

(a) Teflon is a trademark of E. I. DuPont de Nemours, Co., Wilmington, Delaware.

25




92

FIGURE 16.

Well 199-H4-4

Removable
Well Cap
Cemaent Pad

420 -
— 410 = == '.°. .
% l o: R
- Sand and Gravel ', :;
Q . ..
® o
9 400 e
s @ B
[}] c e K
= g ‘.a?.' .0
2 5 e
fsod 3 Bz
9 Z‘-’ —| Sandand Gi el [.. "]
@ 3 Y
w &= REX
€ 5 20
c 380 5 P
% o L
g L. B
w ] -31. —
w 370 — X 31-84 E=
Sand and Gravel [*.". <
i — el
360

Geologic Log, Wel

Land Surface

Cement Se

-e—— 6" Steel Casing

-<-— 5" Steel Casing

With Packer
-e——— 5 Stain s

Steel Screen

-+—— 5" Steel Casing

Well Completed 6/83

Column Pipe

n-—~ 11/2" ABS

I=— 3/8" Polyethylene
Tubing

QED Mode! T-1200
Bladder Pump
{Teflon and SS)

Bladder Pump
int e

Submersible

Pump Intake
Peabody Barnes
3/4 HP Submersible
Pump

Construction Diagram, and Pump Setting Diagram for Well 199-H4-4










62

430 1 well 199 -1 Removable
/— Well Cap
Land Surtace
420 - — _ )
SR
o é.’." 11/2" ABS
41 - @ Cobbles, B Columni e
% o Gre | .
H E d Siity Sand |7 - 8’ Steel .
- ® R Casing le—— 3/8" Polyethylene
@ 400 - hid T Tubing
[77] 'a 3 w:_-ﬂ -
g 3 ="
2 3 37
g 390" 2_ -~ '. 00 ’d
¥ © Q.04 000
< I _;:“ . olnﬁo
§ Cobbles, gL X QED Model T - 1200
< 380 —Gravi 5. nunoo Bladder Pump
é andSiltySand ;221 __¥_ _loao i (Teflon and SS)
2 °%. o 12-31.84| 00
o ° 600 Bladder Pump
2 370 e T 6o L intake
i Xy 9,0,0 = 8" Perforated Submersible
= 0 . .
o= onnnu Steel Casing Pump Intake
. '0- L]
360- Brown ndy |-° °°°°° Peabody Barnes
™ Clay - Boo| - 3/4' Submersible
S == oo Pump
%;g Sandy C == 00
| 38 sendvCay ==
350 €3 an 3asalt == 100
cu - 000 Well Completed 8/60
s 00
3 -

FIGURE 1 Geologic Lc  Well Construction Diagram, and Pump Setting Diagram for Well 199-H3-1




0t

Well 199-H4-3

430 Removable
—1 / Well Cap
420 I /—Land Surface
CSanwyGravel 7] SA PP
. Py r
© o ® fo————r 1 1/2" ABS
> . 8, .
3 4104 T2 o4 Column Pipe
(1] .‘o'.': ". -
3 P . "
c c 0 am— 3/8. Polyethylene
34004 £ 5] < 6" Steel 1 Tubing
° @ R Casing
2 3 RS
9 ® — Sandy Gravel e
3 3 o
€ 3 S AR
S o K 00 QED Model T - 1200
% 380 ‘el 'onn Bladder Pump
3 el __w_ oo (Teflon and SS)
] ve . 12.31.84] © o js——— 6" Perforated
: RS 00 i
< | sand, Gravel e 00 Steel Casing lBﬂltaadke Pump
3704 2GS L-andCobbles =2 %0 bmers
© 2 — Sandy Gravel, -’ o0 Submersible
T 5 Caliche o2 00 Pump Intake
| W Peabody Barnes
360 3/4 HP Submersibie

Well Completed 5/74  Pump

FIGURE 20. Geologic Log, Well onstruction Diagram, and Pump Setting Diagram for Well 199-H4-3




to begin collecting two aliquots: one to be filtered and analyzed for dis-
solved metals, and one to be nonfiltered and analyzed for total recoverabie
metals.

Chain-of~custody procedures (Appendix B) are followed to ensure he inte-
grity of the samples from time of collection through data reporting. These
procedures provide specifications for labeling, sealing, and tracking the sam-
ples. Extensive documentation, including field logbooks and Chain-of-Custody
forms, is maintained.

Water-Level Measurements

Additional water-level measurements, besides those taken prior to sampling,
are obtained using written procedures (Appendix B) once every 2 w ks from a
network of selected wells located in and around the 100-H Area. These regular
measurements were initiated in February 1985. The 13 wells currently included
in the network are listed below.

699-85-40A 199-H3-1
699-88-41 199-H4-3
699-89-35 199-H4-4
699-90-34 199-H4-5
699-90-45 199-H4-6
699-91-37
699-97-43
699-99-42

In addition to these periodic measurements, continuous data have been
ew of the wells nearest the basins, initially with float-type,
v er-level recorde and subsequently with pressure transducers.
nt time, these transducers are installed in wells 199-H4-4 and
easurements from the transducers are recorded every 30 mi tes by
a multi-channel data logger.

he data obtained from this effort are entered into the data bas id are
used to draw water-table maps and determine ground-water flow directions. ine
leasurements are also used to support the modeling work being conducted.
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Sample Analysis

A contract is in place with the United States Testing Company (UST) for
the analysis of environmental samples collected on the Hanford Site, including
those obtained by the ground-water monitoring program for the 183-H Basins.

UST operates analytical laboratories in Richland, Washington, and in Hoboken,
New Jersey. The Richland laboratory has, until recently, conducted primarily
radiological analyses in support of Hanford Site needs, while the Hoboken facil-
ity has wor ed extensively with nonradiological analyses and has achieved the
capabilities needed to participate in the EPA's Contract Laboratory Program

de: ing wi- analysis of samples from “"Superfund" sites. In 1985, to support
the interim-status monitoring programs initiated at the Hanford Site, UST used
the expertise available at its Hoboken facility to bring state-of-the-art,
nonradiological analytical methods to the Richland laboratory. During the
laboratory's startup period in June and July 1985, a few analyses were not yet
available at the Richland laboratory, and the samples requiring those analyses
were shipped to Hoboken. However, full capabilities are now available at the
Richland facility, allowing local analysis of the samples collected under the
ground-water monitoring program for the 183-H Basins. The analyses conducted
on the samples and the methods currently in use at the laboratory are discussed
below.

Analytical Parameters

The standard 1ist of alyses currently being conducted on the ground-
water samples is given in Table 2. This list was compiled on the basis of:
1) instructions given in ..A guidai  docu s, and 2) information provided
by the facility manager concerning the composition of the wastes. According
to an EPA guidance document regarding assessment-level programs (USEPA, undated
draft), analyses must be conductec ‘or the parameters in the Primary Drinking
Wa- -~ Standards and for the specific dangerous waste constituents known to
have been discharged to the facility. This quidance was deemed appliicable for
the alternate ground-water monitoring program being conducted, and the list in
Table 2 was compiled accordingly. Additional parameters, such as the contami-
nation indicators, that are required for a detection-level program (but not
necessarily for an alternate or assessment-level program) have been added to
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Table 2. Standard List of Analyses for the 100-H Area Metwork
Collection & Detection
Constituent Preservation(a’b) Method(c) Limit, ppb(d)

Barium ) 6

Cadmium 2

Chromium 10

Silver 10

Sodium 100

Nickel 10

Copy , P, HNO3 to pH<2 SW-846, #6010 10

Van: um 5

Aluminum 150

Manganese 5

Potassium 100

Iron 50

Calcium 50

Zinc 5

J

Arsenic P, HNO3 to pH<2 SW-846, #7060 5

Mercury P, HNO3 to pH<2 SW-846, #7470 0.1

Selenium P, HNO3 to pH<2 SW-846, #7740 5

Lead P, HNO3 to pH<2 SW-846, #7421 5

Nitrate 500

Sulf e P, None 70-1c(>F) 500

Fluoride 500

Chloride 500

Radium P, HNO3 to pH<«2 £PA Method 1 pCi/a

1 0
Gross Alpha P, HNO3 to pH<2 EPA Method 4 pCi/s
680/4-75- |

(a) P = plastic, G glass.

(b) A11 samples will be cooled to 4°C upon collection.

(c) Constituents grouped togethe sithin brackets are analyzed by the same method.

(d) Netection limit units e ~>pt where indicated.

(e) n-house analytical met\..d from UST Procedure Manual, UST-RD-PM-9-80.

(f) I1C = ion chromatography.

(g) Analyzed quarterly on selected wells.

(h) DAI = direct aqueous injection.

(i) Analyzed on quarterly basis only.

(j) MPN = most probable number.
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Table 3. Additional Analytical Parameters (cont)
Collection & (c) Detection (d)
Constituent Preservation Method Limit, ppb
Carbopl iothion 2
Tetraethylpyrophosphate 100
Disulfoton G, None SW-846, #8140 2
Dimethoate 5
Methyl parathion 2
Parathion 2
Citrus red #2 G, None AOAC #34.015B 1000 .
Paraldehyde ] 3000
Cyanogen bromide 3000
Cyanogen chloride 3000
Acrylamide 3000
A1yl alcohol 3000
Chloral 3000
Ck » 1acetaldehyde 3000
3-Chloropropionitrile 3000
Cyanogen 3000
Dichloropropanol \ (e.q) 3000
Ethyl carbamate G, None 70-DAI ‘€9 3000
Ethyl cyanide 3000
Ethylene oxide 3C00
Fluoroacetic acid 3000
Glycidylaldehyde 3000
Isobutyl alcohol 3000
Methyl hydrazine 3000
n-propylamine 3000
2~propyn-1-01 3000
1,1-Dimethyl hydrazine 3000
1,2-Dimethyl hydrazine 3000
Acetronitrile J 3000

P P~ PN Sy P S oy
4 TJOA OO TTE
e e e e S Sl N v s

P = plastic, G = glass.
A11 samples will be cooled to 4°C upon collection.
Constituents grouped together within brackets are analyzed by the same method.
Detection 1imit units except where indicated.

In-house analytical method from UST Procedure Manual, UST-RD-PM-9-80.

IC = ion chromatography. '
DAI = direct aqueous injection.
Listed in Table C.1 of Appendix C.
Listed in Table C.2 of Appendix C.
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Analytical Methods

A summary of the methods used for the standard 1ist of analyses conducted
monthly is given in Table 2. Where available, EPA metho described in SW-B846
(USEPA 1982) are used. In instances where a method is not available in S' 46,
another standard method from EPA or from Standard Methods for the Examination
of ter and Wastewater (American Public Health Association 1985) is employed
if possible. If no standard methods are available for a particular constituent,

T uses an in-house method approved by PNL. The written procedures followed
by UST are documented in their methods manual, UST-RD-PM-9-80 (UST 1986). A
brief description of the methods being used for each category of constituent
is provided below, and additional detail concerninc .he protocols followed is

contained in Appendix D.

®* Metals are measured by either the Inductively Coupled Plasma (ICP)
method, the Graphite Furnace Atomic Absorption (GFAA) method, or the Cold
Vapor Atomic Absorption method.

® Inorganic anions are determined by ion chromatography.
Ammonium ion is determined by specific ion electrode.

¢ Volatile and semivolatile organic chemicals aic determined by Gas Chroma-
tography/Mass Spectrometry (GC/MS). Substances identified in samples by
the GC/MS technique are verified by using a computerized 1ibrary search
system to compare the suspect mass spectra to the mass spectrum of a stan-
di of 1 su su b

® Pesticides and herbicides a1 me___red by , ; ct _ iatography with an
appropriate detector.

Total Organic Carbon (TOC) is determined by the combustion-infrared
method.

* Total Organic Halogens (TOX) are measured by carbon absorption and micro-
coulometric titration.

® Coliform count is determined by multiple tube fermentation.

® Gross alpha and gross beta are measured by evaporation of the sample and
counting of the residue.

40




® Radium is measured by precipitation, weighing, and counting.

®* Temperature, pH, and conductivity are determined in the field according
to the instructions provided with the measuring instruments. The proce-
dures used for these measurements are included with the sample collection
methods in Appendix B.

Methods for the additional analytical parameters for this monitoring
program are given in Table 3. As with the standard 1ist of analyses in Table
2, approved standard methods from EPA or the Association of Official
Analytical Chemists are used.

Table E.1 of Appendix E contains the 9905 1ist of dangerous waste
constituents and indicates the corresponding analytical methods. Table E.1
also contains cross-references to other tables (E.2 through E.10), which sort
these constituents according to analytical method. Two categories of
compounds on the 9905 1ist are not analyzed: 1) constituents that are
unstable in water, and 2) constituents for which an adequate analytical method
is unavailable.

Data ndling and Verification

Analytical data obtained from Taboratory measurements at UST are entered
into UST's computerized system and are subsequently transferred to a PNL com-
puter via magnetic tape. Both organizations follow rigorous data handling and
verification procedures, as described below, to ensure that errors are not
made during entry or transfer,

UST's Data Handling Procedures

Relevant information concerning analysis of the samples is entered into
logbooks that are maintained for each analytical procedure. This informati
may include calibration data, sample data, instrument conditions, matrix spike
recoveries, standards preparation, etc. Other data needed to support sample
results, such as chromatograms, charts, tables, etc., are labelled and stored
in a secure area.

Sample data generated by the analysts at the UST Hazardous Substance Anal-
ysis Laboratory are entered into UST's main computer by a data handler. The
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data sheets provided by the analysts for this purpose must include:

® sample identification

® sample result in appropriate units
® extraction date (if any)

® analysis date

¢ dilutions (if any)

¢ matrix spike recoveries

® reagent blank results

® any other quality control results.

A copy of the analysts' data sheets are also provided to the laboratory
supervisor or director for review.

Sample data for radionuclides from the UST Radiochemistry Laboratory are
derived from raw counting data and a computer program that converts the counts
into concentration units. These results are checked by the director of the
UST Radiochemistry Laboratory before being transmitted to PNL.

The data are entered using written procedures (UST 1986). Discrepancies
and anomalies are resolved at this time. For all analyses except TOX, TOC,
and radionuclides, results below the contractual detection limits are entered
‘as equal to the detection limit. For those stated exceptions, the actual
results are entered into the computer. ODuring data entry, an asterisk is auto-
matically added by the computer to all results at or below the detection limit.
Tl asterisks are 1 )laced by the less-than (<) symbols when the file is
entered into the PNL data base.

After all data for a sample set have been entered, an internal report is
generated to verify that the data have been correctly entered. If corrections
are needed, a second report is generated for verification. Finally, the data
are copied onto a magnetic tape in the format specified by PNL. A hardcopy
su ary report and data file 1isting are generated and delivered to PNL with
the tape and copies of the analysts' data sheets. Deliveries of data to PNL
are generally made once per week.
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PNL's Data Handling Procedures

Analytical data received by PNL on magnetic tape from UST are immediately
entered into the Hanford Ground-Water Data Base, according to procedures con-
tained in the data base management guide and user's manual (Mitchell, Fruland,
and Rieger 1986). This computerized data base, maintained on a DEC VAX(a). is
used to store analytical data, hydrographs, well-structure descriptions, and
drilling logs for Hanford Site wells. Data collected in the field during
sample collection, including several water-quality measurements, are entered
manually. Once entered into the data base, the laboratory and field data can
be accessed for manipulation and evaluation using various programs, and
printed or plotted in a number of different formats.

Procedures for routine verification of the data files have been estab-
lished. One of these procedures involves a test for outliers that is con-
ducted during entry of the analytical data. This test involves checking each
new data point for a particular well against the trend set by that well's
recent history, using a program called ANATREND. Based on the established
trend for a well, the program computes the predicted value for the next sam-
pling date and sets an upper and Tower limit of 2.09 standard deviations.
Approximately 95% of the values are expected to fall within these 1imits, and
a new data point is considered to be an outlier if it falls outside of these
Timits. A printout of suspected outliers is generated, and any apparent prob-
lems are then resolved as appropriate.

Other tests are conducted on the data file to ensure that each data field
contains only permissible values. As the data are entered, the vali ; in a
data field ich as the well code field) are checked by the computer program
against a list of allowable values; the record is rejected if there is nc. a
match and is later investigated to determine appropriate action.

Rdditional verification of the data files is accomplished by manually
checking each result on the analysts' data sheets received from the labc..tory
against a hard-copy report generated upon entering the data into the PNL data

(a) DEC VAX is a registered trademark of the Digital Equipment Corporation,
Maynard, Massachusetts.
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base. A special field in the data base, containing the initials of the person
conducting the verification, is used to denote that a given data point has

been checked. Discrepant data identified through this process are investigated
with assistance from the laboratory. Following resolution, modifications are
made to the data files as needed. This tedious and time-consuming process
helps to ensure that the data contained in the data base have not been altered
during transfer and entry.

Data Evi 1ation

On a continuing basis, the analytical data provided by UST are listed and
statistically and graphically summarized to identify which constituents have
been found in the ground water and to determine the range and average level of
the constituents in each well, The graphs and tables n a later section of
this chapter entitled "Results" illustrate the data evaluation methods used
during the past year. These evaluations are essential in developing an under-
standing of the temporal and spatial variation in constituent concentrations
in the ground water of the 100-H Area. Statistical methods are also used on a
continuing basis to examine quality control data and thereby determine if the
laboratory is performing satisfactorily or if modifications to the analytical
procedures are needed. ’

Qué ity Assurance

Quality assurance (QA) for the 183-H ground-water monitoring program is
conducted in accordance with PNL's 7745 Recrmamas Mo 1 A QA plan describ-
ing the manner in which specific Q ] iet has been prepared
for this project, and a copy of the document is included in Appendix F.

Quality Control

A comprehensive quality control (QC) effort has been established for this
project. The purpose of this effort is to determine and document the quality
of the analytical results being produced by the laboratory and to institute
cor 2ctive actions as needed. The QC effort has two main components:

1) routine internal checks performed by UST, and 2) external checks conducted
by PNL to independently evaluate UST's performance. The scope of these efforts
is described in the following sections.
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obtained from other laboratories. The three following Hanford Site labora-
tories are used to check UST's results: 1) the Hanford Environmental Health
Foundation (HEHF), 2) Westinghouse Hanford Company (WHC), and 3) PNL.
Comparisons are currently being conducted for anions, volatile organics, and
metals. Each month, replicate samples from selected wells are delivered to

the participating laboratories. Capabilities of these local laboratories vary,
and distribution of the samples is conducted accordingly, as follows:

®* anions: HEHF and WHC
® vyolatile organics: PNL
®* metals: HEHF,

Spiked samples are submitted to UST to estimate the bias of analytical
laboratory procedures and to determine when this bias exceeds control limits.
Two types of spiked samples are being used: 1) blind, spiked samples prepared
by PNL; and 2) spiked samples prepared under an established multi-laboratory
comparison program,

Blind, spiked samples,containing metals, anions, herbicides, pesticides,
and volatile organic compounds (halomethanes) have been submitted on a quar-
terly basis beginning in January 1986. These samplies were prepared by PNL
with materials supplied by Environmental Resource Associates (ERA).

Additional spiked samples prepared with materials supplied by the EPA were
added in June 1986. Constituents included are ammonium ion, cyanide,
acid/base/neutral (ABN) compounds, and a wider variety of pesticides and vola-
tile organic compounds. Materials will be used to monitor the performance of
vai jus analyses, including semi-volatile org¢ cs (by irect injection),
thiourea, phosphorus pesticides, ethylene glycol, sulfide, and perchlorate.

UST has also received and analyzed spiked s_. ples submitted under the
EPi .ponsored Water Pollution Laboratory Performance Evaluation Study WPO16
and the Water Supply Laboratory Performance Evaluation Study WS018.
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Replicate analyses of field samples are conducted to establish how much
variability might be expected in the laboratory measurements performed on
nearly identical samples. In each of the first three samplings, replicate
samples (three or four) were collected from several wells. These replicates
received full analysis. Further replication has been postponed pending eval-
yation of the results obtained and subsequent planning for a routine replication
effort. Submission of replicates to UST is scheduled to be resumed in late
1986. A set of wells exhibiting a range of concentrations has been selected
for this effort.

Blanks are submitted to UST to determine whether environmental conditions
encountered during collection and transportation of samples have affected the
results obtained by analysis. One blank is submitted with each volatile
organics sample. In addition, a blank for every analysis conducted is sub-
mitted each sampling period.

RE(‘III TC

The ground-water monitoring effort described in detail above has
generated a very large amount of information. As a result of the effort,
several thousand new data points have been added to the Hanford Ground-Water
Data Base within the last year. This information is summarized and evaluated
below.

Types of Constituents Detected

Analytical data obtained from samples collected in the 100-H Area during
the past year have indicated the presence of metals, anions, radionuclides,
and a few volatile organic chemicals. More details concerning each of these
types of constituents are provided in the following paragraphs.

The metals that have been detected in all five wells on a consistent
basis include chromium, sodium, potassium, barium, and calcium. Other metals
observed in fewer wells or on a less frequent basis include copper, manganese,
nickel, vanadium, aluminum, iron, zinc, and strontium. Of the r .als that
currently have a Primary Drinking Water Standard, only chromium has consis-
tently exceeded the standard of 50 ppb, with concentrations up to 1,130 ppb in
well 199-H4-3,
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The anions chloride, nitrate, and sulfate have consistently been detected
in all five wells. Fluoride has occasionally been detected. Nitrate has
exceeded the Primary Drinking Water Standard of 45,000 ppb in a number of
instances, with concentrations up to 2,890,000 ppb in well 199-H4-3; fluoride
has also exceeded its standard of 1,400 ppb in a few cases, with
concentrations up to 1,960 ppb in well 199-H4-3. Ammonium (a cation) has also
been consistently detected.

The volatile organic chemical chloroform has been detected frequently in
all wells except 199-H3-1. Chloroform concentrations have been low, not exceed-
ing 32 ppb.

The analyses for gross alpha and gross beta have indicated the presence
of radionuclides. Gross alpha results have exceeded the 15 pCi/¢ level
expressed in the Drinking Water Standard, although the subtraction of uranium
wot | probably bring the concentration below that level. The gross beta results
have, in some cases, been above the 50 pCi/% screening level at which more
information is needed before calculating dose. To obtain more information on
the radiological status of the ground water, the alpha and beta analyses are
now being supplemented (as mentioned previously) with uranium, strontium-90,
and gamma scans.

Data Listings and Summaries

Table 4 is a summary of results obtained for samples collected from June
1985 through May 1986. The table shows, for each constituent, several important
pieces of information, including the following:

* constituent code used in the « :a base {CONCODE)

* abbreviated constituent name (CONNAME)

® analytical units used for storage and reporting of data {ANALUNIT)

® detection 1imit (DETLIMIT)

® number of samples analyzed for this constituent (SAMPLES)

® number of samples for which the results were below detection (BELOWOL)
®* standard, if any (MAXLIMIT)

* regulatory agency that set the standard (REGAGEN)

®* full name of the constituent (FULLNAME).
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Also on Table 4 is a column marked "ALLBELOW." Those constituents for
which all results were below the detection limit have three asterisks in this
column, This table therefore allows easy identification of the numerous con-
stituents that were not detected during the past year of sampling.

In Table 4 (and in other tables to be discussed later), the constituents
are divided into six categories for convenience: 1) contamination indicators,
2) parameters in the Primary Drinking Water Standards, 3) constituents indica-
tive of water quality, 4) site-specific constituents, 5) site-specific "tag-
alongs," and 6) constituents on the 9905 1ist. The first three categories are
those required under the regulations for interim-status detection programs.

The fourth category contains site-specific chemicals identified by the facility
managers as possibly being present in the wastes. Additional constituents

that are not specifically requested but were analyzed because they belong to a
group analysis are contained in the fifth category. Finally, the sixth category
contains the additional analyses that must be performed in order to obtain
information needed for the permitting process.

Additional summary information for all constituents that had at least one
value above the detection limit is presented in Table 5. In addition to some
of the basic information presented in Table 4 (e.g., constituent name, analy-
tical units, detection limit), Table 5 contains:

®* simple arithmetic mean of all values (MEAN)

® median, or ordered middle, of all values (MEDIAN)

® standard deviation of all values (STTDEV)

® coefficient of variation [100 (STODEV/MEAN)] for all values (COEFFVAR)
d n m © lue (MINIMUM)

®* maximum reported value (MAXIMUM).

It should be noted that the mean, standard deviation, and coefficient of
variation on Table 5 were calculated as though the values met the assumptions
of random sampling. Estimation problems posed by replicates, values below
detection limits, and spatial and temporal variability have been ignored at
this stage of the evaluation,

49







1§

TABLE 4. mmary of Analyses Conducted from June 1985 through May 1986 (cont)

----------------------------------------- eweeee=m-~Constituent List=Site Specifice----v-occaccccnuooccoonnnn-
CONCODE CONNAME ANALUNIT DETLIMIT SAMPLES BELOWDL ALLBELOW MAXLIMIT REGAGEN FULLNAME

A03 STRONUM B 300 61 31 . Strontiunm

A04 ZINC 8 6 61 17 . Iinc,

A0S CALCIUN B 50 51 0 . Calcium

Al2 K*rvsL ,.B 10 72 68 . Nickel

Al3 C R n~m° 10 72 63 1300 EPAP Copper

Al4 v UM 5 72 37 . anadiua

Al6 Acov=nUN 160 72 48 . Aluminua

Al8 POTASUM 100 72 0 . Potassiusm

A87 1,1,1-T 10 54 49 200 EPAP 1,1,1-trichloroethane
AT0 PEREENE rro 10 B4 50 . Perchloroethylene
A80O CHLFORM PPB 10 47 9 . Chiorofors

A93 METHYCH PPB 10 33 19 . Methylene chloride
c70 CYANIDE PPB 10 70 70 w29 . Cyanide

c77 PER' .0 PPB 1000 70 70 »2s¢ . Perchlorate

(1] AMMI U PPB 60 70 24 . Ammonium ion

CONCODE CONNAME ANALUNIT DETLIMIT SAMPLES BELOWDL ALLBELOW MAXLIMIT REGAGEN FULLNAME

A0l geevt AM PPB b 61 B1 =3 . Berylliam

AD2 0 | PPB 300 61 61 ss» . Osmius

AlS A IY PPB 100 72 72 sss . Antimon

AB1 T_..._IE PPB 10 64 G4 o0 § EPAP Tetrachloromsthane

AB2 BENZENE PPB 10 54 E4 99 5 EPAP Benzene

AB3 DIOXANE PPB 800 54 54 ess . Dioxane

AB4 METHONE PPB 10 54 B4 ess . Methy| ethy! %ketone

ABS | IDIN PP8 600 b4 54 wee . Pyridine

ABS UENE PPB 10 54 54 ss9 2000 EPAP To'.uene

ABS 1,4,2-7 PPB 10 54 54 o909 . 1,1,2-trichloroethane

A89 TRILENE PPB 10 54 4 see 6§ EPAP  Trichloroethylene

A71 OPXYLE PPB 10 54 54 »se 440 EPAP Xylene-o,p

B14 M-XYLE PPB 10 64 54 see 440 EPAP Xylene-»

Bé1 12-dben PP 10 72 72 sse . 1,2-dichlorobenzene

B62 13-dben PPB 10 72 72 oes . 1,3-dichlorobenzene

Be3 10 72 72 e . 1,4-dichlorobenzene

B89 10 72 72 #2200 . Hexachlorobenzene

cae 10 72 72 ses . Pen' "' ibenzene

C37 10 72 72 #2900 . 1,2 irack'-robenzene
c43 10 72 72 sse . 1,2 Wlore  nzene

[ 10 72 72 099 . Hex vhene

( 10 72 72 0900 . Ihg )

(oo o 72 72 w9 . 1, 1lorobenzene

(471 ] 72 72 soe . 1,3 rlorobenzene
C89 1u 72 72 099 . 1,2,3,4-t ~ achlorobenzene
ce0 72 72 see . 1,2,3, 6-t ‘achlorobenzene
c71 ¢ 54 54 o9 . Formalin

c78 1000 70 70 o9 . Phosphate

c79 e ——— = 10000 72 72 ssse . Kerosene
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TABLE 4. Summ of Analyses Conducted from June 1985 through May 1986 (cont)

------------------------------------------------- Constituent List=WAC 173-308-9906-~-cccccmmacccrcrmccccaccccacnn
CONCODE CONMAME ANALUNIT  TLIMIT SAMPLES BELOWDL ALLBELOW MAXLIMIT REGAGEN FULLNAME
BOS8 BROM! pre 10 18 18 sue . Brosofors
809 JRCML.. P 10 18 18 s9s . Trichloromethanethiol
B10 TOCMFLN P, o 10 18 18 o9 . Trichlorosnonofluorosethane
B11 ICPANE PoP 10 18 18 sss . Trichloropropane
812 1e3-trp F 10 18 18 o0 . 1,2,3-trichloropropane
B13 YTuvInk bry 10 18 18 ses 1 EPAP Vinyl chioride
B1B { PPB 10 18 18 ses . Diethylarsine
B19 } E PPB 3000 18 18 »ss . Acetonitrite
B20 hvcsenE PPB 10 18 18 ess . Acetophenone
B21 YARFRIN PPB 10 18 18 sss . Rarfarin
822 ACEFENE PPB 10 18 18 20 . 2-acetylaminofluorene
823 AMINOYL PPB 10 18 18 #90 . 4-|ltqobyphen{ ‘
824 AMIISOX PPB 10 18 18 sss . 6-(aminomethyl)-3-isoxazolol
B25 AMITROL PPB 10 18 18 sss . Amitrole
826 ANILINE PPB 10 18 18 o9 . Aniline
B27 ARAMITE PPB 10 18 18 sss . Aramite
B28 AURAMIN PPB 10 18 18 ses . Aurasine
829 B~“***C PPB 10 18 18 s»e . Benz[c]acridine
830 8 N PPB 10 18 18 sse . Benz[alanthracene
831 B ¥ PPB 10 18 18 sse . Benzene, dichloromethy!
832 ] L PPB 10 18 18 ses i Benzenethoil
833 B--...-E PPB 10 18 18 oss . Benzidine
834 L PPB 10 18 18 ¢9e . Benzop fluoranthene
B35 L PPB 10 18 18 sss . Benzaljlfluoranthene
B36 U PPB 10 18 18 99 . P bae oquinone
Baz7 L peg 10 18 18 sss . Benzy. chloride
838 M PPB 10 18 18 92 . Bis Blchioroathox ) methane
839 E PPB 10 18 18 2ee . Bis 2-chloroeth{li ether
B840 H PPB 10 19 18 . Bis(2-ethylhexyl) phthalate
B41 N PPB 10 18 18 sss - . 4-bromophenyl Rhen{l ether
B42 P PPB 10 18 18 so# . Butyl bonz{ phthalate
843 P PP™ 10 18 18 90 . 2-sec-butyl-4 6-dinitrophenoc!
B44 W PF 10 18 18 sse . Chloroalkyl ethers
B4§6 CHLARLL PFo 10 18 18 »0e . P-chioroaniline
846 ZiCanre nnn 10 18 18 ses . P-chloro-a-cresol
B47 [ 10 18 18 soe l1-chloro-2,3-epoxypropane
848 / 10 18 18 sse 2-chloronaphthalene
B49 } 10 18 18 ¢ 2-chlorophenol
11 } 10 18 18 o . Chrysene
B51 ) 10 18 18 sse . Cresols
852 } 10 18 18 se¢ . 2-cyclohexyl-4 8-dinitrophenol!
B63 ) 10 18 18 ssse Dibenr’~ “lacridine
854 } 10 18 18 s9os . D'“eni arridipe
B55 ) 10 18 18 20 . D enia,n acene
11 } 10 18 18 sss . In-dibenzo arbazole
F== 3 10 18 18 see . Dibenzofa, ¢ ne
S } 10 18 18 sss . Dibenzofa,b  _ ne
859 ) 10 18 18 ses . Dibenzofa |]E rene
860 3 10 18 18 s9e : Di-n-bu K' phifalate
B84 L 10 18 18 se¢s . 3,3’-dichlorobenzidine













199 PH
c88  TOX
ce9 TOC

CONSTIT

109 COLIFRM
111 BETA
181 RADIUM
212 LOALPHA
A08 BARIUM
AG7 CADMIUM
A0B CHROMUM
A20 ARSENIC
A21 MERCURY
A22 SELENUM
A51 LEADGF
C72 NITRATE
C74 FLUORID

LS

CONSTIT
191 CONDUCT UMHO

TABLE 5.

PPB
PPB

uPN
PCI/L
PCI/L
PCI/L
PPB
PPB
PPB
PPB
PPB
PPB
PP8
PPB
PPB

alytical Data, June 1985 through May 1986, Summarized by Constituent

66
1)
64
64

SAMPLES
70
70
70
70
72
72
72
72
72
72
72
70
70

DETLIMIT

100
1000

DETLIMIT
3

8
1
4
8
2

10

o, = N

BELOWDL

0
0
85
10

BELOWDL

(T}
0
61
3
0
85
1
82
T
70
89
2
49

MAXLIMIT

1

50

5

18
1000
10
50
80

2

10
60
45000
1400

MEAN
846
7.7
143

2360

Constituent List=Drinking Water
MAXLIMIT

MEAN
3.8
176

0.0827

54.3

68.8

2,28
349

5.24

0.397
5.21
4.94

298000
596

MEDIAN
611
7.7

33.4
1810

Standards
MEDIAN

3

11.7
0.0702
4.99

48

2

328

N o = on

52400
500

STDDEY
837
0.448
442
1980

STDDEY
3.38
308
0.117
119
40.4
1.38
320
0.927
1.27
1.31
0.599
601000
264

COEFFYAR
99.0
5.8
309.1
83.8

COEFFVAR
93.2
176.8
141.
219.
69.
8a.
91.
17.
als.
26.
12.
201.
42.

-~ W@ = N N NN e N oD

MINIMUM
293
8.7
8.2
330

MINIMUM
3

4.59
-0.0999
0.112
15

10

0.1

14500
500

MAXTMUM
3680
8.9
2880
9210

MAXTMUM
23

1160
0.611
837

248

13

1130

11

7.4

16

5.81
2880000
1060

----------------------------------------------
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TABLE 5. Analytical Data, June 1985 through May 1986, Summarized by Constituent (cont)

CONSTIT SAMPLES DETLIMIT BELOWDL MAXLIMIT MEAN MEDIAN STODEY COEFFYAR MINIMUM MAXINUM
A1l SODIUM PPB 72 100 0 . 89200 19300 149000 187.2 8200 838000
A17 MANGESE PPB 72 b 48 . 14.8 5 18.7 128.4 5 78
A19 IRON PPB 72 50 16 . 281 179 340 120.9 50 2010
C73 SULFATE PPB 70 600 1 . 67700 59600 45300 66.9 28900 328000
C75 CHLORID PPB 70 500 1 . 5880 5300 2160 36.8 2600 9870

CONSTIT SAMPLES  DETLIMIT  BELOWOL  MAXLIMIT MEAN  MEDIAN  STDDEV  COEFFVAR  MINIMUM  MAXINUM
AD3  STRONUM PPB 51 200 31 . an 300 127 34.3 300 968
AD4 ZINC  PPB 51 3 17 . 41.8 20 47.8 113.9 5 182
AG5 CALCIUM PPB 51 50 0 . 82400 58000 28600 45.86 16700 177000
A12 NICKEL PPB 72 10 58 . 10.8 10 17.4 105.0 8 90
A13 COPPER PPB 72 10 53 1300 17.8 10 18.7 105.90 10 105
Al4  VANADUM PPB 72 5 37 ) 10.3 5 8.82 86.1 3 41
A18 ALUMNUM PPB 72 150 48 . 217 150 145 66.0 150 926
A18 POTASUM PPB 72 100 0 . 5780 5400 2000 34.7 3470 14300
A67 1,1,1-T PPB 54 10 49 200 10.7 10 2.83 24.7 10 24.4
A70 PERCENE PPB 54 10 50 . 10.1 10 0.72 7.1 10 16
ABO CHLFORM PPB 47 10 9 . 19.6 21.5 7.88 37.7 10 32
A93 METHYCH PPB 33 10 19 : 183 10 37§ 204.3 2.8 1500
€80 AMMONIU PPB 70 50 24 . 123 130 68.5 56.8 30 270
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TABLE 5.

I ettt ittt

CONSTIT
A23 THALIUM PPB
B40 BIS2EPH PPB
199 KNOWUN PPB

An  tic . Data, June 1985 through May 1986, Summarized by Constituent (cont)

SAMPLES
18
19
1

DETLIMIT
10
10
]

BELOVWDL
14
18
0

MAXLIMIT

MEAN
11.4
10.2

9

MEDIAN STDDEV COEFFVAR MINIMUN

10 3.18 27.8 10
10 0.707 7.0 10
9 . . 9

MAXINUM
21
13
9




Tables G.1 and 6.2 in Appendix G contain basically the same information
as Table 5 described above. However, those tables are organized in a slightly
different fashion, giving more detailed results by well and sampling date.

Tables 6 and 7 present information on how the wells compared with respect
to constituent concentrations. Each well was assigned a rank for each of the
constituents (except those on the 9905 list), where the rank 1 was assigned to
the well with the lowest concentration for a given constitutent, 2 to the well
with the next highest concentration, and so on up to 5, which was the rank
given to the well with the highest concentration for that constituent. Then,
for each well, the ranks for all constituents were added to provide total
scores. These scores can be compared to see which wells have the highest
levels of contamination. The two tables (6 and 7) present information on rank-
ings of the maximum and the median, respectively. Of particular note are the
overall rankings for the maximum at the bottom of Table 6. Well 199-H4-3
ranked highest, as might be expected since it is closest to the 183-H Basins,
Wel 199-H3-1 ranked second although it is farthest from the facility and is
not expected to be influenced by the basins. Ranks for the other wells are
generally as would be expected given their distance from and hydraulic
position relative to the 183-H Basins.

Table G.3 in Appendix G contains the raw analytical data for those con-
sti Jents that had at least one value above the detection limit.

Franhe of the Data

Graphs have been _.___. _1 with the analytical data obtained during the
las year. These graphs show trends over time for each well, with the well
being denoted by the last digit of its designation (i.e., 199-H4-3 = 3,
199-H4-4 = 4, 199-H4-5 = 5, 199-H4-6 = 6, and 199-H3-1 = 1), Before preparing
these graphs, all replicate values were averaged. The solid line on each graph
represents the detection limit.

Several graphs of particular interest are presented and discussed within
this section, and the remainder are contained in Appendix H.

The graph for conductivity is presented in Figure 21. The data from well
199-H4-3, which is the closest well to the 183-H Basins, are notably higher
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TABLE 6. Analytical Data, June 1985 through May 1986,
Summarized by Constituent Ranks - Maximum

------ Ranked StatisticsMAXIMUM Constituent List=Contamination Indicators------

Constituent H3-1 He-8 Ha-3 He-4 He-5
191 CONDUCT UMHO 3 2 5 4 1
199 PH 5 1 3.5 3.6 2
cs8  TOX PPB 5 1 4 3 2
cs89 TOC PPB ? 1 4 5 3
Sub-total 16 5 18.6 156.5 8

------ Ranked Statistic=MAXIMUM Constituent List=Drinking Water Standsrds------

Constituent H3-1 H4-8 H4-3 He-4 H4-5
109 COLIFRM MPN 1.6 3 4.5 4.5 1.5
111 BETA PCI/L 4 1 § 3 2
181 RADIUM PCI/L 1 2 4 3 5
212 LOALPHA PCI/L 2 1 5 4 3
A0S BARIUM PPB 4 1 5 3 2
AD7 CADMIUM PPB 1 [ 4 2.6 2.6
AD8 CHROMUM PPB 2 1 § 4 3
A20 ARSENIC PPB 3 1.5 1.5 4 5
A21 MERCURY PPB 4 1.5 3 ] 1.5
A22 SELENUM PPB 2.8 2.8 2.5 2.8 5
A51 LEADGF PPB 1.5 1.8 4 § 3
C72 NITRATE PPB 3 2 5 4 1
C74 FLUORID PPB 2 3 5 1 4
Sub-total 31.5 28 §3.5 45.8 38.5

------ Ranked Statistic=MAXIMUM Constituent ListaQuality Characteristics-------
Constituent H3-1 H4-8 H4-3 Ha-4 H4 -5

All SODIUM PPB 3 2 5 4 1
Al7 MANGESE PPB 4 § 3 1 2
Al9 IRON PPB 2 1 3 5 4
C73 SULFATE PPB 4 2 5 3 1
C76 CHLORID PPB 4 3 5 1 2

Sub-total 17 13 21 14 10

----------- Ranked Statistic=MAXIMUM Constituent List=Site Specificecccacanaaan

Constituent H3-1 H4-8 H4-3 H4-4 H4-8
A03 STRONUM PPB 4 2 [ 2 2
A04 ZINC PPB 4 6 1 3 2
A0S CALCIUM PPB 4 2 5 1 3
Al2 NICKEL PPB 2 2 5 4 2
A13 COPPER PPB 2 1 1) 4 3
Al4 VANADUM PPB § 2 3 1 4
Al18 ALUMNUM PPB 5 2 4 1 3
AlB POTASUM PPB 4 2 8 3 1
A87 1,1,1-T PPB 4 2.5 5 1 2.5
A70 PERCENE PPB 2 5 4 2 2
A80 CHLFORM PPB 1 2 ) 3 4
A93 METHYCH PPB 5 1 4 2 3
C80 AMMONIU PPB 1.8 5 3 1.6 4
Sub-total 43.5 33.5 54 28.5 36.5

Total 107 77.5 145 103.5 92




TABLE 7. Analytical Data, June 1985 through May 1986,
Summarized by Constituent Ranks - Median

-«Ranked Statistic=sMEDIAN Constituent Liat=Contamination Indicators--

Constituent H3-1 H4-8 H4-3 Ha-4 H4-5
191 CONDUCT UMHO 3 2 6 4 1
199 PH 4 (3 2 1 3
ces TOX PPB 1 3 4 6 2
cs9 TOC PPB 3 2 5 4 1
Sub-total i1 12 18 14 7

--Ranked Statistic=MEDIAN Constituent List=Drinking Water Standards--

Constituent H3-1 Hé-8 H4-3 H4-4 H4-6
109 COLIFRMW MPN 3 ] 3 3 3
111 BETA PCI/L 3 2 5 4 1
181 RADIUM PCI/L 1 4 ] 3 2
212 LOALPHA PCI/L 3 1 6 4 2
AO6 BARIUM PPB 4 1 ] 3 2
A07 CADMIUM PPB 3 3 3 3 ]
A08 CHROMUM PPB 1.6 1.5 6 4 3
A20 ARSENIC PPB 3 3 3 8 3
A21 MERCURY PPB 3 3 3 3 3
A22 SELENUM PPB 3 3 3 3 3
A1 LEADGF PPB 3 3 3 3 3
€72 NITRATE PPB 3 2 § 4 1
C74 FLUORID PPB 3 3 3 3 3
Sub-total 88.5 32.6 61 43 32

~~-Ranked Statistic=MEDIAN Constituent List=Quality Characteristics--

Constituent H3-1 H4-6 H4-3 H4-4 H4-86
All SODIUM PPB 3 2 6 4 1
Al7 MANGESE PPB 2 § 4 2 2
Al® IRON PPB 1 4 3 [ 2
C73 SULFATE PPB 4 2 § 3 1
C76 CHLORID PPB 5 3 4 2 1
Sub-total 156 186 21 16 7

-------- Ranked Ststistic=MEDIAN Constituent List=Site Specific--~-----

Constituent H3-1 H4-8 H4-3 He-4 H4-5
A03 STRONUM PPB § 2 4 2 2
AD4 ZTINC PPB 1.8 & 1.6 3 4
AO6 CALCIUM PPB 3 2 4 1 3
Al12 NICKEL PPB 2.5% 2.6 b 2.8 2.6
A13 COPPER PPB 2.5 2.8 ] 2.5 2.6
Al14 VANADUM PPB § 2.5 2.6 2.6 2.6
A18 ALUMNUM PPB 3 3 3 3 3
Al18 POTASUM PPB 4 3 s 2 1
A67 1,1,1-T PPB 3 3 3 3 3
A70 PERCENE PPB 3 3 3 3 3
A80 CHLFORM PPB 1 2 s 3 4
A93 METHYCH PPB 2.5% 4 2.8 § 1
€80 AMMONIU PPB 4 3 2 1 )
Sub-total 42 37.5 45.5 33.6 38.5

Total 104.5 98 183.5 108.6 82.5
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199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and 199-HA-6 (6),

June 1985 through May 1986

9
s

7 4

'

$ i N r T v T M T M -
JUNBS SEPBS DECBS MARBS JUHBS

Calleclion dote

pH Measurements (pH units) for Wells 199-H3-1 (1), Ty
199-H4-4 (4), 199-H4-5 (5), and 199-H4-6 (6), June ..o tnrY

May 1986

63



than the other wells, and the range of values is greater. Figure 22 contains
the data for pH. This graph shows that the values for all wells are close to

neu al.

Well 199-H4-3 generally has the highest values for all three of the radio-
logical analyses: alpha, beta, and radium (Figures 23 through 25, respectively).
Well 199-H4-4 generally has the second highest values, at least for alpha and
beta (Figures 23 and 24).

Well 199-H4-3 generally has the highest values for many of the metals,
notably barium, chromium, sodium, nickel, and copper (Figures 26 through 30).
For anganese and zinc, the values for well 199-H4-6 are generally higher than
the other wells (Figures 31 and 32); the reason for this is not yet known.

For the anions nitrate and sulfate, the values for well 199-H4-3 are
notably higher than the values for the other wells (Figures 33 and 34);
however, well 199-H3-1 has generally higher values for chloride (Figure 35).

For the volatile organic chemical chloroform, concentrations are generally
higher in well 199-H4-3 (Figure 36).

Observations Regarding the Data

A few general observations can be made concerning the data collected
during the first year of sampling. Examination of the data shows that the
concentrations of a few constituents, i.e., nickel and copper, are consis-
tently high in well 199-H4-3 but are virtually undetected elsewhere (Figures
29 and 30). This may indicate a near-field ‘fect with sentially no plume.
Another pattern exists ._r conductivity, alpha, and beta (Figures 21, 23, and
24, respectively), where concentrations are high in well 199-H4-3, lower in
199-H4-4, and very low in the other wells, possibly indicating a narrow plume.
A wider plume may be indicated by chromium, whose concentrations are high in
well 199-H4-3, lower in well 199-H4-4, and still lower in 199-H4-5 {Figure 27).

With only one year of monthly data available at this time, it is difficult
to interpret the variations over time that occur for given constituents and
wel ;. As additional data become available from the existing and new wells,
it will be possible to begin statistical evaluations for time trends and sea-
sonal cycles, but such efforts are currently premature.
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FIGURE 24.

Coltection date
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Alpha Concentrations (pCi/%) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and 199-H4-6 (6),
June 1985 through May 1986
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Beta Concentrations (pCi/%) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and 199-H4-6 (6),
June 1985 through May 1986
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FIGURE 25.

Collection dale

Horizonlol solid ltine is delection iimit

Radium Concentrations (pCi/&) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 26.

Barium Concentrations (ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 27. Chromium Concentrations (gpb) for Wells 199-H3-1 (1),

199-H4-3 (3), 199-H4-4 (4

199-H4-5 (5), and

199-H4-6 (6), June 1985 through May 1986
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Sodium Concentrations (ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 29.
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Nickel Concentrations (ppb) for Welle 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-_ (5), and
199-H4-6 (6),- June 1985 through May 1986
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FIGURE 31. Manganese Concentrations (ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 32. Zinc Concentrations (ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 33. Nitrate Concentrations (pgb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 34. Sulfate Concentrations {(ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 35. Chloride Concentrations (ppb) for Wells 199-H3-1 (1),
199-H4-3 (3), 199-H4-4 (4?, 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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FIGURE 36. Chloroform Concentrations {ppb) for Wells 199-H3-1 (1),

199-H4-3 (3), 199-H4-4 (4), 199-H4-5 (5), and
199-H4-6 (6), June 1985 through May 1986
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QC Program Results

The scope of the QC effort was described in a previous section of this
chapter. The results obtained in UST's internal QC effort, as well as the
results obtained for interlaboratory comparisons and spiked samples, are
described in the following sections. Also included in these sections are
a description and status of the corrective actions taken.

When problems are identified from the QC effort, procedures are
immediately established to identify the nature of the problem, corrective
actions, and the impacts to the data. The time frame for verifying that
corrective actions have been effective depends on the nature of the problem.
For example, several samples may have to be collected and analyzed to verify
that a sampling problem has been resolved.

Results of UST's Internal QC Effort

As mentioned previously, matrix spikes, blanks, and surrogates are used
by UST to provide information on the quality of the analytical work. This
information may then be used to determine if changes should be made to the
ani ytical methods. Control charts that show data for these QC samples are
given by UST in their quality control report (Hembree and Rao 1986). A
sur iry of this information follows.

Blanks. Blank samples prepared with deionized water and the appropriate
reagents for each analysis are used to ensure that glassware and reagents are
not contaminated with the analytes of interest. Control charts for the blanks
show generally good results (less than detection limit). Some high scattered
values for TOC blanks were found in a period when reagent water was stored in
plastic jugs. However, reagent water is not added to the samples, so the ana-
lytical results should not have been affected. High blank concentrations for
sodium obtained in early months appear to have been caused by sodium leaching
from the beakers. Sample concentration are typically 10,000 to 25,000 ppb,
compared to the highest blank of 552 ppb. Hence, the sample data should not
be affected significantly.

Matrix Spikes. Matrix spikes are prepared by adding known amounts of
constituents to field samples. Recoveries obtained with matrix spikes are
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used to estimate overall constituent recovery. In general, the matrix spike
recoveries reported by UST are acceptable. There are some cases, as described
below, in which matrix spike recoveries fall outside the normal acceptance

range.

The scatter in recoveries is sometimes large, when the concentration of
the analyte is high., This situation occurs in analyses of sodium, potassium,
calcium, nitrate, and sulfate.

In the anion analysis, the fluoride recoveries have sometimes been
troublesome. Dilution, required because of high concentrations of other ions,
has led to large errors. Additionally, fluoride by ion chromatography is sub-
ject to interferences by the presence of organics. Chloride recoveries are
sometimes excessively high when the nitrate concentration is high because the
chloride peak gets lost in the nitrate tail. A couple of phosphate spikes
have been out of range, possibly caused by the matrix.

Low recoveries of osmium and antimony have been noted and are being inves-
tigated by UST.

Matrix spike recoveries for a few volatile organic compounds, ABNs, and
herbicides have been high for various reasons. The analytical results have
not been affected because the concentrations of analytes in the samples were
less than the detection limit.

TOX and TOC recoveries were found to be above limits in 3 out of 40
analyses and 6 out of 40 analyses, respectively. No definable reason has been
provided by UST.

Suvwanate Rernvary, A surrogate is a compound, similar in behavior to
the analyte of interest, added to the sample prior to analysis to monitor the
efficiency of extraction. Some intermittant baseline shift in analysis for
volatile organic chemicals has occurred but has not affected results because
there were no peaks in those samples. Scatter was observed initially in the
surrogate recovery data for ABNs, but the data became more consistent when a
continuous extrator was used in place of a separatory funnel.

Radioactivity. Spike data (radiochemical yield) for alpha and beta ana-
lyses are acceptable. The analysis for total radium shows a bias on the high
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side, by approximately 20%. UST has taken corrective action, as described in
a later section.

Interlaboratory Comparisons Conducteu Using Fi-*¢ “~mples

As described previously, interlaboratory comparisons have been routinely
cor icted using replicate field samples. Comparisons conducted for selected
constituents, including anions, metals, and volatile organics, have shown
that UST's results are generally comparable to those obtained from other
laboratories. Details of the evaluations conducted are provided below accord-
ing to constituent type.

Anions. Interlaboratory comparisons have been conducted for five anions:
fluoride, chloride, nitrate, phosphate, and sulfate. The best results for use
in 1terlaboratory comparisons have been provided by chloride, nitrate, and
sulfate, because the values for fluoride and phosphate in the replicate sample
sets used for this effort have usually been below the detection limits for one
or more of the participating laboratories.

Evaluation of the data received from the three participating laboratories
inc ates that agreement is good, although in some cases the data have shown
sti istically significant differences. The results for one set of comparisons
conducted with data for chloride, nitrate, and sulfate from October 1985 are
shown in Figures 37 through 39, respectively. Additional information concern-
ing these comparisons, including the data tables for each sample set and results
of evaluation with EPA performance limits, are contained in Appendix I.

Metals. Interlaboratory comparisons have been conducted for six metals:
barium, cadmium, chromium, copper, lead, and sodium. Cadmium and lead in the
replicate sample sets used for this effort have almost always been below the
detection 1imit for both of the participating laboratories, making comparisons
for those constituents less informative. Data for chromium are more suitable
for comparison, and one set of results from February 1986 is presented in
Figure 40.

The two participating laboratories have shown generally good agreement
for all of the metals except barium. The reason for the disparity in the
barium results is currently being investigated, but is believed to result from
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matrix interference or a difference in the analytical methods used; the ICP
method used by UST is thought to be less likely to run into problems with
interferences than atomic absorption spectroscopy, used by HEHF. Additional
information on the comparisons for metals is included in Appendix I.

Volatile Organic Chemicals. Interlaboratory comparisons have been con-
ducted for three volatile organic chemicals: 1,1,1-trichloroethane, chloroform,
and perchloroethylene. Results for trichloroethane and perchloroethylene in
the replicate sample sets used for this effort have nearly always been below
UST's detection limit of 10 ppb; therefore, the most informative comparisons

are those conducted for chloroform.

The results obtained for chloroform by the two participating laboratories
have generally shown good agreement, particularly in more recent months. In
the first set of replicate samples analyzed for volatiles (collected in Novem-
ber/December 1985), the results from the PNL laboratory were generally 20 to
50% higher than the results from the UST laboratory. Agreement between the
laboratories has improved considerably with time, as indicated by the data
tables and comparisons to EPA performance 1imits (Appendix 1).

The data for one set of chloroform comparisons (conducted with data from
February 1986) are shown in Figure 41, The differences between the PNL and
UST results for all samples in this set were within acceptable limits (defined
as two standard deviations based on EPA Performance Evaluation Study
regressions).

Spiked Samples Prepared by PNL

In general, UST did an excellent job of identifying and quantifying com-
por 1ts of the first quart ‘ly submission of spiked samples. The perfi .nce
on the i ilysis of ions was the main apparent weal ss. Upon receiving the
results from the first set of spiked samples, UST changed the dilution proce-
dure for anion analyses.

The results from UST, grouped by constituent type, are compared with a
target range in the following tables. The target ranges are based on EPA
Performance Evaluation Studies. Results that are outside the target range are
marked with an asterisk (*) and discussed below.
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above the target range. UST has been contacted concerning the apparent
problem and is investigating the situation.

Ions. The results of anion analyses conducted on the spiked samples for
January, which were analyzed by both UST and WHC, are shown in Table 9.
Although the spiked samples were prepared primarily to check UST's performance,
leftover aliquots were submitted to WHC. Information on WHC's performance on
analysis of spiked samples was of interest due to participation of that labor-
atory in the interlaboratory comparisons.

For the January sample set, UST's results for fluoride and sulfate were
out of the target range. When UST was questioned zbout the results for these
constituents, the lab sheets were examined and the analysis values were revised,
based on a previous dilution. Still, neither of these analyses reflect the
optimum dilution. The dilution procedure has since been modified. The anion
analyses by WHC were within the target range in all cases.

April data for the ion analyses are shown in Table 10. The analysis
provided by UST for sulfate was acceptable, but the values for fluoride and
nitrate were slightly high. The April data from WHC were all within the target
range.

Pesticides and Herbicides. Tables 11 and 12 show that the pesticides and
herbicides analyzed were within the target range in all cases. However, since
the results for 2,4-D and 2,4,5-TP Silvex in the January analysis were below
the UST contractual detection limits, the results were reported by telephone
to PNL, and do not appear in the data base. Concentrations of endrin and

lindane found in the April sample are also below the contractual detection
limits, and thus are not in the data base.
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TABLE 10. Analytical Results of Spiked Samples Containing
Anions, April 1986

lons UST Analysis WHC Analysis Target Range
Fluoride 2,020* 1,420 1,400 to 2,000
Nitrate 20,600* 18,800 17,300 to 19,900
Chloride <500 <300 --(a)
Sulfate 64,300 60,300 53,000 to 73,000
Phosphate <1,000 <500 ___(a)

* This result is outside of the target range.
(a) Target range not provided by the vendor.

TABLE 11. Analytical Results of Spiked Samples Containing
Pesticides and Herbicides, January 1986

Pesticides UST Analysis Target Range
2,4-D 0.26 () 0.19 to 1.0
2,4,5-TP Silvex 0.85 (@) 0.45 to 2.5
Toxaphene 5.2 3.1 to 8.5

(a) Result below detection level; not reported in
data base.
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TABLE 12. Analytical Results of Spiked Samples Containing
Pesticides and Herbicides, April 1986

Pesticides UST Analysis Target Range

Endrin 0.49(2) 0.24 to C.88
Methoxychlor 2.35 1.7 to 4.5
Lindane 0.65(2) 0.48 to 0.96

{a) Result below detection level; not reparted
in data base.

Volatile Organic Compounds. The results of analysis {by UST and PNL) of
the halomethane sample submitted in January are shown in Table 13. A1l results
obtained for the January samples were satisfactory. The PNL laboratory did
not provide results for three of the constituents because of a lack of
sta lards. These standards have now been ordered.

The UST result for bromoform is not contained in the data base because it
was below the UST detection limit.

TABLE 13. Analytical Results of Spiked Samples Containing Volatile
Organic Compounds (Halomethanes), January 1986

VYolatile Organics UST Analysis PNL Analysis Target Range
Chloroform 16 17.6 11 to 23

{
Bromodichloro :har 9.6 a) 5.7 to 13
Chlorodibromomethane 5.3 ___(a) 2.0 to 8.0
Bromoform <10 - (a) 1.6 to 3.4

(a) PNL did not analyze for this compound because the laboratory
was not set up for it. To solve this problem, standards have
been ordered.
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The resuits of the April analysis, shown in Table 14, indicate concentra-
tions somewhat below the target range. However, this is Tikely due to problems
encountered during preparation of the spiked samples; i.e., a septum was perfor-
ated when solution was injected into the vial. This procedure will not be
used in the future.

TABLE 14, Analytical Results of Spiked Samples Containing Volatile
Organic Compounds (Halomethanes), April 1986

Volatile Organics UsT Ana]ysis(a) PNL Analysis(a) Target Range

Chloroform 9.9* 7.33 11 - 21
Bromodichloromethane 22* ---(b) 23 - 16
Chlorodibromomethane 8.3* ---(b) 10 - 17.5
Bromoform 20 L) 17.5 - 35

* This result is outside of the target range.

(a) Problems were encountered with capping this batch; the top was
perforated, very likely causing loss of volatiles.

(b) PNL did not analyze for this compound because the laboratory
was not set up for it. Standards have now been ordered.

Spiked Samples Submitted Under EPA-Sponsored Studies

At the request of PNL, UST has participated in EPA Performance Evaluation
Studies. The results from the first of these studies, designated Water Pollu-
tion Performance Evaluation Study Number 16 (WP016), have been received. UST
was commended on its excellent performance. Comments concerning specific
results are provided below, and the performance data are contained in Appendix I.

UST's results for all of the following were acceptable: metals, nutrients
and demands, polychlorinated biphenyls, volatile halocarbons, volatile aroma-
tics, total cyanide, and non-filterable residue. A1l of t¢ minerals analyses
were also acceptable, with the exception of fluoride, for which UST's values
were high. The results for one of the two fluoride samples were outside of
acceptable limits, and those for the other were within warning limits.

A1l of UST's pesticide results were acceptable, although the value for
DDD was on the upper bound of acceptance. A warning flag was set for this
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analysis. In addition, the oil and grease analyses (which are not included on
the 1ist of analyses for the field samples from the 100-H Area) were flagged; .
one f the two analyses performed was unacceptable and the results for the

other were within warning limits.

The outlying values are currently being investigated by UST. The use of
a different analytical method for fluoride (i.e, specific ion electrode instead
of ion chromatography) has been suggested as a possible solution to the prob-
lems encountered in this analysis.

UST also participated in an EPA interlaboratory comparison program that
involved analysis of spiked samples for alpha and beta activity in water.
UST's results for the alpha analyses seemed to be biased on the high side com-
pared with the other participating laboratories. UST's beta results were all
within expected 1limits.

Factors Potentially Affecting the Data

As the sampling and analysis effort has progressed during the last year,
minor problems have arisen that could potentially affect the quality of the
data. A discussion of these problems and the corrective actions taken is

presented in the following sections.

Contaminaticn of t° “ladder Pum—-

The manufacturer of the bladder pumps used for this effort notified PNL
in September 1985 that some of the pumps may have been contaminated with Tow
levels of three organic chemicals: 1,1,1-trichloroethane, tetrachoroethylene,
and methylene chloride. Investigations conducted by the manufacturer indicated
that small concentrations of these chemicals were present in a Tef]on(a) Tubri-
cant which had been used sporadically in assembling the pumps. The contaminated
pumps were found to yield concentrations of these chemicals up to several
hun ‘ed parts per billion, although a decline in concentrations was noted to
occ ° after purging. According to the manufacturer, in most cases the contam-
inated pumps could be easily identified, because the three chemicals were found
to be present in a certain ratio. The manufacturer indicated that replacement

(a) Teflon is a trademark of E. I. DuPont de Nemours, Co., Wilmington, Delaware.
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of any suspect pumps would solve the problem, because investigations had shown
that the contamination was contained within the pumps and that the wells should
not have been affected.

Examination of the data collected from the 100-H Area wells at that time
revealed that the pumps in those wells were apparently unaffected. However, a
few of the 300 Area wells (being sampled under a corresponding project) had
shown low concentrations of these chemicals, and therefore the pumps in some
of the 300 Area wells were removed and replaced with clean pumps.

Preservation of Samples to be Analyzed for Metals

As noted previously, samples to be analyzed for metals were acidified
upon collection without being filtered. While most of the samples appeared to
have low particulate levels, the samples may have been altered to an unknown
degree via leaching of metals by the acid from any particulates that may have
been present. Thus, the reported concentrations for the metals may not accu-
rately reflect the dissolved portion, which is more readily available for trans-
port and environmental uptake. Future analysis of both filtered and nonfiltered
samples (for dissolved and total recoverable metals, respectively) should pre-
vent this type of problem.

Alterations to Analytical Methods

Implementation at UST of the analytical work for this project resulted in
minor problems with a few of the analyses. The problems and the corrective
actions taken are described below.

Ammonium Ion. An error in preparation of the standard solution led to
incorrect reporting of data; the 1 jorted results were all low by a factor of
ten. The data were corrected and resubmitted to PNL in February 1986. A
second problem arose with this analysis when it became evident that a change'
in Movember 1985 to a higher grade of sulfuric acid used as a preservative had
resulted in a marked decline in the ammonium concentrations being detected.
Low concentrations of ammonium jon are usually present in sulfuric acid, but a
lower grade of acid may be expected to have more ammonium than a higher grade.
To determine if the change in acid may have affected the results obtained for
the field samples, blank samples were spiked with both grades of acid and were
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then analyzed for ammonium. Recent evaluation of the resulting data has shown
that the lower grade of acid probably contributed additional ammonium to the
field samples, but the exact amount of the difference would be difficult to
quantify. The affected data will accordingly be flagged with an explanatory
comment.

Gross Beta. The gross beta analysis recommended by EPA is slightly dif-
ferent than the method traditionally used by UST, and this difference led to
incorrect calculation of some of the gross beta results. The EPA method
requires use of an absorber for alpha radiation and conversion of net counts
to disintegrations per minute with Cs-137 efficiencies. UST had used the

absorber but had erroneously converted the net counts of the gross beta analyses

to disintegrations per minute with the Sr-Y-90 efficiencies (traditionally

used by UST) rather than the Cs-137 efficiencies. The results were recalculated

and resubmitted to PNL in December 1985; they were generally about 30% higher
than the previously-reported results.

Lead. Investigation of some lead results obtained during the first few
months of sampling showed that the ICP method in use at that time was not as
sensitive for the low levels of lead being detected as the GFAA method would
be. Increased sensitivity was judged to be desirable, and therefore use of
GFAA for lead analyses was initiated in November 1985. A1l lead samples mea-
sured by ICP prior to this change were reanalyzed by GFAA.

Am¢im~nvy. The calibration standard was found to be too low by a factor
of five. One result was affected and has subsequently been corrected.

Mercury. The instructions used for preparation of the mercury standards
were incorrect. A small number of results were found to be affected and have
subsequently been corrected.

Osmium. The osmium standards appear to be unstable, and UST is concerned

that the field samples may behave similarly. UST has initiated tests to inves-

tigate and solve the problem.

Silver., Matrix spike recoveries for silver have been on the low side.
Investigation by UST has shown that this is not due to a matrix effect but
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rather to the quantity of hydrochloric acid (HCL) in the sample digestion.
With increased HCL used during sample preparation, recoveries have improved
considerably. However, a bias is still present, so the investigation is
continuing, Sample results are not likely to be affected, because the amount
of HCL normally used is adequate for the low levels of silver present in the
samples.

Radium. The analysis for radium has shown a bias on the high side. UST
is presently checking the calibration efficiency curve and current spike solu-
tion, with the belief that the problem results from a biased calibration
efficiency curve. A new calibration curve was prepared and put into service
in April 1986. Radium has been detected in only a few samples, so the effect
on the total data set is expected to be small.

Presence of Methylene Chloride in Blanks and Field Samples

Methylene chloride has been detected in a number of the blank samples
sent for analysis. This chemical is ubiquitous in laboratories and, as a
result, it frequently causes a sample contamination problem that can be diffi-
cult to solve. Nonetheless, attempts were made to track down and eliminate
the source of this chemical in the blanks. It was finally discovered that
methylene chloride had been employed in the precleaning process for the con- |
tainer used by PNL to obtain and store the deionized water needed to prepare
the blanks. Containers cleaned in this way are no longer used for this purpose.

Concentrations of methylene chloride have also recently been detected in
some of the field samples. However, the pattern does not appear to indica a
ground-water contamination problem, because the concentrations are frequently
much higher in the upgradient and far-field wells than in the wells closest to
the facility. Furthermore, the concentrations of methylene chloride ha' ris
and fallen dramatically from month to month, rather than showing the gradual
changes usually exhibited as a result of plume movement or hydrologic phenomena.
The possibility of bottle contamination is currently being investigated.

Potential Laboratory Differences

During the first two months of sampling (June and July 1985), a number of
the analyses were performed at the Hoboken, New Jersey, location of UST pending
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final preparation of these new capabilities at the Richland laboratory. The
analyses performed at Hoboken included metals, pesticides, herbicides, volatile
organics, and semi-volatile organics. The majority of these analyses revealed
less-than-detectable concentrations, and similar results w 2 reported by the
Richland laboratory in subsequent months. However, some of the constituents,
particularly the metals, were present in measureable concentrations, allowing
some limited comparisons of the results obta,ned by the two laboratories.

Examination of the data for certain metals (i.e, barium, cadmium, copper,
man nese, vanadium, and aluminum) reveals that the results from the first 2
months appear to be relatively high compared to results from subsequent
months. Two possibilities exist: 1) the values n sured by Hoboken during
the first 2 months correctly reflect a temporally variable ground-water
con tion, or 2) some aspect of the analysis was different between the Hoboken
and Richland Taboratories.

Regarding the first possibility, seasonal changes in the hydrology could
potentially affect the measured concentrations to the degree observed. The
data from a similar period in 1986 have not yet all been received and evaluated
to termine whether a similar pattern was exhibited this year. Confirmation
of such a seasonal trend could take several years.

Concerning the sc nd possibility, an identifiable difference between the
two laboratories would be difficult to substantiate due to a number of poten-
tial complicating factors. As mentioned previovsly, the samples were acidified
without filtration. If particulates were present, agitation of the samples
during transport across the country cou.. have dissolvec -dditional materials.
Also, the ICP analysis used for these samples 1s subject to spectral differ-
ences that can cause some variation in measurement.

To investigate the potential for differences between the laboratories,
paired samples were collected from a number of wells in October 1985, and one
sample from each pair was delivered to each of *“e two laboratories. Analyses
were conducted for the list of constituents done by Hoboken in the first 2
mor s, As expected, most of the results from both laboratories were less
than the detection 1imit with the exception of metals. For many of the same
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metals mentioned previously, the Hoboken and Richland results were different.

In cases where at least one of the samples in a pair was above the detection
1imit, the Hoboken laboratory almost always reported higher results than the
Richland laboratory. This pattern was most notable for zinc, barium, vanadium,
aluminum, manganese, iron, and arsenic. In addition, the Hoboken laboratory
had higher matrix spike recoveries for a number of the metals than the Richland
laboratory. Quantification of the difference between the two laboratories,
either with the original values or with the paired samples collected in October,
is not possible due to the limited number of results.

UST has confirmed that the same analytical methods and detection limits
were used at both laboratories. A review of the internal laboratory quality
control data derived from blanks and matrix spikes reveals that both labora-
tories were performing adequately. Without conclusive evidence to support the
suspicion of a problem with the data for the first two months, these data have
been treated as viable data for this report. However, the considerations dis-
cussed above should be kept in mind as these data are evaluated.

DESCRIPTION AND RESULTS OF GROUND-WATER FLOW MODELING FOR THE 100-H AREA

Ground-water flow modeling for the 100-H Area has recently been conducted
to better define the hydrologic system and provide support to the monitoring
effort. The specific objectives of the modeling project were to: 1) charac-
terize the ground-water movement beneath the basins and adjacent to the Columbia
River to assist in estimating the probable extent of contamination; and 2) pro-
vide guidance for placing additional monitoring wells, should they be needed
to fully define the extent of contamination. Initial results of this project
are now available, and they provide valuable information on the hydrogeology.
The scope of the project and the main conclusions are summarized in this sec-
tion, and additional details can be found in Mitchell and Williams (1985).

The project consisted of two main phases: data collection and hydrologic
modeling. The data collection phase included a review of relevant information
in the literature, as well as collection of field data. The information
gathered in the first phase was then used in developing a conceptual model,
calibrating a numerical model, and performing the simulations. Later, the
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flow model was used to assess the possibility of a reversed gradient resulting
from above-normal river stage. Each of these activities is described below.

Data Collection

Continuous water-level measurements made in three of the wells in this
area (199-H4-4, 199-H4-5, and 199-H4-6) were compared with changes in the river
stage. Graphs showing the fluctuations of the river and of the water level in
each of the three wells for February 1985 are presented in Figures 42 through
44, As shown on Figure 45, the wells located near the river {199-H4-4 and
199-H4-5) exhibit greater water-level fluctuations in response to changes in
river stage than well 199-H4-6, which is located farther inland. Also, wells
located near the river show daily fluctuations (up to 2 ft) that are superim-
posed on the seasonal changes. These daily fluctuations do not appear in well
199-H4-6, which shows on
1985).

seasonal water-level trends (Mitchell and Williams

-

The zone of the Columbia River's influence on the ground-water flow sys-
tem at the 100-H Area has been determined, based on the continuous water-level
measurements discussed above and also on some weekly water-level measurements
taken in the first half of 1985 in a network of wells in the vicinity of the
100-H Area. This zone of river influence and also the computer model bound-
aries are shown in Figure 46. It should be noted that the flow rates in the
Col 1bia River were unusually low during the year that these measurements were
made; therefore, it is possible that the zone of influence would be somewhat
la1 r given more normal river flow rates {(Mitchell and Will s 19 ).

The weekly water-level measurements mentioned above were also used to
construct water-table maps and determine garound-water flow directions. The
flow directions were found to vary from northeast to southeast and directions
in between. The flow directions were transient; that is, the flow direction
was not constant for any extended period of time. The calculated velocity of

ground-water flow between the basins and the river ranged from 4.0 to 7.0 ft/day

(Mitchell and Williams 1985).
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Collection of water-level data under this effort revealed that the gradi-
ent can sometimes be reversed, so that the direction of ground-water flow is
away from the river, The continuous water-level measurements taken in 1985
indicate the existence of a reverse gradient on an occasional basis.
Hydrographs of all three wells, when plotted on the same figure (Figure 45),
show that water levels in wells near the river (199-H4-4 and 199-H4-5) were
higher than or almost as high as the water level in the more inland well
(199-H4-6) during January and May. At these times the ground-water gradient
would slope away from the river. Given a more normal flow rate for the
Columbia River, it is possible that there may be longer periods of reversed
gra ent than indicated here (Mitchell and Williams 1985).

Development of a Conceptual Flow Model

Based on the information summarized above, a conceptual model was
developed. It was assumed that the predominant ground-water flow direction is
toward the river and that the river causes periods of local reversed gradient.
Therefore, transient flow modeling was chosen over steady state. The model
grid used was a finite difference grid with a node spacing of 200 ft (Figure
47). The northern and southern boundaries were drawn along streamlines. The
wes 2rn boundary was modeled as a recharge boundary, and the eastern boundary
(the Columbia River) was represented as a constant head at each node that was
changed for each time step to simulate fluctuations of river stage (Mitchell
and Williams 1985).

Model Calihratinn

Two periods ‘e chosen for initial transient calibration efforts. These
periods were: 1) January 22 to 30 (a time of flattened or reversed gradient),
and 2) the month of March (a time period representing a strong hydraulic gra-
dient toward the river). Calibration of the flow model resulted in the selec-
tion of a conductivity of 315 ft/day for the unconfined aquifer, which is close
to the 279 ft/day estimated by an aquifer test conducted at well 199-H3-1 in
1978. The modeled responses at the well locations are very close to actual
hydrographs, with the exception of exaggerated highs and lows observed in
well 199-H4-4., The gradients shown between wells in the model are comparable
to those observed in the field.
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Simulations

Pathlines from the basin to the river were produced for each simulated
day within the two time periods specified above. These pathlines were allowed
to travel to the river as if the water-table surface calculated for that day
was at equilibrium. The pathlines for the first and second time periods are
shown in Figures 48 and 49, respectively. The area covered by the pathlines
falls between wells 199-H4-4 and 199-H4-5, and this is estimated to be the
area with the highest concentrations (Mitchell and Williams 1985).

The water table contours shown in the figures represent one time frame
and are oniy examples of simulated surfaces. As described under the section
ent :led "Model Calibrations," these surfaces are most accurate in the
vic 1ity of the basins.

Based on the results described above, recommendations were made for
installing two new wells: one to be located between wells 199-H4-4 and
199-H4-5, and the other to be located north of 199-H4-4, The first well would
serve the purpose of better determining concentrations within the contaminant
plume, and the second would help to improve the characterization of the
aquifer's hydraulic properties. These recommendations were used in defining
the locations for two of the new wells that are going to be installed, as
described in a later chapter of this document entitled "Planned Exparsion of
the Ground-Water Monitoring Program.”

Asses 1t of t| Potential for i Gradient

The flow model was also used to assess the possibility of a reversed
gradient (i.e., away from the river in a westerly and/or southerly direction)
resulting from above-normal river stage. The basic objective of this effort
was to determine if the existing upgradient wells to the west and south of the
basins are truly upgradient of the facility and if the basins are a likely
source of contamination for these wells.

The calibration was assumed to be sufficient for performing these
sii lations. The western boundary was changed to a constant-head boundary.
Since water-level histories for wells outside the modeled region indicated
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approximately steady-state conditions during recent years, the western bound-
ary was held at those elevations during the simulation. The model predicted
that only an unrealistically high river stage would result in a reversed
(although primarily southerly) gradient under steady state conditions. A tran-
sient simulation predicted that a southerly flow direction would exist for
about 16 weeks when the river stage at the 100-H Area was raised quickly from
376 ft and then held at 380 ft above mean sea level. Steady-state conditions
were reached after 32 weeks. The pathline distance from beneath the basins
was about 64 ft (not reaching the existing upgradient wells) during the
transient period of southerly gradient (Figure 50). After 16 weeks, the
travel direction shifted toward the river again.

These modeling results must be qualified with the limitations of the cali-
bration, as follows: 1) the model was calibrated to ground-water elevations
and river stages collected during a year of below-average flow rates; and
2) the model response to rising river stage at well 199-H4-5 was not as good
(i.e., as close to the measured response) as at the other wells. Also, the
‘region of interest during model calibration was smaller than for this
application. The positions of the boundaries on the simulations may have
affected the pathline positions. The conclusion was drawn, however, that the
basins are probably not a source of contamination for the existing upgradient
wells,

Future Modeling Work

The ground-water flow modeling conducted to date has been a valuable tool
used in supporting the monitoring effort. The modeling work will be continued
with improvements to the flow model calibration and calibration of the transport
model for or constituent. Ti improvemen: will allow further sii chara
terizat: and estimation of the rate and extent of contamination. Details on
the work to be performed are contained in the section entitled "Ground-Water
Flow and Transport Modeling."
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First Drilling Phase

Three well clusters and seven single wells will be installed during the
first drilling phase. Well and cluster locations for this first phase (and
also the second phase) are shown on Figure 51, and the purpose and need for
each of these installations is provided below.

® Single Wells

-Single wells W1, W2, and W3 are needed to gather data required to
characterize the geology underlying the basins and to measure concen-
trations close to the basins, at the point of compliance.

-Single wells W4, W5, and W6 are needed for geologic characterization
and for locating the edges of the plume in the downgradient direction,
close to the river.

-Single well W7 is needed for geologic characterization and for
determining contaminant concentrations upgradient of the basins.

~ These single wells will be completed in the upper portion of the upper-
mo¢ aquifer. The primary purpose for installation of these wells is horizontal
expansion of the sampling network to enable better delineation of plumes, but
these wells will also be used to gain more hydrogeologic information. Therefore,
each well will be drilled to the top of the clays to verify the presence of
this layer and will then be plugged or otherwise modified so that they can be
used for sampling the top portion of the aquifer. The design of these wells
is shown in Figure 52.

® Well Clusters

-The first cluster (Cl) is to be installed in the area potentially
having the maximum concentrations, as indicated by recent modeling
work,

-The second cluster (C2) is to be installed in a location that was not
as accurately simulated by the model as the rest of the area, indicating
a need for additional characterization data.
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-The third cluster {C3) is to be installed upgradient of the basins to
allow collection of potentiometric data needed to construct flow nets,
which are required for determining and illustrating vertical flow

components.

These well clusters will be used to determine vertical gradients, assist
with geologic characterization, and enable hydrologic testing of different
zones within the aquifer. Each cluster will consist of three wells, spaced
about 25 ft apart in a triangular arrangement. A tentative schematic drawing
of a well cluster is shown in Figure 53. The first well (Well A) will be com-
pleted at the top of the aquifer, with a 15-ft screen extending a few feet
above the water table to allow for fluctuations (Figure 52). The total depth
of Well A will be about 50 ft. The second well (Well B) will be drilled to
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FIGURE 51. Location Map for Planned Well Installations
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the top of the Ringold clays (at a depth of about 60 ft) and will be completed
in the zone just above the clays (Figure 54). The screen for Well B will be
fairly short to allow collection of head measurements that are more discrete.
The third well (Well C) will be drilled into the Ringold clays to a total depth
of »proximately 200 ft. The screen length for this well will be 10 ft (Figure
55). The planned screen lengths and completion intervals may be modified
during drilling to fit the conditions encountered.

Second Drilling Phase

Results obtained during the first drilling phase will be used to finalize
plans for the second drilling phase, and ¢n interim report complete with recom-
mendations will be produced at the end of the first drilling phase. Final
plans for well installations under the second drilling phase will then be nego-
tiated with the USEPA and the Washington State Department of Ecology. However,
to give an indication of the possible scope of the entire effort, tentative
plans for the second drilling phase are presented below. Only single wells
are planned for the second phase, and they will have the same design as the
single wells installed during the first phase.

Single wells W8, W9, W10, and W11 (Figure 51) may be needed to locate
pli 2 edges in the downgradient direction and to gather additional character-
jz¢ ion data. The need for these wells and/or their exact locations will be
established during the first drilling phase. If contamination is found in
water obtained from W4, then W8 and possibly W9 will be needed to locate the
northern edge of the plume. Similarly, W10 and possibly W1l will be needed to
locate the southern edge of the plume if contamination is found in W6.

Well Construction Details

The new wells will be installed by a drilling contractor using one or
mo1 cable tool rigs, as needed to meet the established schedule. The driller
will be required to provide proof of qualifications and experience and will be
supervised during drilling by a PNL geologist.

Because these wells will be used for gathering water-quality data, care
will be taken to ensure that the wells are properly installed and that contam-
ination is not introduced during drilling. Accordingly, all equipment, casings
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and screens will be steam-cieaned prior to use and kept off the ground. Any
drilling additives or lubricants needed will be carefully selected to avoid
contamination, Following completion, all new wells will be fully developed to
help ensure that samples collected from them subsequently will be representa-
tive of the water in the aquifer.

The wells will be constructed with flush-coupled, 6-in.-diameter, stain-
less steel (Type 304) casing and screens. The casings will consist of Schedule
10 pipe with Schedule 40 couplings. Ouring drilling, 10- or 12-in.-diameter
temporary carbon steel casings will be used to hold the hole open. For the
shallow and intermediate depth wells, a 10-in. stainless steel screen will be
set for testing purposes when the well has reached the completion depth, and
the temporary casing will be pulled back to expose the screen. The well will
then be developed and tested. Following testing, the screen will be left in
place and the 6-in. assembly will be placed inside. An artificial sand pack
will be set between the screens and will extend 5 ft above the top of the
6-in. screen. Following emplacement of the sand pack, the temporary casing
will gradually be pulled back as the annular space is sealed. A 5-ft layer of
bentonite pellets will be used to seal the annular space above the sand pack.
A seal of granular bentonite will fill the remaining annular space up to 5 ft
below the land surface, where a concrete seal will be emplaced. The well will
be finished with a concrete pad, a removable locking cap, and protective steel
posts. Each well will then be redeveloped as needed. Complete details
concerning the well construction are provided in the Statement of Work
(Appendix J).

Following completion, each new well will be surveyed to obtain the plant
location coordinates and the elevation of the top of the casing. The wel
will then be given permanent names assigned according to Hanford Site
conventi ;.

Hydrogeologic Testing and Characterization

Geologists will be present during drilling of the new wells to conduct
hydrogeologic ¢ iting and characterization. They will collect information
needed to more fully characterize the local conditions and to improve the
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conceptual and predictive numerical models for the site. A full description
of the characterization work to be conducted is provided in the following

sections.

Geologic Core Analysis

Geologic material samples will be collected at 5-ft intervals and at
cha jes in 1ithology. Materials encountered above the water table will be
described as hand specimens in geologic field records. Typical descriptions
will include estimated grain size, color, and mineralogy of major constituents.
Paired samples will be collected, with one specimen from each pair submitted
for laboratory analysis and the secon. specimen from each pair retained for
arc iving. The following laboratory tests will be conducted at selected
horizons: 1) grain size distribution based on sieve analysis, 2) moisture
content, 3) hydraulic conductivity, 4) soil moisture retention, 5) quantitative
calcium carbonate, 6) bulk porosity, and 7) petrographic description of mineral
content. Total organic carbon analysis will also be conducted in zones where
or¢ 1ic fluids may be present.

Geophysical Well I ing

A1l of the new wells will be log d with geophysical probes following
completion. The suite of logs to be made 11 include the following three
nuc :ar logs, which {unlike electrical logs) can be made in cased holes: neu-
tron-epithermal-neutron, gamma-gammé¢ and natural gamma. These logs give an
inc :ation of the proj 't of the materials around the borehole, and they
provide a relatively objective and continuous record of the .. “-ials
penetrated. Therefore they are a useful supplement to the sample descriptions
provided by geologists. The types of information that will be obtained from
the geophysical logging effort are briefly described below.

Each of the three geophysical log types named above gives different
information concerning the subsurface geology. The neutron-epithermal-neutron
probe has a neutron source and a detector; the neutrons emitted interact with
hydrogen in the water contained in the pore spaces of the sediments. The log
produced gives an indication of the saturated porosity of the material below
the water table or of the moisture content of the material above the water
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level measurements. Horizontal and vertical hydraulic gradients will be
established by collection of water-level measurements from all wells at the
site and also river-stage measurements for the Columbia River. These measure-
ments will indicate the potential for fluid movement and the general direction
of flow. As indicated above, hydraulic gradients are influenced by the river
level and can be expected to change on a daily basis. Continuous recorder
measurements and the long-term record of ground-water observations at the site
will be used to define hydraulic gradients.

Aquifer Testing

Aguifer tests will be conducted on most, if not all, of the new wells to
be installed. These tests will provide crucial information on aquifer proper-
ties and will thereby support estimations of the rate of movement of
contaminants. The objectives, strategy, and evaluation techniques for these
tests are described below.

Objectives. The purpose of aquifer testing is to determine the large-
scale hydraulic characteristics of in situ geologic materials. These tests
define site hydrology more accurately than single-point laboratory analyses
such as permeameter tests. The field testing program will be carefully
des jJned, in order to characterize the site to the maximum extent possible
with the available wells. This characterization allows the conceptual and
numerical models to become more detailed and thus more accurate. Observation
we' 5 will be used as additional data sources whenever possible. Electronic
pressut transducers and automatic data loagers will be used where feasible
during testing. Steel tape and calibrated electric tape _isu ents will be
used to verify transducer calibration.

Each geologic formation beneath the 183-H Basins requires a separate test-
ing program based on generalized aquifer characteristics, location of the well
in relation to the contaminant plume, and the probable influence of the Columbia
Ri* r. The test plan for each formation is given below.

Test Strategy for the Hanford Formation. The high transmissivity of the

Hanford Formation may require a pumping rate of up to 500 gpm to adequately
stress the aquifer. The drawdown in these wells may be slight, and the
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influence of the Columbia River must be accounted for in the data analysis.
The river is expected to act as a recharge boundary early in the aquifer
tests. The wells will be pumped until this hydraulic boundary is reached or
steady-state conditions are obtained. The recovery period will be equal to
the pumping period or until initial conditions are re-established. The
drawdown in observation wells may be indiscernible or absent at a distance.
This factor will limit the number of observation wells to those nearest the
pumping well. Well clusters (consisting of wells that are completed at
various depths) will be monitored during the testing to determine vertical
hydraulic conductivity.

Test Strategy for the Middle Ringold Formation. Wells in the Middle
Ringold Formation are expected to have a greater degree of variability in hydro-
logic properties than the Hanford Formation. The aquifer characteristics depend

on variations in local stratigraphy. During drilling, as the well reaches

total depth, bailing tests may be conducted to estimate formation perme ility
and design the aquifer tests to be performed. Aquifer testing will be conducted
at relatively low discharge rates so that the test period is appropriately

long. Observation wells will be used as additional data sources whenever pos-
sible, although the range of pumping influence may be fairly small and may
therefore restrict the observation wells to those nearest the pumping well.
Wells at the same location completed in other units will be monitored to
determine vertical conductivity. '

Monitoring of the 7~lumbia River. As indicated above, the water levels
in the river influence ground-water levels. The Columbia River will be moni-
tored for water-level elevation adjacent to the site. Long-term variations
can be determined by correlation with the river gage located at the 100-N Area.
Short-term variations at the site will be observed in the period before and

during aquifer testing. A previous analysis of the site (Mitchell and Williams
1985) indicated that the Columbia River can induce water-table fluctuations up
to 2 ft in height and at distances of over 500 ft from the river. Statistical
analysis indicates that the time lag of ground water to surface water correla-
tion can be up to 8 days. That is, river level 8 days previous to aquifer

tests can be incorporated in water-level observations. The rapid and unpredict-
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able nature of river level changes precludes a simple method for removing these
perturbations from the aquifer test data. These effects will be most notable
close to the river and in highly transmissive units. The Ringold silts and
clays have a much lower transmissivity, which may effectively damp short-term
river changes.

Analysis of the Aquifer Testing Data. Aquifer testing data will be inter-
preted as an iterative process of analyzing the formation parameters and
pre cting aquifer response. The data from each test will undergo Theis and
Cooper/Jacob analysis (Freeze and Cherry 1979) to determine approximate forma-
tion parameters. These values will be compared with nearby values for the
same unit and with the overall values previously estimated by Mitchell and
Williams (1985) during numerical model calibration. The estimated values of
transmissivity and storativity will then be used for an analysis of the effects
of the Columbia River on aquifer test results. River level measurements and
estimated site transmissivities will be used in the model developed by Mitchell
and Williams (1985) to estimate the ground-water level fluctuations attributable
to surface water changes. These effects will be removed from the data and the
data re-analyzed with the Theis or Cooper/Jacob methods (Freeze and Cherry
1979). The analysis will start with wells adjacent to the river and progres-
sively update the site transmissivity values toward the more distant wells.
The iterative process of revising the spatial distribution of transmissivity

and analyzing aquifer response will continue until the aquifer parameters
converge or the site is described to the extent possible. Aquifer testing may
also include existing wells on a selective basis. The decision to test

existing wells will be based on the knowledge of site properties and the quality
of data obtained from tests at the wells installed during the first drilling
phase.

Sampling and Analysis

The routine monthly sampling effort already in progress will be continued
and then expanded as new wells are c.._leted and added to the network. The
existing effort has been discussed in detail in a previous chapter; therefore,
only a summary is provided here. Some eventual changes to the current routine,
such as a reduction in sampling frequency from monthly to quarterly (or to
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some other appropriate frequency), are to be expected and will be negotiated
as they arise.

The new wells planned for installation will be developed immediately
following completion and will be equipped with sampling devices within 90
days. Ground-water samples will be collected from the new and existing wells
according to the established procedures in use {Appendix B). Water-level
measurements will be taken before sampling, and the wells will be purged
according to the borehole volume removal procedure. It is expected that a
dedicated purging and sampling device will be installed in each of the new
wells, although a final decision concerning the device to be used has not yet
been made. Operational problems have been encountered with the bladder pumps
currently in use, and therefore other options besides the present dual-pump
system (consisting of a submersible pump and a bladder pump) are being
considered. If possible, it would be desirable to replace the dual-pump system
with a single pump capable of: 1)  irging a 6-in. well in a relatively short
time period, and 2) providing samples that are representative of the ground
water and have not been altered by the sampling device. A newly developed
piston pump which may provide this type of service is currently being
investigated.

Nondedicated sampling devices (i.e., Tef]on(a) bailers) may be used for
sampling prior to procurement and installation of the dedicated pumps. If
bailers are used, they will be cleaned after each use to prevent cross
contamination.

The appropriate preservation practices for each analysis will be followed.

. practices, summarized in Tables 2 and 3, are those currently in use for
the existing sampling effort, with one exception involving the metals analysis.
In accordance with recent EPA guidance, samples to be analyzed for metals will
be split into two aliquots: one to be filtered and analyzed for dissolved
metals, and one to be nonfiltered and analyzed for total recoverable metals.
Samples currently being collected are analyzed only for total recoverable
metals, according to recommendations in earlier guidance documents {USEPA 1983).

(a) Teflon is a trademark of E., I, DuPont de Nemours, Co., Wilmington, Delaware.
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The samples will be sealed and transported to the laboratory using the
established chain-of-custody procedures (Appendix B). The analyses to be
conducted are those currently being run on samples collected under the existing
effort, as described in a previous chapter and listed in Tables 2 and 3. Also,
the QA/QC procedures presently in use will be continued.

Data Evaluation

Analytical data for ground-water samples collected as part of the expanded
monitoring program will be statistically and graphically evaluated to develop
an understanding of the spatial and temporal variations in the data. The
evaluations conducted on data collected during the first drilling phase will
be integrated with data collected during the past year to provide guidance on
the final design for the second-phase effort. The graphical time plots for
the first year of monitoring (Figures 21 through 36) will be continued and
supplemented by plots that show the horizontal and vertical variations in
concentrations. These plots will help identify contaminant plumes and changes
ovi time (trends and/or seasonal cycles) that are or may become apparent as
the additional data collected over time are obtained. This identification
will aid in the determination of the extent of contamination and the rate of
movement of contaminants in this dynamic hydrologic system.

The data will be listed in tables and summarized in ways similar to those
presented in Tables 4 through 7. In addition, since a longer time-span of
data will be available, attempts will be made to statistically characterize
the correlation between river stage, water-table elevation, and constituent
col entrations to develop a better understanding of the ground-water flow
system and its effects on constituent concentrations.

The data will also be reviewed for adequacy, and recommendations will be
made concerning the frequency of sampling, amount of replication, parameters
to be measured, and level of QC needed as the work progresses. Statistical
evaluation of the QC data provided by analysis of blanks, spikes, and repli-
cates will be continued to provide an ongoing assessment of the laboratory's
performance.
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both flow and transport modeling. At the completion of this modeling effort,
a cost-effective capability will be in place for the following: 1) further
site characterization; 2) estimation of the rate and extent of contaminant
movement; and 3) evaluation, if needed, of impacts to the ground water of
various facility closure and cleanup alternatives.

The effort will consist of: 1) the laboratory analyses required to help
determine certain transport parameters, and 2) solute transport model calibra-
tion for the constituent determined to be of most interest. The laboratory
analyses will involve physical and chemical tests used te determine the distri-
bution coefficient for the selected constituent. The distribution coefficient
is needed to define the attenuation of a constituent resulting from its inter-
action with geologic media, and this information is required for the transport
modeling.

The transport model calibration effort will begin with improvement of
flow model calibration using data collected recently and under the first drill-
ing phase described in a previous section of this chapter. The required input
files will be prepared, and the longitudinal and transverse dispersivity lengths
wil be estimated through model calibration. The results of the transport
modeling will be estimated distributions of contaminant concentrations, both
now and in the future. The modeling results and any resulting recommendations
involving the ground-water monitoring effort will be contained in the character-
izé¢ ion reports to be produced.

SCHEDULE OF IMPLEMENTATION

A schedule fi accomplishing the planned work has been established.
Milestones are as follows:

¢ submittal of this revised compliance plan: Sept. 12, 1986
® completion of the first drilling phase (16 wells): Dec. 31, 1986
® completion of the interim-status well network: Sept. 30, 1987.

Considerable progress has already been made on this effort. A contract
for well installation was placed with Onwego Drilling of Kennewick, Washington,
on igust 6, 1986. The first drilling phase began in the middle of August.
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PEOORTS TO BE PRODUCED

Anticipated products of the planned effort will include periodic progress
reports and hydrogeologic characterization reports. The progress reports will
be produced on a quarterly basis and will include a description of the work
completed and data obtained during the reporting periocd. Although some
interpretation will be contained in these progress reports, much greater
detail of this type will be included in the hydrogeologic characterization
reports.

Interim and final hydrogeologic characterization reports will be produced
at the end of the first and second drilling phases, respectively. These
reports are expected to contain the following:

®* narrative descriptions of the local geologic units and ground-water flow
system

® geologic cross sections

®* water-table maps and flow nets

® geologic, drilling, and geophysical logs

* results of the various laboratory and field tests to be conducted

®* results of any modeling work conducted

® recommendations concerning future drilling and/or sampling.

Following completion of the planned drilling and characterization effort,
future reports will focus primarily on the results of the expanded sampling
and analysis program.
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APPENDIX A

DRILLING LOGS

This appendix gives drilling logs for six 100-H Area wells: 199-H3-1,
199-H4-2, 199-H4-3, 199-H4-4, 199-H4-5, and 199-H4-6. These logs contain a
description of the drilling activities and of the geologic materials

penetrated.
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DRILLING LOG prOJECT No, CGI 791
RIG NO, WwWELL N™ DATE OEPTH BEGINNING OF SHIFT
N 199 3-1 8-2h-(0
ORILLE FOREMAN SHIFT D'!FT COMPLETION ?' SMHIFT
J. D. St. George 6:30AM-5:30 s casing 16'3'
T oRILLING CORING T T OTHER OELAYS
TYPE SOiL
TIME DEPTH TIME oEPTH TIME EXPLANATION
6:30- Set up rig
f 8:00 Built up drill bit
10:30 Started to drill
11:00 Welded on drive e 815"
[ 10" minus
3:00 5'0 Semple rock & gravel | 3:00 Took first sample
3:30 Welded on casing 7'8" 16', 3" Total

AEMARNKS

| Used approx 35 gal water

Y

7050

L 4
(s-57)
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a '
DRILLING LOG PROJECT WO, caI 791
RIG NO, WELL NO, DATE DEPTH B NNRING OF SHIFT
b 199-H3-1 8-25-60 10" ~ casing 16'3"
PRILLER FOREMAN SHMIFT DEFPTH Co“"L!TloN oF SHIFT
_J. D. St. George 6:15A4-5:15 2¢* A0 casing 24'3"
. DRI +,ING { CORING I ) T B OTHER DELAYS
i TYPE BOIL
TIMEI DEPTH TIME DEPTH TIME EXPLANATION
Cobble & sand
6130 10*' O Sa eilty
! 11:00 Hauled water
Cobble & vard
1:1% 15°¢ Sample silty Very slow drilling
, 1:30 Welded on casing 8',0 21&;3" Total
1 Cobble & sand
h:00 0! Sample silty
; !
! +
|
REMARKS
{  Used appfox 65 gals vater
|
|
!
A 4 Il; Y '

o
-T2 {337




DRILLING LOG

prosecT no, CGI 791

R1G NO. vELL NO. DATE " DEPTH BEGINNING OF SHIFT
L 199-H3-1 8-26-00 227 20 casing 24'3"
DRILLER FOREMAN BHIFT YEPTH COMPLETION OF SHIFT
..J:D. 8t. George 7:00AM-5:45 35' Casing 39' 8"
T TTomiciaime T Comima T e e S THER BELAVS
TIME | DEPTH TiME [ oxern TVPE solL TIME EXPLANATION
! 7:00 Built up drill bit
: 9:00 Started drilling
9:30 Welded on cesing 78" 32, 1° Total
‘ : Gravel & sand
11:30 25' Semple silty
] ' Cravel & send
2:00 30° Sample silty
3:00 Welded on cesing 7:7" 39.8" Totel
Small gravel
5:15 B5* Sample sisity sand

12 ]

REMARK S

Used approx 55 gal water

A 4

- N
£ =00 (s-3%7)
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DRILLING LOG PROJECT NO, CGI 791
RIG NO, weEbkL NO, DATE DEPTH BEGINNING OF SHIFT
199-H3-1 8-29-60 35' casing 39' 8"
DRILLER FOREMAN SHIFT DEPTH COMPLETION OF BHIFT
_ d.D. 8t. George_ _ 6;15M 56'. castng 55' 4"
) DilLLlNG conlné R - T ETEETTT Sﬁ?;_‘:‘bﬁxvs N
TIME I DEPTH TIME DEPTH TYPE solL TIME EXPLA "7 IN
|
) 6:30 Started drilling
Gravel & sand
7:30 ko* Semple silty Hit water at 39’
T:45 Welded on casing 80"  L7:8" Total
1 & ~d
|_1:00 b5 Semple Gravel & oa.
| '
’ ! 1:30 Welded on casing 7'6" 55°' 4" Total
! Gravel & sand
g h:m EQ' QwTA n!‘l{y
H
!
REMARKS
50' - 58° Heavy sand + gravel, get 3' 4' plug on 1' drive also when baling

Hit clay at 56'

Used approx 40 gal water

4
L-700 (s-37;
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Ay « ” }
7’06( o 1;// LW Z

- DRILLING LOG PROJECT NO, CGI T9L
RIG NO, WELL NO, DATE DEFPTH 81 ‘G OF SHIFrT
b 199-H3-1 8-30-60 56' vasing 55' W
DRILLESR FOREMAN SHIrY DEPTH COMPLETION OF SHIFT
J. D, Bt. Qeorge 6AM-62 30PM 75' Casing T7' 7"
T T RiILLiNnG CominNg N T T OTWER DELAVS __"
TYPEL BOIL
TiME l DEPTN TIME DEPTH TIME ’!XPLANATION
k00 Completed perforating 4 holes perf. ft. 74' - &'
1 hole per ft. spiraled from 68' - 51' I holes
pér ft 50' - 29"static water level 37' 5"
5:30 I Developed well open to 75°
? 6:30 Ready to move

¥/

/]

700

REMAARKS

Well inspected & approved by H. E. Ralph

Lo' perforating

T7.7 total casing

. Ld
4 TR0 {s-sn
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i DRILLING LOG PROJECT O, CGI 791
RIG HO, wWiELL NO, DATE DF ~THM BEGINNING OF SHIFT
199903 -1 8-30-60 4567 casing 55' 4"
ORILLER FOREMAN BHIFT DEPTH COMFPLETION OF SHIFT
J. D. St. GEOI'GG G:m-AM 6:30}’" 75! caaing 77' 7"
= —""-DR e L—‘—': P i c—o—; TNE cas kX SRR P __:"_‘:ﬁ:':‘r?ﬁ'r; i:—;i t-.-—--i;--z.—:L—:v = -
. TiMmg ! DEPTH TIME DEPTYH TYPE BOIL FTIME EXPLANATION
} T:45 Welded on casing 7'7" - 63' 1 Total
] Sandy browvm '
) o* Sample clay Static water lcvel 37' 5
' Andy brown cley
I 9:00 65! Sample and broke piede of basalt
:30 Welded on casing 7' 4 - 70' 5 Total
i and & ematl
11:00 ' 10°' nple amount clay 09' - 69' Small gravel
[ roken basallt &
12:30 i 5 mple lclay -sand t{elded on casing 6'2 76" 7" totel

691-73' sandy clay with water 73' ~ 75 broken

besalt gravel, hard chunks clay

: 1:00 Checked well for straightness & depth(Okay)
i .
| 1:15 Welded on casing 1' O T 7' Total
1 1:30 Cheeked perforater performance
2:00 Ready to start perforating

Al L4
“-Te%0- -5




8’V

Y- §.207 DRILLING LOG

-
V{‘]"H 1 PROJECT NO.
Rig Wo._AEC 22-3132 Oate 3/28/52.
Nell Wo._107=-A-2 Shift
Dritler_Row Depth beginning of Shift o'
Foreman Depth completion of Shift 10°
PRILLING coming TYPE SOIL OTHER DELAYS
Time Depth Time De ne Explanstion
7:148=10215

10115-12300|Moving to this location,
12700-12; 30 {Lunch, . N
- 12:30=32D0 &'  iGOravel, sayd and silk (z

_100-2edf 20" loraval, sefdanmaanief

'6=3115 |Running snd alining 16'3" pipes

3215-4215 |Dressing out,

RENARKS

This is a 6" well,







oLy

NE- 6,201 DRILLING LoOG
. ‘\’L
1a4-H PROJECT WO.
tlg Wo. AEC.22.83132 Dete _4/1/52
Mell Mo, 107-H-2 =~ Shift
Oriller_Row = Depth beginnlng of Shift_20'
Foreman Depth complation of SKift _3Q°
DRILLING cConing TYPE SOIL OTWER OELAYS
Time Depth Tine Depth Time Explanation
14828150 | Driving 2 Hauling Supplies to loestion——
8150=-10425 251 Gravell and Sand
‘ﬂl’ﬂ_l‘la% "Idins 1'Pj ”-3“'3"-011
—11106-12:00 27¢ Graval] and Sand
12300212 ¢ 30| Lungh
12430=- ' Gravel ves
33304315 _|Drassing Out
F ™ a P Y e
—— 20" tn 30 Grave) and Sand, Caves Drills hard snd slow.: Hange—up—if-pips.













2% |

am-§.200

PRILLING LoOG

\\‘} PROJECT MO,
Rig No._AEC 223132 Dete 4/452
Well Wo. 107-H-2 Shift
oriVier_Row Depth beginning of Shift 85°
Foreman Depth complation of Shift _96¢
SRILLING CoRIRe TYPE soIL OTNER DELAYS
Time Pepth Tine I Bepth Time Explanation
2115-2:45  [felding 11'6" pipe 88'5" over hole,
2345-3:00 90" Sand and + & liko sapd stone.
$300-3p1 96* S!Ei._ll_&‘ﬂd_o! che,
3116-4¢16 |Dressing out,
|
P4
REMARKS
¢ Water was 27,7' from la t wa ch_water boca
__land elevation is 419,569 and 8 civer ler _is 373.1',
——Shnt watar off whan T drowa pppa ta 6 __ Shut watar off from 60 to 68'.

This silt is & reddish brom i

’or when it first comes out of hole, §9' %o 656°,

__Hit more watér at.68',
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ne-§.207

DRILLING LOG

,‘Xkl} PROJECT WO,
Rig No. AEC-22-3132 o dete __4a/a/s2
Nell %o, 107-]]-2 Shift
Driller_Row Depth beginning of Shift. 135¢
foreman Depth completion of Shift 165!
oRiILLING CoRine TYPE SOIL OTHER DELAYS
Time Bapth Time Depth Time Explanation
7148-9130  riving and Hauling Supplies.
! | Sandy olayland §j)t,
+__| Sandy alay _8i1t, .
10130-11100 160' |Sandy olay & and Bisalt chipe.  1'1:00-11:130Melding 9'-" Pive (149'=3" au)
123012500 {Cleaning cut Yole
— 1R330=1}25 155' |Sandy ola) 8 ,qnd- 12:00-12:3%0 {lanch,
__1156-2:4Q 160" |Sandy ola}, siltand)sand 1:2521:56  [Malding 91-2" Pipa (1681-5" OR)
__2¢40-33n 166" |Sandy alay] ai}t and gand.

RERARKS
D —

From 135% to 160' Heavy sandy o] a1 8ilt, soue Basalt gravel‘nd chips. 150' to 165! layers of heavy
LS

— olay, milt then heavy laver of B, & W, Sand . Drills slow and hard to1 ,
___Stil) have lots of water in hole, must be following pipe down,




ey

I YT DRILLIIB LOG
P4
PROJECT NO.
\—‘3\/ T
Rig No._ AEC 22-3132 Date 4/9/52
Wel) No. 107-H-2 Shift
Oritler__Row Depth beginning of Shift 165"
Foremen Depth complation of Shift 190
oRtt [ ] coRING TYPE SOIL OTNER DELAYS
Time Depth Depth Time Explonation
7245-9:00 | Picking up supplies and driving to
location,

9300-9340 |Woeldi 9°'4"™ pipe 167'9" over hole.

9:40-10230 | Cleaning out hole,

110330-10 145 )70° an yh_ailt t ohipa,
10345-11315 1786* F hnd silte.
_ 11515-11345|Relding 9'6" pipe 178'6" over hole,
11245-12:00] Cleaning outa
12100=-124 a
_ 123301255 Cleaning outs
12¢565-1430 180* silt.
— 1130-2205 185" allt.

RENARKS




8Ly

uv-¢.207 DPRILLING Loa

PROJECT R®O.
%
Rig No._ ABC 22-3132  \&\ bete a/a/fs2
Nell No. 107-H-2 Shift
Dritler_ Row == Depth beginning of Shift 1685°
Foreman Depth completion of Shift 190" .
pRILLING ¢ ne TYPE $OIL OTHER DELAYS

Time Depth Tine Depth Time Explanetion

__2305-2;40  180° mmmmmmmm_uml.
2140-3:10 5" "

3110-3416 [Cleaning outs
33154215 _Ihrasaing out.

REMARKS
__Viater was 61' from land surf{ece level _9:40 Al
—After driving pipe it takes from 20 to 40 minutes to get hole cleaned out.
- Ls_sand and silty clay format 3d the hole over about 50' from bottom.
The_laat two mornings have 4 thro this bri
From 166' to 19Q0' sand, clay ar jtreaks of reddish brown sandy silt. Smal) amount of small gravel

__lots of fine sand.




6L'Y

ne- 6,201 DRILLING LoOG
\)(} P ROJECT WO.
&
Rig No. AEC 22-3132 \ Date 4/10/52
Well »._ 107~ Shift
Dritler_Row Depth beginning of Shift 190!
Foreman Depth completion of Shift 200°
lLLene CoRING TYPE SoOIL OTNER DELAYS
Tine I Desth 1 Depth Tise Explenat lon
T
7148- 150 iNent to Sunnyside for bits,
50-11445 |Cleaning out gend and muck in hole,

_ 11:45-1 20 191' |Hi% gray sdnd end grayel.

12 :00-12 ¢ 30 [Lanch o
_ 12:30=1300 “ole had 30' of sand in it, cleaning

ut..

. 1200=1230  1895* 11! gray sard, brown sdndy ailt. r

1:130-2:00  hiplding 10'2" pipe 197'1" over hole,

2300-331 2000 1' g sarid, browm sgndy silt.
3:,15.4:15 rnnnlns out
|
REMARKS

. gray sand, cavas and rans hack up hale

’ s A lot of

Water in this gravel bec:

» hole fitled back up 70' of what ] had it bailed ddwm.
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ne-§. 207 DRILLING LOG
,‘Q\‘k” PROJECT MO,
NN
Rig Wo. _AEC 22-3132 Date 4/11/52
Nell No.__107-11-2 Shift
britter_Row Depth beginning of Shift_ 200
Foreman Depth complation of Shift 230!
DRILLING Cortus TYPE SOIL OTHER DELAYS
Time Bepth Time Depth Time Explenation
7345-8:30 _ |Driving to location.
8330-9350 ICleaning out hole.
9150-10420 {ielding 6' pipe 205'1" over hole.
10:20-11:00iCleaning out hole,.
11300-1135 206" Whitigh & 1
11335-12,00 210" Brown san: s8ilt and Pude
i 12100-1213 lunch.
12130-12350|Cleaning out hole. 20 of muck,
12:50=-1sp5 215! Gray muck, wand, very|fine,
1125-2:06 [delding 10°'11" pipe 216' over hole.
2305-2:30_ |Cleaning out hole, 26' of wmuck,
2:30-234p 220°' Gray muck L very fihe sand.
2145-3100 225! Gray muck ar very fine sand.
3300-3115 230! Gray muck and very fine sand,

REMARKS

- me A ¥, D poen ho B 8 ol ’ B
I héve_taken.33 bajlers of sand out of i.got_on bottom. I took out 40 bailers of mud by the

__time T wade 5'4 From 2158' to 230' gray caliche mud, stand np. Can bhail this formation.

—1 ran wy bailer 64°' times today to keep this lousy sand out.
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w6207 PRILLING LOG

W PROJECT NO.
q/
lg Wo. AEC 22-3132 & Date 4/14 /52
Nelt Wo._1l07-l1-2 Shift
Peiller_Row Desth beginning of Shift 230!
Foremen Oepth complation of Shift 235!
oRiILL cor| TYPE $0!IL OTNER DELAYS
Tlae Bepth Time Depth Time Explanation
7448-9400 ving to Hutmént,
9:00-12;00 [Cutting pipe and getting supplies.
12100122
12330~1315 [Cleaning out hole, 60! of sand in hols
-1115-2158 - 23§'

1:55-2130 Pelding 107" pipe 226'7" over hole.

j2130-3:30 Drilling out slug and cleaning out.

3:150-4115 reaging gut.

Water was 70' from nd gurface level at 12:30 P,k,

There v 60' of muck in hole at 12¢30 P.V, Made five foot of hole and had ovor 30' of sand in hole.
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DRILLING LOG

N §, 287
44 PROJECT HO.
o
Rig Ro. ASC 22-3132 Date 4/15/62
Well No. _107-H-2 Shift
dritter_Row Depth beginning of Shift 235"
Foremsn Deapth complation of Shift 250
DRILLING [ [ ] '11'! soit OTHER DELAYS
Time Depth Time Depth Time Explanation
! 7:145-9:00 |Loading pipe in Richland.
‘ ° 9:00-9345 |Driving to locat.on.
“245-10:30 |Cleaning muck out of hole,40' in pipe,
o 20¢30-111001iTalding 11'2" pipe 237'9" over holes.
11:00-11130(Cleaning 30° of muck out of hole,
11$30-12500  240¢ Sand, som« 1ilt and bgsalt chips. 12 300-12$30 |Lunch.
2:30-1:00 |Clanning out hole.
11.0-231p 248! «  1lt, and basalt chi
315-1345 [Wel 1g" 247'6" over hole,
2115-244 250" | 4' sand and 1t Yo 1:45-2315  |Cleaning out hole,
2345-3:115 |delding 8'2" pipe 255'8" over hole.
3:115-5:30 | a
3130-43515 Dressing out.
REMARKS

Jater was 65' from lend surface level at 9345 A, N8, .

Sand running

L every time I pet out of pipe.

At 249°

Hit some aticky sandy clay, Am golng to set pipe into this formation and see if I can shut off sand and wates




gy

av. §.207 DRILLING LOA
"\33(7 PROJECT WO,
22-3152 W
Rig No.__ AEC 22- Date 4/16/52
Nell Wo._  [I-H-2 Shife
briller Row Depth beginning of Shift 250!
Foremen Depth completion of Shift 27Q¢
ILLIng conina TYPE S01L OTHER DELAYS
Time Deoth Time spth Tine Explenation
72450130 Oriving to location.
8330-9120 KCleaning out muck. 60' in hole, 10
11.
9120 ) 266' 1Clay, shald and sandsfiona.
19250-30215 KChanging bitsa
10:15-10445 260' |Clay, shald and sandsfone.
-—10345-11446  265' |Clay, shalg and sendsfone.
*1:45-12300 LV 04" 6t er hole
22100-12:30 lunch,
12130-1300 [Cleaning out hole, 10' of mucke
__1;00-230 ' and sandstone, IZ.QO—;;;O Eielggnz 910" pipe 275'10" over hole,
| 23 30-3315 leaning out hole,
3:115-4:15 Dressing out.
REMARKS
__Yater was 75° from land surface level, Ran bailer 10 timos lowered water 36'
__250' to 270* slick clay, gray ash, shale and sendstone, Few pebbles of gravel,
— Muds np. Slow to drill., AL 265' more gray ash. lhds up worse, also 170',

liole 1s atill making wa




' ZTA

N~ §.297 DRILLING LOG

\\;y PROJECT WO, _
X
Rig Wo._ AEC 22-3132 \0\0‘ bate _ 4/17/52
Nel) No,_ 107-H-2 Shift
britter_Rov Depth beginning of Shift 270°
Foreman Depth complation of Shift 290°
pRILLING corine TYPE SOIL OTHER BELAYS
Time Depth Time Depth Tine Explanation
7148-68¢45 Driving to locatjon,
8145-9130  |Bailing out muck in hols, 20!,

9:30-10:86 __ 275' |Blua shala) fine gravd

10355-11425 F_q_lg{gg 7'4" pipe 283'2" over hole.
. 11325-12400 277° |Blue shale,] fine gravql apnd 1 2

123 00-122 30 a
12:30=12 280" Grmevgl.
1:00-134% 285 Black stiff mud,
1345-2318 290! 1Black stifff mud,
2415-244 elding 7'7" pipe 290'9" over hole,
145=3215 riving pipa and oleaning out holea
REMARKS
__dater wap 125' from land surface level at 8:30 A.L. Vater was 80' from land surface at 10346 A,%,
__AT 270" to 272' layer of blue glay with gravel inbeded im it. Betwen 272° and 274' layer of sandy white mud.
274" o 2756' layer of hlue clay with gravel. I took out 20 bailers of muck to get this five feet of hole,
his sand will pump back up the pipe. This acticr. started right after

275 %o 280' green clay and fine gravel, 280' to 290' black tight

Shut water off when I went into blue shale.
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LL N W13

DRILLING LOB

\*\\'7 PROJECT NO.
Rig Mo, AEC 22-3132 \03‘ bate ___ 4/18/52
Nell Mo._ 107-4-2 Shift
Pritler__Row Depth beginning of Shift o*
Foremen Depth complation of 3Shift 310°
oRILLING coning TYPE S0fL OTHER DELAYS
Time Despth Tlae Depth Time Explanatlon
7:48=11:15 {Driving to Sunnyside after bits.
11:165-12}00 292° | Black mud,
12:00-12330 |Lunch,
. 12130-1¢50  295° | Black muda
1:30-2115 _ [delding 7'3" pipe 298' over hole.
__m,sﬁ.dt'__m_'_m
2335-340 306* | Black wud,
a;g&-hlg 310* | ack mud.
8115-4316 |Dressing out,

REMARKS

290' to 310' Black mud except for a hard shale formation about 1' thick at 3500', Drills slow, Muds up,

—makas a 1ot of mud. Takas a lot of wmtar to mix this formation.
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ne-6.201 DRILLING LOA
/\g\’y PROJECT NO.
N

Rig Mo._AEC 22-3132 Dete 4/21/52

Well Wo._ 107-H-2 Shift

Dritier Row Oepth deginning of ShIft___ 310

foremen Depth completion of Shift__ 320!

pRILLING coRiNe TYPE 3011 OTHER DELAYS
Tine Depth Time | Depth Time Explanat lon
7445-10:00 IWailting to get equipment gressed.
10:00-11¢15 |Driving & hanling suppliss o losation.
11515-11245 [Ialding 73" pipa 30613" ovar hola,
11345-12:00 [Driving pipe.
12:00-123 30 [Lunch
1223021130 [falding 611" pips & driving pipa
312'2% gver hole,
1530-2:00 {Cleaning out hole.
2100-234 315' | Black mud.
_2345-3:1%  320' " lack mud.
l 33154415 T\rnln'ln_g out
REMARKS

___Mugt be a small pin hole* §in pipe because the hole had 75' of watar in jt. and also some tan silt and fine
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ne-6,.20?

R;>, DRILLING LOG
®
\a\'\, PROJSECT NO.

R1g Ro, ALC 22-3132 Date 4/23/52
Nell mo. 107-H-2 Shift
orid1er_Row Depth beginning of Shift 331°*
Foreman Depth complation of Shift ___ 340"

DRILLING coRing TYPE 30IL OTHER DELAYS

Time Depth Time De

Time Explanation

7:46-8:46 | Uriving tc location,
8146-8155

Driving pipe, Pipe does not move,.
8155-0:05 |Bailineg out hnle cleon,

Ejuﬁ:lliﬂﬂ_____ﬁﬁii____Shnln4__Inn%h_nl 1l

12:30=110( 336" Hard black phale,

1100-2:30 340! Blmk_nha“{_m claly.  This looks
like rott basalt,

11:00-12100| Chane a
12:00-12130 Lunch,

2:30-3116 | Preparing to figh for bit.

Knock off box ca stem, must have hit something
very hard.

Lrive 2
At 2:30 P.M. fno a s

D1 DO
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"< 4207 PRILLING LOS
7
, X PROJECT
\-
Rig Wo._ AEC 22~ 2 dete _ 4/24425/62
el Neo._ 107-R-2 Shift
Oritler_ Row Depth beginning of Shift 340°
Foreman Oepth completion of Shift 340°
oRILLIRG CORING TYPE SOIL OTNER DELAYS
Tine Depth Time Depth Time Explenation
1:46-8:45 | Driving to loocstion.
8146-3:1156 Fishing for bit.
_ S116-4:16 Dressing out.
7:46-8:45 | Driving to loocation.
8:145-2145 Fishing for bit, Got it out at 2145 P.M.
2145-3:156 Breaking down fishing tools,
S2115-4:16 Dresaing outa
REMARKS

lost bit April 23 at 2:30 P,M,

Got bit out April 25 at 2:45 F.¥,

Bit had fell over against the side wmll of hole.
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W PROJECT O,
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Rig No._ AEC 22-3132 \ Date L/28/52
Well Wo.__107-H-2 - Shift
oritler__Row Depth beginning of Shift 3501
Foreman Dopth complation of Shift __ 365
pRILLING CORI TYPE S01L OTHER DELAYS
Tiae Desth Time Bapth Time Explanation
7245~ 1,5 Driving to location
8:45-10:30 |Breaking down fishing tools and loading =~
then,

11:00-11:30 3451 Green, blag¢k and whitg shale or clay,
11:30-12:00 3501 Gregn,__bla k_and whits shnalae ar p'lny

12:00-12:30 Lanch
12:30-1:15 3559 Green shalq, lack shjle, white sand 4nd basalt chips,
1:15=2:15 360! Basalt.,_u“u or-weathered
2:35-3:15 | 365'  'tasalt, rc en or weathersd. ...

3‘]5-}5-15 nrn-ning out

REMARXS

This is a 6" well. Pipe is 332'6" long with 1'6" above ground.
Hit basalt at 335'.










EE'Y

ORILLING LoO@

ne-§.29° { '?'fah’ffc-z_
Sy
‘8\ PROJECT NO.
{
Rig Wo. AEC 22-3132 date 5/1/52
MNell Wo._ LO7-H-2 Shift
Driller_How Dopth beginning of Shift____ 386" Hole complete
Foremen —__ —_— Depth complatlon of Shift
pr  .ime coRniue TYPE 301L 1 DTNER OELAYS
Time Bopth Time Depth Time Explenastion
7489230 Driving, hanl'lng_yina and perforator
9:30-11:15 | gelding 7'A" & 7¢1% & B¢ nipe
355'1" over hole,
11:15-12:00] Cleaning out hole,
12:00-12:30] Iainch
12:30-1:00 ! Driving pipes and cleaning out hole
1:00-3:15 Velding 6'1" & 9'8" pipe 370'10" over hole.
3:15=4:15 | Dressing out.
Cut off 6' of ninmumu&L_
. over hole,
L - .‘\-..._. e \
] Ny 7’/2/72 PEXE, o
N R4 4-‘“7'?’/"7'
REMARKS
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