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I NTRODUCTION

Th.is document contains ground-water monitoring plans for a mixed waste

storage facility located on the Hanford S'ite in southeastern Washington State

(Fjgure 1). This facility, operated by UNC Nuclear Industries (UNC), has been

designated the 183-H So1ar Evaporation Basins (183-H Basins). This facility
has been used since 1973 for storage of mixed wastes, which contain both

chemical s and radionucl ides.

The ground-water monjtoring plans presented here represent revision and

expansion of an effort init'iated in June 1985. At that time, a faci'l'ity-
specific monitoring program was implemented at the 183-H Basins as part of the

regulatory compliance effort being conducted on the Hanford Site. Th'is monitor-

ing program was based on the ground-water monitoring requirements for interim-

status faci'lities, which are those facilities that do not yet have final permits,

but are authorized to continue jnterim operations while engaged in the permit-

ti ng process . The appl i cabl e moni tori ng requ'i rements are descri bed 'in the

Resource Conservation and Recovery Act (RCRA),40 CFR 265.90 [U.S. Envjronmenta'l

Protection Agency (USEPA) i9841, and in WAC 173-303-400 of Washington State's

regulations (l^lashington State Department of Ecology 1986).

The program initially implemented for the 183-H Bas'ins was designed to be

an alternate program, which is required instead of the standard detection
program when a facility'is known or suspected to have contam'inated the ground

water in the uppermost aquifer. The plans for the program, contained in a

document prepared by the U.S. Department of Energy (USDOE) in tgaS, called for
monthly sampling of the five existing shallow wells at the 100-H Area. This

effort, named the RCRA Compliance Ground-Water Monitoring Project for the

183-H Basins, was imp'lemented'in June 1985 by the USDOE's Pacific Northwest

Laboratory (PNL). A support'ing project involving ground-water flow modef ing

for the area surrounding the 183-H Basins was also in'itiated during 1985.

Those efforts and the results obtained are described in subsequent chapters of
th'is document.

Results of the recent monitoring and modeling work have been used to pro-

duce the revised ground-water monjtoring p'lans requested by the USEPA and the



l^Jashjngton State Department of Ecology. These rev'ised plans are based on two

pr.imary objectjves: 1) to col'lect the additiona'l site-spec'ific hydrogeologica'l

information needed to more fu1'ly characterize the area and support decisions

concerning the monitoring well network for the 183-H Basins, and 2) to conduct

an expanded sampling and ana'lysjs effort designed to determine the extent of

contamination originating from the basins and the rate of movement of

contaminanis. A crucia'l element in achieving both of these objectives is the

installation of new wells. Therefore, a number of new wells are p'lanned.

The current five-wel'l 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 p'lans (USOOE 1985), but they have been updated forinclu-
sion in the text and appendices of this document.

(183-H Basins)
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FIGURE 1. The Hanford S'ite



BACKGROUND INFORMATION

Pertinent background informat'ion concerning the 183-H Basins and the

surrounding area is given in the fo1'lowing sect'ions. These sections contajn

informatjon on the facility itself, the geo'logy and hydrology of the 100-H

Area, and the results of past ground-water monjtoring efforts.

FACILITY DESCRIPTION

The 183-H Basins are located in the northern part of the Hanford Site in
the 100-H Area (Figure 1). This oval-shaped area encompasses approximately

320 acres and js bordered on the northeastern side by the Columbia River. The

100-H Area is the site of a retired plutonium-production reactor, which is

located near the center of the area. F'igure 2'is a map of the area showing

the main facilities and the exist'ing monitoring wells. The 183-H Basins are

in the northeastern.part of the area, between the reactor and the river.

The 100-H reactor began operating in 0ctober 1949, and was deactivated in

April 1965 [U.S. Energy Research and Deve]opment Adminjstration (USERDA) 19751.

Since shutdown of the reactor, activities in the 100-H Area have been limited,
consisting primarily of mixed-waste storage at the 183-H Basins. The retired
faciI'ities in the 100-H Area, 'including the reactor building and anc'i11ary

facilities, are slated for decommiss'ioning. This effort is currently in
progress.

Physical_Structure 9f the 183-H Basins

The 183-H faci'lity consists of four separate concrete bas'ins surrounded

by an earthen berm. F'igure 3'is a schematic cross sect'ion showing the

facility's dimens'ions and relationship to the water table. Each basin has a

shallow section and a deep section, as shown on the p'lan v'iew of the facility
in Figure 4. The concrete floor is 6 in. thick in the deep section and 10 in.
thick in the shallow sectjon. The walls of the shallow section are I ft thjck,
while those of the deep sect'ion (and also between basins) are 2 ft th'ick at

the bottom and 1 ft thick at the maximum fill level.
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FIGURE 4. Plan View of the 183-H Basins

The 183-H Basins were origina'l1y 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 dra'ins and

installing a pipefine to be used in fil'ling the basjns (Greager 1982).

0peratjgnal History of the 183-H Bas'ins

Mixed wastes from the 300 Area fuel fabricat'ion facility were first dis-
charged to the 183-H Basinsin June 1973. At that time, on'ly basin #1 was in

use. After 2 months in service, use of the basjn was postponed for over a

year because of operational prob'lems jn the 300 Area. Use of basin #1 was

resumed in January 1975, but was discontinued aga'in in August 1978, after
n'itrate contamination was discovered in the ground water at well 199-H4-3 and

was attributed to seepage of wastes from this unlined basin. At that time,

basin #L was permanently removed from service, and the pumpable wastes were

removed from jt, leaving a sludge. Use of basins #2 and #3' wh'ich had been

prepared by coating the walls and floors w'ith urethane' was init'iated at that

T
33',

I

T
I
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95',
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time. Filling of those two basins to capacity led to use of basin #4, wh'ich

had been ljned wjth butyl and hypalon, starting in late 1982 (Greager 1982).

The 183-H faciljty is no longer receiving wastes and is now in the process

of being deactivated by UNC. Thjs act'ivity 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 basjn 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 be'ing imp'l emented i nvol ves : 1) pumpi ng the

liqujd waste from basin #2 lnto basins #3 and #4, 2) removing the sludge from

basin #2 and packag'ing this material in barrels for disposal by Rockwell at

the Low-Level Solid Waste Burial Grounds,3) installing a 36 mi'l hypalon'liner

in basin #2,4) pumping al'l liquid wastes from basins #3 and #4 into basin #2,

and 5) removing the s'ludge from basins #3 and #4 for packaging and disposa'|.

The ljquid in bas'in #2 will later be removed, although the procedure to be

used is st'i1l under considerat'ion. Fo'llowing removal of any remain'ing sludge

in basin #2, the facility wi1'l be ready for final cleanup and demolition.

Nature of the Stored Wastes

The primary wastes discharged to the 183-H Basins were the neutral'ized

mixed wastes routinely produced at the 300 Area during the fue'l fabrication
process. Nitrate, su'lfate, and copper were present in the wastes'in h'igh con-

centrations; other materials, such as fluoride, hexavalent chrom'ium, and enriched

uranium, were present in smaller amounts. Table 1 gives the quant'ities of
various materials discharged to the bas'ins in CY i985 (through November 8, at

wh'ich t'ime disposal to the basins was d'iscontinued). The materials in Table 1

are representative of those discharged in the past.

The total volume of routine wastes from the fuel fabrication process d'is-

charged to the 183-H Basins since 1973 is 2,529,000 gal. The amount discharged

annually rose fairly steadily over tjme until djscharge was halted, w'ith the



Tab'le 1. Quant j ti es of Material s D'ischarged to the 183-H Bas j ns

in 1985 (from Rokkan i986)

Mgterigl

Ammonium ion

Fluoride ion

Nitrate ion

Chromi um

Copper

Manganese

Sul fate ion

Urani um

Pounds

520

27 ,000

550,000

90

49 ,000

200

97,000

440

most recent annual figure (for January 1. through November B, 1985) being

370,000 ga1 (Rokkan i986).

Relatively sma11 quant'ities of other chem'ical wastes bes'ides those gen-

erated during fuel fabrication were discharged to the basjns on a nonroutine

basis. These wastes were checked for compatibility with the fuel fabrication

wastes before disposal, and they were required to be water-soluble, nonflam-

mable, and nonexplos'ive. Constituents in these wastes include the following:

' cadmium and compounds

' copper and compounds

' oxal ic acid
' cyanide and compounds

' mercury and compounds

' barium perchlorate
' hydrazine
' chromium and compounds

' vanadjum pentoxide
' I ead and compounds

' nickel and compounds.

GEoL0GY ANp UIqB0L0GY 9F THE 100-! AREA

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



gained mainly through installation of ground-water monitoring we'lls for the

routine Hanford Ground-l,later Monitoring Project conducted by PNL. Most of the

wells in the 100-H Area penetrate only the uppermost geologic formations, but

one well has been dri1led into the top layers of the basa'lt bedrock. The drill-
ing 1og for this deep well (199-H4-2) forms the primary basis for the fol'lowing

interpretation of the local geology. Appendix A contains the drilling 'logs

for the six exist'ing wells in the 100-H Area.

Geclogy

A genera'lized geologic column for the 100-H Area is presented in Figure 5'

and cross sect'ions are shown in Figure 6. (Figure 7 gives the locat'ion map

for the cross sections.) As shown in the geologic column and cross sections'

three geologic format'ions have been identified during dri11ing operat'ions con-

ducted in this area. They are,'in ascending order, the Columbia Rjver Basalts,

the Ringold Formation, and the glaciofluvial sed'iments, which are informa'l1y

known as the Hanford format'ion. A description of the general nature of these

formations, including some addit'ional 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 a'|. i975). The individual flows comprising the formation

range in thickness from about 10 to 150 ft, and they are general'ly separated

by sedimentary jnterbeds. The basalts were originally flat lying but have

been loca'lly warped and folded, producing anticlines that rise above the water

table and crop out at the land surface (Newcomb, Strand, 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 1og of well 199'H4-2 (Appendix A) .

The Rjngold Formation overl'ies the basalts. This formation is of
Pliocene age (Gustafson 1978) and, w'ith the exception of a weakly consolidated

conglomerate member, it consists mainly of layered si'lts, c1ays, and fine sands

deposited in a lacustrine environment. Dist'inctive lithologic zones within
this format'ion include: 1) blue and green s'ilts and clays of the lower Ringold,

and 2) a cong'lomerate cons'isting of well-rounded pebbles and cobbles, with
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medium to fjne sand filling the interstit'ial spaces (Newcomb, Strand, and Frank

Ig72). According to the 100-H Area dri'l1ing 'logs (Appendix A), the Ringold

Formation is composed almost entirely of a series of tight silt and c'lay layers

in th'is area and lacks the more permeable conglomerate un'it present'in other

areas of the Hanford Site. Some of the clay layers are apparently partly

indurated. The thickness of the Ringold si'lts and clays is about 300 ft in

the 100-H Area.

Above the Ringold Formation 'lie the g'lac'iofluvia'l sed'iments ' which are

coarse clastic deposits laid down by the ancestral Columbia River when it was

swollen by glacial meltwater (Newcomb, Strand, and Frank 197?). At the 100-H

Area, this formation consists of unconsolidated gravels and sands, with some

boulders and cobbies. A few of the drilling logs also'indicate the presence

of a small amount of intermixed si'lt in th'is formation. The contact between

the Ringold Format'ion and the g'laciofluvial sediments'in the 100-H Area js at

a depth of about 50 to 60 ft below land surface and is d'istinguished by a

change from sandy materials to c1ays.

12



lydrol ogJ

Both unconfined and confjned aquifers are 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, conta'ined in the basalts, are

confined. The potential for these confined aqu'ifers 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 unconfjned aqu'ifer, and these

c'lays should serve as an aquitard; and 2) the piezometric surface for the

basalt aquifer, tapped by we'|1 199-H4-2, is above the land surface (although

the casing has been extended so that the well does not flow). Because of the

1ow potential for contamination of the confined aquifers, the discussion of

hydro'logy 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 aqu'ifer (probably part'ia1'ly

confined) js in the Ringold c1ays. The water table is at a depth of about

40 ft below land surface, and the clays beg'in at a depth of 50 to 60 ft.
The hydraulic conductivity of the glaciofluvial sediments is about 1,000

times that of the Ringold clays (Bierschenk 1959). Therefore, the upper 10 to

20 ft of the aqu'ifer is thought to be most act'ive in transmitting water in the

100-H Area, and the top of the Ringold clays is considered as the effect'ive
base of the aquifer. Based on the few quantitative hydrologic tests made in

and adjacent to the 100-H Area, aquifer transmjssivity for the Hanford formatjon
js on the order of 3,000 ft2 per day with a resultant hydraulic conductiv'ity
of about 200 ft per day.

The hydrology of the 100-H Area is complex and djfficult to fu'l1y charac-

terize because of the proximity and hydraulic influence of the Columb'ia R'iver.

Studies conducted at the Hanford Site have shown that the d'iurnal and seasonal

fluctuat'ions of the river stage, caused by changes'in the d'ischarge rate of
the dams upstream, have a marked effect on the unconfined aqu'ifer near the

river (Raymond and Brown 1963; Prater et al. 1984; Mitchell and hlilliams 1985).

These studies have shown that water levels within wells near the river fluc-
tuate in response to changes in the river stage. The water level'in wells

13



near the r.iver rises when the river stage is high and river water enters the

bank. Thjs 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; th'is trend reverses in the fa1l when

the river stage drops (Prater et al. 1984). The character of the changes in

the unconf.ined aquifer due to the rjver's fluctuations depends greatly on the

local geology and must therefore be studied on a site-spec'ific bas'is.

Knowledge concern'ing the'local hydrologic system'in the 100-H Area has been

fa'irly 1im1ted unti'l recently, when ntw monitoring and model'ing efforts
(described in a later chapter) provided a considerable amount of new

i nformati on .

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-tab1e maps. Four maps, one for each quarter of the past.vear,

are presented in F'igures B 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 cont'inu'ing to define the water table and dynam'ic inter-
acti ons w'ith the ri ver.

HISTORICAL DATA OBTAINED BY THE HANFORD GROUND.hJATER MONITORING PROJECT

The ground water jn the 100-H Area has for many years been monitored on a

rout'ine basis by the Hanford Ground-Water Monjtoring Project conducted by PNL.

A'lthough not specif ical'ly designed as a compl iance-type monitoring project,
this effort has provided valuable h'istorical information on the effects of the

183-H Bas'ins on the ground water. The monitoring well network and the analyti-
cal data obtained for this effort before implementat'ion of the RCRA Compliance

Ground-Water Monitoring Proiect in 1985 are summarized below.

Five monitoring wells in the 100-H Area have been used by the Hanford

Ground-Water Mon'itoring 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. Locat'ions of these wells relative to the 183-H Basins and the gen-

eral d'irect'ion of ground-water flovl are shown in Figure 12. A few other wells

have been installed jn this area over the years but have been abandoned and

filled for various reasons. Another existing well in the 100-H Area, I99-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 monitbring data. Data obtained from 199-H4-3'

which is the closest urell to the 183-H Basins, have prov'ided the best jnforma-

tion on the facility's impacts.

Sampl i ng of we1 1 199-H4-3 began 'in 1974, short'ly after i ts comp'l eti on .

Routine rev'iew of the ana'lytical 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 apparent'ly'leaking. As described previously

in the section ent'itled "Operational H'istory of the 183-H Basins," corrective
actions were initiated to remove the source of contamination, and ground-water

sampling was conducted simultaneous'ly and afterward to provide an indication
of the success of these actions. As shown in Fjgures 13 and 14, the concen-

trations of n'itrate and hexavalent chromium peaked in th'is well 'in 1978 and

declined sharpl), thereafter as the corrective act'ions took effect. The concen-

trations of these contaminants in th'is well then stabilized at a level h'igher

than preoperat'iona1 concentrati ons . Stabi'l i zati on at thi s hi gher 'leve1 may

ind'icate that the source of contamination was not completely removed by the

correct'ive acti ons taken .

Nitrate data collected for well 199-H3-1 have shown a general upward trend,

with a marked increase beginn'ing 'in 1976 (Figure 15), shortly after cont'inuous

use of the basins was in'itiated. Although this well js some distance from the

183-H Basins, this pattern had been thought to'ind'icate a poss'ible effect from

the facif ity. blhen the RCRA Compliance Ground-Water lu'lonitoring Project was

impiemented'in 1985, well 199-H3-1 was'included'in the samp'ling network so
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In February 1985, the USD0E prepared plans for an'interim-status ground-

water monitoring program for the 183-H Basins. This new facility-specific
effort was based on: 1) the ground-water monitoring requ'irements jn 40 CFR

265.90 of the federal regulations (USfpR 1984) and in WAC 173-303-400 of Wash-

ington State's regu'lations (Wash'ington State Department of Ecology 1986), and

2) the results of past monitoring conducted at the 100-H Area. The program

was designed to be an alternate ground-water monitoring program, which is

required'instead of the standard detection program when the facility be'ing

monitored is known or suspected to have contaminated the uppermost aquifer.

This effort, named the RCRA Compliance Ground-Water Monitoring Project for the

183-H Basins, began in June 1985 and has cont'inued to the present. A support-

ing project involving ground-water flow modeling for the area surrounding the

183-H Bas'ins was also implemented jn 1985. The scope of these projects and

the results obtained are described in this chapter.

SCOPE AND DESCRIPTION

Initial plans for the RCRA Compliance Ground-Water

were presented by the USDOE in a document entitled the

Wglgr Mo!'itoring Plan (USDOE i985). Imp'lementation of
June 1985, when monthly samp'l'ing of a five-well network

l,Jel I Network

Monitoring Project
Hazardous Waste Ground-

these p'lans occurred 'in

was 'initiated.

The five-well network used for this project consists of the exist'ing
shallow wells in the 100-H Area. F'igure 12 shows the locatjons of these wells

relat'ive to the 183-H Basins and also the general d'irection of ground-water

flow. Two of the wells in the network, 199-H3-1 and 199-H4-6, are considered

to be upgradient of the facil'ity, although fluctuatjons of the river stage

apparently cause localized, short-term gradient reversals (as discussed 'in a

later sect'ion concern'ing results of recent model ing) .
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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, respect'ive1y). To

help determine the suitabi'l'ity of the existing wells for this monitoring effort,
a specia'l field investigation was recent'ly 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 locatjon),
the djfferent construction materia'ls used in the past for construction of
Hanford S'ite wells did not, under field conditions, significantly affect the

analytical results obtained for ground-water samp'les col'lected from them

(l-iit<a'ta et al . 1986). Continued use of the existing we1ls for samp'ling 'is

therefore deemed to be justified and should not have a detrimental effect on

the results obtained.

All five of the wells in the network have comparable completjon intervals,
although the water column in well 199-H3-1 is slightly longer than the water

column in the others. All five wel'ls are open at the upper portion of the

aquifer and are des'igned to accommodate some water-table fluctuat'ions, wh'ich

are known to occur in this area.

These wel'ls, along with al'l regu'lar1y sampled wells at the Hanford Site,
are kept on a regular maintenance schedule so that they wi'11 continue to be

useful samp'ling structures. Under this effort, the wells are periodical'ly

swabbed, cleaned out, and redeveloped. The wells may also be checked for prob-

lems with a downhole television camera.

Sample Collect'ion

Samp'ling of the wel'ls has been conducted on a month'ly basis during the
'last year because of their proximity to the river. This frequency, although

greater than the quarterly frequency specified by the regulat'ions, was deemed

to be necessary for defin'ing the seasonal variabi'l'ity expected to be present
'in the ana'lyt'ica1 data .
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Specia'l pumps and new procedures have been emp'loyed to help ensure that

the samples collected are representative of the ground water. Each we'l'l has

two dedicated pumps: 1) a submers'ible pump for purging the well and for col-
'lecting samples to be analyzed for nonvolatile constituents such as anions and

metals, and 2) a Teflon(u) bladder pump for collecting samples to be analyzed

for volati'le, semi-volatile, and other organ'ic chemicals. Additiona'l inform-

ation on the pump types, materials, and position in the wells is given in

Figures 16 through 20.

The samples are co'l'lected by trained Environmental Radiation Protection

Technolog'ists (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 samp'ling. The well is then purged for
a ca'lculated period of time, based on removal of three borehole volumes. For

added assurance that the stagnant water has been removed from the wel I , the

pH, specific conductivity, and temperature are checked for stabilization via
periodic measurements taken as the we1l is purged. A'll 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 we'|1 purg'ing, fie'ld measurements, and sample collection are contained'in
Appendix B.

Sample preservation techniques are used as appropriate to help ensure

that the analyt'ica1 results obta'ined by the laboratory have not been affected
by alteration of the sample after collection. The preservation techniques

current'ly used include pH control, chemical add'ition, and temperature control.
The specific techniques applied for each of the analyses are d'iscussed in

another section of this chapter, ent'itled "Samp'le Analysis." Regarding the

quest'ion of whether or not to filter the metals samples prior to acidification,
a recommendation issued by EPA in 1983 (USEPA 1983), jndicating that the sam-

ples should not be filtered (thereby yielding "tota'l recoverable" metals), has

been followed on this effort to date. To provide data needed for geochemical

modefing and to comply with more recent EPA guidance, plans are now being nrade

(a) Tef'lon is a trademark of E. I. DuPont de Nemours, Co., l^li'lmington, Delaware.
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to begin collecting two afiquots: one to be fi'ltered and analyzed for dis-

solved metals, and one to be nonfiltered and analyzed for total recoverable

metal s.

Chain-of-custody procedures (Appendix B) are fol'lowed to ensure the inte-

gr.ity of the samples from time of col'lection through data reporting. These

procedures provide specifications for labeling, sealing, and tracking the sam-

p1es. Extensive documentation, including fie'ld logbooks and Chain-of-Custody

forms, is maintained.

Water-tevel Megsureugnt!

Additiona'l water-level measurements, besides those taken prior to sampling'

are obtained using written procedures (Appendix B) once every 2 weeks from a

network of selected wells located in and around the 100-H Area. These regular

measurements were 'init'iated in February 1985. The 13 wells currently included

in the network are l'isted below.

699-85-40A

699-88-41

699-89-35

699-90-34

699-90-45

699-91-37

699-97 -43

699-99-42

199-H3-1

199-H4-3

199-H4-4

199-H4-5

199-H4-6

In additjon to these period'ic measurements, continuous data have been

taken'in a few of the urells nearest the basins,'initially w'ith float-type'
mechanical, water-level recorders and subsequently with pressure transducers.

At the present time, these transducers are'installed in wells 199-H4-4 and

i99-H4-5. Measurements from the transducers are recorded every 30 minutes by

a mu I t'i -channe I data 1 ogger .

The data obtained from this effort are entered into the data base and are

used to draw water-table maps and determine ground-water flow djrections. The

measurements are also used to support the modeling work being conducted.
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Sampfg_Anal ys i s

A contract is'in place with the Unjted States Test'ing Company ([JST) 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 ana'lytical laboratories in Richland, Washington, and in Hoboken,

New Jersey. The Richland laboratory has, until recently, conducted primarily

radiolog'ica'l analyses in support of Hanford S'ite needs, while the Hoboken facil-
'ity has worked extensively with nonrad'io'logical ana'lyses and has achieved the

capabi'lities needed to participate in the EPA's Contract Laboratory Program

dealing with analys'is of samp'les 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 faci'lity to bring state-of-the-art,
nonradiological ana'lytical 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 requ'iring those ana'lyses

were shipped to Hoboken. However, fu11 capab'ilities are now available at the

Richland facility, allowing loca1 ana'lys'is of the samples collected under the
ground-water monitoring program for the 183-H Basins. The ana'l,v5s5 conducted

on the samples and the methods currently in use at the laboratory are djscussed

bel ow.

Analytical Parameters

The standard l'ist of analyses currentl,v being conducted on the ground-

water samples is given in Table 2. This list r,vas compiled on the basis of:
1) instructions given in EPA gu'idance documents, and 2) 'informat'ion provided

by the facility manager concerning the composition of the wastes. Accord'ing

to an EPA gu'idance document regarding assessment-level programs (USEPA, undated

draft), ana'lyses must be conducted for the parameters in the Primary Drinking
I'later Standards and for the spec'ific dangerous waste const'ituents known to
have been discharged to the facility. Th'is guidance was deemed app'licable for
the alternate ground-water monitoring program being conducted, and the list in
Table 2 was compiled accordingly. Additional parameters, such as the contami-

nat'ion jndicators, that are required for. a detection-'level program (but not

necessarily for an aiternate or assessment-level program) have been added to
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provide consistency with other interim-status programs. These add'itional para-

meters are, however, measured only once for each sample and are not replicated

four tjmes as they would be under a detection-level program.

0n a'less-frequent basis (currently quarterly), samples from two wells jn

the network are also being analyzed for some additional parameters,'including

the dangerous waste constituents in WAC 173-303-9905 (t,'lashington State Depart-

ment of Ecology 1986), hereafter referred to as the 9905 list. These extra

analyses, described in Table 3 (with additional detai'ls 'in Appendix C), provide

information needed for the permitt'ing process and further ensure that potential

contaminants are not being overlooked. The two wells chosen for the extra

analyses 'include one upgradient well (r99-H3-t) and one downgradient well

( lee-H4-3) .

In June 1986, at the end of the first year of samp'ling, a few smal'l changes

were made to the lists of analyses. Tables 2 and 3 reflect these recent

changes, which are described jn the following sentences. The first change

'involved dropping from the month'ly fist three analyses for site-specific chemi-

cals that have cons'istently been below the detect'ion l'imit. These three

analyses are: 1) cyan'ide,2) perch'lorate, and 3) acid/base/neutral compounds

(ABNs). Samples from selected wells will still be analyzed for these chemicals

as part of the extra analyses conducted on a quarterly basis. The second

change that was imp'lemented invo'lved decreasing the frequency of anaiysis for
pesticides and herbicides from monthly to quarterly. Since these chem'icals

have been consistently below the detection l'imit, monthly analysis is not

necessary and does not provide the extra information on seasonal variability
being sought when us'ing that frequency. Therefore, analysis for these chemicals

has been cut back'in frequency but sti'll meets the regulatory requirement.

The third change involved supplementing the radiolog'ica1 analyses conducted

period'ica11y on selected samples to include natural uranjum, strontium-90, and

a gamma scan. Informat'ion from these extra analyses is needed when screen'ing

levels for gross a'lpha and gross beta are exceeded.
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Table 2. Standard List of Ana'lyses for the 100-H Area I'letwork

Consti tuent
Col I ecti on &7 - ,^

;;;;;il;;iofl(a'o)

P, HN03

l,te*roo(c)
Detect'ion /,{ \
Limit, ppb\"/

Bari um

Cadmi um

Chrom'ium
Si I ver
Sodi um

Ni ckel
Copper
Vanadi um

Al umi num
Manganese
Potass i um

I ron
Cal ci um

Zi nc

Arseni c

Mercury

Sel eni um

Lead

Ni trate
Sul fate
F'luori de
Chl ori de

Radi um

Gross A'lpha

to pH<2 sw-846, #601 0

6
2

10
10

100
10
10

5

150
q

100
50
50

7

to

to

to

P,

P,

P,

HN03

HN03

HN03

pH.2

pH.2

pH.2

sw-846, #7060

sw-846, #7470

sw-846, #7740

sw-846, #742I

70-IC(e'f)

EPA l4ethod
#903.0

EPA l'lethod
680/4-75-001

4 pCi/ n

F

0.1

5

5

500
500
500
500

pCi/n

P, HN03 to pH<Z

P, None

P, HN03 to pH<2

P, Ht'103 to pH<2

(a)
(b)
(c)
(d)
(e)
(f )
(g)
(h)
(i)
(i)

P=plastic,G=glass.
Al I sampl es wi I I be cool ed to 4oC upon co1 'lecti on.
Const'ituents grouped together within brackets are analyzed by the same method.
Detection I im'it units except where 'indicated.
In-house analyt'ical method from UST Procedure Manua'l, UST-RD-PM-9-80.
IC = ion chromatography.
Anal yzed quarter'ly on sel ected wel I s .

DAI = direct aqueous injection.
Analyzed on quarterly basis on1y.
MPN = most probab'le number.
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Table 2. Standard List of Ana'lyses for the t00-H Area Network (cont)

Consti tuent

Gross Beta

Natural uraniur(s)

strontiu*-96(s)

Gamma 5.un(s)

Total 0rganic Halogen

Total 0rganic Carbon

Ammonium ion

Collection &r-.r
Preservation\atu/

t, *, t. tt"

P. HNO^ to pH<2-5

P. HN0^ to oH<2.J

P. HN0^ to pH<2'5

G, no headspace

G, H2S04 to pH<Z

G. H^S0, to pH<2't+

G, None

G, None

G, None

uetnod 
( c )

EPA Method
680/4-75-001

zo-u-og( e )

zo-sr-oz 
( e )

3o-Gs & 40-07(e)

Stl-846, #9020

Std. Methods
#505

Std. Methods
#4T7 A-E

7o_DAI(e,h)

st,t-846, #3080(i)

sw-846, +atso( 
j )

Detecti on I d'l
Limit, ppb'-'

8 pCi/!.

4 pCi/e"

5 pCi/1,

20 pCi/!, (cs)

100

1000

50

3000

I
1

1

1

I
1

10
10
10
10

/i\
2.2 MPN\.J/

Hydraz'ine

Endrin IMethoxychlor tToxaphene I
Ljndane (4 isomers) )
2,4-D ]
2,4 ,s-TP s'i 'l vex )
1, 1, 1-Tri ch'l oroethane'l
Perchl oroethy'lene tChloroform I
Methylene chloride )
Col 'iform bacteri a

(a)
(b)
(c)
(d)
(e)
(f)
(s)
(h)
(i)
(i)

G, no headspace sw-846, #8240

P, None Std. Methods
#9OBA

P=plastic,G=g1ass.
All samples will be cooled to 4oC upon collection.
Constituents grouped together with'in brackets are analyzed by the same method.
Detection limit units except where indicated.
In-house analytica'l method from UST Procedure Manual, UST-RD-PM-9-80.
IC = ion chromatography.
Anal yzed quarterl y on se'l ected wel I s .
DAI = direct aqueous injection.
Anal yzed on quarterl y bas'i s on1y.
lvlPN = most probable number.
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Table 2. Standard List of Analyses for the 100-H Area

Neilroo(c )

Network (cont)

Consti tuent

Temperature

Specifjc conductance

pH

Collect'ion &r^ .
P;;;;il;;.i0[(a'b)

tt.t , *.tu-*nt
Field measurement

Field measurement

See Appendix

See Appendi x

See Append'ix

Detect'ion /,.r \
Lim'it, ppb\'/

0. 10c

1 pmho

0.01 pH unit

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(i)

P=plastic,G=g1ass.
All samples will be cooled to 4"C upon collection.
Constituents grouped together within brackets are ana'lyzed by the same method.
Detection limit units except where indicated.
In-house analyt'ical method from UST Procedure Manrtal, UST-RT-PM-9-80.
IC = ion chromatography.
Analyzed quarterly on selected wells.
DAI = d'irect aqueous injection.
Anal yzed on quarteri y bas i s on'ly.
MPN = most probable number.

o
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Consti tuent

Beryl'l i um

0smi um

Stront'ium
Antimony

Thal I i um

Th i ourea
1-acetyl -2-thi ourea
1-(o-chlorophenyl ) thiourea
Di ethy'lsti l besterol
Ethyl enethiourea
1-naphthyl -2-th i ourea
N-phenyl thjourea

DDD

DDE

DDT
Heptachl or
Heptachlor epoxide
Di el dri n

Al dri n
Chl ordane
Endosulfan I
Endosulfan II
Chl orobenz'i I ate

? 14 r5'I

Cyan'ide

Perchl orate
Phosphate

Table 3. Additional Analytical Parameters

Collection &1- ,-

il;;;;;;;ioi(a 'o)

P, HN03 to pH<Z

P, HN03 to pH<2

G, llone

metnoo 
( c )

sw-846, #6010

sw-846, #7840

sw-846, #8330
(modified)

sw-846, #8180

sw-846, #8150

sl,l-846, #90.|0

70-IC(e'f)

Detection /,{'\
Limit, pPb'-'

5

300
300
100

200

200
200
200
200
200
200
200

G, None

G, None

P, t'laOH to pH<12

P, None

1I
I
1
I
'tr
I

II
1
1I

I
I

100

10

1000
1000

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

P=plastic,G=g1ass.
Al I samp'l es wi I I be cool ed to 4oC upon col I ecti on .
Const'ituents grouped together within brackets are ana'lyzed by the same method.
Detect'ion I 'imi t un j ts except where i ndi cated.
In-house ana'lytical method from UST Procedure Manual, UST-RD-PM-9-80.
IC = ion chromatography.
DAI = direct aqueous injection.
Li sted i n Tabl e C. 1 of Append'i x C.
Listed in Table C.2 of Appendix C.
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Consti tuent

Tabl e 3 . Add'iti onal Anal Yti ca1

Col'lection &1- .
il;,;;;;iofi(a'u)

Parameters (cont)

ueilroa(c )

G, None sw-846, #8140

G, None AoAC #34.0158

G, None 7o-DAI(e,g)

Detecti on f ,i \
L'im'it, ppb"'

1000

3000
3000
3000
3000
3000
3000
3000
3000
3000
3000
3000
3000
3C00
3000
3000
3000
3000
3000
3000
3000
3000
3000

Carbophenoth'i on
Tetraethyl pyrophosphate
Di sul foton
Dimethoate
Methyl parath'ion
Parath i on

Citrus red #2

Paral dehyde
Cyanogen bromide
Cyanogen chloride
Acryl ami de
Al 1y1 a'lcohol
Chl oral
Chl oroacetal dehyde
3-Chl oropropi on'itril e
Cyanogen
Di chl oropropanol
Ethyl carbamate
Ethyl cyanide
Ethylene oxide
Fluoroacetic acid
G1 yci dy1 a1 dehyde
Isobutyl alcohol
Methyl hydraz'ine
n-propy'lami ne
2-propyn- 1 -01
L,1-Dimethy'l hydraz'ine
1 ,2-D'imethy'l hydrazi ne
Acetroni tri l e

2

100
2
5

2
2

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

P=plastic,G=glass.
A1 1 samp'les wi I I be cool ed to 4oC upon col I ecti on.
Constituents grouped together within brackets are analyzed by the same method.
Detection ljmjt units except where ind'icated.
In-house ana'lytical method from UST Procedure Manual, UST-RD-PM-g-80.
IC = ion chromatography.
DAI = direct aqueous injection.
Listed in Table C.l of Append'ix C.
Listed in Table C.2 of APPendix C.
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Table 3. Additional Analytical Parameters (cont)

Collectjon &1^ ,-

;;;,;;;;;.i0[(a 'o) uetnod 
( c )

P=plastic,G=g1ass.
All samples will be cooled to 4oC upon collection.
Const'itirents grouped together within brackets are ana'lyzed by the same method.
Detection I imit un'its except where ind'icated.
In-house analytical method from UST Procedure Manual, UST-RD-PM-9-80.
iC = ion chromatography.
DAI = direct aqueous inject'ion.
Listed jn Table C.1 of Appendix C.
Listed in Table C.2 of Appendix C.

Consti tuent

Tetrachl oromethane
Methylethyl ketone
1, 1,Z-Tri chI oroethane
l. ,1 ,2-Tri chl oroethYl ene
Xy1 ene-o , p

Xyl ene-m
Formal dehyde l,h'r
Addi t'ional vol ati I es'"'

Hexachl orophene
Naphthal ene
Phenol
Kerosene
Hexachl orobenzene
Pentachl orobenzene
1 ,2-Di chl orobenzene
1 ,3-Di chl orobenzene
1,4-Di chl orobenzene
1 ,2 ,3-Tri chl orobenzene
I,2,4-T richl orobenzene
1,3, 5-Tri chl orobenzene
1,2,3, 4-Tetrach 1 orobenzene
1,2,3, 5-Tetrachl orobenzene
L 12 14, 5-Tetrachl orobenzenFi t
Addi t'ional semi -vol ati I es' ' '

G, None

G, None

sw-846, #8240

sw-846, #8270

Detecti on /,{ \
Limit, ppb\"/

10
10
10
10
10
10

500
10

t0
10
10
10 ppm

10
10
10
10
10
10
10
10
10
10
10
10

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
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Ana'lyti cal Methods

A summary of the methods used for the standard list of ana'lyses conducted

monthly'is given jn Table 2. Where available, EPA methods described in SW-846

(USEPA 1982) are used. In'instances where a method js not available in SW-846,

another standard method from EPA or from Standard Methods for lhe Examinatiol

of Water and Wasteyater (American Public Health Association 1985) is empioyed

if possible. If no standard methods are available for a part'icular constituent,
UST 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 be'ing used for each category of constituent

is provided below, and additional deta'il concern'ing the protoco'ls followed js

contained in Appendix D.

. Metals are measured by either the Induct'ive1y Coupled Plasma (ICP)

method, the Graphite Furnace Atomic Absorption (GFAA) method, or the Cold

Vapor Atom'ic Absorption method.

' Inorganic anions are determined by ion chromatography.

' Ammonium ion is determined by specific ion electrode.

o Volatile and semivolati'le organic chemicals are determjned by Gas Chroma-

tography/Mass Spectrometry (GC/MS). Substances identified 'in samp'les by

the GC/MS technique are verified by using a computerized library search

system to compare the suspect mass spectra to the mass spectrum of a stan-
dard of the suspected substance.

o Pesticides and herbicides are measured by gas chromatography with an

appropriate detector.

' Total 0rganic Carbon (TOC) is determined by the combustion-infrared
method.

' Total Organ'ic Halogens (TOX) are measured by carbon absorption and micro-
coulometric titration.

' Col 'iform count i s determ'ined by mul t'ip1e tube fermentati on .

o Gross alpha and gross beta are measured by evaporation of the sample and

counting of the residue.

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

t Temperature, PH, and conductiv'ity

to the instructjons prov'ided with

dures used for these measurements

determined in the field according

measuring instruments. The proce-

included with the sample collection

methods in APPendix B.

Methods for the addi t'ional ana'lyti ca'l parameters for thi s moni tori ng

program are given in Table 3. As with the standard list of analyses in Table

2, approved standard methods from EPA or the Association of 0fficial
Ana'lyti ca'l Chemi sts are used.

Table E.1 of Appendix E conta'ins the 9905 list of dangerous waste

const'ituents 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 analyt'ical method. Two categories of

compounds on the 9905 list are not analyzedz 1) constituents that are

unstable in water, and 2) constituents for which an adequate analytical method

is unavailable.

Dgta_landling and Verification

Analytical data obta'ined from laboratory measurements at UST are entered

'into UST's computerized system and are subsequent'ly transferred to a PNL com-

puter via magnet'ic tape. Both organizations follow rigorous data handling and

vepifjcation procedures, as described below, to ensure that errors are not

made during entry or transfer.

UST's Data Handljng Procedures

Relevant information concerning analys'is of the samples is entered'into
'logbooks that are maintained for each analytical procedure. This information

may include cal'ibration data, sample data, instrument conditions, matrix spike

recoveries, standards preparation, etc. 0ther 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-

ys'is Laboratory are entered into UST's main computer by a data handler. The

are

the

are
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data sheets provided by the analysts for this purpose must'include:

o sample ident'ificat'ion

' samp'le resu'l t i n appropri ate uni ts
o extraction date (if anY)
o analysis date
o dilutions (if any)
o matrix spike recoveries

' reagent blank resu'lts
t 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 transm'itted to PNL.

The data are entered using written procedures (UST 1986). Discrepanc'ies

and anomalies are resolved at this time. For all analyses except TOX, TOC,

and radionuclides, results below the contractua'l detection ljmits are entered

as equal to the detection limit. For those stated except'ions, the actual

resuits are entered into the computer. During data entry, an asterisk is auto-

matica'l1y added by the computer to all results at or below the detection limit.
These asterisks are replaced 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. F'ina11y, the data

are copied onto a magnetic tape jn the format specified by PNL. A hardcopy

summary report and data file listing are generated and del'ivered to PNL with

the tape and copies of the analysts'data sheets. Deliveries of data to PllL

are generally made once per week.
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INL's ggta Hgldling Procgdures

Analyt.ica'l data rece'ived by PNL on magnet'ic tape from UST are'immediately

entered into the Hanford Ground-Water Data Base, according to procedures con-

tained jn the data base management guide and user's manual (Mitchell, Fruland,

and Rieger 1986). Th'is computerized data base, maintained on a DEC VAX\"/, is

used to store analytical data, hydrographs, wel'l-structure descriptions, and

dr.il'ling logs for Hanford Site wells. Data collected in the field during

sample collection, jncluding several water-quality measurements, are entered

manua11y. Qnce entered'into the data base, the laboratory and field data can

be accessed for manipu]ation and evaluation using varjous programs, and

printed or plotted 'in a number of different formats.

lished. One of these procedures'involves a test for outliers that is con-
Procedures for routine verification of the data files have been estab-f

a

ducted during entry of the analytical data. This test jnvolves 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 we1'1, the program computes the predicted value for the next sam-

pling date and sets an upper and lower limit of 2.09 standard deviations.

Approximately 95% of the values are expected to fall within these limits, and

a new data point is considered to be an outlierif it falls outside of these

limits. 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 values'in a

data field (such as the well code field) are checked by the computer program

against a ljst of allowable values; the record is reiected jf there is not a

match and is later jnvest'igated to determine appropriate action.

Additional verification of the data files is
checkjng each result on the analysts'data sheets

against a hard-copy report generated upon entering

accompl jshed

received from

the data into

by manual 1y

the I aboratory

the PNL data

(a) DEC VAX is a registered trademark of the Digital Equipment Corporation,
Maynard, Massachusetts.
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base. A specjal field'in the data base, containing the jnitials of the person

conducting the verification, is used to denote that a g'iven data point has

been checked. D'iscrepant data identified through th'is process are investigated

w1th assi stance f rom the l aboratory. Fol I owi ng reso'l uti on, mod'if icati ons 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 Eval uation

0n a continuing basis, the analytical data provided by UST are listed and

statisticall;' and graphically summarized to identify which const'ituents have

been found in the ground water and to determjne the range and average 1eve1 of

the constituents 'in each well. The graphs and tab'les 'in a later section of

this chapter entitled "Results" illustrate the data evaluat'ion methods used

during the past year. These evaluations are essentia'l in developing an under-

standing of the temporal and spatial variation jn constituent concentrations
'in the ground water of the 100-H Area. Statistical methods are also used on a

continuing basis to examine qua'lity control data and thereby determine if the

laboratory is performing sat'isfactori'ly or if modjfications to the analytical
procedures are needed

Qual ity As:grance

Qual'ity assurance (QA) for the 183-H ground-water monitoring program is
conducted'in accordance with PNL's Quality Assurance Manual. A QA plan describ-
'ing the manner in which specific QA requirements are to be met has been prepared

for thjs project, and a copy of the document is'included jn Appendix F.

Qual 'ity 9onlrol

A comprehensjve quality contro'l (QC) effort has been established for this
project. The purpose of this effort js to determine and document the quality
of the analytical results being produced by the laboratory and to institute
corrective actions as needed. The QC effort has two ma'in components:

1) routine internal checks performed by UST, and 2) externa'l checks conducted

by PNL to'independently evaluate UST's performance. The scope of these efforts
'is descri bed i n the fol I owi ng secti ons .
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USI's llternal QClffort

The.internal QC effort performed by UST includes general practices appli-

cab'le to a wide range of analyses and also the specific procedures stipulated

for particular ana'lyses. The quality contro'l and quality assurance programs

at UST are documented in Quality_Conlrol Manual (Hembree, Lardy, and Swoboda

i986) and the Qgglity Assurance_Uanual (Hembree and Lardy 1986). A summary of

UST's QC procedures and data is given'in Hazardous Substancg Analysis Quality

Control Report_for_the Period June 17,1985 throuqh March 31, 1986 (Hembree

and Rao, 1986). Table D.f in Appendix D contains a surnmary of the spec'ific QC

requirements pertaining to each analysis.

The general QC procedures used for al1 inorgan'ic analyses are as follows:

' standard curve' daily
. verifjcation of standard (to t I0%), every L0 samples

t blank, each extraction batch

' random matrix spike for IA% of the samp'les.

For all organic analyses, the following general QC requ'irements apply:

' five point curve, verified every L2 hours

' random matrix spike for I0% of the samples

' blank, each extract'ion batch

' 'internal standards and surrogates, with each sample (for all analyses

requ'iri ng these) .

Data obtained from the matrix spikes, blanks, and surrogates are presented

in control charts, which jndjcate whether or not a process is jn statistical
control .

External QC Effort

The external QC effort conducted by PNL to evaluate the laboratory's per-

formance features jnterlaboratory comparisons as well as submission to UST of

spiked samples, replicates, and blanks. The purpose and scope of each of these

are discussed below.

Interlaboratory comparisons using field samples are conducted to determine

if the results obta'ined by the primary laboratory, UST, are comparable to those
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obtained from other laboratories. The three following Hanford Site labora-

tories are used to check UST's resu'lts: i) the Hanford Environmental Health

Foundation (HEHF), 2) Westinghouse Hanford Company (ll|HC), and 3) PNL.

Comparisons are currently being conducted for anions, vo1atile organ'ics, and

metals. Each month, replicate samples from selected wells are deljvered to

the partic'ipating iaboratories. Capab'iljties of these local laboratories vary,

and distribution of the samp'les is conducted according]J, as follows:

o anions: HEHF and WHC

o vol ati I e organ'ics : PNL

' metal s: HEHF.

Spiked samples are subm'itted to UST to estimate the bias of analyt'ical

laboratory procedures and to determine when this bias exceeds control ljm'its.
Two types of spiked samp'les are being used: 1) bl'ind, spiked samples prepared

by PNL; and 2) spiked samp'les prepared under an established multi-laboratory
comparison program.

Blind, Spiked samples.containing metals, an'ions, herbicides, pesticides,

and volatile organic compounds (halomethanes) have been submitted on a quar-

terly basis beginning in January 1986. These samples were prepared by PNL

with materials supplied by Envjronmental Resource Associates (ERA).

Additional spiked samples prepared with materia'ls supp'lied by the EPA were

added jn 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 mon'itor the performance of
various ana'lyses, including semi-volatile organics (by direct 'iniect'ion),

thiourea, phosphorus pesticides, ethylene glycoi , sulfjde, and perchlorate.

UST has also received and analyzed sp'iked samples subm'itted under the

EPA-sponsored Water Pollution Laboratory Performance Evaluation Study WP016

and the Water Supply Laboratory Performance Evaluation Study l^lSO18.
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Replicate analyses of field samples are conducted to establish how much

variabi'lity might be expected in the laboratory measurements performed on

near'ly jdentica] samples. In each of the first three samplings, replicate

samp'les (three or four) were collected from several wells. These replicates

received full analysis. Further replicat'ion has been postponed pending eva'l-

uation 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 exhjb'iting 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 analys'is. One blank'is submitted with each volatile
organics sample. In addjtion, a blank for every analysis conducted is sub-

mitted each sampf ing Period.

RESULTS

The ground-water monitoring
generated a very 1 arge amount of
several thousand new data po'ints

Data Base within the 'last year.

bel ow.

Types of Constituentr Detecte4

Analytical data obta'ined from samples collected in the 100-H Area during

the past year have'indicated the presence of metals, anions, radionuclides,

and a few volatile organ'ic chem'icals. 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 jn fewer wells or on a less frequent basis'include copper' manganese'

nickel, vanadium, aluminum, iron, zinc, and strontium. 0f the metals that

currently have a Primary Drink'ing Water Standard, only chromium has cons'is-

tently exceeded the standard of 50 ppb, with concentrat'ions up to 1,130 ppb in

well 199-H4-3.

effort described in deta'il above has

jnformation. As a result of the effort,
have been added to the Hanford Ground-Water

This information is surnmarized and evaluated
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The anions chlorjde, nitrate, and sulfate have cons'istently been detected

in all five wells. F'luoride has occasiona'l1y been detected. Nitrate has

exceeded the Primary Drinking Water Standard of 45,000 ppb'in a number of

instances, with concentratjons up to 2,890,000 ppb 'in well 199-H4-3; fluoride

has also exceeded jts standard of 1,400 ppb jn a few cases, with

concentratjons 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 radionucljdes. Gross alpha results have exceeded the 15 pCl/n' level

expressed in the Drinking Water Standard, although the subtraction of uran'ium

would probably bring the concentration below that level. The gross beta results

have, in some cases, been above the 50 pCi/t screening leve'l at which more

jnformation js needed before calculating dose. To obtain more infonnation on

the radiological status of the ground water, the alpha and beta analyses are

now being supp'lemented (as mentioned previously) with uranium, strontium-90,
and gamma scans

Data Listings and Summaries

Table 4 is a summary of results obtained for samp'les co'l'lected from June

1985 through May 1986. The table shows, for each constituent, several 'important

pi eces of i nformati on , i ncl ud'ing the fol 1 owi ng:

' constituent code used in the data base (C0NC0DE)

' abbreviated constituent name (CONNAME)

' analytical units used for storage and reporting of data (ANALUNIT)

' detection l'imit (DETLIMIT)

' number of samples analyzed for this const'ituent (SAMPLES)

' number of samples for which the results were below detect'ion (BEL0WDL)

o standard, if any (MAXLIMIT)

' regulatory agency that set the standard (REGAGEN)

' full name of the constituent (fUllnRmf).
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A'lso on Table 4 is a column marked "ALLBEL0W." Those constituents for

which all results were be]ow the detection limit have three asterisks in this

co'lumn. This table therefore allows easy identificatjon of the numerous con-

st'ituents that were not detected durjng the past year of sampling.

In Tab'le 4 (and in other tables to be discussed later), the constjtuents

are div'ided into six categories for conven'ience: 1) contamination ind'icators '
2) parameters'in the Primary Drinking Water Standards,3) constituents indica-

tive of water quality, 4) site-specific constituents, 5) site-spec'ific "tag-

a1ongs,,'and 6) constituents on the 9905'list. The first three categories are

those required under the regu'lations for interim-status detection programs.

The fourth category contains site-specific chemica'ls jdentified by the faci'lity
managers as possibly being present in the wastes. Additional constituents

that are not specifjcally requested but were analyzed because they be'long to a

group analysis are contained in the fifth category. Fina'|1y, the sixth category

contains the add'itional ana'lyses that must be performed in order to obtajn

information needed for the permitting process.

Additional summary jnformation for all constituents that had at least one

value above the detectjon limit'is presented in Table 5. In add'itjon to some

of the basic information presented in Table 4 (€.g., constituent name' ana'ly-

tical units, detectjon l'imit), Table 5 contains:

' simple arithmetic mean of all values (MEAN)

o median, or ordered m'idd]e, of a'|1 values (MEDIAN)

' standard dev'iation of all values (STTDEV)

' coeffjcient of variation [100 (STDDEV/MEAN)] for all values (COEFFVAR)

' minimum reported value (MINIMUM)

' max'imum reported val ue (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 assumpt'ions

of random samp'ling. Estimation problems posed by replicates, values below

detection limits, and spatial and temporal variability have been'ignored at

th'is stage of the eval uat j on .

49



r.Oq'l
F

ldt

=(tLPt.r)

O
l

F
I(uc5F

)oLq-E(l)
P=Ego(Jtnotn(o

(FJ-.!(t',

sfl
url
JIcol
<

l
F

I

cocaD
o

o3
-goo
€(,

ouicL:aF
x

oo
iJ

oL

T**
€(o 

(o N
dd

edolH
dod

t 
*ti*tt* 

*l
I 

tt*i**+
 

it
t 

tiltt+
i 

*t

9U
{) 

gcoo
>

 
ID

'D
s 

oo
I5--

! 
co

c 
{:d

o-oo
.J O

F
F

. 
.oeooH

O

o+gO
C

ltn 
.c

o)F
E

H
=

:C
J

>
<

L<
a=ll
{J-atQ

JLU
@

{,JE
J

rD
<

=+tJ
6

at-
.ne
C

J
o 

llJ
(Jo

eo606d

U
J

t-JJ=lJ--u.l<
tt

<
t

U
J

eF=Jx=.-oJt!(DJJJ6-oJul@

oLoato.:1'Ec.:{,o.:-o{rg0(,tl
d.2JrtcoJ.:rtacoI

FH=J[!6FuJao()-e(,

at
C

.-O
C

Lo 
I 

O
O

 
O

LA
U

'
o 

J 
.-ttt,-(r.- 

lo>
ouatL=

o.toldT
rLol 

-
E

 
J 

- 
O

! 
O

 !! 
L- 

O
 L--r.' 

X
 tA

r' l- 
O

{r :<
'*

c 
t 

O
LoLF

o.C
.-LO

rD
s{rO

-O
oar{r'-- 

- r
o 

lJ- 
rr, <

, q <
, o c, (, ur <

 I 
vr l.lJ :l F

 <
 

cD
 (, ct J - l! 

s\. 6l
g,-

IIJ
L 

<
:,

o<
{, 

<
5

o 
ltl 

G
LG

eaLC
G

O
-O

-O
-O

-O
-440-O

-O
-O

-G
O

-O
-O

.g
- 

e, 
ul uJ ul l,u uJ LlJ uJ ul l! 

uJ u 
ul 1rl ltJ l.rj Lu uJ L! uJ !u uj u.l uJ

dO
 

ra l,lO
eoeO

de 
N

e 
ul +

 tt!t 
!t@

€ 
ooo

O
 

deH
666 

d 
.O

oeeed

ata
uJ 

ro 
r

I 
lll 

lo 
I 

a 
t,c-(J--L 

o 
o-

O
 

=
 

sll 
o 

l: 
U

 trt 
>

arC
B

-.D
tD

 
ID

|o! 
F

tt 
<

 
o 

I 
lJ.-L.-L.-C

X
=

tcD
t 

tvd.- 
|

O
 

=
 

sll 
o 

l: 
U

 trt 
>

aro-@
@

 
ID

|o! 
F

tt 
<

 
o 

I 
lJ.-L.-L.-C

X
=

tcD
t 

tvd.- 
|

| 
- 

+
O

=
O

:.-lO
E

5c.-O
C

Lo 
I 

oo 
oLA

|,

(or e d 
rJ' e 

ra d 
61 6l € e N

 C
\. N

 61 6, 6a 6l (D
 C

\a O
t d d

(O
 

(O
 

l.' 
F

C
O

'O
F

F
F

F
F

F
F

F
"''?F

F

o=
eo

=
 o(, 

(r.r, c
o

Llo{,
=

oo!
- 

50 
00L

J 
'-C

tC
C

bO
J 

'trcoqr--
=

 
ooL€:€

ll. 
gt=

H
o-art(,

dN
N

N
O

E

'\F
]\F

F
'\

e6eeee
e 

u)H
ee

H
b6

-ut<
,c:,

trl
eF=J>

<

=-oJLrJ
@JJJ6' oJuJC

D

art
uJ
JA

-

=vtF=JF[.ua

6.:d.2g{,iJIc!ot(-,

.:otcfIatU
'

:a,tro=.:4J!,coq)

6bit
6@

to.o
ttuiJG=atF=JFlr.l
aF==J-ul=--e()ula€(,-e(.)

V
' 

O
€6E

6IN
N

N
N

dN
.{6IC

{dR
N

N
N

€E
dd

U
I 

F
F

F
F

F
F

F
F

F
F

F
F

fS
F

F
F

I\'\T
\F

F
F

F
JG=U

'
dlr€ 

H
!t(O

 
6leo 

6H
6 

H
dd 

H
dd 

d6oed 
i

o-o6
=

 
o-o-

D
 

G
IL

F()o- 
>

<
(,

o-€o
(,O

-F
F

H
O

I€C
tt

or ctr (o rt,
di(J(,

-=
 

JJJ
J 

\\\

- 
G

q) r-r(ro- 
o-o-G

 
qG

cLC
L44 

A
-tLO

- O
-G

E
L G

G
C

L

ee66

cD
ddN

(o 
F

€oorN
 

ct*6 
eoF

 6 0dN
 

+
G

ri
e d C

rH
e 

eo 
H

 N
 N

 fl 
G

? ct fi, !t 
61' G

ll aO
 6 f\ F

 d H
dH

icY
<

<
<

F-=J- 
O

.cLC
LC

LC
LC

L

uJ 
tlJ 

U
J o

=
 

=
6 

JF
H

- 
H

<
it=

=
JL@

- 
6-oU

JJJ
e 

o<
cE

-5-
(J 

.t =
H

o-ttta)

LUa€(,- 
dF

orl\(rD
€ 

H
H

d4F
F

(, 
<

<
<

(r(r(,

uJ=
=

 
E

 
=

-=
=

=
E

H
E

--a- 
IF

H
 

F

- 
H

<
H

JH
=

6>
lJJ(,U

le-<
----6G

o 
| 

-
- 

JF
 

6<
aE

 
A

€ 
J(/reJA

l-X
 

C
E

C
D

C
E

C
O

<
F

 3 i 
=

e 
euJ<

o<
<

-H
E

llJLlJ-llJ€l 
t 

I 
r|-tlH

J 
--

(, 
(J@

C
E

JIIT
LIC

)T
'<

=
(/'IJJ=

F
 

F
! 

E
T

I'JZ
ILN

N

50



o
oocc{, 

a,

co 
ootrc

!tc 
ccoo

It 
a, 

o oS
lt

olro 
oN

 
N

N
O

O
cctr 

arLc 
ccLL

oco

ul=-JJ=t!-U
J

<
:,

<
:t

uleF=Jx=-eJU
I

.DJJJa-oJ[.9coa/)
uJJo-=anF=JFuloF2-

uua,.L
arto{)uttl
{,.2J{rco5{r{tocoI

Po(J

(oO
r

ti(o

=E
l,

oIPrf)

O
r

t<oDot-q-'qPc)
.tt(Ja(uth(olFo'- G'tn*l-tlrl 

I
Jl6l
<

lF
I

ocoG
O

{j 
Q

, 
1'

{,8
oo 

L
L-O
g>

r 
-

-5S
C

=
.J 

U
 

O
O

oco
o

occooat
E

{,
4tJ

G
O

-
o- o-
LU

 |.rt

io 
oorD

ocoo 
olooo

{rc 
N

xN
car-lt 

3ll--
oio 

cE
coN

=
o{, 

oo43
s- 

oooN
guLc 

LLg9

I=

lJ 
!O

 a 
.J'-

l.-oLo 
n

llt!Loc 
Ll

{, 
otr 

lllt!G
ooO

o 
O

O
oc

I 
- 

-t 
oooollL-=

 
--LL

o 
>

r 
3., 

L L Lll 
O

{t=
 

clos.c{r.t
L 

.c 
(,O

a 
oooo!ouoc(,u{ra,

I 
O

 
{t 

.-O
 

- 
---LO

{t.-gl!,.-.-4r4, 
O

o 
- 

oo 
LLO

a=
4=

O
- 

| 
LO

-LL 
| 

| 
C

l'O
E

-C
O

O
 

E
O

.rO
 

t 
I 

U
gU

-S
6.t-d{trt*h'-oc

-logcc-.-c 
l-oo.-.-.-su 

-l.cG
 

| 
| 

- 
-=

{,
- 

J 3 o O
 O

 tr-t 
O

614 
E

 C
-r-t!t 

U
 O

tl!i 
gdaO

6(t6' 
o C

lU
t

n-.-rix=
.-t 

-9{r{, 
I 

| 
|6., 

--o=
 

----lO
o

L lrt{t 
E

 O
{t 

L- 
'd.---6latrlf 

X
 C

C
{C

{ x C
l6lS

lt<
{N

 
L O

 L
O

O
C

O
O

.-rU
tro 

-!h>
 

- 
- 

-{r{t 
- 

-{rc 
- 

- 
- 

-€|=
O

O
e<

F
 

O
a=

G
F

'iF
X

>
<

 
ddd-G

 
d d-=

 
H

 d H
 H

IJ-O
--

I 
t3.-.tO

bO
O

O
:

.J 
=

-!.-C
O

l-O
-!-.-

C
 

.- 
O

 {r!.- 
O

dC
 

L ty-S
 

C
O

.JoJA
olo 

-U
O

E
cU

O
L C

- 
U

 C
LC

 J+
tH

 
L-f) 

C
 L a

d.- 
o.- 

o o- 
o 

-o=
 

o 'ro 
I

O
, f\t aJ - 

(, >
 <

 a- d 
O

- t, =
 

C
) G

 <

U
J

=-JLL-ulIc:,
LrJ
eF=J>

<

=

(,IDcocIC
'

or,.::oeato.:U
'tl

a,

.:J{tcoa.:rt0go(,

it*t,,

G
O

-
o-G
u,l 

ul
.e. 

. 
'o

eeO
N

Ja-oJU
J

@qtLUJG=anF=JFuJ6F-=J-uJ=--eL'uJoog-et

o.o.ut
.o6eg\a

-€JU
I

EJ 
*tlltlitltt*tllt*tlti+

ti*t*l+
J 

+
tltlt***t*ltttllt+

tlt**tt*tt

.6D

o-40-
G

G
O

-
u.lr! uJ

.roeo

ddd6t6|C
{6tN

**F
C

tO
O

e
6IA

T
O

F
F

F
F

f\66!t(O
F

F
F

este 
e o 6 0e€ 

€eo 
eee

€ 
odd 

hedddidee
drrde

H
F

e 
6O

F
 

€e(tre(D
(D

O
O

i
d:rd 

E
€.rr* 

-6 
dl\F

N

cD
cE

cE
 @

cD
tD

 @
o@

 
@

@
to ocD

@
cG

4 
G

4L 
C

.O
-4 LC

40-A
-O

-
o- aL o- o- c 

G
 o- o- o- o- o- o- o- o. q

(o * 
6 d 

ar: +
 

ro 6 ls o € ct o F
 o

oooddddd!oF
ootF

t\o

ddfl*-!t!ilt-rt!l<
l 

N
N

R
 

N
N

6l 
dN

e 
N

N
N

 
N

ie 
N

66F
O

@
664€666b 

F
F

F
 

F
F

F
 

F
F

F
 

F
tsF

F
6F

 
F

d d N
 !i 

* 
rt i 

ri rl i 
i 

t 
rt ol N

 6l N
 6l g{ g{ N

 C
\t 61 61 61 6l tt c, 6l

rog)ts6 
6ro14 

60ut 
66D

 
F

F
F

 
F

F
F

 
F

lsF
I\F

l\ 
F

lot\ 
F

6eooeeoe€eee€eeeooeeeooe€ooeo
ee 

iaedoH
H

€dH
 

H
dH

 
H

H
H

 
ddd 

H
ddH

e€o
!)d 

s, 
6 

6eodo

cD
 @

@
6 @

C
D

@
 6aD

@
 6@

C
O

C
O

C
E

6 @
C

A
C

O
 aD

@
@

 @
C

trtal! @
@

aD
 @

o- o- o- a c o- o- 6- o- G
 4 0- O

- C
L O

- O
- G

 O
- A

- 4 0- O
- O

- C
L 4 0- 4 aL O

-
o- G

 G
 o- G

 O
- o- C

L o- O
- A

- A
- O

- O
- O

- O
- O

- O
- G

 A
- O

- o. O
- a- o- G

 C
L O

- 4

- 
>

ultlLuu.tzuJF
ul 

c c czcocD
@

J<
 

-<
.-

1 =
l- 

--z,H
 

=
 

r :z tlJllJ {, il, o llJ -- 
J -- 

H
H

 l! ul J- 
uJ

i 
5e 

<
 U

r<
e 6U

l N
U

JJJ6slt 
@

(J(.' -(Jl-ef,4l-l-<
,tu,

>
 H

H
€t{>

<
-H

=
 

-{-r>
>

!!'E
 

(rF
G

 
(r<

-F
F

 
+

 6=
(,t 

o
iE

=
F

F
tO

F
G

JdH
>

<
>

<
 

| 
| 

| xZ
hH

)<
4(O

rJt.o.itctsec
uJ A

 >
 i! ul - 

iJ >
- o 

-a o- | q 6l' t 
Ll,, l'! uJ € trl <

 N
.o N

 d € - 
l.lJ

@
 E

 
<

F
 

O
A

=
 

C
LF

 
dF

O
:I 

dH
d-C

LF
 

F
-- 

d 
H

 
H

 
dI!C

L-

d 
N

 6 
H

 
N

 
O

 I 
6 

((, .. 
O

r d 
rl 

d 
€{ nt 

C
tt rO

 F
 

G
lt ti 

D
 

lO
 aO

 C
tt O

 
d 

lO
 C

D

€ 
o 

d 
((t l.t (!) (o (o <

t (.t (o F
 

H
 

to .o.o 
(o N

.rt 
* 

6 
6 

@
 6 

6 
(O

 F
 

F
 

F

ql 
=

 
=

 
=

=
=

F
llj=

-LLlo:)
=

 
=

) 
D

Jc>
=

>
 

| =
G

(JoJH
- 

o(r(r-4<
=

<
 

-(rl!-zo€
- 

e,-Ja)cL=
-F

d€JF
<

lE
=

o 
F

H
<

H
o<

Jo 
-U

l-U
l>

-LLl=
(, 

utF
t(.r-cr>

r<
o-dG

.(.t=
(ro-<

uloo(,-€(J

51



o
ooL:oE
O{t 

(,
O

-L
{r^O

 
:

L-L 
O

 
O

thO
o.-O

 
!

C
, C

{i 
|D

€ 
{, 

.G
.- 

4, O
 L{r 

L 
X

=
=

{r: 
| 

3 
0

., 
olt 

oc! 
o 

e
I 

O
-.- 

l.- 
O

6t L.-=
-3 

L

LLoo
at 

a,
{ro

LoE{Jo

{,ccA
O

o|0s
LC

O
o. 

{'6 
-g 

o{,
O

 
C

.C
 

{rlo 
{rE

C
L 

O
{r 

0 c 
o 

lD
 g.-.-

C
 

E
 

-O
 

!IC
C

L-otl)H
oo 

O
O

 
.- 

rt 
E

c 
S

O
oo(''rcLa\oLLO

{, {,
E

g
o6

G
C

{t {t
iuo
LL

{roo
C

--

+
)EIr.0

coc'r
rl(o

=E
ll

=ot-+
)

lr,O
l

F
IoE5f)ol-t{-

E(tJ
+

)(J='(t(Jtn(utn(og(Fot-(tt=a,/,

.<
t II

t-tl I
JIcol
<

tF
I

>
r 

A
t 

>
O

O
 

(JO
 

I 
Lt=

-=
O

O
sarat! 

oS
=

E
 

O
.- 

!lO
t=

|D
6lO

{Jrr3{tLLE
:\:ry- 

L 
=

(JlU
oi, 

!ho-.- 
!st{rs 

I 
S

oogocLA
rrE

t9 
{l 

+
roo

- 
o o!-- 

c hL-ht 
o o o- 

o o.-o 
o o=

--- 
.-- 

{t s 
L

.- 
I 

E
 I 

3 
tC

.C
 O

 h.C
 O

 O
€ 

L.F
 

L Llt 
b b L- 

>
>

=
 

O
 C

 O
 O

{J+
t

€c 
Lo 

ooox{r-sara 
r.ro.-oo 

I 
oo 

oh,E
coc 

o.-L 
{ro

I 
oat{J 

>
rd

o b 
oc 

o 
{t 

L., 
L'- 

c 
o=

{r! 
o o o-lt--61---s{J., 

o-=
 

o{t+
t

G
G

G
C

.
G

G
G

L
lrJ uJ rJJ LlJ

. 
.taeF

(o
ts

ult-JJ=t!-u.l<
,

C
J'

LUeFrJ>
<

=teJuJ@JJJo-€JIJJ
ov,U

J
Jo-=t)FH:JFlltaF-=J-trl
=--e(-)

uJao(,-€(J

rJ)
eC

D
otI
art
eoiII
ct(J-tl{lltt

:4tEo.:{)tt,

o(-t

lO
--J'{'=

- 
-O

C
 

trF
.r-€,-O

{r!!O
O

9O
-s!!€O

t=
 

€=
.crO

tD
C

=
>

r.J- 
I 

I
S

O
lr€-C

.r>
i 

-g-.- 
c--.-g-g 

-os 
lolll|o(l'LU

(l'd(ruuoltrD
{rL|D

=
61g\1

.-L{t(r>
r{r=

c 
trt=

!sat3:O
O

=
o-c:O

O
-O

C
.-.-4.-O

.€.- 
t.-r€.-.-.-.-E

tO
U

C
U

 
- 

-
- 

f 
O

 | €- 
C

LrD
 

o uat.- 
r|,''-- 

U
 O

 >
rO

 L- 
hL 

O
-r! 

O
E

-!E
 

O
!-t!!!t, 

O
 I 

o F
 od6l

-O
gO

{'>
oS

 
{td-S

O
O

O
O

>
ivl€lrO

G
A

O
.t 

I 
I 

L 
lS

 
| 

| 
C

 | 
| 

| 
| 

| 
| 

Lots+
t 

- 
-

o.- 
ovo=

 
c 

ctctllJF
 

4eo!-arat 
s L o o{J 

L- 
rJ.)- 

o(\|€rallt 
uH

6l 
od6ldit-d6lat-r{J{) 

cdd
G

4t 
t,-dt 

taaooo.---cg(r(r.-L{ro.E
to=

L 
-rL 

- 
->

\oQ
roo 

--
F

 F
 

r da 
LU

 d- 
O

 A
A

- 
=

:a 
<

 
(J U

J U
J <

 <
t! 

E
O

 t(.r 
aJ 6t=

 
(J(., H

 d a d O
 d H

 F
 i 

d 
H

 - 
H

 d- 
H

 =
 =

(L 
d d

o-o. 
o-

o-G
 

o-
r! ul 

lJl

H
eoeeeoo
S

16IN
6'N

N
N

rrl*rrritlt*trilt***lllt***+
tt*t*t*tt* 

tt***t 
*** 

**
*i*ttt+

+
 

***ltt+
**+

iltttttttt*ll*+
**+

ttllt+
*+

 
*t**t

t**ttltlrrrltiltrltiilti**itittltttlt+
t*l*t+

i***t
*6l@

 o@
o G

|o6(o@
6€a€ 

@
oatoooo€o€o@

o€(D
 

€6@
 (D

o€ o@
€ oo@

 €o€ 
(o(o€ o€

H
H

H
dH

H
dH

ddH
H

dH
H

dd 
H

iiH
H

H
H

dH
dddddddddddH

dddH
ddH

ddH
H

€€6€60€aoo 
oo€ 

a€6 
(ocoC

\aooo €a6 
€(o@

 cocrG
o qtqt(o@

(oco o(D
 € (!(oco co€@

 co6@
 G

oco
ddidddH

dddH
dddddH

 
ddH

dddddiH
ddH

dH
H

dH
H

dH
H

H
H

H
H

dH
dH

dd

€oooeeeeH
dH

H
ddddH

H
ooeeeo€ee0eoeeoQ

eeeeooeeeeoo€€o€
H

dd 
ddd 

H
dd 

ddd 
ddH

ddddH
H

 
dH

ooH
H

 
dH

H
 

dH
eear! (o

@
cD

@
cD

@
cac!alt6(D

C
D

C
D

@
C

O
G

@
@

aA
@

aE
C

D
@

C
O

C
D

C
O

C
D

(D
C

A
C

O
aA

C
E

E
IIE

O
C

O
C

E
C

D
@

C
O

@
C

D
@

@
C

llC
D

@
C

E
(l!6tD

(lt
G

o.o-o-E
.o- 

'Lo-O
. O

.O
.G

G
o-4O

.O
.G

 
o-.C

LG
 o-G

IL 
o-O

.O
. O

.O
-O

. G
G

G
 

g'LG
 

G
LLG

(LC
L 

C
LE

4 
O

.O
.C

L C
L6-

A
.(IC

L o-'La- 
4o-4LG

G
 

G
C

A
.LE

C
A

O
-O

- 
G

'L'L 
LLL 

LC
A

 
6.O

.O
.O

.G
o. 

G
LG

 
G

C
E

LA
-G

o.o-o-a- 
4L

=
<

<
<

J<
<

<
 

G
trt- 

u.l 
-ltJG

trjoLutstG
JG

<
J-F

--(r.-rU
J>

uJlrJ>
=

-JF
G

H
- 

u u
=

€uJ 
uJeuJ utt! 

e 
aH

-- 
H

 JU
J -e 

a-U
l- 

l!:z- 
F

lrjlfl 
lJ-H

H
(-r-- 

--H
 

H
 3 

IJJ (r-(, 
{r $

H
=

e,e,e,eee, 
JH

cE
H

<
d6rJH

-e@
H

l!-():E
e(rU

i:F
H

actctF
<

U
jU

JO
a(r=

<
F

<
 

| 
|

JeF
oF

>
-Z

 
F

F
JG

o€O
O

>
F

=
-C

II@
I--I-F

E
G

G
>

A
I 

t-LLIaLC
LH

I 
tG

O
--F

(\lN
<

H
i! 

JU
J- 

o-uJa 
uJF

o- 
o-Lrj 6JoaG

eut 
oF

G
 

JJF
:lo@

 
G

tcD
O

 (, H
 €\| <

()(r(r6 
r 

N
A

A
 

F
F

- 
d N

-- 
(, -H

F
 

<
 - 

cr 6 6 
U

J U
IH

 J 
-=

 
- 

(J (J H
 e 

U
J <

 - 
-U

l 
t 

4 H
 H

 H
 H

 H
 

- 
-C

E
 H

H
 

H
 z 

- 
->

 e l! 
l! t! 

d d
F

 F
 <

 
C

) O
 IJJ - 

A
- 6 6 6 - 

- 
O

 <
 !, 

lJ.l U
l <

 <
 

@
 @

 =
 (J (J Q

t =
 

(J (', A
 O

 6 0 A
 d d F

 O
 6 6 Z

 H
 d - 

H
 =

 =
 

aL H
 d

at,ttr'oaO
l\{|O

tfleH
N

C
'rfl(lF

€O
!N

N
ttila(O

F
O

aD
dN

C
,tt6((,F

O
O

leH
N

+
@

(O
F

€O
tdN

(O
*6.O

N
 d d d N

 d N
 .r:t i, 

!t i 
rt - 

* 
<

' t 
* 

6 F
 F

 ts F
 F

 ts F
 F

 € 
cO

 €O
 € 

cO
 O

 € € O
 O

r 0l O
r O

 O
 O

r O
 O

 O
 € € e o e o

52



;:
ooogo

o 
- 

€ 
{)L 

" 
5

E
 

o 
o 

co 
=

 
o 

a
o 

H
 

ig-i 
a 

s 
o 

o
E

 
E

oorr 
o 

1l 
L 

-
.tox

-o 
c 

o 
o 

=
 

iE
E

-5te 
o 

'- 
od 

c
or 

o 
s 

o 
{t 

99 
-6i-o'- 

L 
t 

co 
o'-

.-O
 

A
 

o 
.: 

O
 

cc 
^-E

-t 
ao 

'-O
O

o! 
D

E
sL 

o 
L 

r 
i 

oo 
-;^-C

t'-o 
>

c 
ats€uLoooc'-

.to 
L 

0 
aat 

oo 
4: 

x--A
o.ca'L 

-X
O

r 
t'-'-coccs-N

o:oo. 
=

.'i 
-' 

{t{t 
6#tE

io 
09- 

cr'ttttLt.looocc
r-so 

--A
 

O
O

O
 

cc 
O

ii'>
-o4rO

€9990 
--'-t-LbLG

{'
oboLo 

sts- 
ea- 

ccoiE
E

x'-o---+
ioo=

- 
iLL{to>

ti>
'll

soeo!o 
oE

>
 

.-i=
 

!!;.:o{rcr- 
!tar'-LrJo 

ls(,c 
-ao'cllo

+
rco-.-E

oo 
E

gE
 

!LU
- 

oo6L55i>
.-i 

-uto-c 
-oocu-ag

O
O

lJcL,--c 
.-sE

 
'i5'-'- 

a=
iO

"-clF
-'-r 

-C
Lo 

#o=
'- 

o
aaG

LsO
r.-o 

leo 
L{rato 

--'::oo>
roN

>
>

C
'6loc 

x€'*o 
'---

IO
O

O
.--LLc 

o>
ra 

9c 
.cO

sbs'c'J'JL-ic{JJc! 
LE

e 
O

 "-t{oo'l>
€

L L L L L=
 

o4lo 
s-8 

0|o 
0c 

o 
'.t 

c-F
E

-=
trao:- 

9 9 0 0 0 0 
t 

c oc 
E

sds
oo 

o oit 
s-.-5,->

,o 
E

j 
o o i-o 

o'-o'-5 
-E

 
(, oo!-o 

o ! 
!! 

tL 
c o o4o 

o o o t'-
F

--- 
r 

>
E

G
lLdc.-o€{J.-U

osc!E
; 

;-i; 
i 

- 
| oooooo('--N

N
N

IIH
N

N
t!

orc=
ro-=

ooF
o.-tL.-.- 

o.:oqi>
torsrc'ro-g!=

=
:--ooucts'-ccc 

| 
|

t11 u u 
-:\r.r{r+

 
s r ir:- 

lcx 
xN

N
 

N
H

N
 6;l';;'. 

troos=
s=

t 
>

ut trrD
 ooE

 
n' ro {' c-

0.-.-.-6{ 
t 

o o o g o or*-.- 
o L c E

 c c g c ei 
e O

 ti loA
iD

 gt- 
I 

u tJ s g ! 
o glflrlt 

I lllrll 
| "l

L!LL 
gF

 
| 

| 
| 

lcLS
O

O
O

{'{tit"' 
lt':'-'- 

| 
t 

l€ 
| 

| 
| 

| 
IE

L 
l'-'-'--

coF
F

F
d>

 
4t<

<
-sl 

rI}<
<

<
<

ocD
@

aD
 

oo'oG
oo-dco@

G
a+

 co€'r"' o'G
H

 N
do 

Lt 6'6 0a 
F

 aaa 
a d:!

Go-U
T

ut=-JJ=lr--uJ<
tt

<
5

U
J

e,FtJt<t

I 
t 

t 
l 

t 
* 

ttl 
t 

it 
it 

t 
t 

t 
* 

i 
r 

t 
t 

t 
r 

* 
tt 

t 
i 

*l 
t 

I 
lt 

*l 
t 

l 
+

 * 
t 

t 
+

 * 
* 

i 
t 

l
r 

+
 l 

r 
+

 i 
t 

r 
* 

rt 
* 

r 
i 

+
 I 

* 
t 

* 
l 

t 
i 

* 
* 

i 
i 

i 
* 

+
 t 

* 
t 

i 
t 

t 
* 

l 
* 

* 
t 

i 
* 

* 
* 

I 
* 

* 
t 

*
r; 

* 
tt 

t 
*tt 

r. 
t 

lll 
I 

tl 
* 

* 
t 

t 
* 

t; 
i; 

i 
i 

r 
lt 

I 
t 

t 
r 

+
l 

t 
i 

t 
t 

* 
* 

I 
I 

t 
i 

I

-o-tulC
O

JJJa-eJU
J

@tuJJG=att

=JFLU6F-=J-Itt=--e(Jut6e(J-o(,

6€oto,I
all
ec,IaD(-t

-ll4t
.2J{fGo:.:{,6co(JIIIII

+
,o(J

\0@O
r

rd(o

=(t)

ot-Pro€c'l
-lo-)oLrF19(uPC

'

'qo(J@c,tJ1

rU

tFr-.O

asl
I

lrJ I
JIaol
<

ll-l

!o o o o.o o @
 €.D

 o € € o co o o (o o € o € o o !o co € co o @
 € € o € co € @

 € € o € € c' @
 o @

 o o o o o
ddd 

H
dd 

H
dddF

F
 

did 
dtdddH

 
aaajaa 

adH
 

ddddH
d 

dddddddH
H

 
ddd 

dd

@
aocooao€Q

aoo€€€(oooato6aoo60€€€('€oC
,t(D

o(o660006'o@
(oo(ooclt@

co(o6(0
rdd 

ddH
 

dddH
d<

 
ddd 

dddH
di*ea 

aaa 
aH

H
 

H
ddddd 

H
dd 

ddd 
ddd 

H
di 

dd

ooct 
ecroeoo 

eegctee 
G

roe 
ctecteee 

eoeoeo 
eoe 

cteo 
eoo 

eee 
oee 

ooo 
eo

dH
H

dH
ddo 

H
H

dd 
ddH

dH
dddd 

aaaaal 
adH

 
ddd 

ddd 
H

H
ddH

d 
ddd 

ddd 
dd

odt

@
o@

cD
@

@
60@

G
D

cE
@

6C
O

@
fa@

aD
@

aD
cD

@
@

@
G

O
C

E
C

O
€O

@
G

O
!oe9qoP

P
@

E
O

6C
O

aD
@

@
@

@
cD

@
@

C
O

C
D

O
G

 4 G
 G

 s 
O

- G
 4 O

- L s o- 4 e G
 G

 O
- G

 L O
- L O

- O
- ! 

; 
t 

; 
E

 o- a- o- o- o- o- o- o- - 
o- o' o- o' o- o' cL G

 o' (L G
 C

 G
o- L c G

 L O
- L O

- O
. G

 e L L L 
O

_ 4 0- A
- O

- O
- O

- O
- O

- A
- ; 

E
 ; 

; 
o- a. o- o. o- o- o- 4 L L G

 4 0- 4 G
 (L G

 G
 4 0- L O

-

tJr!u 
A

.f.! 
Lll!u-uJJt<

Jl.rJlJJ-stz=
JlrJJJ=

Jtr!F
=

qo'-J!4>
<

---'t',-')')-<
'F

>
->

---
e. a J - 

L a >
- J- 

H
 ->

- o o - 
F

 H
 <

 <
 L, e - tf 

r.r. =
=

 
ii 

tttl 
1- 

fH
 

!u o - !! uJ J H
 <

 <
 <

 (J o- o- G
 F

 uJ
€ulr! 

<
.rH

 
-H

o 
G

trlo(/r(13H
H

=
L' 

<
H

-*co- 
E

66 
6ur- 

utxil-e* 
--s, 

-a- 
a-<

' 
t!-H

 
-co

=
 =

 =
 o- | >

 F
 F

 t- l! l! - ii F
 -.r =

 i 
ru ru o >

 a ru x ! 
ii i 

&
 c E

 cc o J <
 c' lJ z a- >

- 4r - <
 <

 <
 <

l <
 <

 <
 o- -

o(rcr 
(J (r-f.ltnrur 

eu*xi- 
Jlri--=

-.---6)rniirriE
 

r-r- 
-lJ-r-.lJe 

fu<
-rco G

tcococD
clcacD

o
E

E
G

 
G

N
H

H
LT

(-T
 <

cr=
tt- 

c2uJ 
U

JU
JU

J tlJLlJU
J 6E

;;;i-ia 
=

>
ii-i--- 

s>
-x

crtF
F

F
 

d>
 

6<
<

-<
<

 
<

<
<

 
<

<
o 

cocD
ococD

ca-A
60'oocooioqr o<

'r(.r Ll(.ro (J(.raooa 
aaa 

aa

€O
rod6.ditL<

D
eH

flo+
6rltF

(O
C

D
odd36*@

cO
F

@
O

todg{ctr'6(O
F

€O
ledN

'rlrtlj)'O
F

€C
't€+

ooH
 

ddH
 

H
dN

 
N

sN
st6tN

slotN
 

(rslrfr, to.od?;;- 
--t 

i+
113* 

+
+

n 
ooo 

D
66 

666 
€ c'

G
ltcncoaD

cE
cocococE

G
D

E
@

@
coco@

(D
oC

D
caoC

E
co@

;6;i6rircirdrrircooroco@
cE

C
D

cE
@

cD
@

co60co@
cotE

@

53



IoIo!?
O

A
E

E
{'

go
l'-E

ooo-o
{,

o-cc
urooo
c900!

og 
o 

o 
g 

4
c=

G
tt-oo

oor, 
o 

g 
oA

 
co

cN
cO

 
E

 
i 

O
 

a 
.- 

O
 

=
 

.JO
 

.-c
.-E

C
g 

g 
O

g 
.t 

E
 

C
 

U
 

o'- 
t'-O

A
tO

-- 
O

 
g'- 

O
 

O
 

lD
 

O
 t 

O
 

C
€ 

O
rC

.-lr 
o!

xog- 
=

-o 
o 

oo6 
N

o 
O

 
ia

ooo 
eN

H
N

 
{rod 

ci-ic- 
oo 

b 
-o 

a 
oloLc->

 
c 

{'oo
E

t+
t 

O
ogc 

{rcE
 

iO
O

C
f 

o 
LG

' 
'-eO

a 
cG

'-d-2s-O
 

=
e-

ooc 
sooo 

ro- 
ui:i=

 
!! 

: 
ltocE

 
'-{)ll'->

oit'-E
o{' 

'o6>
G

=
-o>

c!3 
.-scdiO

--*t 
-{t 

O
 

o-oO
 

!E
O

cLrt'O
u'-cE

O
 

tcE
aato-x.--- 

tsi6ioo=
o.,c.-g{, 

_{rtJt 
I 

o 
o 

.-ogouslct'-'-c 
-cjd

oo€ooatr>
i 

r-.r6iE
i.r-ei=

eiiob>
*rco 

; 
- 

L-o"oovL'rll'-oo 
I 

oo
LL+

tLso€s 
o>

si6O
bO

 
':F

'-oc5u" 
' 

'- 
O

 
'-O

-s=
t 

I 
sO

oc-cc!-'-'-
O

O
=

9.t-+
t.t 

.c=
 

e;i 
a a'- 

IE
 

tra't 
12 O

 O
 O

C
 

O
 r 

-- 
xt>

o+
t+

t6' 
O

=
--'-'- 

q'atE
at

-- 
G

!O
 O

>
rolO

x 
e 

O
{){,{J{' 

>
rO

O
 

e'-€S
 

"' 
-{t 

C
'- 

tro 
9=

-O
 

O
 l'-" 

trtrC
 

H
S

 
O

 O
 O

=
E

 
ttta=

- 
r 

o- 
o--5'1.-.-.-.r--.g 

o {, 6trt 
o o od 

o'- 
o L E

--{- 
-a-E

E
E

E
 

o g ao 
ol /t

u 9- 
o.-.t.-.- 

c 
cl 

>
o 

cs 
c E

 I 
trag 

g 1gJ--vi 
c- 

>
o 

>
rtio 

>
 

>
4' 

ert{t 
o {' o 0 o o

.-.-:\L-t!, 
O

!!o 
--gi.-.-.-.- 

O
 c'-eO

 
o€.c=

 
O

h 
O

 o rs5 
'E

--=
- 

ot=
 

s4 
LL 

L L

-rlsat 
I 

t 
t 

lbo't,d.t!at!! 
i 

O
't' 

l--!r',t,(,coC
'C

r"O
{tlJ 

l{ttr>
€>

icC
LC

I.{)O
{t€4t.'

I 
r{r>

.._c{_ 
o=

 
r o.Iii 

iii=
ic>

.>
rocoooo0ass{ro- 

o=
=

{r.E
 

I 
oot-Lr-.-.-'-

ra(O
O

=
dit.ttddi!.- 

e- 
r 

C
(a+

.aao 
I 

G
LG

\a l€€ 
t 

x x x! 
O

--{J{' 
I 

r<
f 

r*t{r 
"'* 

c 
s c{t 

c t 
c 

c
- 

--.- 
- t 

- 
€- 

--.: 
--

dd6arr4 
F

G
rF

 
<

 6ao- 
+

 6.6aG
\.6ad6 

if fuu-iii 
xH

t=
=

=
 

c\..rt!t 
6,=

I6l=
d 

d 6.0--!t- 
zz

o

Po(-)

r€|
@O

r
-{(o

=c't
foLPrJ)
@O

log=L(l-

ttt*t*+
t*t!*ttl**t;ltttrt+

i*iti*ill+
 

tt+
tl* 

t*lt** 
r*

l*itttttt+
!+

irr*tltt+
tttttlt*t*f 

ttti**+
*+

**tl**+
*+

+
ttt*+

tilr*tii*rtttiltlllt*tltt*tt**l+
ilttltt**tii

u!=-JJ=l!-lr.l<
:,

<
t

uleF=J>
<=t6lJU
J

coJJJa-oJlrjctt

3rt
!!Jo-Ian=JFuta-=J-ttt=--o()!!6o(,-e(J

6eol(DIal,
oo

I
!(t(J-tlrt0.J{tco=:atoCoL'

!(uPo5!o(-)U
I

ovlG
'

(.1-

o!(ogtv1ollrl 
I

JIcol
<

lF
I

€ 
@

 co o o 
(o @

 o o o o 
@

 (o o o €.D
 € O

 O
 

C
O

 O
 O

'O
 € O

 (O
 O

 € € € € o o o o €'o 
o € 

ao o o (o € o o o 6 6
H

dd 
tdd 

da<
 

-*-tiid 
H

dddddH
dd 

dddddd 
dH

ddddrdH
 

ddd 
dH

d 
dH

d 
dd

€€oC
o€€@

€€Q
€oc,66€@

€oo@
-1€6co(o€.D

.oo@
6o€o(D

(oo€(oc,@
@

@
€@

(ooo
ddd 

H
dH

H
aate<

 
JaJiaaaa<

 
ddd 

ddH
 

ddH
dddH

ddddd 
dH

d 
ddd 

dH
H

 
dd

oecrctoectcreeeeG
tecrclectocr€tectoocteoctctoectooooeoeooeoooeoee

ddiddH
H

aae<
<

 
lalaaaala 

ddd 
dddH

dH
 

H
H

H
iH

ddH
d 

ddd 
ddH

 
ddd 

dH

aD
G

D
C

O
@

C
O

C
O

O
@

C
D

C
D

C
D

E
@

C
O

aD
@

@
g.600cocoaD

@
co@

@
E

o@
@

tD
@

@
cD

aD
cE

cD
tD

cocoG
taD

@
cD

(D
C

D
@

O
aD

C
O

O
-o-G

 O
-G

q o-O
-o- o-o-o- E

---o-O
- 

o-o-O
-o-o-d- a-O

.- 4o-O
- A

o-o- qG
o-o-G

o- 
o-o's 

G
G

o- o-o''L o-lL
o_Lo-o_o_o_ o_co_ co-o-;E

---o- 
-o-o-o-a-o-rLa-o- 

o-o-o-o-ca-o-o-o-o-o-o- o-lLo- Lo-cL G
o-o- o-o-

cLcE
lJ-@

otstG
Q

>
<

=
--lvutz{J{t-H

6F
ltJ-zF

(r-LuJuJJ>
JE

Z
Lto>

-J4=
H

 
O

 O
H

F
I->

<
>

-
=

 s F
 <

 - =
 :=

 J e <
 

U
.l F

 - ij 
r.r.l t 

L r- =
 i 

x z F
 - >

 ; 
F

 - 
-r -.r <

 q F
 * <

 .r, ts e ) a a =
 =

 =
 z - t! F

 
LU

 ul
rJ e - 

ur F
.<

 lu >
 z - - - 

E
 E

 i.I.I 
- i 

- - - i! € 
cD

 (..;) l! 2 - - - 
<

 - 
t\r - 

H
 a).J.Jt e H

 c, e a<
 ul - 3 H

 H
r(rE

 o. >
 uJ ul @

 uJ e o- e G
 a 6 a I 

o a j 
i 

e t 
:r ? - a - 

L! t 
e G

 - - <
 Lr @

 <
 <

 =
 G

 - - 
o o ltt cD

 cL (D
 6 6

| 
| uJ -:I 

=
 :t =

^ 
=

z=
72=

 
i 

; - 
o- o- o. ii=

 
:<

 x 
>

<
 a o J J l-!-1 !: !- F

 F
F

F
 

F
 F

-o- c c F
 F

 F
H

 H
 H

.?(arH
H

H
H

H
x-xxxF

xxiroxxxsF
F

Ji!atuJ-r,|-U
JU

JU
JIJJIJJU

IU
lrlU

JU
Jtl|<

 
| 

tH
H

H
---

6f c\. a a a 6 6 o F
 O

 A
 a 6 ij i5 ci i 

o o a a Lu fu rt- - - - x H
 I 

=
 :I =

 =
 :t :t =

 =
 t 

- t 
- 

a d - - - - - 2

4roF
6O

red6att-€€F
O

O
edN

drl6totsoodN
t'l6lc'F

O
0rdsdt*6(oF

@
o-edN

'O
*O

(t
ro (., (o ro (o F

 F
 t- t\ r r - ii F

 F
 - 

<
o - 

ai o g .o € o or ctr ctt or cD
 or crr ot ctt ot o e o e € o e e o d d H

 d d d d
aD

@
@

 cD
cE

@
 cD

cq!D
 co@

@
bi6io 6-@

 
cD

coG
D

 cooo 
caococo@

@
 

aa@
@

aD
crt-t 

(rLrQ
t (J(rtr 

(JC
)(r(-t(J(rLtLt

54



utt-JJ3IL-U
J

<
t<
:t

uleF=t<=-eutoJJJa-oJIJJ
@u,U

J
JGIal,

=JFlrJaFH-3J-uJ=--o(JU
J

ae(.)-€(J

6egrorIrt'
odtI
(,(,-llatt:a,coa+

,Doco

PoC
)

(o6O
)

F
{G

'

=tt)5or-+
J

Lr)

oto9,=?oLq-'ooP(J:'!co(-)v,O
J

o(o

(FI(o

aJ1

<
+

lI
r!lJIcol
<

lF
I

oD
oc
{,EO

A
.:3 

-
o-=

so
O

c(, 
O

 
" 

O
 

s
coE

 
o 

! 
o 

d
.-=

.-O
E

L^ID
{'

O
a{ra 

s 
O

 
L 

() 
d

E
ooo 

o 
=

 
o--t

.--L- 
o 

H
 

o| 
G

! 
:9oa 

'l 
a 

€
llrttroco 

oE
 

i- 
o 

-ccc6oo 
a 

e
cG

-E
c.-coc{, 

{, 
i 

rraroocL 
o- 

I

-rtry-.-.r.-s.-5- 
; 

o 
o'E

;;-e 
!o 

o 
o

>
roG

>
-o!.-rroo 

o; 
: 

aeE
E

io 
as 

+
 

t 
oa' 

o
.r-{r-orr.-'n.-LE

 
-6 

s 
!q;-ai 

o9 
q9G

 
o 

rt'- 
-t

{r>
oh-€.-L.-5+

ro 
.=

- 
lJ 

o>
L;-65oooo' 

9to 
'-L 

'-!
o=

r=
clco--,-s 

tat 
rc 

c=
O

->
€i-'':9 

:o': 
=

 
lo 

x'-
l.rr4tLLG

looce 
-': 

L 
'- 

:jiE
-oo':oL 

a-€ 
.' 

o- 
'-u 

o
,-ozooo.-Lrroo 

.Iq 
rt 

.o=
=

E
iIixio' 

a' --{ 
6 

L3o 
Llc 

E
rr.r 

.rcG
LL 

r sLE
E

oo 
o 

oc"tiJsieoi-:. 
!9cob 

-tltu!oat 
oo

O
O

O
 O

O
O

 O
>

rO
go.--'- 

i 
O

O
O

 
.r 

.-.-'-':':'- 
i 

o--Lo 
-cc 

o"oc" 
>

ctrs! 
e

to oo 
tD

tD
'/- roo- | --d 

E
 u.:-o 

i 
i 

| 
!! 

L L L E
.o-G

E
 

o s€ 
9 o.t 

o cLo s E
 c (D

-t'-'--
ooooooooo=

re6.:-.:.=
.: 

ror 
g.lj.rJ.I-'-o'ru:'-{4+

oo'- 
"rtt{'c 

clo-
LLbLLLLc|! 

suu--O
 

l.ru- 
-o ct 

r'T
i 

rsrnE
 

i=
xoO

err=
-=

crO
cF

ost,'-o 
o

{trt{t{r.t{r.t 
od 

o o E
 >

6 
I 

o L L o+
 

t 
o-oti6Jrzo 

r<
rr u o I 

! 
o-{r 

trr' 
: 

o o- 
9'-'-- 

L
L.-{tdE

E
.c'-soo 

L 
'::o 

l-'-'i 
oiov-LLo55{,=

 
oLc 

E
choo>

>
o

c c c t 
c e t{t 

€ C
 c O

 O
{' C

O
 Jt O

grA
'--€''fe''- 

(:- 
ta l!!1:: 

L 6 l+
t 

L{t 
o o L s- 

s L--
| 

| 
| 

| 
| 

| 
r.- 

i oo=
-E

=
 

| LO
O

C
 

€o 
r 

-----ig--e'-cl:-o=
-c'-'-{,o'->

r>
od€'-t'-=

--------ur40-G
 

G
O

-N
O

-gG
U

rN
F

r-osl 
sreri'i6r-r 

oi-rsr!' 
6at 

4(J(',(-to't/t=
-<

 
<

(J

G
O

-
G

O
-

trluj
.o€ 

.
6l c{
c{d

GGU
J

ttltitillt*-lttlll*tltltlt?iitlt;ttltltl;it*t*ttt+
r 

r 
r 

t 
i 

t 
ti 

t 
t 

? t 
* 

* 
+

 * 
+

 t 
t 

t 
I 

t 
i 

t;;;; 
i 

i 
* 

r 
i 

t 
* 

t 
+

 * 
* 

t 
t 

* 
* 

t 
t 

* 
i 

t 
I 

t
r 

i 
* 

t 
t 

* 
t 

t 
I 

t 
t 

+
l 

i 
* 

i 
i 

t 
I 

t 
* 

t 
I 

t;;;; 
i 

i 
r 

r 
I 

t 
* 

t 
* 

t 
I 

t 
t 

I 
t 

i 
t 

I 
i 

t 
t 

t

o o 
ao o o 

aD
 € O

 (D
 O

 O
 e € ro o € o o o o € o o o € € o 

(o ct € 
€o - 

€'o 
ct! € 6 € O

 6 O
 € O

 6 
C

tt O
r gt o 6 o

ddd 
dH

H
ddddd-dH

d 
H

ddddda-a 
f 

f 
I 

aJa 
*oa 

aod 
drH

 
dH

ddd() 
rr:)di'd dt

o€(D
€60€o€ 

o(D
o6ao@

 
@

6€ 
aoo(D

a600€(D
o(o(o 

(orl(o 
€cD

@
cooo 

oo(D
 

'o€orooto 
60

ddd 
ddddH

d 
dddddil 

H
dH

dddaaa 
if 

I 
JJa 

ioeam
d 

diddddH
H

dl' 
fild:td 

dd

o ct o o gt o o o o e e I 
o o ct o o o o 

G
t € o e € € e o ct o o o o e o e 6' N

 |lt g{ N
 O

 O
 O

 O
 O

 O
 C

t € o o
dddddddddddddddddddddaaaif 

Jla<
aaoeo 

oooo!o<
:)eooe

odd 
oooo 

6de€€
o 

H
'oclrdt 

"too

co@
G

D
60@

coG
D

@
G

Q
@

@
@

C
D

coo@
cocD

@
@

@
6@

o@
oG

D
!D

cocacog!qqoq!@
G

ococo@
oco.ItcD

.B
@

coocD
.D

o_G
4 0-cL 

o-qo_ co-o--d- 
G

-q4--O
-O

-A
-E

-;-o-q- 
o-o-o-co-o--o-o- 

o-ao- G
o-cL o-cG

 o-G
o.G

o- o-G
o- co-o-a-o-o. iE

d 
o---o-o--co-oE

E
d 

do-ccasco-a' 
--o-o'o-o' 

G
o'G

 G
4s 

a'c

ul - F
 >

 4 O
 ul e J - L - 

aL|F
Z

 L! H
 H

 
o- I 

<
 I 

A
' e{/', - 

tn >
 4- 

uI H
 (=

 |.lJ F
 a o G

 H
 G

 o J 
U

J - e - 
llt J J

t 
F

 uJ - e 
<

.r o- >
 e - - ^Z

'cn- 
- 

o- <
-l -r i 

5 1 >
 

t-' -5 
- 6 L o- ! 

- 
r'l I 

q - 
tL - <

 - 
ln G

 - a - 
ct H

 a <
 <

H
urcE

 H
oH

 
H

rr- 
eeF

H
r.!J 

H
ccE

e<
-rqao-.r;=

-ea=
E

=
i!lrJ<

 
4<

+
f 

F
o-F

=
cD

 
(,J(J:F

F
H

 
JG

a - =
 >

 =
 z o- e, e >

 >
 - 

iiZ
 

-t;t o e, e =
>

 
-r' 

I 
E

 F
 E

 ru i 
e Z

 e trt -t'o - 
ut =

 <
 G

 - - 
<

 >
 =

 o >
 >

 e
F

 F
 - - u lLl F

 e o rr) (, l! F
 H

 -l o - 
6 i 

r 
E

 - =
 a x a L =

 4 -o - - e * <
 <

''z E
 J'J 

lz : 
J

-z'----zH
x 

urr.rJ-E
bF

 
eii[i<

b-e|-* 
f iiF

 
iiul=

;{Li- 
ttJ=

<
riF

ut 
<

x>
- 

>
<

F
 

<
H

(' 
r-

---------o-co-o.co-G
E

G
|/il-F

r-oc 
ir-iorcooco--t-cr(jta6t4(rG

t 
')L"'t=

-<
<

')

F
6O

6dN
C

l!t6 
F

6O
O

dN
(O

i14 
'O

<
D

e H
N

+
 

6'O
F

6gtO
dsl'a 

dN
"t 

*6(o 
tsF

(O
 gtedeG

t+
 

6o
H

H
dN

6rdd6.N
N

qoa!)(r(rdrcrco.itrqrr*r.a;.i.ioroouiggrd.6torocooo@
(D

otcD
otooc'r

(-r (, (, (J !t (, (-t .r, (, L, 9 st (, (, (, (J (, gt (, (J (' r-t cr r'r t] c'l <
'l r'l <

'i <
r qr r'r qr t'r r-r Q

t Lt (' o I 
(J (', (J (r, (J (., I 

(' c) q)

55



6oC
D

o
,I

d'
eaoIar!

-Id.2Jattra,=.:atoEo(-t

Pgo(J

ro@O
r

t4G
'

=c')
=oI+
J

lJ)
@olocDoL(FEoP(J5go(Jaotn(o

Il-(o

U
7

olrrJ I
Jlcol
<

lF
I

ul=-JJ:)lr-|rI<
:,

<
:,

lrle,IJ)<tteJuJ@JJJa-oJulIDvtutJc.tq,FH=JFU
J

aFH-J-

o

o'; 
o

.t'{t 
€4,

:Y
- 

o.- 
o- 

o
.tc 

O
O

 
-9€O

c
O

 O
 

c.t 
O

 tro 
tr€'-

'tt'- 
ocO

!L 
=

O
xO

-
-C

 
A

a!.-U
U

O
goC

O
c 

o 
o o._ 

x 
o,_.!_ 

L,- 
|

{, 
L 

L4 
C

 O
s.t- 

C
! 

!d
{'C

L 
a\LC

 
rrO

C
 

trol
sO

gC
,n>

O
O

U
--=

-s
O

L{r!|J|9C
1€tr>

r 
trtiF

C
,O

C
D

O
 

{, 
O

€d-A
G

l
L- 

O
----- 

L.- 
t 

>
r O

 O
tO

O
t 

g-C
 >

r>
rtr>

rO
 

9ll.E
 

L L 
'

-(,f(,=
=

=
=

t>
rO

{JC
LA

T
?

=
 

| 
>

'-.){J{r{r-- 
1| O

 | 
|

qr .a (J 6 
LlJ l.ll Lll llJ LL (, H

 :I - 
6{ 6l

€o6 
00(D

oooo 
oocoo6F

o
H

dH
H

d6H
H

dddH
ddd

o6(D
 

(O
O

€ 
O

6€ 
(S

qtO
O

O
F

 
d

H
H

dddddH
didH

ddd

crect 
ooo 

eee! 
ooe 

oo 
H

 e
oee€ooeooeeeoo
ooeooocro60eooo
o o (l 

ait o o dlldt (t m
 aD

ai ct (,

*ttttt**tt*i+
tt

*ttlilttllt*tlt
tttrttttttttlii

ul 
F

o..-o-co-6-<
>

>
t!<

oF
-

=
 

U
le<

re€.<
H

F
oA

F
zJ- 

| '
- 

<
o--o-a.r(r6=

eaJcD
l{G

G
 

--
- 

JJ<
(r----=

>
-eF

e€rf-
e 

-->
H

F
F

F
}-JJgrIiJJG

G
'-

(J 
G

tG
t(.tctLllllllllU

ll! (rH
I 

qo-613

!uaoC
'

-o

@
arD

 
G

C
D

O
 

C
D

C
D

aO
 @

 O
 C

E
 C

D
C

O
 @

 @
o-o- a 44 

G
 o-o-4 

G
 G

A
- O

. A
 L 

O
-

o- o- o- o. o. o- a- G
 o. o- L o- o- o- L a-

F
 O

 O
 H

aitrl 
1I)(l, F

 O
 O

re dC
{ll) 

O
cD

(D
O

rO
eeeoaeeH

H
dd 

cD
(J (' (' --- 

- 
-- 

--- 
- 

-- 
H

56



troedF
@

atrcrdttJ)d€cl
=

N
(O

dolt*doH
.H

€e€
=

daD
rO

N
dF

'O
<

tt r 
d 

to 
e

xedt

=
N

=
 

fit 
(tt 

or 
6t 

rJt 
6l 

o 
ut 

H
 

lo 
cl 

e 
o

=
.orH

e@
F

H
!ie. 

I
-.od
H

O
=

lel!Laoodor(D
edF

O
6a{dN

!!C
D

F
rfH

((,aoordH
c{de*

oeaod
(-!

flJ 
att 

o 
d 

d 
. 

att 
fl 

6a 
€\| 

slt 
ar, 

e 
4

6.aodH
o(ogtLeg{

A
grir'ltH

'H
d'd

F
oeoo

u, 
(o

JcO
J

5A
rt-

eoeH
raoD

d€\a€ectrqcD
+

rJ(oaar(ar(D
aoF

<
tl

o 
lJ.)

E
(D

o(J

F=H
 

6tt 
€ 

H
 

rt 
rct 

6l 
o 

6 
H

 
6 

tl, 
o 

o
JH

.O
O

F
O

46
trl
aan!!Jo- 

o 
o 

o 
o 

$| 
N

 
N

 
N

 
N

 
€\,1 C

{ 
e 

e
=

 
ls 

l\ 
F

 
t\ 

F
 

l\ 
F

 
F

 
I\ 

t\ 
F

 
t\ 

F
U

'

e'O
-(O

F
€rlO

iaO
C

\|rO
odrO

rO
eO

L!o-LH
H

F
.(O

€r?ra
{toH

dH
-tlJJ.ra

tJaroF
aoroc=

o
U

J 
olt 

G
!=

+
t

c 
.ttL 

- 
aO

 
lJl 

F
 

6A
 

(O
 

O
 

O
 

rt 
F

 
H

 
ra 

o 
aO

soo 
- 

ro 
F

 
(t 

o 
d 

L! 
cl 

d 
ao 

!t 
€' 

'' 
. 

att 
e 

D
.tuJ(F

F
dsttlt.0ot

o=
N

oN
.:3l.-O

J
4JF

C
F

C
 

H
 

H
.

o=
!toat,'oee€N

ooee
(JaD

O
drO

l,lH
oeo

llJllJoola
{r>

<
d>

<
d6H

O
<

tt<
,!t

=
=

JJ

JJJ
\\\

-(D
6C

D
@

@
C

D
C

D
C

bC
O

4 
(' 

(' 
(-' 

o- 
0- 

O
- 

O
- 

o- 
4 

0- 
G

 
G

=
40-o-o-o.G

o-44-o.G
L

=E
=

-=
=

30C
3|!F

ILJF
6

F
eLtl

H
(r@

e.J@
(r(,

Fatt

=
O

rddc!(O
f\€oC

{H
g{!t

ooH
aoooedN

N
tO

F
r\

(JH
H

€\I

==
ooree

(o.(oH
)<

r.to6N

====
(,F

N
Oot 

c,
-6|(O

€(r:t

=el!l!oF
orao

U
larre@

oao

U
l 

ct 
tt 

rl 
(D

A
€+

rlC
tr

C
l 

.d
F

E
an

F:€e
eo

JH
O

F
d

utou)U
J

JO
-66!t!t

=
6eroro

.n

€c{,J
5A
{t-

€oe6e
{rJrltd
out
s 

cll
o(.,

P=c)=PPvlgo(J-oG
)

NLG
'

E=at1(o@c'l(o

=tr')

oLP|r)
@O

r
rioG=-(oP(o
a(oC

)

P(6g,

o'l
utl
JI6l
<

lt-t

o-@
C

D
=

o-c.
=

a-G
F

F
()

Fan6
-->

<
Lt

o 
o 

- 
o 

e
()(Jo.F

F

dcD
€(D

(D
 

(D
 

rO
 

rO
dctaJ

57



=
coN

oolt)droortto6loo
=

(oloeorotN
e.H

cto|\
=

otH
edoralt<

'bN
H

F
!f6ad

t<
F

d

=t3 
C

l 
ro 

e 
o 

et 
s, 

cr 
c, 

cl 
ct 

ct 
€ 

€
=

ectH
rJlF

H
dd.oit

ntl\da?N
-rac,

d
te,u.l! 

!t 
cit 

ro 
rJ| 

14 
ro 

G
t 

+
 

.t 
F

 
F

 
rt 

6
ll,l 

dlt 
d 

i 
o 

o 
€ 

(C
r 

'' 
sl 

5(t 
0 

6
oddF

C
\l

llJc!.€€lttrr€F
6aF

adF
raF

O
.de.stto

A
tf€ad(D

6lN
O

t\.O
tsN
.ttsI

€ 
D

 
O

 
O

 
e 

6 
e 

e 
€ 

O
 

O
 

O
 

e
JO

6ddD
O

dH
di6

F
 

O
 

d 
d

U
J

6anuJJL 
I 

H
 

N
 

N
 

N
 

N
 

d 
- 

- 
F

 
O

 
€

=
 

rO
 

rO
 

6 
F

 
F

 
l\ 

F
 

t\ 
g, 

o 
tt 

.O
 

t\
at

-eeoeolooooC
,t/'oe

dled*d
o€106|
llJ 

lo
=- 

d 
o 

o 
ao 

€ 
3ll 

f\ 
o 

F
 

d 
.o 

ao 
dt

uJaoi€F
o6tF

eeordd
=

 
t 

6. 
H

 
d 

H
 

6 
H

 
H

(o

Fto.e
H

eo
J(t6a
)<

H

=Ja-etseaodtF
(oeoreororl

JaodD
b(rrfltroH

N
IJJ
@

.::goeano.:U
'I{to:alco=.:{Joco(,

2=
erooee

=
ot\H

oF
H

O
ee€

,<
O

N
@

C
D

=
 

(o 
dll

=S
0raeoe

=
o6eeN

O
l(.t

-€€N
(\|

=e.lr.ttF
aoeroro

uJ(oN
6rroca

e 
d 

H
 

d
(-t

U
Jcr.tcrro

acloar:rd:tH
ocD

dtjt6l
F

l*
lnd

Ft
e600e

Jeraoo
F

 
H

 
6 

6
ula,nIT

J
JqaN

N
e€

=
F

F
F

F
F

tn

oI
-

.toH
eF

ee
aritdro(r:t

L 
llj 

O
! 

O
t 

rO
o:lra
{JIoooaodee
E

-O
.O

e@
(J

!|Jcttdt\6
>

r=
(oro

.:o:FC
'H

ll=
dO

J
t<

J
-

{5c{,={JJ
o

{J-oe€ao€H
gJT

IH
ot!
(JO

Pgo(){JE(u+
J

+
Jtngo(J-a!(uNI(o

a.t1

ro@orF
.(g

=q)oI+
)

to@o114(l)g= r?(o+
J(o

o(o()P- (og:lJIcol
<

lF
I

cD
 

at! 
@

 
@

 
cD

 
c! 

@
 

o 
(D

 
cE

 
@

 
@

 
G

t
o-o-o-qo-C

LG
G

O
-O

.O
-O

-C
L

o-o-o-o-o-o-o-o-o..O
-O

-C
LC

L
t-t=

:lF
uJ=

-
F

=
-luLua-.tttJJo

F
o(r()-q

ur0a-J90--=
F

H
e,JF

=
-F

H
ottN

(r-(,
0

(t 
i 

llt 
6l 

stt 
!i 

(O
 

(D
 

t\ 
E

 
E

 
6A

 
(5

e 
e 

€ 
d 

H
 

H
 

H
 

(o 
l\ 

co 
cD

 
6

(D
6@

@
aD

O
.G

O
-G

o-
o- 

o- 
o- 

o- 
o-

ul 
Lll 

a
F

=
U

'F
H

=
)u.l

l- 
<

:, 
- 

lJ- 
o

.tta-oJJ
-oe.lr=

ut(,
(J

dF
ol(oro

d 
d 

ts 
F

58



-3=H
d(o(D

X
N

d

==3=
oeol

2dte,lJ-

IJ6|
o(-tF-

ooe
JdFU

J
aU

'
utJo-€ol
=

dd
q,

=
--

F
=

G
-

IJJ 
O

F
JN

-
.n---
ot-@

=
(J

dtool
N

io.

tue
a.F
6.A
F

E
U

'

PgouPg(l,=+
)tnoc)o

-
ctoor

LU=-!tN
O

,
uldo
,dd

rtocl

=J>
<=Jo-eJuJco

aoo!orIdil
€6t,Id'(-t

-tla,
.3{tco{){Joco

!o)N!(oE=ar.ocoO
r

r<(6

=gl=o!.lJlr,O
r

.-{(I)=D(o{J(€6(JP(og-l"..11
col
<

lF
I

co@
cE

o-o-G
G

O
.G

59



Tables G.1 and G.2 In Appendix G contain basica'l1y the same informat'ion

as Table 5 described above. However, those tables are organized in a s'lightly
different fashion, giving more detai'led results by well and sampfing date.

Tables 6 and 7 present information on how the wells compared with respect

to constituent concentratjons. Each well was assigned a rank for each of the

constituents (except those on the 9905 list), where the rank 1 was ass'igned to

the well with the lowest concentration for a given const'itutent,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 h'ighest concentration for that constituent. Then'

for each well, the ranks for all constjtuents were added to provjde total
scores. These scores can be compared to see which wells have the highest

levels of contamination. The two tables (6 and 7) present jnformation on rank-

ings of the maximum and the median, respective'ly. 0f part'icular note are the

overall rankings for the maximum at the bottom of Table 6. Well 199-H4-3

ranked highest, as m'ight be expected since it is closest to the 183-H Bas'ins.

l^lell 199-H3-1 ranked second although it is farthest from the facjlity and is
not expected to be influenced by the basins. Ranks for the other wells are

genera'lly as would be expected given their distance from and hydraulic
posit'ion relative to the 183-H Basins.

Table G.3 in Append'ix G contains the raw analyt'ica1 data for those con-

st'ituents that had at'least one value above the detection limit.

Graphs of the Data

Graphs have been prepared with the analyt'ica1 data obtained during the

last year. These graphs show trends over time for each wel1, with the well
being denoted by the last digit of jts designat'ion (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 l'ine on each graph

represents the detect'ion I imit.

Several graphs of particular jnterest are presented and discussed within
this section, and the remainder are contained in Append'ix H.

The graph for conduct'ivity is presented in Figure 21. The data from well
199-H4-3, wh'ich is the closest well to the i83-H Basins, are notab'ly higher
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than the other wel1s, and the range of values is greater. Figure 22 contains

the data for pH. This graph shows that the va'lues for all wells are close to

neutral .

We1l 199-H4-3 generally has the highest va1ues for all three of the radio-

logical analyses: a1pha, beta, and radium (Figures 23 through 25, respect'ively).

hle'll 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 bapium, chromium, sodium, nickel, and copper (F'igures 26 through 30).

For manganese and zinc, the values for well 199-H4-6 are generally higher than

the other wells (Figures 31 and 32); tfre reason for this is not yet known.

For the anions nitrate and su]fate, 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 genera'l1y higher values for chloride (Fjgure 35).

For the volatile organ'ic chemical chloroform, concentrations are general'ly

higher in wel'l 199-H4-3 (Figure 36)

Observations Regardilg the Dalg

A few genera'l observations can be made concerning the data co'llected

during the first year of samp'ling. Examination of the data shows that the

concentrations of a few constituents, i.e., nickel and copper, are consis-

tently h'igh in well 199-H4-3 but are virtual'ly undetected elsewhere (Figures

29 and 30). This may indicate a near-field effect with essentially no p1ume.

Another pattern exists for conductivity, a1pha, and beta (F'igures 21,23, and

24, respectively), where concentrat'ions are h'igh 'in well 199-H4-3, lowerin
199-H4-4, and very 1ow'in the other wells, poss'ib'ly indicating a narrow p'lume.

A wider plume may be indicated by chromium, whose concentrat'ions are high in
well 199-H4-3, lowerin well 199-H4-4, and stil'l lowerin 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

wells. As additional data become availab]e from the ex'isting and new wells,
it will be possible to begin statistical evaluatjons for time trends and sea-

sonal cyc'les, but such efforts are currently premature.
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QC Prosram RgsgfE

The scope of the QC effort was described jn a previous sect'ion of th'is

chapter. The results obtained'in UST's internal QC effort, as well as the

results obta'ined for jnterlaboratory comparisons and spiked samples, are

descrjbed jn the following sections. Also included in these sections are

a description and status of the corrective act'ions taken.

When problems are identified from the QC effort, procedures are

immediate'ly established to jdentify the nature of the problem, corrective

actions, and the impacts to the data. The time frame for verifying that

correctjve actions have been effective depends on the nature of the prob'lem.

For example, several samples may have to be collected and ana'lyzed to verify

that a sampling problem has been resolved.

Resu'lts of UST's Internal 9C Effort

As mentioned prev'iously, matrix sp'ikes, blanks, and surrogates are used

by UST to provide'information on the quafity of the analytical work. This

information may then be used to determine if changes should be made to the

analytical methods. Control charts that show data for these QC samp'les are

g'iven by UST in the'ir quality control report (Hembree and Rao 1986). A

summary of this jnformation follows.

Blalk:. 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 resu'lts (less than detection limit). Some high scattered

values for TOC b'lanks were found in a period when reagent water ttas stored in

plastic jugs. However, reagent water is not added to the samp'les, so the ana-

lytical results should not have been affected. High blank concentrations for
sodium obtajned jn early months appear to have been caused by sodium'leaching

from the beakers. Sample concentration are typ'ica1'ly 10,000 to 25'000 ppb,

compared to the highest blank of 552 ppb. Hence, the sample data should not

be affected significantly.

Matrll-lpikes. Matrix spikes are prepared by add'ing known amounts of

constituents to field samples. Recoveries obtained with matrix spikes are
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used to est.imate overall constjtuent recovery. In general, the matrix spike

recoveries reported by UST are acceptable. There are some cases, as described

below, in which matpix sp'ike recoveries fall outside the normal acceptance

range.

The scatter in recoveries is sometimes 1arge, when the concentration of

the ana'lyte.is high. This situation occurs in analyses of sodium, potass'ium'

calcium, nitrate, and sulfate.

In the anion analysis, the fluoride recoverjes have sometjmes been

troublesome. Dilution, required because of high concentrat'ions 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

somet.imes excessive'ly high when the nitrate concentration is high because the

ch'lor.ide 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.

t*latrix spike recoveries for a few vo]atile 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 samp'les 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

prov'ided by UST.

Surrogate Recovery. A surrogate 'is a compound, similar in behavior to

the analyte of jnterest, added to the sample prior to analys'is to monitor the

efficiency of extraction. Some intermittant basel ine sh'ift 'in ana'lysis for

volatile organ'ic chemjcals has occurred but has not affected results because

there were no peaks in those samples. Scatter was observed initia'l1y 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.

Radioggt'iyity. Spike data (radiochemica'l yield) for alpha and beta ana-

lyses are acceptable. The analysis for total rad'ium shows a bias on the high
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side, by approximate'ly 20%. UST has taken corrective action, as described in

a later section.

IntgllaborglorlCompgisonsl9onducted Using Fie]d Sampl es

As descrjbed previously, jnterlaboratory comparisons have been routinely
conducted using replicate field samples. Comparisons conducted for se'lected

constituents, including anjons, metals, and volat'i1e organ'ics, have shown

that UST's resu'lts are generally comparable to those obtained from other

laboratories. Details of the evaluat'ions 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 jnterlaboratory comparisons have been provided by chloride, nitrate, and

sulfate, because the values for fluorjde and phosphate jn the repficate samp'le

sets used for this effort have usually been below the detectjon ljmits for one

or more of the part'icipating laboratories.

Evaluation of the data received from the three partic'ipating laboratories
indicates that agreement is good, although in some cases the data have shown

statistically significant differences. The results for one set of comparisons

conducted with data for chloride, n'itrate, and sulfate from October 1985 are

shown in F'igures 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 conta'ined in Appendix I.

Metals. Interlaboratory comparisons have been conducted for six metals:
barium, cadmium, chrom'ium, copper,'lead, and sodium. Cadm'ium and lead in the

replicate sample sets used for this effort have almost always been below the

detection limit for both of the participating laboratories, making comparisons

for those constituents less informative. Data for chromium are more suitab'le

for comparison, and one set of results from February 1986 is presented in
Fi gure 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 current'ly being investigated, but is believed to result from
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matrix interference or a d'ifference in the ana'lytical methods used; the ICP

method used by UST is thought to be less fikely to run into problems with

interferences than atomic absorption spectroscopy, used by HEHF. Additjonal

informatjon on the comparisons for metals is included in Appendjx I.

Volatile 0rganic Chemicals. Interlaboratory comparisons have been con-

ducted for three vo'latile organic chemicals: 1,1,1-trichloroethane, ch'loroform,

and perchloroethylene. Results for trich1oroethane and perchloroethylene in

the replicate samp'le sets used for this effort have nearly a'lways been below

UST,s detection lim'it 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 fjrst set of replicate samples analyzed for volati'les (collected in Novem-

ber/December 1985), the results from the PNL laboratory were genera'l1y 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 limits (Appendix I).

The data for one set of chloroform comparisons (conducted with data from

February 1986) are shown'in F'igure 41. The differences between the PNL and

UST results for all samples in this set were within acceptable ljmits (defined

as two standard dev'iations based on EPA Performance Evaluation Study

regressions).
Spiked Samples Prepared by PNL

In general , UST djd an exce'l1ent job of identifying and quantify'ing com-

ponents of the first quarterly submission of spiked samples. The performance

on the ana'lysis of ions was the majn apparent weakness. Upon receiv'ing the

results from the first set of spiked samples, UST changed the dilution proce-

dure for an'ion 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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FIGURE 41. Interlaboratory Comparison Results for
Ch'loroform, February 1986

Metals. The results of the January and April 1986 analyses for metals

are shown'in Table 8. The January ana'lyses were within range, except for
silver, which is the most likely metal to plate out. A call to ERA, the sample

vendor, indicated that addition of an acid preservative would be desirable for
metal samples. UST indicated that it would ac'id'ify the remaining sample

material and run the test aga'in. However, it is not known at what po'int in

the sample preparation the s'ilver may have been lost.

Results of the second set of quarterly spiked samples were not as good,

with 7 out of 10 metals analyses outside the target range. The results for
the three metals analyzed by GFAA (i.e, arsenic, selenium, and lead) were all
outside limits, with one constjtuent value above and two below the target
range. The results for four out of seven of the metals analyzed by ICP were
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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 ana'lyses conducted on the spiked samples for

January, which were anaiyzed by both UST and WHC, are shown in Table 9.

Although the spiked samples t{ere prepared primarily to check UST's performance'
'leftover a'liquots were submjtted to lr{HC. Information on tlHC's performance on

ana'lys1s of spiked samples was of interest due to participation of that labor-

atory in the interlaboratory comparisons.

For the January sample set, UST's resu'lts for fluoride and su1fate were

out of the target range. When UST was questioned ebout the results for these

const'ituents, the lab sheets were examined and the analysis values were rev'ised,

based on a previous dilution. Stj'll, neither of these analyses reflect the

optimum di I uti on . The d'i 'l uti on procedure has s'ince been modi f i ed . The ani on

analyses by WHC were with'in the target range 'in all cases.

Apri'l data for the ion analyses are shown in Table 10. The analysis

prov'ided by UST for sulfate was acceptable, but the values for fluoride and

nitrate were slightly high. The April data from WHC were all w'ithin the target

range.

legicides ald Herbicides. Tab'les 11 and 12 show that the pesticides and

herbic'ides 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 appearin the data base. Concentrations of endrin and

lindane found in the April sample are also below the contractual detection

limits, and thus are not jn the data base.

79



TABLE 8.

Metal s

Arseni c

Bari um

Cadmi um

Chromi um

I ron

Lead

Manganese

Mercury

Sel en i um

Si 1 ver

42

228

30

45

134

7t

r25

1.0

23

L3*

36 to
210 to

20 to

31 to

123 to
62 to

111 to
1.0 to
17 to

78 to

of the

56

250

34

53

151

90

151

1.5

33

106

3,500

17 ,600
< 100

5 1 ,000
<200

67*

307

23

47*

3r7*
73.2*

158*

28.7*

25

Ana'lytical Resu'lts of Sp'iked Samp'les Containing
Metals, January and APril 1986

Januarv 1986ffi
Analysis Ranql (ppb)

April 1986ffi
Anafys'is Range rlppb)

Ions

Fl uori de

N'itrate 
.

Chl ori de

Sul fate
Phosphate

UST Alglysis

3,357*(a)

17 ,900
<500

53 ,760*( 
u )

< 1 ,000

99 to 125

273 to 333

22 to 28

37 to 45

2I9 to 267

55 to 69

I2I to 147

46 to 56

22 to 30

3,400 to 4,200

15,900 to 20,400

___(b)

42,000 to 52,000

---(b)

6.15* 3.9 to 4.9

* This resuit 'is outs i de

TABLE 9.

target range.

Resu'lts of Spiked Samples
Anions, January 1986

WHC_Analysi s _TaIget_Benge _

Anal yti ca1
Contai ni ng

* This result is outs'ide of the target range.
(a) Revised value, taken from a prev'ious dilution (ten times

more concentrated than that from which the orig'ina1 reported
values were taken). Or'iginal reported values: 3,030 ppb
fl uori de and 41 ,800 ppb su'lfate.

(b) Target range not prov'ided by the samp'le vendor.

BO



TABLE 10. Ana'lytical Results of Spiked Samples Containing
Anions, April 1986

Ions UST Analysis W!9 AnaUsis Target Range

Fl uori de

Ni trate
Chl ori de

Sul fate
Phosphate

* This result
(a) Target range

2,020*

20 ,600*
<500

64,300
< 1 ,000

r,420
18,800

<300

60 ,3oo
<500

1,400 to 2,000

1.7,300 to 19,900

---(a)
53,000 tg 73,000

_--(a)

TABLE 11. Anal vtical
Pesti c'ides

Pesti ci des

2,4-D

2,4,s-TP Si I vex

Toxaphene

the target range.
by the vendor.

Resul ts of Spi ked Samp'les Conta'ini ng
and Herbicjdes, January 1986

UST Analysis Target Ranqe

is outside of
not provided

0.26 (a)

0.8s (a)

5.2

0. 19 to 1.0

0.45 to 2.5

3.1 to 8.5

(a) Result below detection leve]; not reported
data base.

1n
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12. Analytical Results of Spiked SaqOles_Containing
Pesticides and Herbicides, April 1986

Pesti ci des UST Analysi s Tgrgg.t Range

Endri n

Methoxych'lor

Li ndane

Volatile 0rganic Compounds'

the halomethane samp'le submitted

obtained for the January samPles

not provide results for three of
standards. These standards have

TABLE 13.

(a) Result below detection level; not reported
i n data base.

0.4e(a)
2.35

0.65(a)

0.24 to C.88

L7 to 4.5

0.48 to 0.96

The results of analys'is (by UST and PtiL) of
in January are shown in Table 13. All results
were satisfactory. The PNL laboratory did

the constituents because of a lack of
now been ordered.

The UST result for bromoform is not contained in the data base because'it

was below the UST detection limit.

Ana'lyt'ica1 Resul ts of Spi ked Samp'l es Contai ni ng Vo1 at'i I e
0rgahic Compounds (Halomethanes), January 1986

PIL_Anal ys i s Taruet BgnggVolatile 0rqan'ics

Chl oroform

Bromodi chl oromethane

Chl orodi bromomethane

Bromoform

UST Analysis

16

9.6

5.3
<10

t7 .6
_-_(a)

-__(a)
___(a)

11 to 23

5.8 to 13

2 .0 to 8.0

1.6 to 3.4

(a) PNL did not analyze for this compound
was not set up forit. To solve this
been ordered.

because the laboratory
problem, standards have
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The results of the Apri'l analys'is, shown in Table L4,'indicate concentra-

t.ions somewhat below the target range. However, this is likely due to problems

encountered during preparatjon of the spiked samplesi i.e.r d septum was perfor-

ated when solution was injected into the via'|. This procedure urill not be

used in the future.

Ana'lyti cal Resul ts of Spi ked Sampl es Contai ni ng Vo1 ati'l e

0rgailic Compounds (Halomethanes), Apri'l 1986

Vol at'i1e 0rgani cs ust Anat.vsjs(a) ptlt- Rnat.vsis(al Talset R3!ge

TABLE 14.

Chl oroform

Bromodi chl oromethane

Chl orodi bromomethane

Bromoform

9.9*
22x

8.3*
20

7.33
___(b)

_-_(b)
(b)

IT-27
23-46
10 - 17.5

17.5 - 35

* This resu'lt is outside of the target range.
(a) Problems were encountered with capp'ing this batch; the top was

perforated, very l'ikely causing loss of volat'iles.
(b) PNL did not analyze for this compound because the'laboratory

was not set up for it. Standards have now been ordered.

Spikgd Sampfes Submitted Under EPA-Sponsored Studie:

At the request of PNL, UST has participated in EPA Performance Evaluation

Studies. The results from the first of these studies, des'ignated Water Pollu-

tion Performance Evaluation Study Number 16 (t^lP016), 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 foilowing were acceptab'le: metals, nutrients
and demands, polychlorinated b'iphenyls, volatile halocarbons, vo'latile aroma-

tics, total cyan'ide, and non-filterable residue. All of the m'inerals analyses

were also acceptable, with the exception of fjuoride, 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'l'imits.

All of UST's pesticide results were acceptab'le, although the value for
DDD was on the upper bound of acceptance. A warning flag was set for thjs
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a.nalysis. In addjt'ion, the oil and grease analyses (which are not included on

the ljst of ana'lyses for the field samples from the 100-H Area) were flagged;

one of 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 jon electrode jnstead

of jon chromatography) has been suggested as a possible solution to the prob-

lems encountered in this ana'lysis.

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 w'ith the other partic'ipating laboratories. UST's beta results were all
wi thi n expected I imi ts.

Faglgrs Pgtentially Affecting t!9. Data

As the sampling and analysis effort has progressed during the last;rearn
minor problems have arisen that could potentia'l1y affect the guality of the

data. A d'iscussion of these problems and the corrective actions taken'is
presented i n the fol l owi ng sect'ions .

Contaminalion_of the Bladder Pumps

The manufacturer of the bladder pumps used for this effort not'ified PNL

in September 1985 that some of the pumps may have been contaminated vtith low

levels of three organic chemicals: 1,1,1-trichloroethane, tetrachoroethy'lene,

and methylene chloride. Investigations conducted by the manufacturer jndicated

that smal I concentrati ons of these chem'ical s were present 'in a Tef 'lon (u ) I ubri -
cant which had been used sporadica'l1y in assembfing the pumps. The contam'inated

pumps were found to yield concentrat'ions of these chemica'ls up to severa'l

hundred parts per b'illion, although a decline in concentrations was noted to

occur after purging. According to the manufacturer, in most cases the contam-

inated pumps could be easily identified, because the three chemjcals were found

to be present in a certain ratio. The manufacturer jndjcated that replacement

(a) Teflon is a trademark of E. I. DuPont de Nemours, Co., Wi'lmington, Delaware.
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of any suspect pumps would solve the prob'lem, because investigations had shown

that the contam'ination was contained withjn the pumps and that the wells should

not have been affected.

Examination of the data collected from the 100-H Area wells at that t'ime

revea'led that the pumps in those wells were apparently unaffected. However' a

few of the 300 Area wells (being sampled under a corresponding proiect) had

shown'low concentrations of these chemicals, and therefore the pumps in some

of the 300 Area wells were removed and replaced w'ith clean pumps.

Preserva'!ion gl-Sample:-to be Analyzed for Metgls

As noted prev'ious1y, samples to be ana'lyzed for metals were acidified
upon co1'lection without being filtered. lrJhile 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 ac'id from any particulates that may have

been present. Thus, the reported concentrat'ions for the metals may not accu-

rate'ly reflect the dissolved portion, whjch is more readily available for trans-

port and environmental uptake. Future analysis of both filtered and nonfiltered

samp'les (for dissolved and total recoverable metals, respectively) should pre-

vent this type. of problem.

Al tera'Lions to Anal yti cal Methods

Imp'lementation at UST of the ana'lytica'l work for this project resulted in
rninor prob'lems with a few of the analyses. The prob'lems and the corrective
actions taken are described below.

Ammonium Ion. An errorin preparat'ion of the standard solut'ion led to
'incorrect reporting of data; the reported results were all'low by a factor of
ten. The data were corrected and resubm'itted to PNL in February 1986. A

second problem arose with this analysis when it became evident that a change

jn llovember 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 ion are usually present in su1furic 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 fie'ld 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 samp'les, but the exact amount of the d'ifference would be difficult to

quantify. The affected data will accordjngly be flagged w'ith an explanatory

comment.

Gross Bg!g. The gross beta analysis reconmended by EPA js slight'ly dif-
ferent than the method traditionally used by UST, and this difference led to
incorrect calcu'lation of some of the gross beta results. The EPA method

requires use of an absorber for alpha radiat'ion and conversjon of net counts

to disintegrat'ions per minute with Cs-137 efficienc'ies. UST had used the

absorber but had erroneously converted the net counts of the gross beta ana'lyses

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% h'igher

than the previous'ly-reported results.

Lead. Investjgation of some lead results obtajned 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 cf
GFAA for lead analyses was initiated in November 1985. All'lead samples mea-

sured by ICP prior to this change were reanalyzed by GFAA.

Antimony. 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 sma'll 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 similar'ly. UST has initiated tests to'inves-
t'igate and solve the problem.

S'i'lver. Matrix spike recoveries for silver have been on the low sjde.
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.

hljth .increased HCL used during sample preparation, recoverjes 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

sampl es .

Rgdiu[. The analysis for rad'ium has shown a bias on the h'igh side. UST

is presently checking the calibratjon effic'iency curve and current sp'ike solu-

tjon, with the belief that the problem results from a biased cai'ibration

effic.iency curve. A new ca'libration curve was preDared and put into service

in April 1986. Radium has been detected in on'ly a few samples, so the effect

on the total data set is expected to be small.

Presence of t'lethvlene Ch]oride in Blanks and Field les

Methylene chloride has been detected in a number of the blank samples

sent for analysis. This chem'ical is ubiquitous in laboratories and, as a

result, it frequently causes a samp'le contamination problem that can be diffi-
cult to solve. Ilonethe'less, attempts were made to track down and eliminate

the source of this chemical in the blanks. It was fina'l'ly discovered that

methylene chloride had been employed in the prec'leaning process for the con-

tainer used by PNL to obtain and store the de'ionized water needed to prepare

the blanks. Containers cleaned in this way are no ionger used for th'is purpose.

concentrations of methylene chloride have also recentlJ' been detected in

some of the field samples. However, the pattern does not appear to'indicate a

ground-water contam'ination prob'lem, because the concentrat'ions are frequently

much higher in the upgrad'ient and far-field weljs than'in the we1ls closest to

the facility. Furthermore, the concentrations of methy'lene chloride have risen

and fallen dramat'ically from month to month, rather than showing the gradual

changes usually exhib'ited as a result of plume movement or hydrologic phenomena.

The possibility of bott'le contamjnation is current'ly be'ing invest'igated.

Pgtellial Laboratory Differences

During the first two months of sampf ing (June and July 1985), a number of

the analyses were performed at the Hoboken, New Jersey, location of UST pending

87



fjnal preparation of these new capabilities at the Richland laboratory. The

analyses performed at Hoboken included metals, pesticides, herbic'ides, volatile
organ'ics, and semi-volatile organics. The majority of these analyses revealed

less-than-detectable concentrations, and s'imi'lar results were reported by the

Richland laboratory in subsequent months. However, some of the const'ituents,
particularly the metals, were present in measureab'le concentrations, al'lowing

some'limited comparisons of the results obtained by the two laboratories.

Examjnation of the data for certain metals (i.e, barium, cadmjum, copper,

manganese, vanadium, and aluminum) reveals that the results from the first 2

months appear to be relative'ly high compared to results from subsequent

months. Two possibilit'ies exist: 1) the values measured by Hoboken during

the first 2 months correctly ref'lect a temporally variable ground-water

condition, or 2) some aspect of the analysis was different between the Hoboken

and Richland laboratories.

Regardi ng the f i rst poss'ibi l i ty, seasona'l changes i n the hydro'logy coul d

potentia'l1y affect the measured concentrat'ions to the degree observed. The

data from a similar period in 1986 have not yet a'|1 been received and evaluated

to determine whether a similar pattern was exhjbited this year. Confirmation

of such a seasonal trend could take several years.

Concern jng the second poss'ib'i1ity, an identif iable difference between the

two laboratories would be difficult to substantiate due to a number of poten-

t'ial complicating factors. As mentioned previously, the samp'les were ac'id'ified
without filtration. If particulates were present, agitation of the samples

during transport across the country could have dissolved addit'ional materials.
Also, the ICP analysis used for these samp'les is subject to spectra'l differ-
ences that can cause some variation in measurement.

To investigate the potential for differences between the laboratories,
paired samp'les were collected from a number of wells'in October 1985, and one

sample from each pair was delivered to each of the two laboratories. Anaiyses

were conducted for the list of constituents done by Hoboken in the first 2

months. As expected, most of the results from both laboratonies were less

than the detection l'imit w'ith 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

limit, the Hoboken laboratory almost always reported higher results than the

Rjchland laboratory. This pattern was most notable for zinc, barjum, vanadium'

alumjnum, manganese, iron, and arsenic. In addition, the Hoboken laboratory

had higher matrix spike recoveries for a number of the meta'ls 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 qual'ity

control data derived from blanks and matrix sp'ikes reveals that both labora-

torjes were performing adequately. W'ithout conclusjve evidence to support the

susp'ic'ion of a problem with the data for the first two months, these data have

been treated as viable data for this report. However, the consjderations d'is-

cussed above shou'ld be kept jn mjnd as these data are evaluated.

pgscRIlIIoN-ANp RESULTL 0F GR0UNp:!ATER FLg! M0DELING FoR THg_100-!_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 adiacent to the Columbia

River to assist'in estimating the probable extent of contamination; and 2) pro-

vide gu'idance for p'lacing addit'ional 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 l,Jill'iams (1985).

The project cons'isted of two main phases: data collect'ion and hydro'logic

modeling. The data collection phase included a review of relevant 'information

'in the ljterature, as well as collection of field data. The jnformation

gathered in the first phase was then used in developing a conceptual model,

caljbrating a numerical model, and performing the s'imulations. Later, the
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flow model was used to assess

from above-normal river stage.

Data Col lection

the possibility of a reversed gradient result'ing
Each of these act'ivities is described below.

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 jn the river
stage. Graphs showing the fluctuat'ions 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 (i99-H4-4 and

199-H4-5) exhibit greater water-level fluctuations in response to changes in
river stage than well 199-H4-6, whjch is located farther inland. Also, wells
located near the river show daily f'luctuations (up to 2 ft) that are superim-

posed on the seasonal changes. These dai'ly fluctuat'ions do not appear in well

199-H4-6, which shows only seasonal water-leve'l trends (M'itchell and Williams

1eB5).

The zone of the Columbja River's inf'luence on the ground-water flow sys-

tem at the 100-H Area has been determined, based on the continuous water-leve'l

measurements discussed above and also on some weekly water-1eve'l measurements

taken in the first half of 1985 in a netlork of wells in the vic'inity 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

Columbia Rjver were unusua'l'ly low during the year that these measurements were

made; therefore, it'is possible that the zone of inf]uence would be somewhat

larger given more normal river flow rates (Uitchell and t.lilliams 1985).

The weekly water-'level measurements mentioned above were also used to
construct water-table maps and determine ground-water flow directions. The

flow directions were found to vary from northeast to southeast and direct'ions
in between. The flow directions were transient; that is, the flow direction
was not constant for any extended period of time. The ca1culated velocity of
ground-water f'low between the basins and the river ranged from 4.0 to 7.0 ft/day
(M'itchell and Williams 1985).
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Collection of water-level data under this effort revealed that the gradi-

ent can somet'imes be reversed, so that the direct'ion of ground-water f'low is

away from the river. The continuous water-level measurements taken in 1985

.indicate the existence of a reverse gradient on an occasiona'l basis.

Hydrographs of all three wells, when plotted on the same fjgure (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 grad'ient

would slope away from the river. Gjven a more normal flow rate for the

Columbja R'iver,'it is possib'le that there may be longer periods of reversed

gradient than indicated here (l4itchell and blilliams 1985).

Dgyslopment of a Conceptual Flow-[ode]

Based on the information summarized above, a conceptual model was

developed. It was assumed that the predominant ground-water flow d'irection is

toward the p.iver and that the river causes periods of local reversed gradient.

Therefore, transient flow mode'ling 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 streaml'ines. The

western 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 (l'l'itchell

and Wi il iams 1985).

Model Cal 'ibrati on

Two periods were chosen for init'ial transient calibratjon efforts. These

periods were: 1) January 22 to 30 (a time of flattened or reversed gradient),

and 2) the month of tlarch (a time period represent'ing a strong hydraulic gra-

dient toward the river). Calibration of the flow model resulted in the selec-

tion of a conductivity of 315 ftlday for the unconfined aqu'ifer, wh'ich'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 h'ighs 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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Simul ati ons

Pathlines from the basin to the rjver 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-tab'le surface calculated for that day

was at equilibrium. The pathlines for the first and second time periods are

shown in Fjgures 48 and 49, respectively. The area covered by the path'lines

falls between wells 199-H4-4 and 199-H4-5, and this is estimated to be the

area with the highest concentrations (Mitchell and b|illiams 1985).

The water table contours shown'in the figures represent one time frame

and are oniy examp'les of simu'lated surfaces. As described under the section

entitled "Model Calibrations," these surfaces are most accurate in the

vicinity of the basins.

Based on the results described above, recommendations were made for
instalf ing two nev,r we1ls: 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 determ'ining concentrations within the contaminant

plume, and the second would help to improve the characterization of the

aquifer's hydrauf ic 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 Expansion of
the Ground-tJater Monitoring Program."

Assessment of the Potential for a Reversed Gradient

The f'low model was also used to assess the possibility of a reversed

gradient (i.e., away from the river in a westerly and/or souther'ly d'irect'ion)

result'ing from above-normal river stage. The basic obiective of this effort
was to determine if the existing upgrad'ient wells to the west and south of the

basins are tru'ly upgradient of the facility and if the basins are a 1ike1y

source of contamination for these wells.

The calibrat'ion was assumed to be suffic'ient for performing these

s'imulations. The western boundary was changed to a constant-head boundary.

Since water-level histories for wells outs'ide the modeled reg'ion indicated
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approx.imately 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 upgradjent wells) during the

transient period of southerly grad'ient (F'igure 50). After 16 weeks, the

travel direction shifted toward the river again.

These modeling resu'lts must be qualified wjth the limitations of the cali-
bration, as follows: 1) the model was calibrated to ground-water elevat'ions

and river stages col'lected during a year of be1ow-average flow rates; and

2) the model response to ris'ing river stage at well 199-H4-5 was not as good

(i.e., as close to the measured response) as at the other wei'ls. Also, the
.region of jnterest during model cal'ibration 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 exist'ing upgradient

wel I s.

Fululg_Uodel i ns_!ork

The ground-water flow modeling conducted to date has been a valuable tool

used i n support'ing the moni tori ng effort. The model 'ing work wi 1 
'l be conti nued

with improvements to the flow model calibration and calibrat'ion of the transport

model for one const'ituent. These improvements will allow further s'ite charac-

terization and estimation of the rate and extent of contamination. Details on

the work to be performed are conta'ined in the section entitled "Ground-Water

Flow and Transport Modef ing."
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PIANNED EIPAN9I0N-0F THE_GRoUND-WATER t'I0NITOEING-IROGRAI

As noted prev'ious1y, the ex'isting ground-water mon jtoring program for the

183-H Basjns'is now being revised and expanded to meet two primary obiectives:

1) to collect additional site-specific'information, as needed to more fu'l1y

characterize the area and support decisions concerning the monitoring well

network for the 183-H Bas'ins, and 2) to conduct an expanded samp'ling and anal-

ysis effort designed to determine the extent of contaminat'ion orig'inating from

the basins and the rate of movement of contaminants. The intended scope of

work, schedule of implementation, and reports to be produced are discussed in

the fo'l 'l owi ng secti ons .

APPROACH TO BE TAKEN

Installation of new wells and subsequent sampling of the expanded well

network will meet the object'ives described above. These activities form the

basis of the planned effort, which will be conducted in phases. Information

obtained as the work progresses may be used to alter plans for subsequent

phases. Therefore, although tentative plans for the ent'ire effort are described

here, some alterations, particularly in well locations and design, should be

expected and wil'l be negot'iated as they arise.

We'l'l Installations

As stated previous'ly, a phased approach will be used for well installation;
jnformation obtained as the first wells are drilled, tested, and sampled may

be used to mod'ify the designs and locations currently planned for other wells.
Modifications may also be made on the basis of jnformation obtained through

use of tools such as ground-water modeling, stat'istical analysis, and borehole

geophysics, which will be applied as appropriate.

The new well installations wi'll consist of s'ingle we'lls and well clusters.
The piacement and design of the wells p'lanned for the first and second drilfing
phases are described in the next two sections.
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Fir!! Drilling Phase

Three we1'l clusters and seven single wells wj'l'l be insta'lled during the

first dri'lling phase. }lell and cluster locatjons for this first phase (and

also the second phase) are shown on Figure 51., and the purpose and need for
each of these installatjons is provided below.

' Single hle11s

-S1ng'le wells l^ll , V2, and W3 are needed to gather data requ'ired to

characterize the geo'logy underly'ing the basins and to measure concen-

trations close to the basins, at the point of comp'l'iance.

-Sing]e wells W4, W5, and W6 are needed for geo'log'ic characterization
and for locating the edges of the plume in the downgrad'ient direction,
close to the river.

-S'ingle well hl7 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-

most aquifer. The primary purpose for insta'llation of these we1ls 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 mod'ified so that they can be

used for sampfing the top portion of the aquifer. The design of these wells
is shown in Figure 52.

' hJell Clusters

-The first cluster (C1) is to be installed in the area potentially
having the maximum concentrations, as jndicated by recent mode'l'ing

work.

-The second cluster (C2) js 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 insta'l1ed upgradient of the basins to

allow collection of potentiometric data needed to construct flow nets,

which are required for determin'ing and i'llustrating vertical flow

components.

These well clusters will be used to determine vertical gradients, assist

with geo'logic characterization, and enable hydrolog'ic testing of different
zones wjthin the aquifer. Each cluster will cons'ist of three wells, spaced

about 25 ft apart in a trjangular arrangement. A tentative schematic drawing

of a well cluster is shown in F'igure 53. The first well (Well A) wi]] 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 f'tuctuations (Figure 52). The total depth

of t'lell A will be about 50 ft. The second well (tlell B) will be dril]ed to
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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 t^lell B vril'l be

fairly short to allow col'lection of head measurements that are more discrete.

The third well (Well C) wi'll be drilled into the Ringold clays to a total depth

of approximately 200 ft. The screen length for th'is well w'ill be 10 ft (Figure

55). The planned screen lengths and completion interva'ls may be modified

during drilling to fit the conditions encountered.

Segond Drilling lhase

Resu'lts obtained during the first drilling phase w'i11 be used to finalize
plans for the second drill'ing phase, and rn interim report comp'lete with recom-

mendations will be produced at the end of the first dri'lling phase. Final

plans for well insta'llations under the second drilling phase wi'11 then be nego-

tiated with the USEPA and the Washington State Department of Eco]ogy. l{owever,

to give an indication of the possible scope of the entire effort, tentative
p'lans for the second drjlf ing phase are presented below. 0n1y sing'le wells
are planned for the second phase, and they wi'Il have the same des'ign as the

single wells insta'lied during the first phase.

Single wells W8, W9, W10, and t,ll1 (Figure 51) may be needed to locate
plume edges in the downgradient direction and to gather additional character-
ization data. The need for these wells and/or the'ir exact locat'ions urill be

established during the first drilling phase. If contamjnation 'is found in
water obta'ined from W4, then tl8 and poss'ib1y W9 wi1'l be needed to locate the

northern edge of the p1ume. Similarly, l.l10 and possibly t^/11 will be needed to
locate the southern edge of the plume if contamination js found'in l,J6.

t^Jell Construction Details

The new urells will be instal'led by a drilling contractor using one or
more cable tool rigs, as needed to meet the established schedule. The drjller
will be required to provide proof of quafifications and experience and w'ill 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 dril'ling. Accordjngly, all equ'ipment, casings
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and screens will be steam-cleaned prior to use and kept off the ground. Any

dgi 'l f .ing addi ti ves or 'l ubri cants needed wi I I be caref ul 'ly sel ected to avoi d

contaminatjon. Followjng completion, all new wells will be ful1y developed to

help ensure that samples collected from them subsequently will be representa-

t'ive of the water in the aquifer.

The we]ls will be constructed with flush-coupled, 6-in.-diameter, stain-
'less steel (Type 304) casing and screens. The cas'ings w'i11 consist of Schedule

10 pipe with Schedule 40 couplings. During drilling, 10- or 12-in.-djameter

temporary carbon stee'l casings will be used to hojd the hole open. For the

shal'low and'intermediate depth wells, a 1.0-in. stainless stee'l screen will be

set for testing purposes when the well has reached the completion depth, and

the temporary casing w'i'l'l be pu1'led back to expose the screen. The we'll w'ill

then be developed and tested. Following testing, the screen wi1l be left in

place and the 6-in. assembly vri11 be p'laced inside. An artificial sand pack

wil'l 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 pul'led back as the annular space is sealed. A s-ft'layer of

bentonite pellets will be used to seal the annular space above the sand pack.

A sea'l of granular bentonite wi'l'l fi'11 the remaining annu'lar space up to 5 ft
below the 'land surface, where a concrete sea'l wi1l be emplaced. The well will
be finished w'ith a concrete pad, a removable locking cap, and protective steel

posts. Each well will then be redeveloped as needed. Complete deta'ils

concern'ing the well construction are provided in the Statement of Work

(Appendix J).

Following completion, each new well will be surveyed to obtajn the plant

locat'ion coordinates and the elevation of the top of the cas'ing. The wells

will then be given permanent names assigned accord'ing to Hanford Site

conventi ons .

Hydlogeologig Testing and Charagterizgtion

Geologists will be present during drilling of the neut vrells to conduct

hydrogeo'logic testing and characterization. They will collect information

needed to more fu'l1y characterize the local conditions and to improve the

r11



conceptual and predictive numerical models for the site. A full descript'ion

of the characterization work to be conducted js prov'ided in the following

secti ons .

Geologic 9ore Analysis

Geologic materiaj samp'les will be collected at 5-ft interva'ls and at

changes in lithology. Materials encountered above the water table will be

described as hand specjmens 'in geologic field records. Typical descriptions

wjl'l include estimated grain size, color, and mineralogy of major constituents.
Paired samples will be co'llected, with one specimen from each pair submitted

for laboratory analysis and the second specimen from each pair retained for
archi vi ng . The fol 1 ow'ing 'l aboratory tests wi 1 

'l be conducted at sel ected

horizons: 1) grain size distribution based on sieve analysis, 2) moisture

content,3) hydraulic conduct'ivity,4) soi'l moisture retention,5) quantitative

calcium carbonate, 6) bulk porosity, and 7) petrographic descrjption of mineral

content. Total organ'ic carbon analysis wil'l also be conducted in zones where

organ'ic f'luids may be present.

Geophysical Well Logging

Al I of the new wel I s wi I I be 1 ogged wi th geophys'ica1 probes fo1 'lowi ng

completion. The suite of'logs to be made will include the following three
nuclear logs, which (unlike electrical logs) can be made jn cased holes: neu-

tron-epitherma'l-neutron, gamma-gamma, and natura'l gamma. These logs give an

indication of the propert'ies of the materials around the borehole, and they
provide a relatively objective and continuous record of the materials
penetrated. Therefore, they are a useful supplement to the sample descrjptions
provided by geo'logists. The types of information that will be obtained from

the geophysical 'logging effort are briefly described below.

Each of the three geophysical 1og types named above gives different
information concerning the subsurface geology. The neutron-epithermal-neutron
probe has a neutron source and a detector; the neutrons emitteC'interact wjth
hydrogen in the water contained in the pore spaces of the sed'iments. The 1og

produced g'ives 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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table. The gamma,gamma probe contains a source of gamma rad'iation and a

detector; the gamma photons emitted are scattered and absorbed by the materjals

through whjch they pass, and the resulting 1og gives an ind'icatjon of the bulk

densjty of these materials. The natural gamma probe contains only a detector,

and it measures the natural radiation emitted by the sediments; the log pro-

duced 91ves an indication of the clay content, or, where the ground water

contajns radionuclides, the level of contamination (Keys and MacCary 1976).

These three logs have recently been made for a'll of the existing monitor-

ing wells at the 100-H Area. Therefore, logs from both the new and old wells

will be used to provide information for the characterization effort.

Soil Mg'islgre i!_the Ulsaturated Zone

Samples of unsaturated material will be co'llected using a drive barrel.

These samples will be sealed jn water proof containers at the drill site and

submitted for laboratory analysis of in situ so'il moisture. At some horizons'

coarse material and bouiders may prevent collection of samples for sojl mois-

ture analysis. However, this should not result jn a s'ignificant loss of data,

because the moisture content of coarse material above the water table is
usually quite low.

Permeameter Tests

Saturated materials at selected horizons below the water table will be

collected with a split spoon device and subm'itted for permeameter tests to
determ'ine laboratory values of vert'ical and horizontal permeabil ity. This

test gives an approx'imation of the hydraulic conductivity of that horizon.

Samples collected in soft or flow'ing sand un'its are commonly too disturbed to

reconstitute in situ permeabil'ities, so some loss of data may occurif these

types of units are encountered.

Hydragl i c Grad'ient_Qetermi nati ons

Col I ect'ion of water-l evel measurements w'i 
'l I conti nue at the s i te duri ng

and following well dri1ling. The new wells will be surveyed following con-

struction to establish the elevation of a permanent'ly marked measurement point.

The measurement point will serve as the single reference po'int for all water-
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Ieve'l measurements. Horizontal and vertical hydrauf ic gradients wiII be

established by collection of water-leve'l measurements from all wells at the

site and also river-stage measurements for the Columb'ia River. These measure-

ments will indicate the potentia'l for fluid movement and the general direction

of f'low. As indicated above, hydrauf ic gradients are inf'luenced by the river
leve] 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

Aqu'ifer tests will be conducted on most, if not all, of the new wel'ls to

be 'installed. These tests will provide crucia'l information on aquifer proper-

t'ies and wjll thereby support estimat'ions of the rate of movement of

contaminants. The objectives, strategy, and evaluation techniques for these

tests are described below.

0bjectives. The purpose of aquifer test'ing 'is to determine the large-

scale hydraulic characteristics of in situ geolog'ic materials. These tests

define site hydrology more accurately than single-point laboratory analyses

such as permeameter tests . The f iel d test'ing program wi l l be caref u'l 'ly

des'igned, in order to characterize the site to the maximum extent possib'le

wjth the available wel'ls. This characterization allows the conceptual and

numerical models to become more detai'led and thus more accurate. 0bservation

we1'ls will be used as additional data sources whenever possible. Electronic

pressure transducers and automat'ic data loggers wi1'l be used where feas'ible

during testing. Steel tape and calibrated electric tape measurements will be

used to verify transducer calibration.

Each geolog'ic 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 p1ume, and the probable'influence of the Columbia

River. The test plan for each formation is given below.

Test StBlggy for the Hanford Formgtion. The high transm'iss'iv'ity of the

Hanford Format'ion may require a pump'ing 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 rjveris expected to act as a recharge boundary early in the aquifer

tests. The wel'ls wj'll be pumped until this hydrau'lic boundary is reached or

steady-state conditions are obtained. The recovery period wi'll be equal to

the pumping period or until initial conditions are re-established. The

drawdown in observat'ion wells may be indiscernible or absent at a d'istance.

This factor wiil limit the number of observation we]ls to those nearest the

pumping we11. Well clusters (consisting of wells that are completed at

various depths) wil'l be monitored during the testing to determine vertical

hydraul ic conductiv'i ty.

Test ltrategy for the Mi dd tLRi negld Iermat'ion . t,{el I s i n the Mi dd1e

Ringo'ld Formation are expected to have a greater degree of variability in hydro-

log.ic properties than the Hanford Formation. The aquifer chanacteristics depend

on vari ati ons 'in 'local strati graphy. During dri 1f ing , as the wel I reaches

total depth, bailing tests may be conducted to estjmate formation permeabifity

and design the aquifer tests to be performed. Aquifer testing wi'11 be conducted

at relatively'low discharge rates so that the test period is appropriately

long. Observation wel'ls will be used as add'itional data sources whenever pos-

sib'le, a'lthough the range of pumping influence may be fairly sma'|1 and may

therefore restrict the observation wells to those nearest the pumping we]'1.

Wells at the same location completed in other units will be monitored to

determine vert'ical conductivity.

Monilgring of thg. Cglumbia River. As indicated above, the water levels

in the river influence ground-water levels. The Columbia R'iver will be moni-

tored for water-1evel elevation adjacent to the s'ite. Long-term variations

can be determined by correlation with the river gage located at the 100-N Area.

Short-term variat'ions at the site will be observed in the period before and

during aqu'ifer testing. A previous analysis of the site (Mitchell and Wjl'liams

1985) indicated that the Columbia R'iver can induce water-table fluctuat'ions up

to 2 ft'in height and at djstances of over 500 ft from the river. Statistical
ana'lysis 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 prev'ious to aquifer

tests can be incorporated in water-level observatjons. The rapid and unpred'ict-
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able nature of river level changes prec'ludes 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 Ringo'ld silts and

clays have a much lower transmissivity, which may effectjvely damp short-term

ri ver changes.

Ana'lysis of !!s Aquller Tgsting 9ata. Aquifer test'ing data w'i'11 be inter-
preted as an iterative process of analyzing the formation parameters and

predicting aqu'ifer response. The data from each test will undergo Theis and

Cooper/Jacob analysis (Freeze and Cherry t979) to determine approximate forma-

tion parameters. These values w'ill be compared with nearby values for the

same unit and with the overall values previously est'imated by Mitchell and

Will iams (1985) during numerica'l model cal ibrat'ion. The estimated values of
transm'issivity and storativity wi'11 then be used for an analysis of the effects
of the Columbia River on aquifer test results. River level measurements and

estimated s'ite transmissivities will be used jn the model developed by Mitchell
and Williams (1985) to estimate the ground-water level fluctuations attributable
to surface water changes. These effects wi 1 I 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 va'lues toward the more distant wells.
The iterative process of revising the spatial djstribution of transmissivity
and analyzing aquifer response wi1'l 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 s'ite properties and the oua'lity
of data obtained from tests at the wellsinstalled during the first drilfing
phase.

Sampljng and Analysis

The routine monthly sampling effort already in progress w'ill be continued

and then expanded as new wel I s are compl eted and added to the network. The

ex'isting effort has been discussed'in detail in a previous chapter; therefore,
on'ly a summary is provided here. Some eventual changes to the current routine,
such as a reduction in sampf ing frequency from monthly to quarter'ly (or to
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some other appropliate frequency)' are to be expected and w'i'll be negotiated

as they arjse.

The new wells planned for installation will be developed immediately

fol I ow.ing compl eti on and wi I I be equ'i pped wi th samp'l i ng devi ces wi thi n 90

days . Ground-water sampl es wi'l 'l be col l ected f rom the new and exi sti ng we] 1 s

according to the established procedures in use (Append'ix B). Water-level

measurements wjll be taken before samp'ling, and the wells wil'l be purged

accordjng 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 devjce to be used has not yet

been made. 0perational 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 possib'le, it would be desirable to replace the dua'l-pump system

with a sing'le pump capable of: 1) purging a 6-in. well in a relat'ive1y short

time period, and 2) providing samp'les that are representative of the ground

water and have not been altered by the sampling device. A newly developed

p'iston pump which may provide this type of service is currently be'ing

'investi gated.

Nondedicated sampf ing devices (i.e., Tefion(a) bailers) may be used for

samp'ling prior to procurement and installation of the dedicated pumps. If
ba.ilers are used, they will be cleaned after each use to prevent cross

contami nat'ion .

The appropriate preservation practices for each analysis wi1'l be followed.

These pract'ices, summarized jn Tables 2 and 3, are those currently in use for

the ex1sting samp'l'ing effort, with one exception involving the metals analysis.

in accordance with recent EPA guidance, samples to be analyzed for metals w'ill

be split into two al'iquots: one to be filtered and analyzed for disso1ved

metals, and one to be nonfiltered and ana'lyzed for total recoverable metals.

Samples currently being collected are analyzed only for total recoverable

metal s, according to recornmendations 'in earl'ier gu'idance documents (USEPA 1983) .

(a) Teflon js a trademark of E. I. DuPont de Nemours, Co., Wilmington, Delaware.
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The samples wi'll be sea'led and transported to the laboratory using the

established chain-of-custody procedures (Appendjx B). The analyses to be

conducted are those current'ly being run on samples collected under the existing

effort, as described in a prev'ious chapter and listed in Tables 2 and 3. A1so,

the QA/QC procedures presently in use will be continued.

Data Evaluation

Analytical data for ground-water samples col'lected as part of the expanded

mon'itoring program will be statistically and graph'ica'l1y eva'luated to develop

an understanding of the spatial and temporal variations in the data. The

evaluations conducted on data collected during the first dril'ling phase wi'l'l

be integrated with data col'lected during the past year to provide guidance on

the final design for the second-phase effort. The graph'ica1 t'ime plots for
the first year of monitoring (Figures 21 through 36) will be continued and

supp'lemented by plots that show the horizontal and vert'ical variations in
concentrations. These plots w'i11 help identjfy contaminant piumes and changes

over time (trends and/or seasonal cycles) tfrat are or may become apparent as

the additional data collected over time are obta'ined. This ident'ification
will aid in the determination of the extent of contamination and the rate of
movement of contaminants'in this dynam'ic hydrolog'ic system.

The data will be l'isted in tables and summarized in ways similar to those

presented in Tables 4 through 7. In additjon, since a longer time-span of
data wjll be availabie, attempts will be made to statistical'ly characterize
the correlation between river stage, water-table elevation, and constituent
concentrations to develop a better understandjng of the ground-water flow
system and its effects on constituent concentrations.

The data will also be reviewed for adequacy, and recommendations w'ill be

made concern'ing 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, spjkes, and repli-
cates wi'll be continued to prov'ide an ongoing assessment of the laboratory's
performance.
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Method of Determining Rate and Extent of

At s.ites such as this one where contaminants are known to have entered

the ground water, the regulations require determination of the rate and extent

of contaminant movement. The methods to be used for determin'ing these will

employ fjeld measurements, ground-water modef ing, analyt'ica1 data, and

statistical evaluations. The strengths of each of these tools wi'll be

combjned to provide the best estimates possible, as described below.

Est'imatjng the-Rate of Contaminant Movgment

Fjeld measurements such as those obta'ined during aquifer testing w'i11 be

used to refinu prev'ious estimates of the rate of ground-water flow in the area

near the 183-H Basins. These f'low rate estjmates will then be used to provide

a rough approx'imation of the rate of contaminant movement. It must be recog-

nized that numbers derived in this manner will be of limited value because

they are conservative. Gnound-water flow rates are usually faster than

contaminant transport due to attenuat'ion and chemical transformations.

To obtain more accurate values, add'itional modeling work (as described

later) will be used to est'imate both flow rate and d'irection for various

cond'itions and also contaminant transport. Dispersion and sorption will be

taken into account when the transport modef ing is conducted.

Estimaling the Extent of bntamilation

Analytical data and stat'istical evaluations will be used to provide direct
'informati on concern'ing the current extent of contami nat'ion . Resul ts obtai ned

during the last year have already provided valuable ind'ications of the presence

or absence of various contaminants jn each of the wells. Sampling of the new

wells to be drilled w'ill expand the analyt'ica1 data base considerably and will
allow construction of plume maps. The two-dimensional solute transport modeling

mentioned previously and described'in the next section wjll also be used to he'lp

est'imate the extent of contam'ination, through calibratjon to the monitoring data.

Grog4-Water F'low ans! Transport Modeling

The ground-water modeling effort for the 100-H Area, as described in a

previous chapter of this document, w'ill be continued. The planned work involves
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both flow and transport modeling. At the completion of this modeling effort,
a cost-effecti ve capabi l i ty wi'1 1 be j n p'lace for the fo1 'lowi ng : 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 faci'l i ty cl osure and cl eanup a'l ternati ves .

The effort will consist of: 1) the laboratory analyses required to help

determine certain transport parameters, and 2) so'lute transport model cal'ibra-

tion for the constituent determined to be of most interest. The laboratory

anal yses wi'l 'l i nvol ve phys i cal and chemi cal tests used to determi ne the di stri -
but'ion coefficient for the selected constituent. The distribution coeffic'ient
'is needed to define the attenuation of a constituent resulting from jts'inter-
action with geologic media, and th'is information is required for the transport

model i ng.

The transport model calibration effort will begin with improvement of
f'low model calibrat'ion using data co'llected recently and under the first dri'll-
'ing phase described in a previous sect'ion of this chapter. The required input
fi'les will be prepared, and the longitudinal and transverse d'ispersivity lengths

will be estimated through model calibration. The results of the transport
modeling wi1'l 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-
izatjon reports to be produced.

SCHEDULE OF IMPLEMENTATION

A schedule for accomplishing the p'lanned work has been established.
Milestones are as follows:

' submittal of this revised comp'liance plan: Sept. !2, 1986

' completjon of the first dri'l'ling phase (16 wells): Dec. 31, 1986

' completion of the interim-status well network: Sept. 30, 1987.

Considerab'le progress has already been made on this effort. A contract
for wel l i nstal l ati on was pl aced wi th Onwego Dri l l 'i ng of Kennew'ick , Wash'ington ,

on August 6,1986. The first drilling phase began in the middle of August.
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REPORTS TO BE PRODUCED

Antjcipated products of the planned effort will include periodic progress

reports and hydrogeologic characterization reports. The progress reports will
be produced on a quarter'ly basis and w'ill include a descript'ion of the work

completed and data obtained during the reporting period. Although some

interpretation will be contained in these progress reports, much greater

detail of this type will be jncluded in the hydrogeologic characterization

reports.

Interim and fina1 hydrogeologic characterization reports will be produced

at the end of the first and second drilling phases, respectively. These

reports are expected to contain the fol'lowilrg:

. 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

recomnendations concerning future drill'ing and/or sampling.

Following completion of the planned dri'l'ling and characterization effort'
future reports wi'll focus primarily on the results of the expanded sampling

and analysis program.
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APPENDIX A

DBILLJNG LoGS

This appendix gives drilling logs for six 100-H Area wells: 199-H3-1,

lgg-H4-l, 199-H4-3, 199'H4-4, 199-H4-5, and 199-H4-6. These 'logs contain a

descr j pt1on of the dri 1 1 i ng acti v'iti es and of the geol ogi c materi al s

penetrated.
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APPENDIX B

PROCEDURES FOR SAMPLE COLLECTION,
cHAr ITS

This appendix gives procedures used in the RCRA Compliance Monitoring

Project for sample collect'ion, chain-of-custody and field measurements. These

procedures have been extracted from PNL's

manual (Earth Sciences Department, 1986).

B. 'l



Introducti on

13.0 HAZARD0US_MATERIAL! SAMPLING

Environmental monitoring for a wide variety of hazardous
chemicals has recently been implemented at the Hanford
Sjte. Samples to be analyzed for these materials must,
in many cases, receive spec'ia1 treatment. Accordingly'
new procedures that are specifical'ly designed_to preserve
the integrity of these samples have been developed.

The procedures to be used during collection and
transportation of the samp'les are contained in this
secti on . Al'l aspects of sampl i ng , i nc1 udi ng pump

operat'ion, borehole purging, and fjeld measurements
(water leve'l , pH, specif ic conduct'ivity, and temperature)
are described. The chain.of-custody procedures used to
track and protect the samp'les are also included.

8.2



Introducti on

EqgLueE

Graduated Steel
fp'e-TiFtnod--

13.1 WATER-LEVEL MEASUREMENT PROCEDURE

Water-level measurements are taken each time a well is
sampled, before it is purged. These measurements are taken
as depth-to-water from the top of the well casing. They
must be subtracted from the surveyed elevation of the
cas'ing given in Hanfold !el1e to obtain the elevation of
the wit6r table.-The weFIab'le elevations obtained for
all we1ls in the sampling network during a particular
sampling episode can be used to produce a contour map

showing the ground-water surface at the t'ime that the
measurements were made. These contour maps can be used to
help characterize the ground-water flow system and to
ensure that the sampling network is adequate.

Graduated steel measuring tapes are more accurate than
electrical tapes and so shou'ld be used for official
measurements. However, an. electrical tape can be used to
determ'ine the approximate depth to water.

The following equipment will be needed:

o steel measuring tape with attached weighto blue carpenter's chalko a copy oi Hanford wells (PNL-5397)o electiicalTaFF
' engineer's measuring tape. field record forms.

Chalk the 1-ft sect'ion of steel tape be'low the zero
read'ing poi nt.

Find the elevation of the measurjng point and the estimated
water level in Hanford We]ls, or use an electric tape to
fi nd the approxiiii-tdliepTF-To water.

Lower the steel tape from the wel'l's measuring point
(marked with paint on the top of the casing) to tne
estimated water level. Note the amount of tape that is 'in

the well by reading the tape at the measuring point. This
value 'is referred to as the "hold point."

Remove the steel tape and check the wetted portion below
the zero reading point.

N0TE: If the chalked portion is not wet, repeat the
procedure, but allow more of the tape to go down the
well (i.e., use a greater hold point).

8.3



Add the unwetted length
to the hold point value
measurement.

If the chalked portion
level is marked on the

the chalked port'ion of the tape
obtain the depth-to-water

j s not wet, repeat unti I the water
chalked portion of the tape.

of
to

Repeat the procedure until two steel tape measurements
agree wi th'i n 10.05 ft.
Record the depth-to-water measurements, time of measure-
ments, measuring device, and the name of the person taking
the measurements on the field record form.

Lower the electric tape from the measuring point into the
boreho'le unti'l the buzzer and the'light indicate contact
with the water.

Mark the electric tape at the measuring point and identify
the nearest graduation on the electric tape.

If the water 'level is deeper than the nearest graduation
marked on the tape, add the difference to the depth identi-
fied to obtain the true depth to water.

If the water level is shal'lower than the nearest graduation
marked on the tape, subtract the difference from the depth
identified to obtain the true depth to water.

Record the depth-to-water measurements, time of measure-
ments, measuring device, and the name of the person taking
the measurements on the field record form.

N0TE: This measurement should be used on'ly as an
approximate depth to water, because the electric
tape js less re1iable than the steel tape.
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13.2 HAZARp0US MATEBIALS J4IPLE ggLLECTIoN PR0gEDURES

These procedures are intended for use in col'lecting
ground-water samp'les that will be analyzed for hazardous
chemi cal s .

The fol'lowing equipment may be needed in the field during
sampl i ng :

o truck-mounted air compressor and generator
o b'ladder-pump control l er boxo b'ladder-pump hoses (set of 2)o extra discharge line for bladder pumpo extra discharge line for submersible pumpo Teflon tliler
' pH and conductivity meter
' digital thermometer
' steel measuring tape
' blue chalk
' electrical tapet engineer's measuring tape
' a iopy of Hanford Wells (PNL-5397)
' stopwitch 6F:ilEfh-il'Tlh' second hand

' bucket or jug (for measuring flow rate)
distilled water
ziplock bags
ice chests with ice
pl asti c g'loves
aprons
towel s
indel ible marker
extra sampl e I abel s
samp'le seal s
a copy of all relevant procedures
sample conta'iners with caps and liners (including
extras )
field record forms
chai n-of-custody forms
sample-analysis request forms.

I ntroducti on

ES j pment

o
a

O

a

a
o
a
o

a

a
a

a
a
a

Do not smoke, eat, or handle any obiects not necessary for
samp'l'ing while performing sampling procedures.

Do not sample downwind of any potential sources of
volatile organics such as car exhausts or open fuel
tanks. These could contam'inate the sample. If any such
sources are unavoidable, make a note of them on the field
record forms.
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Sample Collectionffi
Pump

Leave caps on the sample containers until iust before
filling.
Avoid handling the Teflon bottle cap liners. Do not use
any'liner that fa'lls out of the cap and onto the ground.

t{ear gloves when taking sampies and when handling
contai ners , especi a'l 1y those wi th added preservat'ive.

Take water-level measurements according to the water level
measurement procedure.

Check to
is open.

CAUTION.

P'lug the
generator
head.

Start the

see that the hose b'ibb for the submersible pump

Turn the power switch on to begin pumping process. Be

sure not to handle energized power cords. If the pump

does not work properly, as indicated by a lack of air
flow out the discharge hose or by failure of the
generator to "'lug" down, turn the switch off immediately.
After waiting a few seconds, turn the switch on and off
severa'l times rapidly, f jnal'ly pausing in the 0N position
to determine if the pump has started to function
properl y.

After the water beg'ins to flow from the outlet, pump the
well for the length of t'ime 'indicated 'in Table 13.1 (or
for an adjusted pump'ing t'ime, as explained in Table
13.1), and until pH, temperature, and specific
conductivity stabilize. If the well be'ing sampled is not
listed in the table, puffip for a min'imum of 15 minutes and
check for stabilizat'ion of the pH, temperature, and
specific conductivity.

Be sure the power switch to the 230-V outlets
is turned off!

power cord into one of the 230-V outlets on the
on the truck and into the outlet at the well

electrjc generator.

N0TE: Some wells pump down after a period of time.
wel'l pumps dry whi 1e purg'ing, 'it does not

If the

generally mean that a sample cannot be collected.
A sample can sti'll be obtained by following these
steps:

8.6



1.

2.

3.

Turn off the submersible pump when the well
pumps dry.

Wajt for the well to recharge. Thjs should be

about 15 minutes, but may take as long as 30

mi nutes .

Measure the depth to water using the electrical
tape. Make sure that the water leve1 is above
the pump jntake.

4. Turn the submersible pump back on. Col'lect the
samples that are designated for collection with
the submersible PumP.
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Tabl e 13.1. Cal cul ated Pumpi ng T'imes

Wel'l Number Calculated Ilme (mjql

24

5*

4*

8*

5*

9*

12*

be pumped a minjmum of 15
if the calculated time is

on voiding three bore-volumes of water from
10 gpm. To calculate an adjusted pumping time

of fl ow rate:

(1ee) H3-1

H4-3

H4-4

H4-5

H4-6

(3ee) 1-1

r-2
1-3

1-4

1-5

1-6

l-7
1-8

2-t
3-7

3- 10

4-1

4-7

8-2

(6ee) s30-E1sA

s19-E13

* A1l wells will
minutes, even
less.

N0TE: These pumping t'imes are based
the well at a pumping rate of
based on a field measurement

30

42

25

34

4*

6*

t7
29

32

60

18

35

35

33

1. Divide the size of the container (in ga1) by the number of seconds jt
took to fill. Multiply by 60 to get the new pump'ing rate (per m'inute).

2. Multiply the calculated time given in Table 13.1 by 10 and then divide
by the new pumping rate to get the new pumping time.

Ra



Measure the pH, temperature, and specific conductivity of
the discharged water at 'least three times during purg'ing'
accord'ing to the standard procedures for measuring pH and
conductivity. The pH will be considered stable when two
consecutive measurements agree within 0.2 pH units.
Temperature wil'l be considered stable when two consecutive
measurements agree within 0.2oC. Conduct'ivity will be

considered stable when two consecutive measurements agree
within 1.0 umhos. If pH, temperature, and conductivity do

not stabi'l i ze wi thi n the ca'l cul ated purgi ng time , contact
the technical supervisor before col'lect'ing samples.

Enter time, date, and your jnit'ials on a'l'l samp'le labels.

Record information on field record form as it becomes
available. The information that must be recorded on the
field record forms is described in Section 13.3
(Cha'i n-of-Custody Procedures ) .

Check the labels on the sample containers to determ'ine
which ones can be filled using the submersible pump. (A
blue line on the right side of the sample label ind'icates
that the submersible pump should not be used to fill that
particular conta'i ner. )

Fill the appropriate sample containers as described under
"General Sample Col'lection Procedure."

Attach a sample seal to each container and place it in a

cooler or ice chest.

If the well has a dedjcated bladder pump, turn on the air
compressor and use the procedure described be'low. If the
well does not have a bladder pump, use the procedures given
for the Teflon bai'ler to co1lect the rema jning samp'les.

Attach the compressor to the b'ladder-pump pressure 'inlet
on the face of the controller pane1, using the female
portion of the coupling supplied.

Connect either end of the controller's red air hose to the
pump supp'ly on the right side of the control pane1. Con-
nect the other end of the control'ler a'ir hose to the
quick-connect nipple 'located in the well cap assembly.

Attach the appropriate'ly labeled extension line to the
b1 adder-pump di scharge 'l i ne.

Sample Collection
Using_9ladder Pump

Ro



Sample Collection
UsTfrETffinTaITer

Genera'l Sampl e
eoTI ecTi on-Frocedure

Five to fifteen pump'ing cycles are required to purge the
air from the bladder pump and tub'ing. Full water flow from
the sample supply tube shou'ld then beg'i1. After water
flows from the outlet tube, run the bladder pump for at
least five minutes before taking samples.

To reduce the water-flow rate during sample collection'
turn the throttle control on the left s'ide of the control
panel in the counterclockwise direction. To 'increase the
il ow rate , turn the throttl e control c'l ockw'i se .

To optimi ze pumpi ng eff i ciency for a spec'if i c wel'l depth 'refer to the pump manufacturer's operating instruct'ions.

Unclasp the metal bailer from the winch ljne and rep'lace it
with the Teflon bailer.

Disengage the winch clutch and llowly lower the bailer into
the water.

Engage the w'inch clutch when the baj'ler strikes the water
surface.

Allow about 30 seconds for the sample tube to fill.
Turn on the electric winch and slow'ly raise the Teflon
ba'iler to the surface

Lower and rinse the bailer twice before coliecting a

samp'le.

Unscrew the cap of the sample container, being careful not
to touch the lip of the bottle or the inside of the Teflon
liner. Avoid touching the mouth of the Teflon bailer.

Unclasp the Teflon bailer.

Pour the water from.the bailer into the sampie container
slowly to prevent trapping any air bubbles. Avoid
+IasFing or agitat'ing the water while the samp'le contajner
'is being filled.
Unscrew the cap from the sample container, being carefui
not to touch the lip of the bottle or the'ins'ide of the
Teflon liner. Also avoid touching the mouth of the
d'ischarge I i ne.

Fi11 the sample bottle slowly by placing the outlet tube
against the inner s'ide of the sample bottle to prevent
trapping any air bubbles. Avoid sp'lash'ing or agitating the
water while the bottle is being filled.
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Teflon Bailer=:-Lreanlng
Procedure

NQTE: For those bottles requiring no headspace, the bottle
should be fi1led completely so that a meniscus
forms. Cap the bottle immedjately, turn it upside
down, tap it a few times and check for air bubbles
in the sample. If a bubble exists, discard the
sample and repeat the sampling procedures until an

air-free sample is obtained. There is an exception
to this if the bott'le to be fi]led contains a

preservative, in which case only one attempt will be

made to obtain an air-free samPle.

As each containeris filled, attach a sample seal to it and
place it in a cooler or ice chest.

Survey the sample container with a GM instrument. If the
count is greater than 200 c/n, record it oa the field
record form and use Radiation Work Procedure 318-EE-1.
Contact the EM Supervisor for instructions concerning where
the sample is to be taken.

Turn off the air compressor.

Turn the power switch off and then turn the generator off.
Unplug the power cord.

Comp'lete the chain-of-custody and sample-analysis request
forms.

Deliver the sample to the appropriate laboratory for analy-
sis as soon as possible, following chain-of-custody proce-
dures. If it cannot be de'livered to the]ab the same day,
store the samp'le in a refrigerator located inside a locked
buildjng or within a secured area. The refrigerator must
mainta'in a constant temperature of 4oC (39'F). Leave the
cooler to be used when the samples are de'livered.

Wash the inside and the outside of the bailer w'ith a m'ild
mixture of dish soap and water.

Rinse the bailer twice w'ith tap water.

Store the ba'iler in a sealable plastic bag between uses.
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Introducti on

Del ivery Procedures

13.3 CHAIN-OF-CUSTODY PROCEDURES

To ensure the jntegrity of the samples from the time of
col'lection through data reporting, the history of the cus-
tody of each sample will be documented according to these
proledures. A simple is considered to be under a person.'s
lustody if it is jn any of the fo'llowing states: 1) in his
physicil possession; 2) in his view after he has taken
possession;3) secured by him so that no one can tamper.
i^ritn tfre sample; oF 4) secured by h'im in an area which is
restricted to authorized personnel. Anyone having custody
of samples must comply with the procedures descrjbed be'low.

Sampl r Label s

Fill out and affix
containers prior to

gunrmed paper labels to the sample

The label to be used
number noted on the
where the samp'le was

Sample Seals

Attach gunrmed paper seals to the samples immediately upon
sample collection, before the samples leave your custody.
Attach the seal in such a way that the sample cannot be
opened without breaking the seal.

Field Rggord Form

Record (in Utack ink) all pertinent information about each
sample collected on a field record form and insert into a

logbook. It wi1l be a bound book with consecutively
numbered pages. An example field record form 'is shown 'in
Exhi b'i t L3 .2.

Cha i n-oI-Cus tody_Form

A chain-of-custody form
time they are collected
anal ys i s and report'ing.
many samples as possible. The form to be used'is shown in
Exhibit 13.3. Each person who handles the sample and s'igns
the form wi I I return a copy of the form to the company
contact whose name appears on the top line.

or at the time of sample co1lection.
is shown in Exhibit 13.1. The well

Iabel identifies the welI Iocation
col I ected.

wi l'l accompany al l samp'les from the
until they are d'isposed of after
A sing'le form will be used for as
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(sample number) - company

(wel I number)

(bottle preparation)

SAMPLE SIZE:

DATE/TiME:

COLLECTOR:

(list of analyses)code

LAB:

4

Exh'ibi t 13. 1. Sampl e Label

{E-rq. 

-

O.r. CBd eY

PqNo. _--

Example Field Record FormExh'ibit 13.2.
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Samples Collected by:

Sample Location:

lce Chost No.: Field Logbook Page No.:

Remarks:

dFsatteile
Pa(rirc Noilhwe5t Iaborato.iel
P.O. 8or w,
Rrchl.rxl, $'.{rnrton 99152

CHAIN OF CUSTODY

Method of Shioment:

Samole ldentification

CHAIN OF POSSESSION

Relinquished by: Received by:

Relinquished by: Received by: Date/Time:

Relinquished by: Received by:

Relinquished bV: Received by: Date/Time

EXHIBIT 13.3. Chain-of-Custody Form
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SAMPLE ANALYSIS REQUEST

P.citic Northw.sc L.bor.tory
P O Eox 999
R ichl.nd t{A 99 352

Unie.d Stat.s T.tling Conpany, !nc.
28OO G.org. w.3hrngton 1{.y
R ichland wA 99 1 i2

R.€.iv.d bYCgIl.ctor

D.c. ,/tim. s.npl.d tirI.

DataConpany concacl ?rna

,/-t2 /ot tt ltzl13
CIIAIN OF CUS?ODY NO.

SA}IPLE TD

UST SA}IPLE

IIHENTS

E I CONStTtUENt

ID

Sample-Analysis Request FormEXHIBIT T3.4.
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Laboratory Agceptance
ProceS!ures

Re c eiui,ng D epartrnent

Sanple Custodiarl

Sampl e-Ana'l.vs j s Requ$t Form

UST requires that a sample-analysis request form accompany

al'l samples delivered to the lab. The form to be used is
shown 'iir Exn'ibi t 13.4. The f j e1d porti on of the f orm wi I I
be completed by the sample collector; the laboratory
portion will be comp'leted by laboratory personnel.

You will normal'ly deliver samples directly to the labora-
tory on the day of collection. If they cannot be delivered
on the day of collection, you must store them in a refrig-
erator in- a locked bui'ld'ing. (No shipping of the samp'les
will be necessary, due to the 'lab's proximity to the site. )

All samples will be accompanied by a chain-of-custody form
and a sample-analysis request form. Deljver samples only to
authorized laboratory personnel .

The chain-of-custody does not end at the laboratory door,
and therefore the 'laboratory must ensure the continuity of
its record by following these procedures:

Remove the sample cooler from the delivery vehicle and
bring it into the receiving area.

Check the sample cooler for any obvious damage.

Sign the chain-of-custody and sample-analysis request
forms.

If you transfer custody of the cooler to one or more
intermediates before it js delivered to the Samp'le
Custodian, the chain-of-custody form must ref'lect every
change of custody.

When the sample cooler is delivered to you (or your
designated alternate), sign the chain-of-custody form.
Then return one copy to the sender and retain the rema'ining
copi es . The samp'l e cool er i s now your respons i bi I 'i ty (or
that of your designated alternate). You must now log the
samp'les i n .

Examine the sample coolers.
form (Exhibit 13.5), record

0n the sampl e 1 og-'in

. presence/absence of custody seal(s) on the sampleso condition of custody seal (s).

Open the sample coolers, examine the sample documents, and
record on the sample 'log-in form whether cha'in-of-custody
form(s) are present.
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UST-RD sAI-IPLE LOG.III FOR!{

DATE:

TIME:

COOLER ID :
CLIENT SAMPLE ID:
UST-RD ID :
NUMBER OF EOTTLES IN COOLER :
TS CHAIN OF CUSTODY FORH PRESENT? :
CHAIN OF CUSTODY NUMBTR :
IS SAI4PLE ANALYSIS REQUEST FORM PRESENT? :

* IS THE CUSTODY SEAL ON THE COOLER INTACT? :

* ARE THE CUSTOOY SEALS ON THE BOTTLES INTACT? :

* DO THE SAMPLE LABELS AGREE I{ITH THE CHAIN OF CUSTOOY SHEET? :

* OO THE SAMPLE LAEELS AGREE IIITH THE SAI4PLE ANALYSIS
REQUEST SHEET? :

* IF ANSWER IS 'N0,' PLEASE EXPLAIT{ BEL0I{ IN oETAIL.

SAMPLES LOGGED IN 8Y:

REVIEl.lED 8Y SAHPLE CUSTOOIAN:
Govind Rao

Exhibit 13.5. Sample Log-In Form
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Remove sample containers and record on sample log-in form:

o condition of samples ('intact, broken, leaking'
etc. )

' presence/absence of sample labels and sample
seal s

' any discrepancy with chain-of-custody form(s).

If discrepancies are found, contact the sender for
cl ari fi cati on .

0nce al1 samples have been proper'ly 'logged in, send a copy
of the sample log-in form to the company contact named on

the chain-of-custodY form.

Use an internal numbering system for identifjcation of a1l
sampl es .

Assign internal numbers to the samples and record the
numbers on the sample 1og-in form alongside the
corresponding sample number assigned by the collector.

Place the properly labeled sample containers in the secure
storage area.
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I ntroduct i on

Equi pmgt

Temperatgre
Measurement
Foqedure

13.4 TEMPERATURE MEASUREMENT PROCEDURE

Temperature measurements are taken during and after purging
of the well, just prior to sample col'lection. Measurements
taken during purgiirg are used to help ensure that the well
bore has been sufficient'ly evacuated, as indicated by
stabilizatjon of the temperature. (The pH and conductivity
are measured at the same'time for the same reason.) The

temperature is considered stable when two consecutive
measurements agree within 0.2oC. The final temperature
measurement is taken just prior to samp'ling and js recorded
as an analytical value for the sample. The digital
thermometeis are regularly checked against a standard
thermometer for accuracy.

The foilowing equipment wi'll be needed:

o digital thermometer
' field record forms.

Turn on the digital thermometer. Make sure that the switch
is posjtioned so that the measurements wi'll be in degrees
centi grade.

Place the probe into the stream of water be'ing discharged
from the pump.

The temperature is indicated by a flashing display, which
will normally fluctuate for a few seconds. Wa'it unti'l
fluctuatjon ceases (i.e., until the same temperature is
indicated on three consecutive flashes), and then record
the temperature on the field record form.

8.19



Introducti on

Equ i p$g.nt

13. 5 C0NDUCTIVITY CALIBRATI0N AND I4EASUREMENT l')rgqE!.URES

Conductivity measurements are taken during and after
purging of the wel'l , iust prior to sample.collection.
Meaiurements taken during purging are used to help ensure
that the well bore has been sufficiently evacuatedo as

indicated by stabilization of the conductivity. (The pH

and temperature are measured at the same time for the same

reason.) Conductivity is considered stable when two
consecutive measurements agree within L0 umhos. The fina'l
conductivity measurement is taken iust prior to sampling
and is recorded as an analytical value for the sample. The

conductivity meter shou'ld be calibrated once a day, before
it is taken to the field to begin sampling.

The f o'l 1 owi ng equ'i pment wi 1 1 be needed :

' conductivity metero distilled or deionized water
' smal'l screwdri ver
' standard solution
' field record forms.

Internal Standard

Empty the sample cup on the meter. Rinse it out with
disti'lled or deionized water. Dry the cup thoroughly.

Turn the range switch to TEST.

Press the 0PERATE button.

Use the small screwdriver to adiust the CALIBRATE until the
meter or display reads 8.

N0TE: This is to be done as a rough cal'ibration or battery
check.

Standard Sol ut'ion

Conducti vi ty#
Cal i brat'ion
mceAure

Empty the sample cup. Rinse it out with
deionized water.

Fi11 the cup with standard solut'ion.

Turn the M0DE switch to conductivity.

distilled or

8.20



Cgducti v'ity
Measurement
ffi-

Turn the RANGE selector swjtch to the correct range for the
standard solution.

Press the 0PERATE button.

Use the small screwdriver to adiust the CALIBRATE until the
meter or display reads the solution value.

N0TE: Do not return the conductivity standard solution to
the container. AlwaYs discard it.

check that the conductjvity meter is properly calibrated by

using the internal standard.

Remove the cap from the samPle cup.

Rinse the cup wjth the water to be tested and dump it
several t'imes . Then f i I I the cup w'ith the sampl e.

Turn the conductiv'ity RANGE switch to the correct range.

Range 'in umhos

xl. 0-10
x10. 0 - 100
x100. 0 - 1,000
x1,000. 0 - 10,000

Turn the MODE switch to CONDUCTIViTY.

Press the 0PERATE button on the side of the meter.

Read the conductivity on the digital d'isplay to the nearest
umho and record on field record form. Multiply the meter
reading times the sca'le factor to obtain the correct
p'lacement of the dec'imal point.

After taking the reading, dump the samp'le and refill the
cup with distilled water.

Repl ace the cap.
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13.6 pH cALIBRATION AND UEASUREMENT PR0CEDURg

Measurements of the pH are taken during and after purging
of the wel'1, iust prior to sample collection. Measurements
taken during purging are used to help ensure that the we'll
bore has been sufficient'ly evacuated, as 'indicated by

stabi'lizat'ion of the pH. (Conduct'ivity and temperature are
measured at the same time for the same reason.) The pH is
considered stable when two consecut'ive measurements agree
wi th'in 0.2 pH uni ts . The f i na1 pH measurement i s taken
just prior to sampling and is recorded as an analytical
va]ue for the sample. The pH instrument should be

calibrated once a day, before jt is taken to the field for
samp'l i ng.

The following equipment will be needed:

t pH meter
' di sti'l 1 ed or dei oni zed watert small screwdriver
' buffer solutionso field record forms.

Wash the meter's sample cup with distilled water.

Fi 1 I the cup wi th 4.0 buffer sol ut'ion .

Turn the M0DE switch to PH.

Press the OPERATE button. Use the small screwdriver to
adjust the ZERO to make the display read 4.00 pH on the
upper meter scale or on the digita'l disp'lay.

Discard the buffer so'lution. Wash the cup twice w'ith
di st'il 'led or dei oni zed water.

Fill the cup with 10.00 buffer solution.

Adjust the SL0PE to make the display read 10.00 pH.

Rinse the cup aga'in and refil1 it w'ith 4.0 pH buffer
solution. Recheck the 4.0 pH value and adiust the ZERO if
necessary

Si ngl r 9gller Cal 'ibrat j o!

After the SL0PE is calibrated the first time each day, it
may be left alone for subsequent calibration. Recheck the
slope as desired.

Introducti on

Equipment

H Ca I 'i brati on
ProcedIre
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pH Measurement
Froce -

Calibrate w'ith a buffer solution that is close to the range
of interest. If the process pH is from 5.0 to 9.0, use a

7.0 buffer solution for single-point calibrat'ion.

With the buffer solution in the cup, recalibrate only the
STD to make the display read the desired value.

N0TE: Do not return buffer solutions to their containers.
Always discard them.

Ensure that the pH instrument is properly calibrated.

Remove the cap from the samPle cup.

Rinse the cup w'ith the water to be tested several times.
Then fi'|l the cup with the samPle.

Turn the M0DE selector switch to pH.

Press the OPERATE button on the side of the meter.

Read the pH on the upper meter scale or on the digital dis-
p'lay to the nearest tenth of a unit. Record the value on

the field record form.

Dump the sample and refill the cup with distilled water.

Replace the cap.
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APPENDIX C

AD9ITT0IAL V0LAI]LE AND SEII-y0LATILE coMPouNgs

This appendix is an extension of Table 3 in the text and includes two

lists of additiona'l organic compounds for which ana'lyses are performed. The

'l i sts are presented i n tabl es ent'itl ed Addi ti onal Vol ati 1e Organi cs (C. 1) and

Additional Semi-Volati'le 0rganics (C.2).
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Table C.1. Add'itional

acrol ei n
acryl oni tri I e
bisichloromethyl ) ether
bromoacetone
methy'l bromide
carbon disulfide
chl orobenzene
2-chloroethyl vinyl ether
methyl chloride
chloromethyl methyl ether
crotonal dehyde
1 ,2-di bromo-3-ch1 oroProPane
1 ,2-di bromoethane
di bromomethane
l. ,4-di chl oro-2-butene
di chl orodi fl uoromethane
1 ,1-dj chl oroethane
1 ,2-di ch'l oroethane
trans - 1,z-dich I oroethene
1, L-di chl oroethyl ene
1 ,2-di ch'l oropropane
1,3-di ch'l oropropene

Volati'le 0rganics

N,N-diethyl hydrazine
hydrogen sulfide
i odomethane
methacryl oni tri I e
methaneth i o1
pentachl oroethane
1, 1, L,2-tetrachlorethane
t,L,2, 2-tetrach'l orethane
bromoform
tri chl oromethanethi ol
tri chl oromonof 'l uoromethane
tri chl oropropane
1,, 2,3-tri ch1 oropropane
vinyl chloride
di ethyl ars i ne
methyl methacrylate
ethyl methacrylate
benzene
dioxane
pyri di ne
tol uene
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Table C.2. Additional

acetophenone
warfari n
2-acetyl ami nofl uorene
4-ami nobyphenyl
5- ( ami nomethyl ) -3-i soxazol ol
ami trol e
ani 'l i ne
arami te
aurami ne
benz [c]acri di ne
benz[a]anthracene
benzene, dichloromethyl
benzenethi o'l
benz'idi ne
benzo Ib]f 'l uoranthene
benzo Ij ]fl uoranthene
p benzoquinone
benzyl chloride
bis(2-chloroethoxy) methane
bis(Z-ch'l oroethyl ) ether
bi s (2-ethy1 hexyl ) phtha'l ate
4-bromophenyl pheny'l ether
butyl benzyl phthalate
2-sec-butyl -4,6-di ni trophenol
ch'loroal kyl ethers
p-chl oroan'i1 i ne
p-chl oro-m-cresol
1 -ch'l oro-2, 3-epoxypropane
2-ch1 oronaphthal ene
2-chl orophenol
chrysene
cresol s
Z-cyclohexy] -4, 6-d i n i tropheno 1

di benzIa,h]acri di ne
dibenz[a,j]acridine
di benz Ia,h]anthracene
7H-di benzoIc, g]carbazol e
dibenzo[a,e]pyrene
di benzoIa ,h]pyrene
dibenzo[a,i]pyrene
di -n-buty1 phthal ate
maleic hydrazide
ni cot'ini c aci d
s trychn i ne
3,3' -di chl orobenzi d'i ne
2,4-dich1 orophenol
2,6-dich1 orophenol

Semi -Vol ati l e 0rgan'ics

diethyl phthalate
dihydrosafrole
3 ,3 ' -dimethoxybenzi di ne
p-dimethy'l ami noazobenzene
7, 12-dimethyl benz Ia]anthracene
3,3' -dimethyl benzi di ne
thi ofanox
al pha ,a1 pha-dimethy'l phenethyl am'ine
2,4-dimethy'l phenol
dimethyl phthalate
di ni trobenzene
4,6-dini tro-o-cresol and sa'lts
2,4-dini trophenol
2,4-din i trotol uene
2,6-dini trotol uene
di-n-octy1 phthalate
di phenyl ami ne
1, 2-di phenyl hydrazi ne
di -n-propyl ni trosami ne
ethyl eneimi ne
ethyl methanesul fonate
fl uoranthene
hexach'lorobutadi ene
hexach I orocycl opentadi ene
hexachl oroethane
i ndeno ( 1 ,2 ,3-cd ) pyrene
i sosafrol e
mal ononi tri I e
mel phal an
methapyri 1 ene
methol onyl
2-methyl azi ri di ne
3-methy'l chol anthrene
4,4' -mbthyl enebi s (Z-chl oroani'l i ne )
2-methyl I aconi tri I e
methy'l methanesul fonate
2-methyl -2-(methyl thio) propi onal -

dehyde-o- (methyl carbonyl ) oxime
methy'l thi ouraci I
1,,4-naphthoqui none
1-naphthyl am'ine
2-naphthyl ami ne
p-nitroaniline
ni trobenzi ne
4-ni trophenol
N-ni trosodi -n-butyl ami ne
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TA9LE C.2. Additjonal Semi-Volatile 0rganics (cont)

l'l-n i trosodi ethanol ami ne
N-nj trosodi ethyl ami ne
N-n i trosodi methy'l ami ne
N-n i trosomethyl ethyl ami ne
N-n i troso-N-methyl urethane
N-ni trosomethyl v i nyl ami ne
N-nitrosomorphol ine
N-ni trosonorni cotine
N-ni trosopi peri di ne
ni trosopyrrol i di ne
5-ni tro-o-tol ui di ne
pentach 1 oron i trobenzene
pentac h'l oropheno 1

phenaceti n
phenyl enedi ami ne
phthalic acid esters
2-p'icol i ne
pronami de
reserpi ne
resorci nol
safrol
2 ,3 ,4,6-tetrachl orophenol
th i uram
tol uenedi ami ne
o-tol uidine hydrochl ori de
2 ,,4 ,5-tri ch 1 orophenol
2, 4,6-tr ich I oropheno'l
0,0,0-triethyl phosphorothioate
sym-tri ni trobenzene
tris(2,3-dibromopropyl ) phosphate
benzoIa]pyrene
ch1 ornaphazi ne
bi s (2-ch'loroi sopropyl )ether
hexacl oropropene
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APPENDIX D

ANALYTICAL MET!0DS_AND QUALITY CoNTRoL PROCEDURES

This appendix presents a brief descrjption of each chemical and

radiochemica'l analysis that is performed on samples in accordance with the

compliance effort. Following this description, Table D.1 summarizes the

quality control procedures that are part of each analytical procedure.

DESCRIPTION OF ANALYSES

Temperatule, pH, alsl Conductivity are determined in the field accordjng to

field instrument'instructions.

Col i form Count i s determ'ined by mul t'i p1e tube fermentati on.

Most Metafs are measured by either the Inductively Coupled P'lasma (ICP)

method or the Graphite Furnace Atomic Absorption (GFAA) method. In either
case, the sample is first acid-digested. In the ICP method, the digest is

then nebulized, with the resultant aerosol being transported to the plasma

torch where excitation occurs. The atomic emission is then measured by an

optical spectroscopic technique. In the GFAA method, the digest is dried'
ashed, and atomized in a graphite tube furnace. The constituent concentration

is proportional to the absorption of hollow-cathode radiat'ion during

atomi zati on .

Mercury is measured by the Cold-Vapor Atomic Absorption technique. The

mercury is reduced to the elemental state and aerated from solution in a

closed system. The mercury vapor passes through a cell positioned in the

light path of an atomic absorpt'ion spectrophotometer. Absorbance is measured

as a function of mercury concentration.

Inorganig_Anions are determined by Ion Chromatography (IC). After being

injected into the ion chromatograph, the sample is pumped through three dif-
ferent ion exchange columns to convert the anions in the sample to their
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corresponding acids. The separated anions in their acid form are measured

using an.electrical-conduct'ivity ce11 .

Volatile and Semi-volati'le 0rganic Chemicals are determined by Gas Chroma-

tography/Mass Spectrometry (GC/MS). Vo'lati'le organic chemicals are introduced

to the mass spectrometer by the purge-and-trap method, in which the vo1atile

components are converted from an aqueous phase to a vapor phase, trapped on a

sorbent column, and then desorbed onto a gas chromatograph'ic column. This

column is heated to elute the components, which are then detected by the mass

spectrometer. Semi-vo'lati'le organic chemicals are extracted using the contin-

uous 'l i qu'id-f iqui d extracti on method. After be'ing p1 aced i n the conti nuous

extraction apparatus, the sample js extracted for 16 hours with the

appropriate solvent. The extract js then collected, dried, and concentrated.

The extract is eluted from a gas chromatograph'ic fused-silica cap'i11ary

column, and the eluted components are then detected by the mass spectrometer.

Cerlain 0lganic Constituents are ana'lyzed by direct aqueous iniect'ion,
which requires no preparatory steps before the samples are iniected into the

gas chromatograph and detected by the mass spectrometer. Substances

identified in samples by GC/MS techniques are verified by comparing the

suspect mass spectra to the mass spectrum of a standard of the suspected

substance. A computerized mass-spectrometry library search system 'is used

that is capable of providing a forward comparison using the standard spectra

contained in the Environmental Protection Agency/National Institute of Health

mass spectra'l data base

Pesticides and Herbicides are measured by gas chromatography with an

appropriate detector. Extractions are performed as necessary. Positive

concentrations are verified by reana'lysis of the extract us'ing a confirmation
gas chromatography col umn or by GC/MS.

Total Organic Halogens (TOX) are measured after the sample is passed

through a column containing activated carbon. The column is washed to remove

trapped inorganic halides, and the carbon is then analyzed to convert the

adsorbed organoha'lides to a titratable species that can be measured by a

mi crocoul ometri c detector.
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Total 0rganic Carbon (T09) is determined by the combustion-jnfrared

method. The sample is sparged w'ith hydrochloric acid to remove inorganic

carbon. The homogenized sample is vaporized wjth an oxidative catalyst,

thereby converting the organic carbon to COr. The COZ is measured by means of

a nondispersive infrared anal yze?.

Ammonium Ion is measured with a spec'ific ion electrode.

Total_Alpha-Emitt'ing Radionuclide measurements are made after the samples

are evaporated and the salts and solids are dissolved in nitric acid and

extracted from the acid by the diethyi ether method. Each sample is then

evaporated, dried on a count'ing dish, and measured by the ZnS scintillation
counter. The chemical yield is about 83%.

Tolel Belg-Emitting Radionuclides are measured after each sample has been

evaporated onto a f-in. counting dish. The residue is then counted with a

gas-f1ow proportional counter.

Gammg-Emitting Radionuclide data are obtained by analyzing 500 m[ samples

in 0.47-t polyethylene bottles. An NaI or a Lithium Drifted Germanium

[Ge(Li)] detector are used to count the samples. The standards are traceable

to the National Bureau of Standards. The gamma-emitting rad'ionuclides of
primary interest u". 137c, .nd 60co. 0ther gamma-emitting radionuclides may

be measured as necessary.

Radi um 'i s col I ected from the water sampl es by copreci pi tat'ion . The

precipitate is then dried, weighed, and alpha-counted.

Uran'ium (natural) is determined with fluorometric techniques foliowing
purification by hexone extraction.

Strontium-90 is precipitated with fuming nitric acid, scavenged with

a carbonate, and counted on a planchet using

The yttrium-90 decay product is separated
barium chromate, precipitated as

a gas-f1ow proportional counter.

and counted after 15 days.
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TABLE D.1. Summary of Methods and QC Procedures

Anal.ysis Method 0C ProceduresConstituent or Group

Ethylene Glycol

Phosphorus Pesticides

Herbicides

0rganochl ori ne
Pesti ci des

Acid/Base/Neutral (ABN)
Semi-Volatile 0rganic
Analysi s

Volatile 0rganic
Anal ys i s

Ani ons

0lrect Aqueous Injection
GC with Flame Ionization
Detector

GC with Flame Photometric
Oetector (FPO) with
Phosphorus Fi l ter

GC/Electron Capture
Detector (ECD)

GC/ECD

-Calibration curve daily
-Mid-range standard every 10th sample

(t10% of curve)
-Fortifjed sample after every 10th
sample (estimate matrix effects)

-Standard and fortified sample at end
of run

-Standard (prepared once per week) for
5-point calibration curve

-Mid-range standard every 10th sample
to verify (t10%)

-Matrix spike after every 10th sample

-3-point calibration curve daily
-Mid-range standard after every 10th
sample (t10%)

-Verification standard at end of batch
-Matrix spikes after every 10 samples
(no surrogate)

-0ibutylchlorendate (DBC) surrogate
-Reagent blank with every extraction
batch

-Matrix spike after every 10th sample
-Calibration curve for each compound
-Mid-range standard after every l0th
sample {rt0%)

-Calibration checked with mid-range
standards prior to beginning a run

-MS tuning verified every l2-hour shift
-Initial 5-point calibration for each
anal yte

-Calibration - verification checked
every l2-hour shift (r20%)

-Six surrogate compounds added,
recoveries checked

-Matrix spikes

-MS tuning verified every l2-hour shift
-5-point ca'libration for each analyte
-Calibration verified each l2-hour
shift (r20%)

-System blanks run before standards
-Reagent b'lank with each batch
-Minimum three surrogate compounds,
recovery monitored

-Ilatrix spi ke recoveries monitored

-7-ooint cal ibration curve
(3-point for perchlorate)

-Mid-range standard to verify internal
cal ibration (t10%)

-Mid-range standard, blank (deionized
water) and matrix spike after every
10th sample. Sample with values over
highest calibration standard are diluted
and reanalyzed

GC/MS with Capil lary
Column (Method 8270)

GC/MS Purge and Trap
(Method 8240)

ta
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TABLE D.1. Summary of Methods and QC Procedures (cont)

QC ProceduresConstituent or GrouP

Metal s
(As, Se, Pb, Tl)

Citrus Red #2

Arrnonium lon

Sulfide

Thi ourea

Cyani de

T0c

Analysis Method

GFAA

Spectrophotometer

Specific Ion Electrode
(Standard Method 417E)

Ti tration
(5l.l-846 Method 9030)

High Performance Liquid
Chromatography (HPLC)

UV/VIS Spectrophotometer,
Colorimetric Method
(after disti l lation)

-Calibration curve
-Blanks, standard,. sarnples in dupl icate

(average reported) (rerun in caie of
large variation)

-Spike every 10th sample
-Standard compared with cal ibration/
new calibration curve if necessary

-Standard every 10 samples to check
recovery and operating conditions

-S-point cal ibration curve
-Matrix spikes every 10th sample
-Samples exceeding cal ibrat.ion
standards are diluted and reanalyzed

-Standard and blank are verified it
end of run and/or after 15 samples

-Electrode slope determined
-Calibration standards, blank plus
7-point curve

-Matrix spike after very l0th sample
-Blank and standard for- verification
after_10th sample (or beginning and
end of smal ler run)

-Samples above highest standard are
di I uted

-Calibration by blank and three
s tandards

-Matrix spike after every lOth sample
-Every 10th sample or end of run,
analyze blank and verification
standard

-5-point cal ibration curve, verified
every 8 hr and/or at conclusion of
run (must be within 10%)

-After routine analysis, every 10th
matrix soike

-Dilution, in case concentration is
over highest cal ibration

-Absorbance wavelength determined by
scan of prepared blanks and standards,
repeated for each batch of coloring
reagent

-Fresh standards run daily, 4-point
calibration

-Blank and matrix spike every
l0 samples

-S-point calibration curve plus blank,
each batch

-Matrix spike after every 10th sample
-Calibration is verified with blank and
standard, which must be within t10%
of initial ca'libration, after each
run

-If a sample falls above the highest
calibration standard, it is di'luted
and reanalyzed

TOC Analyzer with
Infrared Analyzer
(Standard Method 505)
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TABLE 0.1. SummarY of Methods and QC Procedures (cont)

Constituent or Group

Mercury

Meta l s

Col iform Bacteria

Radi oacti vi ty:

Radi um

Alpha Direct (AD)

Beta Direct (BD)

Analvsis Method 0C Procedures

T0f

Cold Vaoor Atomic
Absorption (Method 7470)

Carbon Absorption,
Mi crocoul ometri c
Titration (Method 9020)

ICP Spectrograph
(Method 6010)

Presumptive Test,
Confirmation Test

Precipitate, lleigh,
Count

Evaporate, Count

Evaporate, Count

-Calibration, blank and four standards
prepared for each batch

-!qpficate and matrix spike every
10 samoles

-0ne verification standard for everyl0 samples
-Quality control sample from outside
source at least every other batch

-Cal ibration involves :
-Two titrat'ion celI standards
(to t5%)

-Nitrate wash blanks (method blanks)
-Instrument cal ibration standards
after eight pyrolysis determinations

_ and after cleaning or reconditioning
-Every sample run in duplicate
-Matrix spike on 10% of sample, percent
recovery determi nati on

-Outside standard analyzed weekly

-Cal ibration involves :
-ll'Jafln-up, confi guration, cal ibration
procedure, flush system w.ith blank
between each sample

-DiIute samples if above h.igh standard
-0ne reagent blank with each batch
-Duplicate sampies for 10%
-Matrix spike on 10% of samoles
-Check standardization by analvzinq
quality control standaris, 107 of-
samples (to within (t10%)

-Calibration blanks, 10%
-Run standard after batch (check drift)
-Reagents are routinely analyzed for
contami nati on

-Media are autoclaved and analyzed
with every batch

-qvely 10th sample is analyzed in
dup l i cate

-Blank and spike samples

-Blank and spike samples

-Blank and spike samples
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APPENDIX E

palcERous IdASTE C0NSIIUENI! LiST BY CATEG0RY

Table E.1. presents the Dangerous Waste Constituents List from WAC

173-303-9905 (9905 list). The table gives a number to each of 375 constit-
uents, lists the method of analysis, and g'ives a cross-reference to one of

njne other tables, whjch list the constituents by analytical category.

Categories included jn the fol'lowing tables are Vo]atile 0rgan'ics (E.2)'

Semj-Volatile Qrganics (E.3), Qrganics by GC/MS Direct Injection (E.4)'

Constituents That 0nly Require Analysis for Metal Species (E.5), Pesticides

and Herbicides (E.6), Compounds to be Analyzed by Class (E.7), Mjsce1'laneous

0rgan'ics and Inorganics (E.8), Constituents Unstable in Water (E.9), and Con-

stituents for t,lhich Adequate Analysis is Unavai'lable (E.10).
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TABLE E.1. Dangerous Waste Constituents List

Consti tuent Neilroo 
(a )

1 Acetonitrile
2 Acetophenone
3 Warfarin
4 2-Acetyl ami nofl uorene
5 Acetyl chloride
6 1-Acetyl -2-thiourea
7 Acrolein
8 Acry'lami de
9 Acryl oni tri I e

10 Aflatoxins
11 Al dri n

12 A11yl a'lcohol
13 Aluminum phosphide
14 4-Aminobiphenyl
15 Mitomycin C

16 5-(Aminomethyl )-3-isoxazolol
17 Ami tro'le
18 Anil ine
19 Antimony and compounds
20 Aramite
2I Arsenic and compounds
22 Arsenic acid
23 Arsenic pentoxide
24 Arsenic trioxide
25 Auramine
26 Azaserine
27 Barjum and compounds
28 Barium cyanide
29 Benz(c)acridine
30 Benz(a)anthracene
31 Benzene
32 Benzenearsonic acid
33 Benzene , di chl oromethy'l
34 Benzenethiol
35 Benzidine
36 Benzo(b)fluoranthene
37 Benzo(j ) f] uoranthene
38 Benzo(a)pyrene
39 p Benzoquinone
40 Benzotrichloride
41, Benzyl chloride
42 Beryllium and compounds
43 Bis(2-chloroethoxy)methane
44 Bis(2-chloroethyl ) ether
45 Ch1 ornaphazine
46 Bi s (2-chl oro'isopropyl ) ether

GC/MS, Dir. Inj.
sw-846, 8270
sw-846, 8270
sw-846, 8270
Unstabl e
sw-846, 8330
sw-846, 8240
GC/MS, Dir. Inj.
s}l-846, 8240
Unavai I abl e
sw-846, 8080
GC/MS, Dir. Inj.
Unstabl e
sw-846, 8270
Unavai I abl e
sw-846, 8270
St^l-846 , 8270
sw-846, 8270
sw-846, 6010
sw-846, 8270
sw-846, 7060
sw-846, 7060
sw-846, 7060
sw-846, 7060
sw-846, 8270
Unavai I abl e
sw-846, 601.0
sw-846, 6010
sw-846, 8270
sw-846, 8270
sw-846, 8240
Unavai I abl e
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sht-846 , 8270
sw-846, 8270
sw-846, 8270
Unstabl e
sw-846, 8270
sw-846, 6010
s}l-846, 8270
sw-846, 8270
st,'l-846, 8270
sw-846, 8270

Tgbl e

E.4
E.3
E.3
E.3
E.9
E.8
E.2
E.4
E.2
E. 10
E.6
E.4
E.9
E.3
E. 10
E.3
E.3
E.3
E.5
E.3
E.5
E.5
E.5
E.5
E.3
E. 10
E.5
E.5
E.3
E.3
E.2
E. 10
E.3
E.3
E.3
F?
E.3
E.3
E.3
E.9
E.3
E.5
F?
E.3
E.3
E.3
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TABLE E.l. Dangerous

Consti tuent

}Jaste Constituents List (cont)

metrroa(a)

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7L
7?
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

Bi s (chl oromethy'l ) ether
Bis(2-ethylhexyl ) phthalate
Bromoacetone
Methyl bromide
4-Bromophenyl phenyl ether
Bruci ne
2-Butanone peroxide
Butyl benzyl phthal ate
2-sec-Butyl -4 ,6-d'i n i trophenol
Cadmium and compounds
Calcium chromate
Ca'lcium cyanide
Carbon disulfide
Carbon oxyfluoride
Chl oral
Chl orambuci 1

Chl ordane
Chlorinated benzenes
Chlorinated ethane
Chlorinated fluorocarbons
Chlorinated naphthalene
Chlorinated phenol
Chl oroacetal dehyde
Ch'loroal kyl ethers
P-Chloroaniline
Chl orobenzene
Chl orobenzi I ate
p-Ch1 oro-m-cresol
1-Chl oro-2, 3-epoxypropane
z-Chloroethyl vinyl ether
Ch'loroform
Methyl chloride
Chloromethyl methyl ether
2-Chl oronaphthal ene
2-Ch'lorophenol
1- ( o-Chl oropheny'l ) th i ourea
3-Ch'loropropi oni tri I e
Chromium and compounds
Chrysene
Citrus red No. 2
Coal tars
Copper cyanide
Creosote
Cresol s
Crotonal dehyde
Cyan i des

sw-846, 8240
sw-846, 8270
sw-846, 8240
sw-846, 8240
sw-846, 8270
Unavai I abl e
Unstabl e
sw-846, 8270
sw-846, 8270
sw-846, 6010
st,l-846, 601.0
sw-846, 9010
sw-846, 8240
Unstabl e
GC/MS, Dir. Inj.
Unavai I abl e
sw-846, 8080
sw-846, 8270
sw-846, 9020
sw-846, 9o2o
sw-846, 9020
sw-846, 9020
GC/MS, Dir. Inj.
Stl-846, 8270
sw-846, 8?70
sw-846, 8240
sw-846, 8080
sw-846, 8270
sw-846, 8270
sw-846, 8240
sw-846, 8240
sht-846, 8240
sw-846, 8240
sw-846, 8270
sl,l-846, 8270
sw-846, 8330
GC/MS, Dir. Inj.
sw-846, 6010
sw-846, 8270
AoAC, 34.015 B

sM,505
sh|-846, 601.0
sM,505
sw-846, 8270
sw-846, 8240
sw-846, 9010

Tabl e

E.2
E.3
E.2
E.2
E.3
E.10
E.9
E.3
E.3
E.5
E.5
E.8
E.2
E.9
E.4
E. 10
E.6
E.3
E.7
E.7
E.7
E.7
E.4
E.3
E.3
E.2
E.6
E.3
E.3
E.2
E.2
E.2
E.2
E.3
E.3
E.8
E.4
E.5
E.3
E.8
E.7
E.5
E.7
E.3
E.2
E.8

8.3



TABLE E.1. Dangerous

Consti tuent

Waste Constituents List (cont)

ue*roa(a)

93 Cyanogen
94 Cyanogen bromide
95 Cyanogen ch1ori de
96 Cycasin
97 Z-Cyc'lohexyl -4,6-dinitropheno'l
98 Cyclophosphamide
99 Daunomycin

1OO DDD

101 DDE

IO2 DDT

103 Dial I ate
114 Dibenz(a,h)acridine
105 Di benz ( a ,j ) acri di ne
106 D'ibenz(a,h)anthracene
107 7H-Di benzo(c,g)carbazol e
108 Dibenzo(a,e)pyrene
109 Dibenzo(a,h)pyrene
110 Dibenzo(a,i)pyrene
111 1,2-Dibromo-3-ch'loropropane
ILZ 1,2-Dibromoethane
113 Dibromomethane
i14 Di-n-butyl phthalate
115 Benzene, 1,2-dichloro
116 Benzene, 1,3-dichloro
Ll7 Benzene, 1,4-dichloro
118 Dichlorobenzene
119 3,3'-Dichlorobenzidine
I20 1,4-Dichloro-2-butene
IzL Dichlorod'if'luoromethane
L22 1,L-Dichloroethane
123 1,2-Dichloroethane
124 trans-1,z-Dichloroethene
L25 Dichloroethylene
t26 I,1-Dichloroethylene
127 Methylene chloride
128 2,4-Dlchlorophenol
129 2,6-Di ch1 oropheno'l
130 ?,4-D
i31 Dichlorophenylarsine
132 Dichloropropane
133 1,2-Dichloropropane
134 Di ch'loropropanol
135 Dichloropropene
136 1,3-Dichloropropene
137 Dieldrin
138 I,223,4-Diepoxybutane

GC/MS, Di r. Inj .

GC/MS, Dir. Inj.
GC/MS, Dir. Inj.
Unavailable
sw-846, 8270
Unavai 1 abl e
Unavai I abl e
sbt-846, 8080
sw-846, 8080
sw-846,8080
Unavai I abl e
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8240
sw-846, 8240
sw-846, 8240
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 9020
sw-846, 8270
sw-846, 8240
sw-846, 8240
sw-846, 8240
Stl-846 , 8240
sw-846, 8240
sw-846, 9020
sw-846, 8240
sw-846, 8240
sw-846, 8270
sw-846, 8270
sw-846, 8150
Unavai I abl e
sw-846, 9020
sw-846, 8240
GC/MS, D'ir. Inj.
st^l-846, 9020
sw-846, 8240
sw-846, 8080
Unavai I abl e

Tabl e

E.4
E.4
E.4
E. 10
E.3
E. 10
E. 10
E.6
E.6
E.6
E. 10
E.3
E.3
E.3
E.3
E.3
E.3
E.3
E.2
E.2
E.2
F?
E.3
E.3
E.3
E.7
E.3
E.2
E.2
E.2
E.2
E.2
E.7
E.2
8.2
E.3
E.3
E.6
E. 10
c1
E.2
E.4
E.7
E,2
E.6
E. 10
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139
140
141
t42

143
144
145
146
t47

148
149
150
151
L52
153
154
155
156
r57
158
159
160
161
162
163
164
165
166
L67
168
169
170
t7t
172
173
t74
t75
t76
177
178
179
180
181
T8?

TABLE E.1. Dangerous

Consti tuent

Di ethyl ars i ne
N ,N-Di ethyl hydraz i ne
Carbophenoth i on
0,0-Diethylphosphoric acid, 0-p-

n'i trophenyl ester
Diethyl phthalate
Thionazin
Di ethyl sti I bestero'l
Di hydrosafrol e
3 ,4-Di hydroxy-a1 pha- (methyl ami no )methyl

benzyl a'lchol
Di i sopropy'l f I uorophosphate
Dimethoate
3,3 ' -Dimethoxybenzi di ne
p-Di methyl ami noazobenzene
7 ,12-Dimethy'l benz (a )anthracene
3,3' Dimethyl benzi di ne
Dimethyl carbamoyl chl oride
1 , l.-D'imethy'l hydrazi ne
L ,2-Di methyl hydrazi ne
Thi ofanox
al pha ,a'l pha-Dimethy'l phenethyl ami ne
2,4-Dimethyl phenol
Dimethyl phthalate
Dimethy'l sul fate
Di n'i trobenzene
4,6-Dinitro-o-creso'l and sal ts
2,|-Dinitrophenol
2,4-Dini trotol uene
2 ,6-Di ni trotol uene
Di-n-octyl phthalate
1,4-Dioxane
Di phenyl ami ne
l. ,2-Di pheny'l hydrazi ne
Di -n-propyl ni trosami ne
Di sul foton
2 ,4-Dith i obj uret
Endosul fan
Endri n
Ethyl carbamate
Ethyl cyanide
Ethyl eneb'i sdi thi ocarbami c aci d
Ethy'l enei mi ne
Ethylene oxide
Ethy'l eneth i ourea
Ethylmethacryl ate

Waste Constituents List (cont)

Netnod( a )

sw-846, 8240
st^l-846, 8240
stil-846, 8140

Unavai I ab]e
sw-846, 8270
Unava'i I abl e
sw-846, 8330
sw-846, 8270

Unavai I ab'le
Unstabl e
sw-846, 8140
sw-846, 8270
sw-846, 8270
sW-846, 8270
sw-846, 8270
Unstabl e
GC/MS, Di r. Inj.
GC/MS, Dir. Inj.
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
Unstabl e
sw-846, 8270
sw-846, B27o
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8?40
sw-846, 8270
sw-846, 8270
st^t-845 , 8270
sw-846, 8140
Unavailable
sw-846, 8080
sw-846, 8080
GC/MS, Dir. Inj.
GC/MS, Dir. inj.
Unava'i I abl e
sw-846, 8270
GC/MS, Dir. Inj.
sw-846, 8330
sw-846, 8240

Tabl e

E.2
E.2
E.6

E.9
E.3
E. 10
E.8
E.3

E. 10
E.9
E.6
E.3
E.3
E.3
E.3
E.9
E.4
E.4
E.3
E.3
E.3
E.3
E.9
E.3
E.3
E.3
E.3
E.3
E.3
E.2
E.3
E.3
E.3
E.6
E. 10
E.6
E.6
E.4
E.4
E.10
E.3
E.4
E.8
E.?
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TABLE E.1. Dangerous

Consti tuent

t^laste Constituents List (cont)

metnoa 
( a )

183 Ethyl methanesul fonate
184 Fluoranthene
185 Fluorine
186 2-Fluoroacetamide
187 Fluoroacetic acid
188 Formaldehyde
189 Formic acid
190 G'lyci dy'l al dehyde
191 Halomethane
I92 Heptachlor
193 Heptachlor epoxide
194 Hexachlorobenzene
195 Hexachlorobutadiene
196 Lindane and isomers
L97 Hexach'lorocylopentadiene
198 Hexach'loroethane
199 Hexachlorohexahydro-endo,endo-

dimethanonaphthal ene
200 Hexachlorophene
201 Hexachloropropene
202 Hexaethyl tetraphosphate
203 Hydrazine
204 Hydrocyanic acid
205 Hydrofluoric acid
206 Hydrogen sulfjde
207 Hydroxyd'imethyl arsi ne oxi de
208 Indeno( 1,2,3-cd) pyrene
209 Iodomethane
2I0 Iron Dextran
2II Methyl isocyanate
2I2 Isobutyl alcohol
213 Isosafrole
21,4 Kepone
2I5 Lasiocarpine
2L6 Lead and compounds
217 Lead acetate
218 Lead phosphate
2I9 Lead subacetate
220 Malejc anhydride
221 Maleic hydrazide
222 Malononitrile
223 Me'lphal an
224 Mercury Fulminate
225 Mercury and compounds
226 Methacr yl oni tri'le
227 Methanethiol

sw-846, 8270
sw-846, 8270
Unstabl e
Unavai'labl e
GC/MS, Dir. Inj.
sw-846, 8240
Unavai 1 abl e
GC/MS, Di r. Ini.
sw-846, 9020
sw-846, 8080
sw-846, 8080
s.!-846, 8270
sw-846, 8270
sw-846,8080
sw-846, 8270
sw-846, 8270

Unavai'labl e
sw-846, 8270
sw-846, 8270
Unavai I abl e
GC/MS, Dir. Inj.
sw-846, 9010
Unstabl e
sw-846, 8240
Unavai'labl e
sw-846, 8270
sw-846, 8240
Unavai'labl e
Unstab'le
GC/MS, Dir. Inj.
sw-846, 8270
Unavailable
Unavailable
sw-846, 6010
sw-846, 6010
sw-846, 6010
Unavai I abl e
Unstabl e
sw-846, 8270
sw-846, 8?70
sw-846, 8270
Unavai I abl e
sw-846, 7470
sw-846, 8240
sw-846, 8240

Tab'le

E.3
E.3
E.9
E. 10
E.4
E.2
E.10
E.4
E.7
E.6
E.6
E.3
E.3
E.6
E.3
E.3

E. 10
E.3
E.3
E. 10
E.4
E.8
E.9
E.2
E. 10
E.3
E.2
E.10
E.9
E.4
E.3
E. 10
E. 10
E.5
E.5
E.5
E. 10
E.9
E.3
E.3
E.3
E. 10
E.5
E.2
E.2
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TABLE E.1. Dangerous

Consti tuent

228 MethapyriIene
229 Metholony'l
230 Methoxychlor
23I Z-Methylaziridine
232 3-Methylcholanthrene
233 Methyl chlorocarbonate
234 4,4' -Methylenebis(2-chloroanil ine)
235 Methyl ethyl ketone
236 Methyl hydrazine
237 2-Methyl I actoni tri I e
238 Methyl methacrylate
239 Methyl methanosulfonate
240 2-Methyl -2- (methyl thi o ) prop i ona'l dehyde

-o-(methylcarbonyl ) oxime
241 N-Methy'l -N' -nitro-N-nitrosoguanidine
242 Methyl parathion
243 Methylthiouracil
244 Mustard gas
245 Naphtha'lene
246 1,4-Naphthoquinone
247 1-Naphthylamine
248 2-Naphthylamine
249 1-Naphthyl-2-thiourea
250 Nickel and compounds
?5I Nickel carbonyl
252 Nickel cyan'ide
253 Ni cot'ine and sal ts
254 Nitric oxide
255 p-Nitroanil ine
256 Nitrobenzine
257 Nitrogen dioxide
258 Nitrogen mustard and hydroch'loride

sa'lt
259 Nitrogen mustard ll-0xide and hydro-

chloride sal t
260 Nitrog'lycerine
261 4-Nitrophenol
262 4-Ni troqui nol i ne-1-ox'ide
263 Nitrosamine
264 N-Ni trosod'i -n-buty1 ami ne
265 N-Nitrosodiethanolamine
266 N-Nitrosodiethylamine
267 N-Ni trosodimethyl amine
268 N-Nitroso-N-ethylurea
269 N-Nitrosomethylethylamine
270 N-l'li troso-N-methyl urea

t,|aste Constituents List (cont)

metnoa( a ) Tab'le

sw-845, 8270
sw-846, 8270
sw-846, 8080
sw-846, 8270
sw-846, 8270
Unstabl e
sw-846, 8270
sl{-846, 8240
GC/MS , D'ir. In j .
sw-846, 8270
sw-846, 8240
sw-846, 8270

st{-846 , 8270
Unavai I abl e
sw-846, 8140
sw-846, 8270
Unavai I abl e
sw-846, 8270
Stl-846 , 8270
sw-846, 8270
sw-846, 8270
sw-846, 8330
sw-846, 6010
Unavai I abl e
sw-846, 6010
sw-846, 8270
Unavai I abl e
sw-846, 8270
sw-846, 8270
Unstabl e

Unavailable

Unavailable
Unavai I abl e
sw-846, 8270
Unavai 1 abl e
sM,417
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
Unavai I abl e
sw-846, 8270
Unavai I abl e

E.3
E.3
E.6
E.3
E.3
E.9
E.3
E.2
E.4
E.3
E.2
E.3

E.3
E. 10
E.6
E.3
E. 10
E.3
E.3
E.3
E.3
E.8
E.5
E. 10
E.5
E.3
E. 10
E.3
E.3
E.9

E. 10

E. 10
E. 10
E.3
E. 10
E.7
E.3
E.3
E.3
E.3
E. 10
E.3
E. 10

o
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TABLE E.1. Dangerous

Consti tuent

Waste Constituents List (cont)

uetnoo 
( a )

271 N-Ni troso-N-methyl urethane
272 N-Nitrosomethyl vinYlamine
273 N-Nitrosomorphof ine
27 4 N-Nitrosonornicotine
275 N-Njtrosopiperidine
276 Nitrosopyrrolidine
277 N-Nitrososacrosine
278 5-Nitro-o-toluidine
27 9 0ctamethy'l pyprophosphorami de
280 0smium tetroxide
28L Endothol
282 Paraldehyde
283 Parathion
284 Pentachlorobenzene
285 Pentachloroethane
286 Pentachloronitrobenzene
287 Pentachloropheno'l
288 Phenacet'in
289 Pheno'l
290 Phenylenediamine
29L Phenylmercury acetate
292 N-Phenylthiourea
293 Phosgene
294 Phosphine
295 Phorate
296 Famphur
297 Phthalic acid esters
298 Phthal ic anhydride
299 2-P'icol ine
300 Pol ychl ori nated b'i phenyl
301 Potassium cyanide
302 Potass'ium s i 1 ver cyani de
303 Pronamide
304 1,3-Propanesultone
305 n-Propyl amine
306 Propyi thiouraci I
307 2-Propyn-l -o1
308 Pyridine
309 Reserpine
310 Resorcinol
311 Saccharin and salts
312 Safrol
313 Selenious acid
314 Selenium and compounds
315 Selenium sulfide
316 Selenourea

sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
Unavailable
sw-846, 8270
Unavai'labl e
sw-846, 6010
Unava'il abl e
GC/MS, Di r. Inj .
st^l-846, 8140
sw-846, 8270
sw-846, 8240
sw-846, 8270
sld-846, 8270
sw-846, 8270
sw-846, 8270
sw-846, 8270
Unavai 1 abl e
sw-846, 8330
Unstabl e
Unavai'labl e
Unstabl e
Unstabl e
sw-846, 8270
Unstabl e
sw-846, 8270
sw-846, 8080
sw-846, 9010
sw-846, 6010
sw-846, 8270
Unavailable
GC/MS, Dir. Inj.
Unavailable
GC/MS, Dir. Inj.
sw-846, 8240
sw-846, 8270
sw-846, 8270
Unavai'lab'le
sw-846, 8270
sw-846, 7740
sw-846, 7740
sw-846, 7740
Unavailable

Tabl e

E.3
E.3
E.3
E.3
E.3
E.3
E. 10
E.3
E. 10
E.5
E. 10
E.4
E.6
tr?
E.2
E.3
E.3
E.3
E.3
E.3
E. 10
E.8
FO
E. 10
E.9
E.9
E.3
E.9
E.3
E.6
E.8
E.5
E.3
E. 10
E.4
E. 10
E.4
8.2
E.3
E.3
E. 10
E.3
F6
E.5
E.5
E. 10

E.8



TABLE E.1. Dangerous

Consti tuent

Waste Constituents List (cont)

metnoo 
( a )

317 Silver and compounds
318 Silver cyanide
319 Sodjum cyanide
320 Streptozotocin
321 Strontium sulfide
322 Strychn'ine and salts
323 t,2,4,5-Tetrachlorobenzene
324 TCDD

325 Tetrachloroethane
326 L,1.,1,2-Tetrachlorethane
327 L,1,2,2-Tetrachlorethane
328 Tetrachlorethylene
329 Tetrachloromethane
330 2,3 ,4,6-Tetrachl oropheno'l
331 Tetraethyldithiopyrophosphate
332 Tetraethyl lead
333 Tetraethylpyrophosphate
334 Tetranitromethane
335 Thalljum and compounds
336 Thal I ic oxide
337 Thallium (1) acetate
338 Thal I ium ( L) carbonate
339 Thallium (1) chloride
340 Thal I ium ( 1) nitrate
341 Thal 1 i um sel eni te
342 Thallium (L) sulfate
343 Thioacetamide
344 Thiosemicarbazide
345 Thiourea
346 Thiuram
347 Tol uene
348 Toluenediamine
349 o-Toluidine hydrochloride
350 Tol ul ene d'i i socyanate
351 Toxaphene
35? Bromoform
353 1,2,4-Trichlorobenzene
354 1,1,1-Trichloroethane
355 1,1,2-Trichloroethane
356 Trichloroethene
357 Trichloromethanethiol
358 Trichloromonofluoromethane
359 2,4,5-Trichlorophenol
360 2,4,6-Irichlorophenol
361 2,4,5-T
362 2,4,5-TP (Silvex)

sw-846, 6010
sw-846, 6010
sw-846, 9010
Unavai I abl e
Stl-846, 601.0
s!{-846, 8270
sw-846, 8270
EPA #613
sw-846, 8240
sw-846, 8240
sw-846, 8240
sht-846 , 8240
sw-846, 8240
sw-846, 8270
Unstabl e
Unavai I abl e
sw-846, 8140
Unavai'labl e
sw-846, 7840
sw-846, 7840
sw-846, 7840
sw-846, 7840
sw-846, 7840
sw-846, 7840
sw-846, 7840
sw-846, 7840
Unavai I abl e
Unavai'labl e
sw-846, 8330
sht-846, 8270
sw-846, 8240
sw-846, 8270
sw-846, 8270
Unstabl e
sl,l-846, 8080
sw-846, 8240
sw-846, 8270
sw-846, 8?40
sw-846, 8240
sht-846 , 8240
sw-846, 8240
sw-846, 8240
sw-846, 8270
sw-846, 8270
sw-846, 8150
sw-846, 8150

Tabl e

E.5
E.5
E.8
E. 10
E.5
E.3
E.3
E. 10
E.2
E.2
E.2
E.2
E,2
E.3
E.9
E. 10
E.6
E. 10
E.5
E.5
E.5
F6
E.5
E.5
E.5
E.5
E.10
E.10
E.8
E.3
E.2
E.3
E.3
FO
E.6
E.2
E.3
E.?
E.2
E,2
E.2
E.2
E.3
E.3
E.6
E.6

E.9



TABLE E.1. Dangerous

Consti tuent

363 Trichloropropane
364 L,2,3-Trichloropropane
365 0,0,0-Triethyl phosphorothioate
366 sym-Trinitrobenzene
367 Tri s ( I -azi ri di ny'l ) phosphi ne su'lf i de
368 Tris(2,3-d'tbromopropyl ) phosphate
369 Trypan bl ue
370 Uraci I mustard
371 Vanadic acid, ammonjum salt
372 Vanadium pentoxide
373 Vi ny'l chl ori de
374 Zinc cyanide
375 Zinc phosphide

(a) Sbl-846:

SM:

AOAC:
EPA #613:

l,'Jaste Constituents List (cont)

meilroa 
(a )

sw-846, 8240
sw-846, 8240
sw-846, 8270
sw-846, 8270
Unstabl e
sw-846, 8270
Unavai I abl e
Unavai I abl e
sw-846, 6010
sw-846, 6010
sw-846, 8240
sw-846, 6010
sw-846, 6010

Tabl e

E.2
E.2
E.3
E.3
Fq
E.3
E. i0
E. 10
E.5
E.5
E.2
E.5
E.5

Environmental Protection Agency (EPA) . 1982. Tggt Melhodg
for Evaluatlng 9oliI Waste - Chem'ical/Physical UgLhods, SW-846.
EPA, hlashington. D.C.
American Public Health Associatjon (neHn1. 1985. Standard
Methods for the Examination of t/ater and Wastewaterl.7lFii-fi

Journal of the Associatior of Officia'l Analytical .
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7 Acrol ein
9 Acrylonitrile

31 Benzene
47 Bis(chloromethyl )ether
49 Bromoacetone
50 Methyl bromide
59 Carbon disulfide
72 Chlorobenzene
76 2-Chloroethyl vinyl ether
77 Ch'loroform
78 Methy'l chl ori de
79 Chloromethyl methyl ether
91 Crotonaldehyde

111 1,2-Djbromo-3-chloropropane
Il2 1,2-Dibromoethane
113 Dibromomethane
120 1,4-Dichloro-2-butene
I2I Dichlorodifluoromethane
L22 1,1-Dichloroethane
I23 I,2-Dichloroethane
124 trans-1,2-Dichl oroethene
126 l, 1-Di chl oroethy'l ene
127 Methylene chloride
133 1,z-Dichloropropane
136 1,3-Dichloropropene
139 Di ethyl ars'ine
140 N,N-Diethy'l hydrazine

TABLE E.2. Vo'lati'le Organi cs

168 Dioxane
L82 Ethylmethacrylate
188 Formal dehyde
206 Hydrogen sulfide
209 Iodomethane
226 Methacry'loni tril e
227 Methanethiol
235 Methyl ethy'l ketone
238 Methyl methacrylate
285 Pentach'loroethane
308 Pyridine
325 Tetrachloroethane
326 1,1,1,2-Tetrachlorethane
327 1,1,2,2-Tetrachlorethane
328 Tetrachlorethylene
329 Tetrachloromethane
347 Tol uene
352 Bromoform
354 1,1,1.-Trichloroethane
355 1 ,1 ,2-Tri chl oroethane
356 Trichloroethane
357 Tri chl oromethanethi o'l
358 Trichl oromonofl uoromethane
363 Trichloropropane
364 1,2,3-Trichloropropane
373 V'iny1 chl ori de

E.11



2 Acetophenone
3 Warfarin
4 2-Acetylaminofluorene

14 4-Aminobypheny'l
16 5-(Aminomethyl)-3-ioxazolol
L7 Amitrole
18 Ani I 'ine
20 Aramite
25 Auramine
29 BenzIc]acridine
30 BenzIa]anthracene
33 Benzene, dichloromethYl
34 Benzenethoil
35 Benzidine
36 BenzoIU]f'luoranthene
37 BenzoIj]fluoranthene
38 BenzoIa]pyene
39 p Benzoqu'inone
41 Benzyl chloride
43 Bis(2-chloroethoxy)methane
44 Bi s (2-ch'loroethyl ) ether
45 Chlornaphazine
46 Bis(2-chloroisopropyl )ether
48 Bi s (2-ethyl hexyl ) phtha'late
51 4-Bromopheny'l phenyl ether
54 Butyl benzyl phthalate
55 2-sec-Buty1-4,6-dinitrophenol
64 Chlorinated benzenes
70 Chl oroal ky1 ethers
7I p-ch1 oroani I i ne
74 p-Chloro-m-cresol
75 1-Chloro-2,3-epoxypropane
80 2-Chl oronaphthal ene
81 2-Ch'lorophenol
85 Chrysene
90 Cresol s
97 2-Cyc'lohexyl-4,6-dinitrophenol

104 Dibenz[a,h]acridjne
105 DibenzIa,j] acridine
106 DibenzIa,h]anthracene
107 7H-Di benzoIc,g]carbazol e
108 Dibenzo[a,e]pyrene
109 D'ibenzoIa,h]pyrene
110 Dibenzo[a,e]pyrene
114 Di -n-buty'l phthal ate
115 1,2-Di chl orobenzene
116 1,3-Dichlorobenzene
II7 1,4-Dichlorobenzene

TABLE E.3. Semi-Volati'le 0rganics

119 3,3'-Dichlorobenzidine
128 2,4-Dichlorophenol
129 2,6-Dichlorophenol
143 Diethyl phthalate
L46 Dihydrosafrole
150 3,3'-Dimethoxybenzi di ne
151 p-Dimethylaminoazobenzene
152 7 , 12-Dimethyl benz Ia ]anthracene
153 3,3' -Dimethylbenzid'ine
157 Thiofanox
158 A1 pha,al pha-Dimethl phenethy'lami ne
159 2,4-Dimethylphenol
160 Dimethyl phthalate
L62 Dinitrobenzene
163 4,6-Di ni tro-o-creso'l and sal ts
164 2,4-0initrophenol
165 2,4-Dini trotol uene
166 2,6-Dini trotol uene
167 Di -n-octy1 phtha'late
169 Diphenylamine
170 1,2-Dipheny'lhydrazine
17l Di-n-propylnitrosamine
I79 Ehtyleneimjne
183 Ethyl methanesulfonate
184 Fl uoranthene
194 Hexachlorobenzene
195 Hexachlorobutadiene
197 Hexachl orocyc'l opentad'iene
198 Hexachloroethane
200 Hexachlorophene
201 Hexach'loropropene
203 Hydrazine
208 Indeno(1,2,3-cd)pyrene
2L3 Isosafrole
221 Maleic hydrazide
222 Malononitrile
223 Mel pha'lan
228 Methapyrilene
229 Metholonyl
231 2-Methylaziridine
232 3-Methylcholanthrene
234 4,4' -Methylenebis(2-chloroanil ine)
237 Z-Methy'l 'l acton j tri I e
239 Methyl methanesulfonate
240 Z-Methyl -2-(methylthio)

propi onal dehyde-o-
(methyl carbonyl ) oxime

243 Methylth'iourac'il

E.I2



TABLE E.3. Semi-Volati'le 0rganics (cont)

245 Naphtha'lene
246 1,4-Naphthoquinone
247 1-Naphthylamine
248 2-Naphthylamine
253 Nicotine and salts
255 p-Nitroanil jne
256 Nitrobenzine
261 4-Nitropheno'l
264 N-Nitrosodi-n-butylamine
265 N-Nitrosodiethanolamine
266 N-Nitrosodiethylamine
267 N-l{i trosodimethyl ami ne
269 N-Nitrosomethylethylamine
271 N-Nj troso-N-methy'l urethane
272 N-Nitrosomethylvinylamine
273 N-Nitrosomorphol ine
214 N-Nitrosonornicotine
275 N-Ni trosop'iperidi ne
276 Nitrosopyrrolidine
278 5-Ni tro-o-tol ui d'ine
284 Pentach'lorobenzene
286 Pentachloronitrobenzene
287 Pentachlorophenol
288 Phenacetin
289 Phenol
290 Phenylenediamine
297 Phtha'l 'ic aci d esters
299 2-Pico'line
303 Pronamide
309 Reserpine
310 Resorcinol
312 Safrol
322 Strychnine and salts
323 L,2,4,5-Tetrachl orobenzene
330 2,3,4,6-Tetrachlorophenol
346 Thiuram
348 Tol uenedi amine
349 o-To'l ui di ne hydrochl ori de
353 1,2,4-Irichlorobenzene
359 2,4,5-Trichlorophenol
360 2,4,6-Irichlorophenol
365 0,0,0-Triethyl phosphorothioate
366 sym-Trinitrobenzene
368 Tris(2,3-dibromopropyl ) phosphate

E. 13



TABLE_E.4. 0rganics by GC/MS Direct Iniect'ion

L AcetonitriIe
8 Acrylamide

12 A'l ly1 al cohol
61 Chloral
69 Chloroaceta'ldehYde
83 3-Chloropropi oni tri 1 e
93 Cyanogen
94 Cyanogen bromide
95 Cyanogen chloride

134 Di chl oropropano'l
i55 1,1-Dimethyl hydrazine
156 1.,2-Dimethyl hydrazine

Ethyl carbamate
Ethyl cyanide
Ethylene oxide
Fl uoroacet'i c ac'i d
G'lyci dyl al dehyde
Hydrazi ne
Isobutyl alcohol
Methy'l hydrazi ne
Para'ldehyde
n-Propyl ami ne
2-Propyn-1-ol

Only Require Analysis for Metal Spec'ies

L76
t77
180
187
190
203
2r2
236
282
305
307

TABLE E.5. Constituents that

19 Antimony, NOS

2L Arsenic and compounds, NOS

22 Arsenic acid
23 Arsenic pentoxide
24 Arsenic trioxide
27 Barium and compounds
28 Barium cyanide
4? Beryllium and compounds, NOS

56 Cadmium and compounds, NOS

57 Calcium chromate
84 Chromium and compounds, NOS

88 Copper cyan'ide
216 Lead and compounds ' NOS

217 Lead acetate
218 Lead phosphate
225 Mercury and compounds, NOS

250 Nickel and compounds, NOS

252 Nicke'l cyanide
280 0smium tetroxide

302 Potassium si'lver cyanide
313 Selenious acid
314 Selenium and compounds, l'l0s
315 Sel en'ium sul f i de
317 Silver and compounds, NOS

318 Si I ver cyan'ide
3?I Strontium sulfide
335 Thallium and compounds, ll0s
336 Thallic oxide
337 Thal I i um acetate
338 Thal I ium carbonate
339 Thal I ium chloride
340 Thal I ium nitrate
341 Thallium selenite
342 Tha'l 1 i um sul fate
37L Vanadic acid, arnmonium salt
372 Vanadium pentoxide
374 Zinc cyanide
375 Zinc phosphate

E. 14



TABLE E.6. Pesticides/Herbicides

11 A'l dri n

63 Chlordane
73 Chl orobenzi'late

1OO DDD

101 DDE

102 DDT

130 2,4-D
137 Dieldrin
141 Carbophenothion
149 Dimethoate
172 Disulfoton
174 Endosulfan

TOX:

65
66
67
68

118
L25
t32
135
191

175 Endrin
192 Heptachlor
193 Heptachlor epoxide
196 Lindane and isomers
230 Methoxychlor
242 l4ethyl parathion
283 Parathion
300 Polychlorinated biphenyl
333 Tetraethyl pyrophosphate
351 Toxaphene
361 2,4,5-T
362 2,4,s-TP Silvex

TOC:

87 Coa'l tars
89 Creosote

Ammon i um:

263 N'itrosami ne

TABLE E.7. Compounds To Be Analyzed By C'lass

Chlorinated ethane
Chl ori nated fl uorocarbons
Chlorinated naphthalene
Chl ori nated pheno'l
Di ch'l orobenzene
Di chl oroethyl ene
Di chl oropropane
Di chl oropropene
Hal omethane
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TABLE E.8. Miscellaneous 0rganics and Inorganics

86 Citrus red No. 2

92 Cyan'ide
58 Calcium cyanide

204 Hydrocyanic acjd
301 Potassium cyanide
319 Sodium cyanide

345 Thiourea
6 l-Acetyl -2-th'iourea

82 1-(o-Chlorophenyl)thiourea
145 Diethyl sti I besterol
181 Ethylenethiourea
249 1-Naphthyl -2-thiourea
292 N-Phenyl thiourea

Unstable in WaterTABLE E:9. Constjtuents

5 Acetyl chloride
13 Al um'inum phosph'ide
40 Benzotrichl ori de
53 2-butanone peroxide
60 Carbon oxyf 'l uori de

142 0,0 Diethylphosphoric
aci d , 0-p-n'i trophenyl ester

148 Di i sopropy'l fl uorophosphate
154 Dimethylcarbamoyl chloride
161 Dimethyl sulfate
185 Fl uorine
205 Hydrofluoric acid

Methyf i socyanate
Ma'leic anhydride
Methyl ch'l orocarbonate
Nitrogen dioxide
Phosgene
Phorate
Famphur
Phthaf ic anhydride
Tetraethyl di thi opyrophosphate
Tol uene d'i i socyanate
Tris (1-aziridinyl )

phosphjne sulfide

2IT
220
233
257
293
295
296
298
331
350
367
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TABLE E. 10. Const'ituents For Wh'ich Adequate Analys'is Is Unavai I abl e

10 Af] atoxi ns
15 Mitomycin C

26 Azaserine
32 Benzenearsonic acid
52 Brucine
62 Chlorambucil
96 Cycasin
98 Cyc'lophosphami de
99 Daunomycin

103 Dial late
131 Dichlorophenylarsine
138 I,2:3,4 Diepoxybutane
I44 Thionazin
L47 3,4-di hydroxy-a'l pha- (methyl ami no )

methyl benzyl alcohol

24I N-methyl-N'-nitro-N-
ni trosoguani di ne

244 Mustard gas
25L Nickel carbony'l
254 Nitric oxide
258 Nitrogen mustard - HCl sa'lt
259 Nitrogen mustard N-oxjde

and HCI sal t
N'i trog'lyceri n
4-n'itroquinol ine
N-N i troso-N-ethy'l urea
N-Ni troso-N-methyl urea
N-n'i trososacros i ne
0ctamethyl pyrophosphorami de
Endothol
Phenylmercury acetate
Phosphi ne
1,3-propanesul tone
Propyl thi ouraci I
Saccharin and salts
Sel enourea
Streptozotoci n

Tetraethyl lead
Tetrani tromethane
Th i oacetami de
Thi osemi carbazi de
Trypan b1 ue
Uraci I mustard

173
178
186
189
199

202
207
2t4
2I0
2t5
219
224

2,4-dithi obj uret
Ethy'l enebi sdi thiocarbamic acid
2-fl uoroacetami de
Formic acid
Hexachl orohyxahydro-endo,

endo-d j methanonaphtha'l ene
Hexaethyl tetraphosphate
Hydroxydimethyl arsi ne oxi de
Kepone
Iron dextran
Las'iocarpi ne
Lead subacetate
Mercury fulminate

260
262
268
270
277
279
28t
29L
294
304
306
311
316
320
332
334
343
344
369
370
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APPENDIX F

QUALITY ASSURANCE (QA) PLAN

This appendix presents the text of the QA Plan used for the RCRA

Compliance Ground-Water Monitoring Project. The plan is used to identify
specific elements of PNL's QA Program that are applicable to the project.

The QA Plan includes information on: project organization, the QA

Program; design control and method review; procurement; instructions'
procedures, and drawings; document control; identification and control of

items; performance of inspections and tests; control of measuring and test
equipment; status of inspection, test, and operat'ing conditjon; nonconformance

and corrective actions; and QA records and audits.
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Service Activiry. Additional information is also provided when usefulto provide
clarification of the selected requirement.
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15.1 Audits - Applies when a prolea or activity is selected as
part of the base for a OA audit.

Additions See Parts .1, 3,
of this 0A Plan
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1. ORGANIZATION

1.1. The relationship of the Quality Assurance Department (QAD) to other
Battelle conponents ls described ln Sectlon 1.1 of PNL-MA-65.
PNL-MA-65 identlfies the responsibllitles of the QAD Manager, Manager
of Quality Engineerlng, Quality Engineer, Lead Quallty Asiurance Aud-
Itor, and the Manager of Quality Control.

In additlon:

1. The organizatlonal structure of the HMMP and the RCM Compllance
Ground-Water Monltoring proJect is shown ln Attachment A. As shown
ln the diagram, both proJects fall under the supervlsion of the Manager
for Hanford Environmental Programs. The relationshlp between the
projects and the QAD ls also shown. Analytlcal laboratories lnclude
the primary testlng laboratory, (currently u.s. Testing) and varlous
other laboratories used to provide quality control cheiks. The QC
laboratorles.currently include facilitles of PNL, HEHF and t{estlng-
house Hanford Company, and may Include ln the future an Independent
offsite laboratory.

2. Iltg_pIf ProJect Manager shall act as interface among proJect sponsors
(UltK Nuclear Industries, Westinghouse Hanford Company, anO OOf-nL) and
PNL regardlng technical matters. The PNL Manager foi Hanford Environ-
mental and 0ccupatlonal Health Programs shall ict as interface for
fonnal communlcations and rnatters iegarding conrmitments. Status
reports llll bq provided on a perlodic basis accordlng to agreements
between PNL an{ the sponsors.

3. The ProJect Manager is responsible for implementing this QA plan.

4. The responsibillty of the ProJect Quality Control Task Leader is to
coordlnate quality control samples, screen resu'lts of QC sample analy-
sis, and maintain records concerning 'laboratory performance.

QA PROGRAM

2.1. Thls QA Plan app'lies, to the rnonitoring, sampl ing, chemical analyses,
evaluation, and modeling activities for the HMMP and RCRA Complianci
projects at the Hanford Site.

Z.t.L. This document is intended to apply to work being conducted
by PNL under two projects: the Hazardous Materials Manitor-
lng Project (HMMP) and the RCRA Compliance Ground-Water
Monitoring Project. Unless othenrise stated, al1 parts of
this plan shall apply to both projects.

2.
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The HMI4P, whlch ls supported by the Department of Energy, -
lnvolves monltorlng for hazardous chemicals throughout-the
Hanford Slte. The RCRA Compliance ProJect, suppoited by
Westlnghouse Hanford Company, and UNC Nuclear Ihdustrlei
Involves ground-water monitoring for hazardous chemlcals
at the 300 Area Process Trenches and the 183-H Solar Eva-
poration Basins.

2.1.3. The ProJect Manager shall provide for the training of project
personnel on the contents of this QA plan and supportihg
proc_edures as.necessary. This training shall be planned,
perfonned, and documented as per PNL Administrative Procidure
PAP-201, Rev.1, whlch lncludes the following requirements:

A resume of each contributor to the proJects shall be
in the proJect flles.
The ProJect Manager shall define tralnlng needs and
methods.

il.

b.

c. Tralning asslgnment, schedule, plan, and attendance
shal I be documented.

d. Trafning_records shall be retained by the Management

lvslgms Department ion
Secti on.

2.2 Revislon (2.2.3). The ProJect Manager shall notify the Quality
lplneer of changes.ln project.scope so that a revision do thii QAPlan can be prepared and lssued as needed.

3. DESIGN CONTROL AND METHOD REVIEW

3.1.2 ProJect approach
described in the
l'lonitorino Pro

investigation for
r Hazardous Ma

and
Pro

method of
ect Plan

HMMP is
rials

, dated 10-01-85. The approach
ance ProJect ls documented

1?E5).t-'. ProJect plans and changes in scope shall be
dlscussed with or reviewed by the proJect sionsors. Such
changes shall be docunented in the project files. The
proJect plan shall be approved by the proJect Manager and
Section Manager.

(a) New compliance plans
August 1986.

for each area are scheduled to be issued by

F.6
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addl tlon:

Data Base Development

A computer data base nanagement system shall be used to store and
retrleve field and laboratory data. Procedures for processing data
into the RCRA data base shall be docunented in the Hanford Ground-
Water Data Base Manaqement Gulde and User's Manual.--BEf6ifrhT3-

lled in accordance
wlth Section 6.1. The Data-Handllng Task Leader shall assure thai
the data base user's manual ls current.

Computer software used to generate proJect data bases (.|.e., software
used to t:"ansfer data to the Hanford ground-water data base) has
been verifled. Changes to cornputer software shall be verified and
documented.

2. Fleld Records

Radiatlon Protectfon Technologlsts (RPTs) shall fill out cornpletely
slgn and date all requlred sampling records (e.9., fonns and field-
logbook), notfng any conditions that could affect lnterpretatlon of
resul ts.

Infonnation ln the field logbook shall be reviewed, inltlaled and
dated, Including qny changes by the Envlronmental Monitorlng Supervisor
or the Sample Collection Task Leader.

changes to the field logbook or to other sample collection records
(9.9.., Chaln-of-Custody forms) will be initialled by the person making
the change.

Well Network Modlfication: Field Deslgn Changes

Fleld design changes of drllllng configuration/specificatlons shall
be at the dlscretion of the PNL geologist and shall be controlled in
accordance with Procedure P-4,Change Control. All field changes and
concurrence communications shall be documented in the PNL geologists's
field notebook and kept as a perranent project record. Rny design
changes shall be reflected ln the as-built drawings.

Data Base Records Verification and Security

Data from the primary analytical laboratory shall
the data base using procedures documented in the
Oata Base Management Guide and User's Manual.

In

1.

3.

be transferred to
Hanford Ground-Water

(

4.
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o Data on computer tapes, dlsks, and other memory devices shall be
labeled wlth proJect name, title, and dlrectory l isilng.

. Master coples of computer data on tapes, dlsks, and other memory
devlces shall be stored In a secure manner that wlll protect thim
from tamperlng and/or damage.

. Fleld data shall be entered fnto the data base by an assignee of
the Data-Handling Task !e1d9r.and lndependently checked for accuracy
and completeness and fnitia'!ed by another assignee. Designation
of asslgnees shal I be documented.

. The Data-Handling Task Leader shall assure the securlty of the data
by .lin.itlng access to the system as necessary. Individuals working
with the data base shall change passwords at least annually.

. The Data Evaluatlon Task Leader shall review the data listlng from
the primary laboratory concurrently with transfer of data lnio the
data base. Aly susp-ect data wlll be checked with the primary
laboratory and questions resolved and documented in proJdct rec6rds.

o All data reJected_by_the data base shall be llsted ln the printout
sent to the Data Evaluatlon Task Leader, whose responslbility lt
shall be to review the llst and resolve with the pi"lmary lab6ratory
questlons concernlng the data. Resolutlon of rejected data shall -

be documented ln proJect files.
5. Data Base Contents and Use

. Each computer run reported or used for reporting information in
project reports shall.hiy.-a copy of the output stored as a project
record. The record shall include date, data source, program'liit-
lng, and software identification.

. Data and detection'llmits shall be reported in the data base. The
magnitude of the uncertainty (b-iag) in each type of analysis may
be estinated by_the ana]ysls of blanks and stlndard sampies.o The-magnl.tude of the_precision of each type of anaiysis'shall be
estimated by the analysis of replicates.

o The analysis of data shall be documented and traceable from the
primary source to reported results, lncluding all assumptions,
interpretation, and calculations.

o Data from inter'lab comparisons should be included in the data base,
and noted as such

tra
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o Computerlzed data flles shall contaln pertinent field and lab
notatlons that may affect the Interpretatlon of the results.

. Data that are suspect (out of range as detennined uslng control
charts or other checks and statlstlcal analysis) shall-be flagged
as such ln order to caution users of such data. Suspect data--
wlll be brought to the attentlon of the laboratory by the Data
Evaluatlon Task Leader for possible corrective actlon. Resolution
of suspect data shall be documented ln proJect records and traceable
to the reviewer, data base, and date.

6. System Maintalned Software and Support Software

System malntained software ls software that is installed and main-
tained at the computer system level rather than at the user level(e.9., comnercial softwaie such as LOTUS t-2-3, RS/l, or DISSPLA).

Support.software ls 1) software that may be easily and exactly
verlfied, and that perfonns a slmple function such- as, change in
data fonnat or plottlng of data, or 2) A stream of cdnrmandi or
sequence of streams of commands executed to utilize system main-
talned software (the system maintalned software generites reportable
resul ts) .

lrlhen-an_application of such software is to be reported to a sponsorr
the following control of appllcation runs is reqirired.

. Code documentatlon shall be located In flles of (or available to)
the user. A descrlptlon of the configurailon of hardware shall
be lncluded as a proJect record. support and system-marntained
software shall be ldentlfied by version nunber and date.

. Record of appllcation runs, program and results, lncludlng a listing
of the application (referenced to the appllcail6n program| shall
be maintained-1n proJect files and identify date, irograml user,
data and results document.

The user, or his designee, shall review, lnltlal and date applicafion
runs to conflrm that results are reasonable.

F.9
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7 . fhe .Coupl e9 ,=il rl!9 T) Software
ueve I opmenf,/Mool t1 catt ons

The acqufred coupled Flufd., Energy, and solute Transport (cFEsr)
code, developed ungg.r another PNL program for llcensb-reldted aipli-
catlon, wlll be callbrated to model ground-water flow and tritiirin
transport in the unconfined aqulfer at Hanford. The code is to be
enhanced to slmulate the movement of hazardous chemical constltuents
in ground water.

Computer software deslgn, development and application shall be docu-
mented by the l'lodel Enhancement Task Leader. Thls documentatlon, as
a mlnfmum, shall address the followlng:

Software desi gn/devel opment
Testlng and verlflcation of software and modifications
Configuratlon control of software versions
Storage of software master copies.

Computer Software Control

A code.package for computer software design and developmerrt shall be
maintalned that includes the following doiumentation:

o A d.escri-ptl-on of- the probl em to be sol ved or the purpose of the codeo A. description.of the computer language and opeiatl'ng system to which
the code ls adapted. Input requlrementso Varlables used. Description of numerlcal methods and mathematical modelse A record of the progranuning progress, problems, and changes made. User lnstructlons. Record of computer lmplementatlon of the mathemailcal modelso Explanatlon of assumptlons, parameters, limitations and theory of
the model

o Code listlng.

computer software developed and subsequent modlfications shall be
tested and verified by comparlson with results from hand calculations.

For codes developed or modlfled under this project, verification
procedures or test-glan9, controlled in accordince with Section 6.1,
shall.be. prepared ldentifying the test cases to be run, the input
data to be used, !!9 acceptance criteria, and the expeited resirlts.
The record of verification tests shall be made a part of the code
p19llge and_maintained in project files. Acquired codes, such as
cFEsT, shall be reviewed by the Model Enhancements Task Leader for

o
a
a
o

F. 10



adequacy with the proJect, as well as adequate docurnentatlon (1.e.,
user's gulde/lnstructlons, verlffcation/tests and results). Thls
revlew shall be documented and retalned as a proJect record.

7 . Technl cal /l'lanagement Revi ew

A review team (see organizatlon chart, Attachment A) shall be employed
to provide technical and management review of documents.

Prlor to release or lssue, reports, studles, anq analyses shall be
revlewed by member(s) of the revlew team not dfrectly- responsfble
for the work being revlewed. In thls revlew, revlewers shall, as
appllcable, assess the adeguacy of the data and equatlons used,
duplfcate calculatlons to check the accuracy of the calculations belng
revlewed, and assess the approprlateness of assumptlons belng nade.
The corments shall be documented by wrltten response to the author
and shall be resolved by the author. All records of technlcal/
management review shall be stored ln proJect flles.

4. PROCUREI-'IENT

4.1. This section shall apply to all ltems and services that are procured
vla purchase requisition and purchase order or contract docuinents.If receivlng Inspectlon ls required (as speclfied ln PNL-l.lA-65,
Sectlon 4.1.1.4.), then the applicable parts of Sectlons 9.1
(Inspection and Test) and 12.i'(Inspection, Test, and Operailng
Status) shall apply.

4.1.1 Subcontractors responsible for the analysls of samples shall
be requlred to:

QA PLAN ED-41, REV 1
ProJects: Hazardous Material Monitoring ProJect/RCM

Compl lance Ground-l{ater Monitoring ProJect
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Implement the use of wrltten procedures.
Control the handling of samples by Chaln-of-Custody
procedure.

. Control the handling of data records.o Review and verify result prior to submittal to PNL,
documented by signature of lab supervisor.r The primary analytical laboratory shall implement a docu-
mented trainlng program that shall assure that personnel
have been trained in laboratory procedures and bperation
of equlpment as necessary.. Implement a documented Quality Assurance System.. Provide Quality Assurance surveillance and audits for
the Quallty Assurance System.

Subcontracted analytical laboratories shall implement a
system for control of measurenent and test equiprnent (i.e.,
calibration) and have issued written procedures for routine

a
a
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analyses, a copy of which shall be kept at the1ab and
shall be available upon request.

The prlmary laboratory (currently UST) shall participate
in the interlaboratory comparison program as provided by
the Environmental Protection Agency (EPA) and Environmental
Measurements Laboratory (EML) where practicable. Perfonnance
in these programs shall be reported to the Quality Control
Tosk Manager as they are available.

Analytical laboratories shall maintain an internal qua'lity
control program to include the use of spiked, blank, and
duplicate samples and NBS traceable standards, results of
which shall be available to PNL for inspection and appraisal.

PNL shall conduct a routine quality control program that
includes sending blind, spiked, blank and duplicate samples
to UST. Also, PNL shall periodically send replicate field
samples to UST and at least two other laboratories to see
how well the laboratories agree. The Quality Control Program
shall be documented, includlng method, results and reviews.

Evaluation of subcontractor-supplied data is addressed in
Sectlon 3, Addltion 4 (Data Base Records Verification and
Secur'lty) , Bul I et #5.

4.L.2 The Statement of work (sOt.l) for subcontractors responsible
for well drilling shall require subcontractors:

r Follow the requirements set forth in the Subcontract
Statement of Work including method of dri1ling, steam
cleaning of equipment, storage of construction materials,
tool lubricants, drilling additives, dri'll cutting and
water disposal, and documentation of each of the above.

e Inspectlons by PNL personnel are required in the Statement
of Work_. -4ll inspections shall be performed by designated
and qualified personnel, documented, and maintained is
a record.

o Keep a drilling log which shal'l be availab'le to the pNL
geologist. (Instructions on the format and content of
the log_shall be lncluded in the S0l,l.) The drilling
1og shall be malntained as a record.

Purchase_Requisitions (PRs) shall be reviewed by an individ-
ual familiar with technical specifications of iiems ordered,

F.12
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and shall be docurnented by signature/date prior to line
manager or other revlews.

All procurement documents shall be reviewed by a Quality
Assurance Representative prior to issue to verify that the
applicable QA requirements have been included. The subcon-
tractor's written procedures for the above-mentioned activi-
ties shall be reviewed by the ProJect Manager and Quality
Assurance Representati ve.

Subcontractors with extensive QA requirements sha1l be
approved by PNL Quality Control.

5. INSTRUCTIONS, PROCEDURES, AND DRAWINGS

5.1 Procedures that have been identified for these projects include,
but are not limited to the following:

o Ground-Water Sampling (radiological and chemical), covered in
PNL-MA-580, lncluding the following procedures:
o Water Level Measuremento Conductivity Calibration and Measurement. pH Calibration and Measuremento Chain-of-Custodyr Temperature Measuremento Sampling of River Water, Sediment, and Vegetation (as

. s.,li!'ifff],r,t.l. Sample Dlsposal, Procedure p-l /h\o Data Handling and Veriflcatio4rf"/ procedure p-2

. Statistical Analysis of Data, \'/ procedure p-3

. Indoctrlnatlon and Training (PAP-201 Rev. 1; see exceptions noted
in 2.1.3). software Design, Development $f Application(including verification
procedures/test instructions)'o Geophysi cal wel I 'loggt 

ng^(QA Pl an ED-54)r Data Base Management."t:i,
r Magnetic Media Control \'/o Change Control (well drilling), Procedure P-4

(a)
(b)
(c)

Listed in Compliance Plan.
Procedure under development.
This wlll be lncluded in Hanford Ground-Water Data Base Manaoement Guide
and User's Manual when pu

F.l3
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Procedures for collectlon of drilling samples, including both sediment
and liquid sampllng (lncluding Chain-of-Custody for core samples)
shall be developed and maintained as a project record.

A check'list shall be developed and implemented for Title III Inspection
of new wel'ls (see Section 9, Performance of Inspections and Tests).

6. DOCUMENT CONTROL

6.1. This section shall be applied to the procedures identified in 5.1,
and any other documents identified in the future as requiring control.
Additional infonnation is provlded in the fol'lowing statement.

6.1.1 Controlled documents shall be reviewed by designated, author-
ized personnel and approved for the use by the Project Manager
or deslgnated alternate. Approval shall be indicated by signa-
ture and date on the document.

The Quality Engineer shall review all controlled documents
prior to lssue to help assure that the applicable QA Program
requirements have been adequately met.

6.I.2 Revisions to established procedures shall receive the same
controls applied to the original documents.

In addition:

Tl,. Project !?1gg.t or designated staff shall be assigned (in writing)
the responsibillty of distribution for all controlled-documents.

IDENTIFICATION AND CONTROL OF ITEMS

7.I Sample labellng and identification is covered in the Chain-of-Custody
procedure, as noted in Section 5.1.

PERFORMANCE OF INSPECTIONS AND TESTS

9.1 PNL-MA-65 addresses receiving and other inspection, inspection/test
instruction (ITI), and records, tagging, and nonconformance and shall
apply to purchased itens, test equipment, samples, project data and
computer items.

Title III Inspection of new wells shall be performed by independent,
qualified personnel ln accordance with the checklist rbferented in
5.1 of this plan. The comp'leted checklist shall be retained as a
proJect record.

7.

9.

F.t4
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IO. CONTROL OF MEASURING AND TEST EQUIPMENT

10.1 Control of measurlng and test equlpment used shall be in accordance
wlth thls section of PNL-MA-65.

In addltlon:

l. It ls the_responsi!!llty of the Envlronmental Monitorlng Super-
visor or-Sarple Collection Task Leader to ensure that approiriate
proJect_flles and records are maintained for all equipmbht irsed
by the RPTs.

2. Callbratlon records for pH/Conductlvlty meters tabeled "user to
calibrate' shall be documented in the proJect files. Calibration
shall be ln accordance with pH/Conductivity calibration procedures
referenced In Sectlon 5.1 of thls QA plan.-

3. Counting equlpment for radlologlcal analyses shall be calibrated
to Level l as specifled ln pNL-ilA-65, Section 10.1.

11. HANOLING, STORAGE, AND SHIPPING

11.1 Procedures for Chain-of-Custody handllng and transporting sarnples
are documented ln the Sanrpllng Proceduris, as noteit in Sectlon 5.1.

Procedures for dlsposing of sarnples are noted in Section 5.1 of this
QA Plan.

12. STATUS OF INSPECTION, TEST & OPERATING CONDITION

Lz.l PNL-llA-65 addresses status indlcatlon authorities ('lock and tag" pro-
cedures) and status lndlcation requirements (tags)'which shall ippiy
to test and sample acquislilon equlpment

13. NONCONFORMAI{CE & CORRECTIVE ACTION

13.1 PNL-MA-65 defines nonconforrnance and glves a method for implementing
corrective action.

14. QA RECORDS

14.1 The ProJgct Manager or designated alternate shall assure that a proJect
records flle is maintained that contains or references the location-
of the QA records (as noted). ProJect records shal] be retained

F. 15
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Management Systems)

Actlon Reports (aA)

but are not limited to, the following

accordlng. t_o_ the PNL Records Management Manual (PNL-MA-69). These
records shal I I ncl ude, but are not I I mi ted to, the fol I owi ng documents :

!ecor!9 (Record Copy) _whlch are kept by other organizations withtn
Battelle Include the following:

Technlcal reports (nurnbered)- (Technlcal Infonnation)
Monthly, Qtlarterly. reports (Non-ProJect) (Department manager)
Cost Runs (Finance)
Subcontracts (Legal and Contracts)
Procurement Documents (Legal and Contracts)
Resumes (Personnel)
ProJect Tralning records (QA,

QA Plan (aA)
QA Audlts (aA)
Nonconfonnance and Comective

ProJect records shall lnclude,
documents:

ProJect Proposal, Plannlng documents
ProJect Authorlzation and Dlrectives
froJggt Monthly, Quarterly and Annual reports
Unpubl i shed lrlanuscrlpts
Correspondence lnfluenclng dlrection of the project

Data Coliectlon Procedures (pNL-MA-590)
ProJect Procedures identlfled in Secilon 5.1

Laboratory Analysis Methods
Laboratory analysis requests
Procedural changes/cornmuni cati ons

Computer Code Documentatlon ldentified in Section 3

Basic Data
Hard copy from alternate labs
Raw data on tape
Data Base (magnetlc medla)
Calibratlon records
Logbooks

Data Reduction
Includlng data. summary, statisfical and quality control
Records traceable to Data Base

F.'16



QA PLAN ED-41, REV I
ProJects: Hazardous Materlal Monltorlng proJect/RCRA

Compl lance Ground-Water Monitorlng proJect

Page 16 of 19

Laboratory Record Books (numbered)
Other notebooks, logbooks
Drawi ngs
tlell lnspectlon documentatlon
Revl ews
Records Plan/Index (ref., MG 4.3)

Records Retentlon:

Retentlon.perigdg for proJect records (record copy only) are specified
by DOE 0rder 1342.2.

Nonrecord copy retentlon ls determined by the file custodlan and
proJect manager.

Retentlon times ing qi:pos-ition are documented in the Records Inventory
and Di.sposl.tion.schedule for the RCRA Ground-water Monitoring and
Hazardous Materials Monitoring proJect.

Laboratory Record Books sha'll be returned to the Technical Library
upon completlon of the proJect for storage indefinitely.
Records Mai ntenance/Storage :

Records shall be malntained in proJect files and subfiles. Records
malntenance shall be the responslUitity of those custodlans listedln the Master File Index and Task/Subtisk Fl'le Indexes. whi'le in
the proJect flle state, records_shall be protected from damage or
loss In order to avold potenilal delays oi additlonal costs 6t re-
pl acement.

Records Transmittal /Dl sposlfi on :

Reproducible copies of all project records with retention times of
15 years or longer shall be transmltted to the Battel]e or Federal
Records center annually, after two,years of records have been gener-
ated. A record of thls transmittal-llsting all records transfErred
and uniquely..identifylng them shall be doclmented and retained by
the ProJect Manager.

Prlor to this transmlttal, the_QA representative and proJect Manager
or designee shall.check a sample of the turnover package-to verif!
that sponsor requirements have been met and that ihe rEcords are
Iegible and complete.
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14.1.3 Laboratory Record Books

Laboratory Record Books shall be controlled ln accordance
Sectlon 14.1.3 of PNL-MA-65.

Laboratory Record Books shall be used for documenting the
acti vl ti es:

. Sample Collectlon Notes, includlng field measurements,
tlons, and operationa'l checks.

15. AUDITS

wi th

fol I owi ng

condi -

15.1 Annual audlts shall be performed by the PNL QA Systems and Audits
Section to deterrnlne conformance with QA requlrements.
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APPENDIX G

DATA LI STINGS-AND.SUMMARI ES

Appendix G contains the summaries and raw data listings for the chem'ical

constituent data collected from June 1985 through May 1986 for wells near the

183-H Solar Evaporation Basins. 0n1y those constituents with at least one

reported value above the detection limit are included.

Table G.1 gives summary information for each constituent measured. The

data are surnmarized for each well and ordered on their mean values. Defin'i-

tions of the terms used in this table follow:

WELLNAME = We]'l name

SAMPLES = Number of samp'les analyzed to date

DETLIMIT = Laboratory detection limit
BELOI,JDL = Number of samples below detection limit
ALLBELOW = Asterisks indicate that ALL samples were be'low detection

'l imi ts
MAXLIMIT = Maximum permissible limit
MEAN = S'imple arithmetic mean of all the values

MEDIAN = Median, or ordered middle, of all the values

STDDEV = Standard deviation of all the values

C0EFFVAR = Coeff icient of variat'ion (I00*STDDEV/MEAN) for a1'l the values

MINIMUM = Minimum reported value

MAXIMUM = Maximum reported value

NOTE: The mean, standard deviation, and coefficient of variation
statistjcs were calculated as though the values met the

assumptions of simple random sampling. Estimation problems posed

by replicates, below-detectjon values, and spatia'l and temporal

variability in the data have not been addressed.

G.1



Table G.2 presents basically the same information as Table G.1. except

that it js further broken down to date of samp'le and is restricted to only

replicate sampf ing data to avoid unnecessary repetition of information a'lready

contained.in Table G.1.

Raw data are presented in Tab'le G.3 for those constituents that had at

least one value above the detection'limit. Each reported value is marked as

being below the detection limit (.) where appropriate. In most cases the

value reported will be the detection ljmit jtself, but if an actual va'lue

below the detection limit is reported by the'laboratory, that value is used'in

presentat'ion and all subsequent data summaries. For radioactive elements, a

detection limit is given, but the actual analytica'l value is reported and

stated as below detection on'ly if it is less than its associated counting

error. Also, the column labeled "Rep" indicates field rep'licates taken in

addition to the normal sample, with the "S" marking those rep'l'icate samples

collected during 0ctober that were used for cross-comparison of the UST

Hoboken and Richland laboratories. The column labeled 'rLab'is empty if the

ana'lysis was done at UST-Richland and contains an t3Hrr if the ana'lysis was done

at UST-Hoboken. Finally, an 'rM'r in the column labeled "Concentration"

indicates a missing data point.

G.2
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RCRA CoiDliancc Ground-f atcr llonitorinE DataSolar Eviporation Basins, June 1985 to'llry 1986

Constitucnt List = Contrrination Indicators
on

lcll Drte Rcp Lab Concen!ration
199-H3-1

199-H1-3

199-H4-1

199-H4-5

199-H1-6

183-H

TABLE G.3

Constituent
Code Abbrev Uni

191 CONDUCT UUHO

Rar Data,

Detect i
ts Lirit

517
581
593
607
620

u
702
511
515
596
459

28JUN65
01AUG85
27AUG85
030cT85
310CT85
13DEC85
22JAt{80
25FE88E
21ltAR86
25APR86
28llAY8E

2,610
1,503
1,177

l,854
3,170
1,560
2,880
3,090
3,600

19JUN86
0 1AUG8 5
27AUG85
010cT85
01t{ 0 v8 5
13DEC85
22J41{80
21FEB8O
21llAR86
21APR86
28IlAY88

1,007
L ,252
1,230

IT

837
302
980
512
560
311
116

19JUl{88
0lAUG85
26AUG85
010cT85
011{0v85
l2DEC85
21JAll80
21FEB8O
21ltAR80
21APR86
28TAY8E

302
346
101

H

355
3E1
135
305
312
352
321

21JUll85
25JUL85
26AUG85
010cT86
310CT85
12DEC86
21JAt{88
25FEB8E
26ltAR8E
21APR86
28ltAY86

297
293
329
371
350
399
180
362
393
459
115

l9JUl{85
25JUL85
2EAUC85
030cT86
310CT86
12DEC86
21JAN86
25FEB86
21UAR8E
25APR88
28llAY80

G.20



RCRA Corpliancc Ground-latcr llonitoring Data
Solar Evrpor.tion Barins, Junc 1985 to llry 1986

Rar Drta, Constitucnt List = Contrrinrtion Indicators
183-H

TABLE G.3

Const ituent
Code Abbrev Uni

199 PH

Detcct ion
ts Lirit fell Drtc Rep Lab Concentrrtion

199-l{3-1

199-H1-3

199-H1-1

199-H1-5

199-H1-0

7.10
7.70
7.90
7.80
8.10
tl
8.90
7.80
0.90
7.50
7.70

26JUN85
01AUG85
27AUC85
030cT86
310CT86
13DEC85
22JAll86
25FEB86
24rAR86
26APR86
20llAY8E

7.30
7.90
8.00
I
7. s0
I
8.60
7.60
7.10
7.50
7.80

19JUll85
01AUG85
27AUG85
010cT85
01il0v85
13DEC85
22JAN86
24FEB86
21ltAR80
24APR80
28TAY8E

7 .20
7.70
7.50
ll
7 .10
7.80
8.60
7.50
7.50
7.80
7.E0

19JUil85
01AUG86
26AUC85
010cT85
01il0v85
12DEC85
21JAN80
21FEB86
21llAR86
21APR86
28ltAY86

7.10
7.60
7.80
T
8.30
8.00
8.50
7.70
7.00
7.50
7.60

21JUN85
26JUL85
26AUC85
010cT85
310CT86
12DEC85
21JA!186
26FEB8O
26llAR86
24APR86
28IAY88

19JUil85
25JUL85
26AUG86
030cT86
310CT85
12DEC85
21JAN80
25FEB8E
21llAR86
25APR86
28lIAY86

00
70
80
80
10
90
10
80
80
10
90

G.21



RCRA CorDIi.ncr Ground-f atcr llonitorinq Data
Solar Eviporation Basins, Junq 1985 to-llay 1988

Rar Drtr, Constitucnt Lict = Contarinrtion Indicators
183-H

TABLE G.3

Const ituent
Code Abbrcv Uni

c68 T0X PPB

Drtc Rcp Lab Concentration
Dctcct ion

ts Lirit fcll
23.3
22 .2
19.7
19.8
17.0
16.I
10.3
13.7
15.7
37.9
15.8

2,860
18.4
8.20

19.5
27 .6
16.3

24JUil85
24JUl{85 1
2rJU]f86 2
ll1AUG85
01AUG85 1
01AUC86 2
27AUG85
27AUC85 1
27AUG8 5 2
030cT86
310CT85
13DEC85
22JAt{8E
25FEB8E
21lIAR80
25APR80
28IAY86

3
E
1
I
8

2
6

I
0
1
7
I

9I
0
6

7
0
6
5
1
2
3
3
7
I
1
0
I
I
2

27.
28.
33.
38.
29.
31.
29.
30.
32.
35.

E08
38.
28.
16.
12.
33.

32.0
31.6
19.9
31.0

119
26.9
20.5

361
81.3
10.0

25JUL85
26AUG85
030cT85
310CT85
12DEC85
21J4il86
25FE886
21ltAR8E
25APR8E
28IAY80

12.
55.
3E.
39.
52.

137
36.
27.

2,000
102
38.

19JUil85
O1AUG85
27AUC85
010cT85
01ll0 v8 5
13DEC86
22JAll80
24FEB8E
21llAR86
21APR80
28TAY8E

(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

(
(
(
(
(

(
(
(
(
(

(
(

(

(
(
(
(

(
(

(
(

(
(
(
(
(

(
(
(
(

(
(

(
(

100 199-H3-1

199-t{1-3

199-H4-1

199-l{1-5

199-H4-6

93.
13.
56.
35.

822
52.
26.

133
15.
26.

01AUG85
26AUC85
010cT85
01il0v85
12DEC85
21JA[86
24FEB8E
21lIAR80
21APR86
28IAY86

25JUL8626JUL85 1
26JUL86 225JUL85 3
26AUG85
20AUG85 1
20AUG86 2
26AUG85 3
010cT85
310CT86
12DEC85
21J4il80
25FEB8E
25llAR86
21APR86
28ttAY8E

G.22



RCRA Corpliancc Ground-f rtcr llonitorinq Drta
Solrr Eviporetion Basins, Junc 1985 to-llay 1986183-H

TAgLE G.3

Const ituent
Code Abbrev Uni

c69 T0C PPB

Rar Datr,
Dctcct i

bs L ir it

Constitucnt List = Contrrination Indicators
on

fcll Drtc Rcp Lab Concentretion
1000 199-H3-1

199-H1-3

199-H4-f

199-H{-5

199-H1-6

1,560( 900
1,070
1,330
1,440
1,600
2,160
2,130
2,100
1,100
2,000
1,890
1,800
1,830
1,880
4,300
1,030

21J U ll8 5
24JUN85 1
21JUN86 2
01AUG86
01AUG85 1
01AUC86 2
27AUG85
27AUG85 1
27AUC86 2
030cT85
310CT85
13DEC85
22J41{86
26FEB8E
24llAR80
25APR86
28ltAY86

1,560
2,490
5;730
1,610
8,990
4,090
6,580
I,250
6,570
4,640
1,870

19JUN85
ll1AUG85
27AUG85
010cT85
01t{0v85
130EC85
22JAN86
21FEB86
21ltAR88
21APR80
28[AY8E

2,970
4,490
9,210
3,980
2,630
1,350
2,7t0
2,670
5,740
1;010

01AUG85
2EAUG85
010cT85
0llr0Y86
12DEC86
21JAil6E
24FEB8E
21TAR8E
2IAPR8E
28llAY80

1,120
1,070
1,300

870
1,030

330
900

1,200
1,080
1,210
1,400

822
1,630
1,320
a,720

905

25JUL8625JUL85 1
25JUL86 2
25JUL85 3
28AUG86
26AUG85 1
26AUG86 2
26AUG8s 3
010cT85
310CT85
12DEC85
2lJAt{86
25FEB86
25[AR86
21APR86
28IAY80

(

(
(

(

(

(
(

(

997
1,610

405
807

1, il 80
964

2,460
1,870
1,370
1,030

25JUL85
2EAUG85
030cT85
310CT85
12DEC85
21J41{86
25FEB8E
21UAR86
26APR86
28llAY86

G.23



Data
llat 1988

Dttt, Constitucnt List = Drinking fater Standtrds

Corpl iancc Ground-fatcr llonitoring
Eviporrtion Basins, Junc 1985 to

RCRA
183-H Solar

TABLE C.3 Rar

itucnt
rev Un its

Dctcct ion
Lirit

Cons!
Code Abb fcll Drtc Rcp Lab Conccntrrtion

199-ll3-1

199-H1-3

3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

3.00
23.0
3.00
1.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

l9JUt{88
0lAUG86
26AUG85
010cT85
01N0v85
12DEC85
21JAN80
24FEB8O
21ttAR86
21APR8O
28ltAY80

3.
23.
3.
3.
3.
3.
3.
3.
3.
3.
8.

19JUlt86
01AUG85
27AUC85
010cT85
01il0v85
13DEC85
22JAN88
21FEB86
21llAR86
21APR86
28ltAY86

3.
1.
3.
3.
3.
3.
3.
3.
3.
3.
3.

19JUll85
26JUL85
2EAUG85
030cT85
310CT86
12DEC85
21JAt{86
25FE88E
21lIAR8E
25APR86
28llAY86

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(

(
(
(
(
(
(
(
(
(

(

(

3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(

(
(
(
(
(
(
(
(
(

21JUN85
24JUll8t 1
24JUll85 2
O1AUG85
01AUG85 I
0 r AUGS 6 2
27AUG85
27AUG85 1
27AUG8 6 2
030cT85
310CT86
13DEC85
22JAN88
2 5FEB88
21llAR86
25APR8E
28llAY8E

109 COLIFRIT UP}I

00
u
00
00
00
00
00
00
00
00
00

21JUll85
21.1UN85 I21JUN86 2
2lJUt{85 3
26JUL85
26JUL85 126JUL86 2
25JUL85 3
26AUC85
26AUC86 1
28AUG8 6 2
20AUG85 3
010cT85
310CT85
12DEC86
21JAN86
26FEB86
26ltAR86
24APR80
28llAY86

199-l{1-1

199-H4-5

199-H1-E 00
00
00
00
00
00
00
00
00
00
00

G.24



183-H

TABLE G.3

Const ituent
Code Abbrev Uni

111 EETA PCr/L

RCRA Corpliancc Ground-f atcr llonitoSolar Evrporation Brsins, Junc 1985

Rar Data, Constitucnt List = Dri
on

f c I I

199-H3-1

Datc

199-H1-3

199-l{4-4

199-l{1-5

199-H1-6

G.25

rino Data
to-llay 1986

nking fatcr Standards

Rcp Lab Conccntrrtion
Dctcct i

ts L ir it
11.8
8.10
8.12

10.2
1L2
11.0
15.0
8.12

11.8
11.1
11.4
11.8
L3 .2
10.0
8.33

13. 1
18. 1

2lJUl{86
24JUt{86 1
21JUl{85 2
O1AUG85
01AUG85 1
01AUG8S 2
27AUG85
27AUG85 1
27AUG8E 2
030cT85
310CT85
13DEC85
22JAil86
25FEB86
21ltAR80
25APR80
28llAY86

783
112
510
510
611
090
976
836
977
987
160

291
340
381
267
289

18.9
219
237
173
29. I

159

19JUl{85
lt1AUG85
20AUC85
010cT85
011{0v86
12DEC86
2lJAl{86
21FEB8O
21llAR86
23APR86
28llAY80

0.81
6.53
6.12
6.81

22 .2
5.42
8.84
7.73
7.05
9.11

10.2
6.29
0.11
7.f 2

03.6
11.2

7 .29
1.59
5.70

23 .1

7.08
7.81
7.70
7.79
8.93
6.81
7 . t1
7 .15

10.0
9.52

22 .1

19JUl{85
25JUL85
2EAUC85
030cT85
310CT85
12DEC85
21JAN8O
25FE886
21ltAR86
25APR86
28IAY80

1,

t,

19JUil85
01AUG85
27AUG8E
010cT85
01il0v85
13DEC85
22JAt{8E
21FE880
21llAR80
23APR8E
28ltAY86

2lJUt{85
21JUil85 1
21JUil86 2
24JUil85 3
25JUL8525JUL85 1
25JUL86 2
25JUL85 3
20AUC85
2EAUG85 1

26AUC8 6 2
26AUG85 3
010cT85
310CT85
12DEC85
2lJAt{86
25FEB86
25UAR86
23APR86
28UAY88



RCRA Corpli.ncc Ground-f atcr llonitoring Data
Solar Evaporation Brsins, Junc 1985 to May 1986

Rar Data, Constitusnt List = Drinking fater Standards
183-l.l

TABLE G.

Const ituent
Code Abbrev Un

Dctcction
Lirit

3

its
0.021
0.088
0.128
0.000
0.000
0.086

-0.016
0.043

-0.016
0.091
0.097
0.000
0.123
0.040
0.070
0.162
0.039
0.315

-0.030
0.111
0.110
0.201
0.081
0.131
0.187
0.201
0.276
0.312

19JUll86
01AUG86
27AUG86
010cr85
01}t0v85
13DEC85
22JAil86
21FEB86
21ltAR86
23APR8E
28llAY8E

0.277
0.111
0.27L
0.083
0.015

-0.063
-0.018
0.080

-0.055
0.052

-0.002

19JUN85
01AUG86
20AUC86
010cT85
01t{0v86
12DEC85
21JAlt86
24FEB8O
21ttAR86
23APR8E
28ttAY86

0.259
-0.0s0
-0.025
0.011
0.076
0.017

-0.038
0.007
0.126

-0.015
0.011

-0.018
-0.015
0.070
0.073
0.052
0.023
0.019
0.070
0 .063

0.195
0.095
0.105

-0.100
-0.073
-0.098
0.126
0.181
0.121
0.031
0.117

19JUil85
25JUL85
26AUG85
030cT86
310CT85
12DEC85
21JAN86
25FEB86
24ltAR86
25APR88
28IlAY86

fell Datc Rcp Lab Concentration
199-H3-1

199-ll1-3

199-H1-1

199-l{4-5

199-H4-6

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(
(
(

(
(

(

(

(
(
(
(
(
(
(
(

(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

2lJUr{N6
24JUN85 1
21JUN86 2
01AUC86
01AUC85 1
01AUG86 2
27AUG85
274U085 1
27AUG86 2
030cT05
310CT85
13DEC85
22JAl{80
25FEB86
21llAR86
25APR86
28ltAY8E

181 RADIUI' PCI/L

21JUll85
21JUll86 1
21JUll85 2
21JUil86 3
25JUL85
25JUL85 126JUL86 2
25JUL86 3
26AUG85
20AUG85 1
2EAUG85 2
2EAUG85 3
010cT8s
310CT86
12DEC85
21JAlt86
25FEB8O
25IAR86
23APR80
28llAY86

G.26



RCRA CorDli.ncc Ground-f atcr llonitorino DataSolar Eviporation Ersins, Junc 1985 t,o'tlay 1986

Rrr Datr, Constitucnt List = Drinking fatcr Standerds

183-H

TABLE G.3

Const itusnt
Code Abbrev Uni

2L2 LOALPHA PC

Dctcct ion
Lirit fcll Drtc Rcp Lab Conceniration

199-H3-r

199-l{1-3

199-H4-1

199-H4-5

tg
TIL 3. E7

3.65
0.930
8.54
5.63
0.57
1.03
1.87
1.33
2.70
8.03
7.39
8.18
7.31
E.99
1.88
6. E0

21JUil86
21JUil85 1
2lJUt{85 2
|l1AUG85
01AUG85 1
01AUG86 2
27AUG85
27AUC06 1
27AUG85 2
030cT85
310CT85
13DEC85
22JAll80
25F8886
24IAR80
25APR8E
28llAY86

40.9
110
77.8
E5.9
7f .6
10.0
38. I
65.9
54.7
9.68

11.1

19JUNO5
lt1AUG85
20AUG85
010cT86
01il0v85
12DEC85
2lJAt{86
21FEB8E
21llAR88
23APR86
28llAY86

1.80
1.79
0.112
0.811

26.6
1.67
1.38
2.76
3.18
3.76
2.E2
3.00
1.09
2 .27
4.91
3.29
1.30
0.821
1.36
6.08

119
198
173
171
308
297
181
207
2L7
802
637

19JUil85
01AUG85
27AUG85
010cT85
01N0v85
13DEC86
22JAil86
21FEB88
21llAR86
23APR86
28TAY8O

1.
1.
2.
1.
2.
1.
2.
2.
2.
6.
8.

19JUl{85
25JUL85
26AUC85
030cT85
310CT85
12DEC85
21JAt{86
25FEB8O
21lIAR86
25APR86
28IAY86

24JUt{85
21JUN86 1
21JUN85 2
2lJUt{85 3
26JUL85
26JUL85 I
25JUL8E 2
26JUL85 3
2EAUG86
2EAUC05 1
26AUG8 6 2
26AUC85 3
010cT85
310CT86
12DEC85
21J4il80
25FE88E
25llAR86
23APR86
28llAY80

67
39
t9
15
19
19
81
60
55
03
67

199-H1-6

G.27



RCRA Corpliancc Ground-f atcr llonitoring Data
Solar Evaporation Basins, Junc 1985 to llay 1986

3 Rar Datr, Constitucnt List = Drinking latcr Standards
183-H

TABLE G.

Const ituent
Code Abbrcv Un its
AO8 BARIUTI PPB

Dctcct ion
Lirit fcll Drtc Rcp Lab Conccntration

199-H3-1

199-l{1-3

50.0
11.0
68.0

175
52.0
53.0
15.0
13.0
15.0
18.0
54.0
65.0
18.0
11.0
51.0
50.0
18.0
11.0

H

1H
2H

H

1H
2H
I
2

113
19.
24.
29.
07.
78,

13S
97.

181
170
218

19JUN86
01AUG85
27AUG85
010cT85
01t{0v85
13DEC85
22JAN80
21FEB86
21llAR86
21APR80
28TAY8E

91.0
100
79.0
70.0
57.0
25.0
11.0
11.0
32.0
31.0
18.0

19JUll85
01AUC86
26AUG86
010cT85
01N0v85
12DEC85
21JAil8E
24FEB86
2lllAR8E
24APR86
28llAY88

50.0
12 .0
60.0
3E.0
01.0
51.0
51.0
62.0
15.0
13.0
16.0
13.0
18. 0
15.0
73.0
39.0
11.0
11.0
12 .0
13.0
18.0

H

1H
2H
3H

H

1H
2H
3H
1
2
3

24JUN85
21JUil86
24JUl{86
24JUil85
25JUL85
25JUL85
25JUL85
25JUL86
2EAUC85
2EAUG85
26AUC85
26AUG85
010cT85
310CT85
310CT85
12DEC85
21JAll86
25FEB86
25ltAR86
21APR86
28rAY86

15.0
31.0
25.0
31.0
32.0
30.0
30.0
37.0
10.0
10.0
39.0

19JUN86
26JUL85
26AUC85
030cT85
310CT85
12DEC85
2rJAt{86
25FEB86
21ltAR80
25APR88
28tAY86

21JUN85
2lJUt{85
21JUl{85
01AUG85
0lAUG85
01AUG85
27AUG05
27AUC85
27AUG85
030cT85
310CT85
310CT85
13DEC85
22JAl{88
25FEB8O
21llAR86
25APR80
28llAY86

0
0
0
0
0

0

199-H1-1

199-H1-5

199-H1-6

G.2B



RCRA Coroliancc Ground-latcr llonitorino DataSolar Evlporation Easinr, Junc 1985 to-tlay 1986

3 Rar Drta, Constitucnt List = Drinking latcr Standrrds
Dctcct ion

its Lirit fcll Drtc Rcp Lrb Conccntrrtion
199-H3-1

199-H1-3

199-H1-1

199-H4-5

183-H

TABLE C.

Const ituent
Codc Abbrev Un

AO7 CADITIUTI PPB 2.00
2.00
2.00
2.00
2.10
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

H

1H
2H

H

1H
2H
1
2

21JUil85
24JUN85
24JUt{85
lt1AUG85
01AUG85
01AUC85
27AUG85
27AUG85
27AUG86
030cT86
310CT85
310CT85
13DEC85
22JAl{86
26FEB88
21llAR86
25APR86
28llAY80

5.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

H

H(
(
(
(
(
(
(
(
(
(

19JUll85
O1AUG85
27AUG85
010cT85
01il0v85
13DEC85
22JAN86
2lFEBOO
21llAR80
21APR86
28ltAY80

2.00
2.00
2.00
4.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

19JUil86
01AUG85
26AUG85
010cT86
01N0v85
12DEC85
21JA!l8E
24FEB8O
21ltAR8!
21APR80
28llAY86

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.00
3.00
2.00
2.00
3.20
2.00
2.00
2.00
2.00
2.00
2.00

13.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(

(
(

(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

H(H(
(

(
(
(
(
(
(
(

H(1H(2H(3l{(
l{(

1l{(
2l{(3H(

(
1(
2
3

0
00
00
00
00
00
00
00
00
00
00

H

t{

21JUt{85
21JUil85
21JUN86
21JUN85
25JUL85
25JUL85
25JUL85
25JUL85
26AUG86
20AUG85
20AUG8s
26AUG85
010cT86
310CT86
310CT86
12DEC86
21JAN86
26FE880
25[4R80
24APR86
28rAY80

19JUN85
25JUL85
26AUC85
030cT85
310CT85
12DEC85
21JAN8E
25FEB86
21llAR86
25APR8O
28ltAY86

199-H4-6

G.29



RCRA CorDlianco Ground-f atcr llonitorinq Data
Solar Eviporation Brsins, Junc 1985 to-llry 1988

o
List = Drinking fatcr Standards

Drtc Rcp Lrb Concentration

183-H

TABLE G.3

Const ituent
Codc Abbrev Uni

AO8 CHRO[IUII PPB

Rar Deta, Constitucnt
Dctcct ion

ts Lirit fcll
10 199-H3-1

199-H1-3

199-H4-1

199-H1-5

199-H4-6

30.0
23.0
21 .0
31.0
51.0
30.0
33.0
30.0
30.0
35.0
35.0
50.0
16.0
81.0
82.0
62.0
17.0
10.0

610
729
883
691
518
86.0

580
571
3E1
115
291

19JUN85
01AUG85
26AUG85
010cT85
01il0v85
12DEC85
21JAN86
24FEB86
21llAR80
21APR80
28llAY86

192
178
1E9
181
117
151
182
508
604
170
513
186
515
s72
591
127
189
192
1E9
165
162

H

1H
2H
3H

H1H
2H
3H
1
2
3

21JUil85
24JUN85
21JUr{85
24JUN86
25JUL85
25JUL85
25JUL85
25JUL86
2EAUC85
28AUC85
2EAUG85
26AUG85
010cT85
310CT85
310CT85
12DEC85
21JAl{80
25FEB8E
25ltAR86
21APR86
28llAY86

20.0
26 .0
28.0
31.0
10.0
35.0
36. 0
{0.0
11.0
{9.0
14.0

19JUN85
26JUL86
28AUC85
030cT85
310CT85
12DEC85
21JAN86
25FEB86
21ltAR86
25APR86
28ttAY86

1,130
1,030

805
788
911
827
812
733
800
832
91E

19JUt{86
01AUG85
27AUG85
010cT85
011r0v85
r3DEC85
22JAN86
24FEB86
24TAR8E
21APR8E
28llAY86

H

IH
2H

H

1H
2H
1
2

21JUll85
21JUlt85
21J U il8 6
ll1AUG86
|l1AUG86
01AUG85
27AUG85
27AUG85
27AUC85
030cT85
310CT85
310CT86
13DEC85
22JAll86
25FEB86
21ltAR86
25APR80
28rAY86

G.30



.ncc Ground-frtcr llonitorinq Data
ration Brsins, Junc 1985 to-Ilry 198E

Congt,itucnt List = Drinking latcr Standards

RCRA Corp li
183-H Solrr Evrpo

TABLE G.3 Rar Drtr,
Const itucnt Dctcct

Codc Abbrev Units Liri
A2O ARSEI{IC PPB

Drtc Rcp Lrb Concentrrtionlc | |

199-l{3-1

199-H1-3

199-H1-1

199-H1-5

199-H1-E

ion
t
5 6.00

5.00
5.00
5.00
5.00
5.00
5.00
6.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

HH(
(
(
(
(
(
(
(
(
(

l9JUt{86
01AUC85
27AUC86
010cT85
01N0v85
13DEC85
22JAil8E
21FEB86
21ltAR86
24APR8O
28llAY80

9.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00

HH(
(
(
(
(
(
(
(
(
(

19JUN85
01AUG86
28AUG85
010cT85
01il0v85
12DEC85
21JAlt86
24FEB88
21ltAR80
21APR86
28llAY80

6.00
5.00
5.00
5.00
0.30
5.00
6.00
5.00
5.00
5.00
7.77
5.00
5.00
6.00

11.0
5.00
5.00
5.00
0.39
5.00
5.00

5.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
s.00
6.00
5.00

H(H(
(
(
(
(
(
(
(
(
(

19JUil85
25JUL85
26AUG86
030cT85
310CT85
12DEC85
21JAll8E
25FEB86
2lllAR8E
26APR86
28IAY80

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

t{
1H
2H

t{
1H
2H
1
2

21JUN85
21JUil85
21JUr{05
01AUG85
01AUG85
01AUC85
27AUG85
27AUC85
27AUG85
030cT85
310CT85
310CT85
13DEC85
22JAN86
25FEB8E
21llAR86
26APR86
28ltAY8E

H

1H
2H
3l{

H

ll{
2H
3H
1
2
3

21JUN86
21JUll85
21JUil85
21JUt{86
25JUL85
25JUL86
26JUL85
25JUL85
20AUC85
20AUG8s
2EAUG85
20AUG85
010cT85
310CT06
310CT85
12DEC85
2lJAt{80
25FEB86
25IAR86
21APR80
28ltAY8E

(
(
(
(
(

(
(
(

(
(
(

(
(

G. 3l



RCRA ConDlianc€ Ground-f atcr llonitorino DataSolar Eviporation Basins, Junc 1985 to-tlay 1986

Rar Drtr,
183-H

TABLE G.3

Const ituent
Codc Abbrev Uni

421 IIERCURY PPB

Constitucnt
on

f c | |

199-H3-1

199-Ht-3

199-H4-1

199-H1-5

199-H1-6

Lict = Drinking fatcr Standards

Drtc Rcp Lab Concentration
Dctcct i

ts Lirit
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0. r00
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

(

(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

0.100
0.100
0.100
0.100
5.20
1.30
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
1.90
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

H(
H

(
(
(
(
(
(
(
(
(

19JUN85
01AUC86
27AUC86
010cT85
01il0v85
13DEC85
22J4il80
21FEB8E
24IAR86
21APR80
28ltAY8E

0.100
7 .10
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0. r00
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

H(
H(

(
(
(
(
(
(
(
(
(

19JUN85
25JUL85
26AUC85
030cT85
3t0cT85
12DEC85
2lJAlt80
25FEB86
21[4R86
25APR86
28rAY86

H

1H
2H

H

1H
2H
1
2

24JUil86
21J U ll8 6
24JUN86
O1AUG85
01AUC85
01AUC85
27AUC86
27AUG86
27AUG85
030cT85
310CT85
310CT85
13DEC86
22JAN88
25FEB8O
24IAR80
25APR8E
28ltAY86

19JUN85
ll1AUG85
26AUG86
010cT85
01t{0v85
12DEC85
21J4il86
24FEB8E
21llAR86
24APR86
28rAY88

H

1H
2l{
3H

H

1H
2H
3H
I
2
3

21JUN86
2{JUt{85
24JUll85
21JUN85
25JUL85
25JUL85
26JUL86
25JUL86
20AUC85
20AUC85
2EAUG85
26AUG85
010cT86
310CT85
310CT85
12DEC85
21JAN8E
25FE886
25ltAR86
21APR80
28llAY86

H

H

G.32



-fatcr Ionitoring Drta
rs, Junc 1985 to llay 1988

Data, Constitucnt List = Drinking fatsr Standards
Dctcct ion

Lirit lcll Drtc Rcp Lab Conccntration
5 199-l{3-1

199-H1-3

199-H4-1

Corpliancc Ground
Evaporation Brsi

RCRA
Solar

Rar

183-H

TABLE G.3

Constituent
Code Abbrcv Units
422 SELET{UU PPB

00
00
00
00
00
00
00
00
00
00
00

5.00
5.00
5.00
5.00
5.00
5.00
5.00
E.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
6.00
6.00
6.00

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

6.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00

H(H(
(
(
(
(
(
(
(
(
(

19JUN85
01AUG85
27AUG85
010cT85
01t{0v85
13DEC8s
22JAN86
21FEB88
21ltAR88
21APR80
28IAY80

5.00
5.00
5.00
5.00
5.00

15.0
10.0
5.00
5.00
s.00
s.00
5.00
5.00
5.00
5.00
s.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

H(
H(

(
(
(
(
(
(
(
(
(

l9JUll8s
26JUL85
26AUG85
030cT85
310CT85
l2DEC85
21J41{86
25FEB86
2lllAR8E
25APR86
28IAY86

(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(

H

l{

l{
1H
2H

H

1H
2H
1
2

H

1H
2H
3H

H

1H
2H3H
1
2
3

24JUlt86
21JUll85
24JUN85
01AUG85
01AUG85
01AUA86
27AUG85
274U085
27AUC85
030cT85
310CT85
310CT85
13DEC85
22J4il86
25FEB86
24IAR86
2EAPRSO
28IAY86

19JUt{86
01AUG85
2EAUG85
010cT85
01il0v86
12DEC86
21JAN86
2,lFEB86
21ltAR80
2rAPR86
28llAY86

24JUl{85
21JUN86
2{JUlt85
21JUl{85
25JUL85
26JUL85
26JUL85
26JUL86
26AUC86
264U085
26AUG85
2EAUG85
010cT86
310CT86
310CT85
12DEC85
2lJAt{86
25FEB86
25IAR86
21APR80
28IAY88

199-l{1-5

199-H1-6

G.33



183-H

TABLE C.3

Const ituent
Code Abbrev Uni

A51 LEADGF PPB

Ground-frtcr Ionitorinq Data
on Basins, Junc 1985 to-llay 1988

RCRA Corpliancc
Solrr Evrporati

Constituont Lict =

on
lcll Datc

199-H3-1

199-H4-3

199-H4-1

190-Hr-5

199-H1-E

Drinking fatcr Standards

Rcp Lab Concentration

Drtr,
Dctcct i

Liritts

Rar

5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
t.00
5.00
s.00
5.00
5.00
5.00

5.10
6.00
5.00
5.00
5.00
s.00
5.00
5.00
5.00
5.00
5.00

19JUN86
01AUG86
27AUG85
010cT85
01il0v85
13DEC85
22JAil88
21FEB86
24IARA6
21APR80
28ltAY86

5.00
5.00
5.81
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

l9JUl{85
01AUG86
26AUG86
010cT85
01il0v85
12DEC85
21JAN86
21FEB86
21IAR8E
21APR86
28lIAY8E

5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
5.00
5.00
5.00
5.00
5.00
5.00
0.000
5.00
5.00
5.00
5.00
5.00
5.01

I
2
3

1

2
3

1
2
3

5.00
5.00
5.00
5.00
s.00
s.00
5.00
5.00
5.00
5.00
5.00

19JUN85
25JUL85
26AUG85
030cT85
310CT86
12DEC85
21JAN86
25FEB86
211/4R86
25APR8E
28ltAY86

(
(
(
(
(
(
(
(
(
(
(

l{(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

(
(

(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(

H(
(
(
(
(
(

I
2

1
2

1
2

24JUll85
24JUt{85
24JUl{85
01AUC06
01AUG85
01AUG86
27AUG85
27AUG85
27AUG85
030cT86.
310CT85
310CT86
13DEC86
22JAN8E
25FEB8E
21UAR86
25APR80
28llAY8E

24JUil86
24JUil85
21JUl{85
24JUll85
25JUL85
25JUL85
25JUL85
25JUL85
20AUC05
26AUG85
26AUG85
20AUG85
010cT86
310CT85
310CT85
12DEC85
2lJAt{86
26FEB8E
25IAR86
21APR86
28ltAY86

(
(
(
(
(
(
(
(
(
(
(

G. 34



RCRA CorD I i.ncc Ground-fat,cr llon i tor i no Data
Solar Eviporrtion Ersins, Junc 1985 to-ilay 1980

Rar Data, Constitucnt
Dctcction

ts Lirit fcll

List = Drinking fatcr Standards

Drtc Rcp Lab Concentrrtion
500 199-H3-t

183-H

TABLE G.3

Constituent
Code Abbrev Uni

C72 NITRATE PPB T
,000
,000
,100
,300
,500
,700
,000
,800
,600
,500
,100
, il00
,600
;200
,100
,900

21JUt{85
24JUl{85 I
21JUll86 2
01AUG85
01AUG86 1
01AUG86 2
27AUG85
27AUC86 1
27AUG8 6 2
030cT86
310CT85
13DEC85
22JAt{80
25FEB86
21ltAR86
25APR88
28llAY86

1,350,000
621,000
427,000
418,000

1,040,000
816,000

2,g3[l,[l[l0
1,000,000
1,940,000
1,590,000
2,890,000
1,300,000

510,000
444,000
378,000
392,000

23,300
225,000
259,000
200,000
38,700

125,000

19JUll85
01AUC85
26AUC85
010cT85
01N0v85
12DEC86
21J4il88
24FEB86
21uAR86
24APR8O
28llAY86

15,000
15,000
15,800
14,500
23,000
22,500
25,100
24,500
23,900
25,900
26,000
23,000
21,000
19,300
19,600
19,900
21,600
22 ,300
22 ,100
26,000

21JUt{85
21JUN86 1
21JUtf86 2
21JUN85 3
25JUL86
25JUL85 1
25JUL8E 2
25JUL85 3
20AUG85
26AUG85 1

20AUG8 6 2
26AUG86 3
010cT8s
310CT85
r2DEC85
21JAl{86
26FEB86
25ltAR86
21APR86
28IAY86

15,000
20,100
19,300
18,800
22,900
29.200
27 

" 

100
< 29,500

31,100
28,100
30,100

19JUt{85
25JUL85
28AUG85
030cT85
310CT85
12DEC8s
21JAll8E
25FEB8E
21ltAR86
25APR86
28ttAY80

E|l
58
79
68
67
05
68
09
61
72
17
52
7L
71
54
52

19JUl{85
01AUG85
27AUG85
010cT85
01il0v85
13DEC85
22J4il86
21FEB8E
21ltAR86
21APR88
28rAY86

199-H1-3

199-H4-1

199-H1-5

199-H1-0

G.35



RCRA CorDl iencc Ground-latcr llonitorino Detr
183-H Solrr Eviporrtion Brsins, Junc 1985 to-May 1986

TABLE G.3 Rar Drtr, Constituent List = Drinking fatcr Standrrds
Constituent Dctcction

code Abbrev units Lirit fcll Drtc Rep Lab conccntrrtion
C71 FLUORID PPB 500 199-H3-1

199-H1-3

199-H1-1

199-H4-5

199-H1-6

tl
500
500
550
500
630
500
500
500
500
500
500
531
702
052
500
500

24JUN86
21JUN86 121JUN85 2
01AUG85
01AUC85 I
01AUG85 2
27AUC85
27AUG85 1
27AUG8 6 2
030cT85
310CT86
13DEC86
22JAil6E
25FEB8O
24IAR80
25APR86
28llAY86

1,300
500
500
500
500
500

1,330
1,510
1,960

500
500

19JUil86
01AUG86
27AUG86
010cT86
01N0v85
13DEC85
22JAN86
21FEB86
24llAR86
24APR86
28IlY80

500
700
500
500
500
500
667
896
058
500
s00

500
500
500
500
810
780
760
710
500
500
500
500
500
500
500
500
500
500
500
500

500
730
500
500
500
500
500
500
507
500
500

l9JUt{85
25JUL85
20AUG85
030cT85
310CT85
12DEC85
2lJAr{80
25FEB8O
21UAR86
25APR86
28ltAY86

(
(
(

(

(
(
(
(
(
(

(
(
(
(

(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(

(

(
(
(
(
(
(

(
(

(
(

(
(
(
(

19JUt{85
01AUG85
20AUG86
010cT8s
01il0v85
12DEC86
21JAl{86
21FEB8O
21ltAR86
24APR8O
28IAY86

21JUil85
21JUN86 1
24JU1{85 221JUr{86 3
25JUL86
25JUL85 125JUL86 2
25JUL85 3
2EAUG85
2AAUG86 1
2EAUG8 6 2
20AUG85 3
010cT85
310CT86
12DEC85
21JAN86
25FEB8O
25UAR88
21APR8E
28IAY86

G.36



183-H

TABLE G.3

Const ituent
Code Abbrev Uni

All SODIUII PPB

RCRA Corpliancc Ground-f I
Solar Evrporation Brsins,

Rar Drta, Constitucnt Li

ino Data
to-Ilay 1986

st = Quality Charrctcristics

Drtc Rcp Lab Conccntretion

tcr llon itor
Junc 1985

Dctcct ionts L ir it
19,900
15,700
15,100
22,000
19,500
18,200
18,700
17,500
17,800
19,500
23,000
22,600
19,900
19,200
21,000
20,800
19,500
1e;200

396,000
207,000
225,000
226,000
370,000
375,000
447,000
355,000
508,000
5,1 2,000
638,000

19JUll85
01AUG85
27AUG86
010cT85
01110v85
13DEC85
22JAN80
21FEB86
21llAR86
24APR86
28TAY86

1,1 8,000
189,000
193,000
168,000
168,000

18,300
113,000
116.000
101;0oo
20,900
48,000

19JUt{85
01AUG85
2EAUG85
010cT85
01il0v85
12DEC85
21JAN86
24FEB88
21llAR80
21APR8E
28IAY86

8,800
8,880
9,230

10,600
9,000
8,890
9,440
9,8E0
8,200
8,710
8,100
8,370
8,900
I,780

10,300
9,920
9,720
8,630
8,730
8,550
9,300

18,200
18,000
16,700
17,300
18,400
19,300
17,200
22,300
22 ,500
20 ,7 00
20,000

l9JUl{85
25JUL85
26AUG85
030cT85
310CT85
12DEC86
21JAN88
25FEB86
21llAR86
25APR86
28llAY86

H

H

H

H

H

l{

H

H

H

H

H

H

H

H

24JUl{85
21JUll85 1

21JUlf86 2
01AUG85
01AUG85 1
01AUG86 2
27AUG85
27AUG85 1
27AUC8 6 2
030cT85
310CT85
310CT85 S
13DEC85
22JAN86
25FEB86
24IAR86
25APR86
28llAY80

21JUN8624JUl{85 1
24JU]t86 2
21JUN86 3
25JUL85
25JUL86 1
25JUL86 2
25JUL85 3
26AUG85
26AUG85 1
20AUG8S 2
20AUG85 3
010cT85
310CT85
310CT85 S
1 2 D EC 8 6
21J4il86
2 5FEB86
25[4R80
21APR86
28rAY86

f c | |

1t9-H3-1

199-H1-3

199-H4-4

199-H4-5

199-H1-6

100

G. 37



RCRA Conpl iance Ground-tatcr llonitoSolar Eveporation Easins, Junc 1985

Rar Data, Constitucnt List = qua

r ing Drta
to llay 1986

lity Characteristics

fcll Datc Rcp Lab Concentrrtion
199-H3-1

199-l{4-3

199-H4-1

Dctcct ion
ts L ir it

183-H

TABLE C.3

Const ituent
Code Abbrev Uni

AT7 IIANGESE PPB 34.0
21 .0
5.00
5.00
8.50

21.0
6.00
5.00
5.00
5.00
5.00

tl.0
5.00
5.00
5.00
5.00
5.00
5.00

30.0
8.50
5.00
6.00
5.00
8.00
5.00
6.00
5.00

11.0
12.0

19JUN85
01AUG85
27AUC85
010cT85
01t{0Y85
13DEC85
22JAl{8E
21FE886
21llAR86
21APR8E
2OTAY88

5.00
16.0
6.00
5.00
5.00
6.00
s.00

15.0
5.00
5.00
5.00
5.00
5.00
6.00
5.00
6.00
5.00
6.00
5.00
s.00
5.00

10.0
12.0
32.0
18.0
61.0
19.0
01.0
76.0
71.0
58.0
53.0

19JUN86
25JUL85
20AUC85
030cT85
310CT86
12DEC85
21JAll86
25FEB86
21llAR86
25APR80
28[4Y86

5.
5.
5.
7.
6.
5.
5.
5.
5.
5.
5.

H(
H(

(

(
(
(
(
(
(
(

19JUil86
01AUC85
26AUG86
010cT85
01N0v85
12DEC85
21JAil8E
21FEB8O
21ltAR80
21APR86
28uAY86

(
(

(
(
(
(
(

(
(
(
(
(
(

(

(

(

(

(

(
(
(
(
(

(
(
(
(
(
(
(
(

H

1H
2H

H

1H
2H
1
2

24JUt{85
2rJUt{85
21JUl{85
01AUG85
O1AUG86
01AUG85
27AUC86
27AUG86
27AUG85
030cT85
3l0cT85
310CT86
13DEC86
22JAll80
25FEB8E
21llAR86
25APR8E
28IAY86

t{
1H2H
3H

H1H
2H
3H
I
2
3

21JUll85
21JUll85
24JUlt85
21JUt{85
25JUL85
26JUL85
26JUL85
25JUL85
26AUG85
2EAUG85
26AUC85
26AUG85
010cT85
310CT85
310CT85
12DEC85
21JAil8E
25FEB86
25[4R86
21APR86
28ltAY86

00
00
00
00
00
00
00
00
00
00
00

199-H1-5

199-H4-0

G. 38



RCRA Corpliancc Ground-f atcr llonitoring Data
Solar Evaporrtion Besins, Junc 1985 to llay 1986

Rar Drta, Constituent List = Quality Characteristics
183-H

TABLE G.3

Constituent
Code Abbrev Uni

A19 IR(lN PPB

Drtc Rcp Lab Conccntrat ion
Dctcction

ts Lirit fsll
581
132
184
380
23s
158
50.0
50.0
50.0
55.0
50.0

173
50.0
50.0

398
50.0
50.0
94.0

H

1H
2H

H

1H
2H

(
1(
2

(
SH

(
(

(
(

21JUN85
24JUl{85
21JUN86
01AUC85
01AUC85
01AUG85
27AUG85
27AUG85
274U085
030cT85
310CT85
310CT85
13DEC85
22JAt{88
25FEB86
21ltAR80
25APR86
28IAY80

E87
371
143
80.0
97.0

362
59.0

173
50.0

410
408

110
891
167
010
300
87.0
76.0

800
60.0
60.0
s0.0

165
1,'160

101
139
91.0

196
256
599
207
66.0

300
60.0

271
5r.0
89.0

778( 50.0( 50.0( 50.0( 50.0( 50.0

H

1H2t{
3H

H

1H
2H
3H
I
2
3

21JUil85
24JUll85
24JUr{85
24JUt{85
25JUL85
25JUL85
25JUL85
25JUL85
26AUG85
2EAUG85
2EAUG85
2EAUC85
010cT85
310CT85
310CT85
12DEC85
21J4il80
25FEB86
25ltAR86
21APR86
28ltAY86

617
399
282
286
276
184
287
202
199
291
302

19JUN85
25JUL85
26AUG85
030cT86
310CT85
12DEC86
21J4il86
25FE886
21ltAR86
25APR86
28llAY86

H

H

19JUil85
01AUG86
27AUG86
010cT85
0il{0v85
13DEC86
22JAt{80
24FEB8E
24llAR86
21APR86
28llAY86

19JUt{85
01AUG85
20AUG85
010cT85
01il0v85
12DEC85
21JAN86
21FEB88
21ltAR80
21APR8E
28llAY86

50 199-H3-1

199-H1-3

199-H1-l

199-H1-5

199-l{1-6

1,

2,

(
(
(

G.39



RCRA
183-H Solar

TABLE G.3 Rar

Const ituent
Code Abbrev Units
C73 SULFATE PPB

Corpl iance Ground-fatcr llonitoring
Eviporation Balins, Junc 1t85 to
Drta, Constitucnt Li st = Quality

Drtc Rcp

500

f c | |

199-H3-1

199-H1-3

199-l{1-1

199-]11-5

199-H1-E

Datatlat 1986

Characteristics

Lab Concentration
Detcct ion

Lirit
(ll

59,500
59,000
79,000
97,300
67,100
63,900
66,100
68,000
08,800
86,200
52,600
59,700
76,300
92,900
95,900
58,300

21JUl{85
24JUll66 1
24JUN85 2
01AUG86
01AUG85 1
01AUG86 2
27AUG85
27AUG85 1
27AUG8 6 2
030cT85
310CT86
13DEC86
22JAN80
25FEB86
21llAR86
25APR86
28llAY86

115,000
89,900
78,400
7 2 ,100

110,000
97,900

122,000
113,000
153,000
328,000
222,000

19JU1{85
01AUC85
27AUG85
010cT85
01r{0v85
13DEC85
22JAN80
21FEB8O
21UAR8E
21APR86
28IAY8E

70,000
84,100
81,100
80,900
83,900
28,900
E0,200
59,700
60,900
33,100
17 ,109

19JUN85
01AUG85
2EAUC86
0l0cT85
01t{0v85
12DEC85
21JAil88
24FEB8O
21llAR80
21APR86
28llAY88

30,000
31,000
29,000
29, 0 0 0
39,700
39,700
44,000
f2,800
41,300
44,500
15,300
40,000
40,200
43,900
37,300
38,000
39,400
39,500
38,000
42,500

21JUt{85
24JUil85 12lJUt{85 224JUlt85 3
26JUL85
25JUL86 I25JUL86 2
25JUL85 3
20AUG85
20AUG85 I
2EAUC8 6 2
26AUG85 3
010cT85
310CT85
12DEC85
21JAN86
25FEB86
26IAR86
21APR86
28llAY86

,000
,000
,800
,900
,900
,200
,200
,900
,500
,300
,000

19JUil85
25JUL85
2EAUG85
030cT85
310CT85
12DEC85
21JAt{8E
25FEB8O
21llAR86
25APR86
28IAY8E

10
15
13
43
17
13
50
68
7A
78
76

G. 40



RCRA
183-H Solrr

TABLE C.3 Rar Drta,
Const ituent Dstcct

Code Abbrev Units Liri
C75 CHLORID PPB 500

Constitucnt List = Quality

fcll Drtc Rcp

199-H3-

i

199-H,l-3

199-H4-1

199-H1-6

199-H1-8

Charactcristics

Lrb Conccntret

ino Drtato-llay 1986
Corpliancc Ground-f atcr llonitor
Evrporation Brsinr, Junc 1986

I on
t I on

(ll
8,200
5,900
9,200
9,600
8,200
9,210
7,090
8,240
8,570
7,760
8,380
9,090
8,880
9,460
9,040
8,700

| 21JUt{85
24JUil85 1
21JUN85 2
01AUG85
01AUG85 1
01AUG86 2
27AUG85
27AUG85 1

27AUG8 5 2
030cT85
310CT85
13DEC85
22JAN8E
25FEB8E
24IAR8E
25APR80
28lIAY8E

000
100
570
050
100
190
990
020
730
870
960

19JUN85
01AUG85
27AUG86
010cT86
011'l0v85
13DEC85
22JAt{88
21FEB8O
24llAR80
21APR86
28IAY8E

4,000
6,300
5, 190
5,030
4,540
2,920
3,710
1,520
1;7 60
3,490
4,440

19JUt{05
|l1AUG65
20AUC85
010cT05
01N0v85
l2DEC85
21JAl{86
2fFE886
21lIAR86
21APR86
28llAY86

2,790
2,800
2,600
3,000
4,100
4,100
1,500
5,500
4,300
3,890
3,830
3,690
4,160
3,580
3,550
3,450
4,050
t ,210
3,930
4,100

21JUN85
24JUil85 1
24JUN86 2
21JUll85 3
25JUL8625JUL86 1
25JUL86 2
25JUL85 3
26AUC85
2EAUG86 1
2EAUG86 2
26AUC86 3
010cT85
3l0cT85
12DEC85
21J4il86
26FEB86
25llAR86
24APR86
28IAY86

4,000
5,400
6,280
6,170
5,500
5,790
6,930
8,210
8,980
9,000
9,000

19JUll85
25JUL85
26AUG85
030cT85
310CT8s
12DEC85
21JAN86
25FEB8E
21ttAR80
25APR86
28IAY86

0,
7,
1,
5,
5,
5,
E,
6,

3:
8,

G. 41



RCRA CorDliance Cround-f atcr llonitorino Data
183-H Solar Evlporation Basins, Junc 1985 to-May 1986

TABLE G.3 Rar Data, Constitucnt List = Site Specif ic
Const ituent Dctect ion

Code Abbrev Units Lirit fcll Datc Rsp Lab Conccntrrtion
AO3 STRONUU PPB 300 199-H3-1

199-H1-3

199-H1-1

19S-H4-5

199-H1-6

104
356
382
300
300
300
s00
416
419
449
513
300
1L2
4'l 0
482
4E6
123
120

H

1H
2H

H(1r{(2H(
(

1
2

158
300
300
300
300
30s
560
391
701
651
9E8

300
300
300
300
300
300
300

300
300
300
300
300
300
300
300

300
300
300
300
300
300
300

01t{0Y85 (
12DEC85 (
21J4il80 (
21FEB8E (
21llAR86 (
21APR80 (
28llAY86 (

310CT85 (
310CT85 S !t (
12DEC85 (
21J4il80 (
26FEB8E (
25llAR86 (
24APR80 (
28IAY8E (

310CT86 (
12DEC85 (
21J4il80 (
26FEB8E (
21IAR86 (
25APR86 (
28llAY86 (

H

H(
(
(
(

21JUil85
24JUN85
24JUil85
01AUG85
01AUG85
01AUa86
27AUG86
27AUG86
27AUG86
030cT86
310CT85
310CT85
13DEC86
22JA[86
25FEB86
24llAR80
25APR80
28llAY8E

19JUt{86
01AUG85
27AUC85
010cT85
01il0v85
13DEC85
22JAt{86
24FE886
21ltAR80
24APR8E
28IAY86

G.42



183-H

TABLE C.3

Const ituent
Codc Abbrov Uni

401 ZINC PPB

RCRA Corpliancc
S o I a r Ev a p o r a t i

Rar Drta,
Dctcct

ts L ir i

ing Data
to llay 1986

Spec if ic

Ground-fatcr llonitor
on Basins, June 1985

H

H

H

H

H

H
(
(
(
(
(

H

(
(
(
(

H

H

18.0
8.00
8.00

133
30.0
27 .0
5.00
6.00
5.00
6.00
5.00

10.0
5.00
5.00
5.00
5.00
5.00
5.00

24JUN85
21JUil86 1
21JUN86 2
01AUG86
01AUG86 1
01AUG86 2
27AUG85
27AUG85 1
27AUG8 6 2
030cT85
310CT85
310CT85 S

13DEC85
22JAN86
25FEB8O
21IAR80
25APR86
28llAY88

12.0
20.0
5.00
5.00
5.00
5.00
5.00
5.00
5.00
6.00
6.00

(
(
(
(
(
(
(
(

19JUil85
01AUG85
27AUC85
010cT85
01t{0v85
13DEC86
22JAll8E
24FEB86
21ltAR86
24APR86
28ItAY86

Constitucnt List = Sitc
ion
t fell Drtc Rcp Lab Conccntrrtion

199-H3-l

199-H4-3

199-H1-1

199-H1-5

199-H1-6

89.0
38.0
60.0

125
35.0
21.0
42.0
17 .0
71.0
70.0
39.0
38.0
10.0
51.0
60.0

118
133
L32
119
1I'l
162
152

01N0v85
120EC86
21JAN86
21FEB86
21ltAR88
21APR88
28tIAY86

310CT86
310CT85 S H

12DEC85
21JAil80
25FE886
2suAR86
21APR86
28IAY8E

310CT85
r2DEC85
21JAll8E
25FEB86
21llAR8E
25APR8E
28tIAY86

G.43



RCRA CorDliance Ground-f atcr llonitorinq DataSolar Evbporation Basins, Junc 1985 to-May 1986

Rar Datr, Constitucnt List = Site Specif ic
Detcct ion

Lirit f cll Drtc Rcp Lrb Conccntrrtion
H

H

H

H

H

l{

183-H

TABLE C.3

Const ituent
Codc Abbrcv Uni

AO5 CALCIUII PPB

ts
,700
,800
,100
,000
,000
,700
,900
,300
,900
,300
,700
,500
,800
,100
,100
,200
,000
,900

85,400
29,400
15,700
16,300
53,000
54,100

108,000
64,700

122,000
124,000
177,000

l9JUl{85
01AUG85
27AUG86
010cT86
01N0v85
13DEC85
22JAl{80
21FEB86
21llAR86
21APR86
28llAY86

77
67
72
71
76
71
62
60
80
69
88
75
79
83
84
72
76
67

I
2

1
2

1
2

21JUN85
21JUN86
2{JU}.|85
01AUG85
01AUG85
|l1AUG85
27AUC85
27AUC86
27AUG85
030cT85
310CT85
310CT85
13DEC85
22JAl{86
26FEB86
24UAR80
25APR8O
28UAY8E

50 199-t{3-1

199-l{,1-3

199-H4-1

199-H1-6

199-H4-6

41,900
31,200
19,500
28,700
21,400
39,200
46,300

55,900
51,500
44,900
80,000
53,700
5,1 ,200
64,500
64,400

48,800
37,900
45,900
58,000
55,800
56,700
53,700

01il0v85
12DEC86
21JAil86
21FEB8O
21ltAR86
21APR86
28IAY86

310CT85
310CT85 S H

12DEC85
21JAil88
25FEB86
26uAR86
21APR86
28IAY80

310CT85
12DEC86
21J4il86
25FEB8E
24llAR80
25APR80
28llAY86

G.44



ing Drta
to llay 1986

Spcc if ic

Corol irnce Ground-letcr llonitor
Eviporation Basins, Junc 1985

RCRA
183-H Solar

TABLE C.3 Rar

Const ituent
Code Abbrev Units
A12 NIGKEL PPB

Data, Constitucnt List = Sitq

199-H1-3

199-H4-1

199-H1-5

Rcp Lrb Conccntrrtion
10.0
10.0
8.00

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

71.0
32.0
22 .0
2L .0
38.0
39.0
60.0
46.0
80.0
71.0
90.0

19JUt{85
01AUC85
27AUG85
010cT85
01il0v85
13DEC85
22J4il86
24FEB86
24IAR86
21APR86
28IlAY86

17.0
10.0
18.0
1E.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

H

H(

H

H

H

H

t{
t{

H

H

H

H

t{
H

H

H

1
2

I
2

1
2

s

2lJUt{8521JUil86 12{JUlt86 2
21JU1{85 3
25JUL85
25JUL85 1

25JUL86 2
25JUL85 3
20AUG86
26AUG85 1
26AUG85 2
28AUC8S 3
010cT85
310CT85
310CT85 S
12DEC86
2lJAll86
25FEB8O
25ltAR80
24APR86
28llAY86

Dctcct ion
Lirit fcll Drtc

10 199-H3-1 21JUil05
24JUN85
21JUt{85
01AUG85
01AUC85
ll1AUG85
274U085
27AUG86
27AUG85
030cT86
310CT85
310CT05
13DEC85
22J4il86
25FEB86
24IAR80
25APR86
28ltAY86

19JUr{85
01AUC85
20AUG86
010cT86
01!10v85
12DEC85
21JAN86
21FEB8O
21llAR80
24APR86
28IAY86

19JUl{85
25JUL85
26AUG85
030cT85
310CT85
12DEC85
21JAl{88
25FEB86
21IAR8E
25APR86
28ltAY86

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
('(
(
(
(
(

H

H
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RCRA Corpli.nco Ground-f atcr Ionitoring Drta
183-H Solar Evaporation Brsins, Junc 1985 to llry 1986

TABLE G.3 Rar Drtr, Constitucnt Lict = Sitc Spccif ic
Const ituont Dctcct ion

Code Abbrev Units Lirit fcll Drtc Rcp Lab Conccntrrtion
413 COPPER PPB 10 199-H3-1 .0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

89.0
43. 0
27 .0
37.0
66.0
18.0
55.0
53.0

105
48.0
16.0

19JUI85
01AUC85
27AUC86
010cT85
01.t{0v85
13DEC86
22JAll80
21FEB8E
24IAR86
24APR80
28IAY8E

29.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

19JUll85
01AU086
26AUG85
010cT85
01il0v86
12DEC86
21JAr{80
24FEB8E
21IAR8E
2'APR8E
28IAY86

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
,0
.0
.0

H1H
2H
3H

H

1H
2H
3H
I
2
3

12.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

H

H(
(
(
(
(
(
(
(
(
(

19JUN85
25JUL86
26AUG85
030cI85
310CT85
12DEC86
21JAN86'
25FEB86
21ItAR86
25APR80
28llAY86

10
10
10
10
15
10
10
10
10
10
10
10
10
10
10
10
10
10

13
27
20
L2
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

HH(
(
(
(
(
(
(
(
(
(

H

1H
2H

H

1H
2H
1
2

24JUt{88
21JUil86
21JUN85
01AUC85
01AUG85
01AUG86
27AUG86
27AUC85
27AUC85
030cT85
3t0cT86
310CT85
130EC85
22JAt{80
25FEB8E
24IAR86
26APR86
28ltAY80

21JUil85
24JUlt85
24JUt{85
24JUil85
25JUL8E
25JUL85
25JUL86
25JUL85
20AUC85
2EAUG85
2OAUG85
2EAUG85
010cT85
310CT85
310CT85
12DEC85
21JAt{80
25FEB86
25ltAR80
21APR8E
28llAY80

199-H4-3

199-H1-4

199-H4-5

199-H1-6

G. 46



Corplirncc Ground-f atcr llonitoring Drta
Evaporrtion Brsins, Junc 1985 to llry 1986

Data, Constitucnt List = Sitc Spccif ic

RCRA
183-H Solar

TABLE G.3 Rar

Const itucnt
Code Abbrev Units
All VANADUM PP8

Datc Rep Lrb Conccntrrtion
Dctcct ion

Lirit
11.0
28.0
29.0
20.0
20.0
20.0
9.00
5.00
9.00

11.0
9.00

19.0
5.00
5.00
5.00
5.00

10.0
10.0
21 .0
14.0
L00
9.00
5.00
5.00
5.00
6.00
5.00
6.00
5.00

19JUl{85
01AUG85
27AUG85
010cT86
01x0v85
13DEC85
22JAt{88
24FEB8E
21ttAR80
21APR8E
28llAY8E

10.0
5.00
5.00

10.0
5.00
5.00
5.00
5.00
5.00
8.00
8.00

19JUN85
01AUG85
26AUC86
010cT85
011{0v85
12DEC86
2tJAN86
21FEB8E
21llAR88
21APR86
28ltAY86

18.0
6.00
9.00

10.0
5.00
s.00
5.00
5.00
5.00
8.00
5.00

H

1H
2H

H

1H
2H
1(
2

24JUl{85
24JUlt85
21JUN85
01AUG85
01AUC85
01AUC05
27AUG85
27AUG85
27AUG85
030cT85
310CT85
310CT86
13DEC86
22JAt{88
25FEB88
24llAR80
25APR80
28ltAY80

19JUt{85
26JUL85
2EAUG85
030cT85
310CT85
12DEC85
21JAN86
25FEB86
21llAR86
25APR86
28IAY80

f c | |

199-H3-1

199-H1-3

199-H4-1

199-H{-5

199-H1-6

(
(
(
(

(
(
(
(
(
(
(

HH(
(

(
(
(
(

28.0
37.0
32.0
32.0

5.00
5.00
s.00. 6.00
6.00
5.00
5.00
5.00
8.00
6.00

19.0
5.00
6.00
5.00
s.00
5.00
5.00

H

1H
2H
3H

H(
1H(
2H(
3H(

(
1(
23(

(
SH

(
(
(
(
(
(

t{
H(

24JUll85
21JUN85
21JUlt86
24JU1{85
26JUL86
25JUL86
26JUL86
26JUL85
26AUC85
2EAUG85
20AUG85
26AUG85
010cT85
310CT85
310CT85
12DEC85
21JAN86
26FE88E
2sllAR86
21APR86
28llAY86

(
(
(
(

G.47



Drtc Rcp Lrb Concsntration

RCRA
183-H Solar

TABLE G.3 Rar

Const ituent
Codc Abbrev Units
A16 ALUUNUU PPB

rncc Ground-fatcr Ionitoring Drta
ration Basins, Junc 1985 to llay 1986

Constitucnt List = Sitc Spccif ic
ton
t

Corp li
Evapo

Data,
Dctcct

Liri
920
224
220
208
150
500
150
150
150
150
1s0
543
150
150
150
150
150
150

759
237
150
150
150
28L
150
150
150
270
319

19JUN85
01AUC85
27AUG8E
010cT85
01N0v85
13DEC85
22JAN8E
24FEB8O
24llAR86
24APR86
28IAY86

197
301
150
150
150
150
1s0
150
150
150
150

19JUll85
01AUG86
28AUG85
010cT85
01i{0v86
12DEC85
21JAll80
24FEB8E
21IAR8E
21APR8E
28ltAY86

33t
139
329
391
182
188
252
531
150
150
150
150
150
150
163
150
150
150
150
150
160

H

1H2H
3H

H1tl
2H
3 t{.

I
2
3

21JUN86
21JUll85
24JUil86
2lJUt{66
25JUL85
25JUL85
25JUL85
25JUL86
26AUG85
26AUC85
26AUG85
26AUG85
010cT86
310CT86
310CT85
12DEC86
2lJAt{86
25FEB8E
25llAR8E
21APR86
28IAY8E

332
225
150
150
150
150
150
150
150
150
150

H

1H
2.H

t{
IH
2H
1
2

24JUil86
24JUll85
24JUll85
01AUG85
01AUG86
O1AUG85
27AUG85
27AUG85
27AUG86
030cT86
310CT85
310CT85
13DEC85
22JAll86
25FEB8O
21IAR86
25APR86
28rAY80

I9JUil85
25JUL86
20AUC86
030cT85
310CT85
12DEC85
2lJAt{80
25FEB8E
21IAR86
25APR86
28llAY00

f c | |

199-H3-1

199-H1-3

199-H1-4

199-H1-5

199-H1-6

150

(

(
(
(
(
(

(
(
(
(
(
(

(
(
(

(
(
(

(
(
(
(
(
(
(
(
(

(
(
(
(
(
(

(
(
(
(
(
(

(
(
(
(
(
(
(
(
(

H

H
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RCRA
183-H Solar

TABLE G.3 Rar

Constitucnt
Code Abbrev Units
A18 POTASUIT PPB

Datr, Constitucnt Lirt = Sitc

199-ll1-3

199-H1-1

199-H4-5

ino Drta
to-Iry 1986

Spcc if ic

Rcp Lab Conccntrrtion

Corpliancc Ground-f atcr llonitor
Eviporation Basins, Junc 1985

7 ,220
5,400
5,310
7;500
E,980
6,5{0
s,730
s,270
5,370
5,760
7,770
8,240
6,580
5,950
5,780
6,440
6,120
5,970

H

tl
t{
H

t{
H

1
2

I
2

I
2

s

H

H

H

H

H

t{
H

ll

Dctcct ion
Lirit fcll Drtc

100 199-ll3-1 21JUt{85
24JUN86
24JUN86
01AUG85
01AUG85
01AUG85
27AUG86
27AUG86
27AUC86
030cT85
310CT85
310CT85
13DEC85
22JAl{8E
25FEB88
24llAR80
25APR86
28IAY86

19JUl{85
|l1AUG86
27AUC85
010cT85
01r{0v86
13DEC85
22JAll88
21FEB86
21llAR86
21APR8E
28IAY86

9.090
6:s5o
3,950
tt, 190
8,il10
7,150
I,970
7,L20

12,200
11,800
11,300

6,040
6,930
8,360
5,590
6,220
3,770
/1 ,540
1 ,1204,130
3,870
4,430

19JUN86
01AUG86
26AUC86
010cT85
01il0v85
12DEC86
21JAl{86
21FEB8E
21llAR86
21APR86
28llAY80

3,870
1,150
{, 180
4,930
3,560
1,770
I ,710
5,740
4,000
1,210
1,t20
1,090
3,920
/1 ,850
5,370
1 ,710
s,990
3,tl'70
| ,290
4,180
1,310

390
580
110
880
610
000
990
250
930
710
{90

l9JUt{86
25JUL85
26AUG08
030cT85
310CT85
12DEC86
21J4il66
25FEB8O
2'ltlAR86
25APR86
28ltAY86

24JUil86
21JUt{85 1

24JUl{85 2
21JUil85 3
26JUL85
25JUL86 1

25JUL86 2
25JUL85 3
20AUC85
20AUG85 1

26AUG86 2
26AUG85 3
010cT8E
310CT85
310CT85 S
12DEC85
21JAN86
25FEB86
26rAR88
21APR8E
28IAY8E

5,
5,
5,
1,
5,
6,
1,
5,
5,
5,
5,
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Conpliance Ground-f atcr Ionitorinq Dtta
Evaporation Basins, Junc 1985 to-llay 1gB6

Drte, Constituent List = Sitc Spccif ic

RCRA
183-H So lar

TABLE G.3 Rar

Const ituent
Code Abbrev Units
467 1,1,1-T PP8

Drtc Rcp Lrb Concentrationf e | |

199-H3-1

199-H4-3

199-H1-1

199-H1-5

199-H1-E

Dctcct ion
Lirit

10 ll
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
22 .0
10.0
10.0
10.0
10.0

10.0
10.0
10.0
10.0
10.0
10.0
11.0
10.0
10.0
21 .1
10.0

(
(
(
(

H(
H(

(
(
(
(

(
(

(

19JUil86
01AUG85
27AUG85
010cT86
01t{0Y85
13DEC85
22JAN8E
2{FEB86
24llAR86
2{APR8E
28IAY8E

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

(
(
(
(
(
(
(
(
(
(
(
(
(

H

1H
2H

1{

1H
2H
1
2

24JUt{86
24JUt{86
24JUll85
01AUC85
01AUG85
01AUG86
27AUG85
27AUG86
27AUC85
030cT85
310CT85
310CT85
t3DEC85
22JAll80
25FEB8O
21IAR88
25APR86
28ltAY8E

0
0
0
0
0
0
0
0

0
0
0
0
1
0
0
0
0

0
0
0
0
0
0
4
0

1
1
1

I
1
1
1
I
I
1
I
1

I
I
I
1
1
1
1

010cT85 (
01il0v85 (
12DEC86 (
21JAll80 (
21FEB86 (
21llAR8E (
24APR80 (
28llAY86 (

010cT86 (
310CT85 (
310CT86 S H (
12DEC85 (
21J4il86
25FEB80 (
2sllAR86 (
24APR80 (
28llAY80 (

030cT85 (
310CT85 (
12DEC85 (
21JAt{86 (
26FEB80 (
2lllAR8E (
25APR8628IIAY80 (

G.50



RCRA Corpliance Ground-f atcr llonitoring Drta
183-H Solar Eviporation Basins, Junc 1985 to llry 1986

Rar Datr, Constitucnt List = Sitc Specif ic

Detc Rcp Lab Conccntretio.n
Dctqct ion

Lirit

TABLE G.3

Const ituent
Codc Abbrcv Units
A7O PERCENE PPB ll

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

10.0
10.0
10.0
11.0
10.0
10.0
10.0
10.0
10.0
11.4
10.0

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(

(

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

10
10
10
10
10
10
10
10
l0
10
10
10
10
l0
10
15
10

(
(
(
(
(

(

(
(
(
(
(
(
(
(

(
(

H(
(
(
(
(
(
(

(
(
(
(
(
(

(

010cT85
01t{0v85
12DEC85
2lJAt{80
21FEB88
21ltAR8E
21APR88
28IAY80

010cT86
3t0cT85310CT85 S

12DEC85
21JAN86
25FEB86
25ltAR86
21APR80
28rAY80

030cT85
310CT85
12DEC85
2lJAN86
25FEB8O
21UAR86
25APR86
28llAY86

t{
1H2H

H

1H
2H
I
2

24JU1{85
21JUlt85
2lJUt{85
01AUG85
01AUG85
01AUC85
27AUG85
27AUG85
27AUG85
030cT85
310CT85
310CT85
13DEC85
22JAil8E
26FEB88
21rAR80
25APR80
28IAY86

10

l9JUl{85
01AUC85
27AUG85
010cT85
01il0v86
13DEC8t
22J4il86
21FEB8O
21ltAR86
21APR80
20ttAY80

lc | |

199-H3-1

199-l{1-3

199-H1-1

199-H1-5

199-H4-E

H

H

10
10
10
t0
10
10
10
l0
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RCRA Corpliancc Cround-f ttcr llonitorSolar Evrporetion Basins, Junc 1985

Rar Data, Constituent List = Sitc

ing Drtato Hay 1986

Spcc if ic

fcll Drtc Rcp Ltb Conccntrrtion
Dctcci ion

ts L ir it

183-H

TABLE 0.3
Const ituent

Codc Abbrsv Uni

A8O CHLFORU PPB
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

010cT86
011{0v85
21J4il86
21FEB86
21ltAR86
28llAY86

010cT86
310CT85
12DEC86
21JAll86
25FEB8E
25ttAR80
21APR86
28llAY86

030cT85
310CT86
12DEC86
21JAN86
26FEB86
2lllAR8E
25APR86
28llAY86

ll
10
11
10
10
11
10
10
11
11
10
10
10
10

2L
10
30
28
2E
26
31
29
23
2f
32

27
21
22
22
16
11

2E
26
21
21
2E
27
27
29

23
21
19
18
L7
l4
15
11

(

(
(

21JUlt86 H

21JUil86 1 t{2lJUt{86 2 H

01AUG85 H

01AUG85 1 t{
01AUG8S 2 t{
27AUC85
27AUG85 I
27AUG86 2
030cT86
22JAil8E
25FEB8E
2rIAR86
25APR86

19JU!t85
01AUG85
27AUG85
010cT86
01N0v85
13DEC85
22JAil8E
21FE886
21lIAR8E
21APR86
28ltAY86

10 199-H3-1

199-H4-3

199-H1-1

199-H1-5

199-H1-E

(
(
(
(

(
H

H

G. 52



RCRA Corplianc. Ground-f atcr llonitoring Data
183-H Solar Eviporation Brsinc, Junc 1986 to llay 1986

List = Sitc Spccif ic

Drtc Rcp Lab Conccntrrtion

Rrr Data, Const itucnt
on

f c I I

10 199-H3-1

199-Hl-3

199-H4-1

199-H1-5

199-l{1-8

Dctcct i
Lirit

TABLE G.3

Const ituent
Codc Abbrav Units
A93 [IETHYCH PPB T

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

500
10.0
20 .0
38.0
10.0

10.0
10.0
10.0
10.0

110
10.0
31.0

100
390

1,

H(
lll(
2H(

H(
1H(
2 H (.

(
1(2<

(

24JUN85
24JUN86
24JUlt85
O1AUG85
01AUG85
01AUC85
27AUG85
27AUG85
27AUC85
030cT85
13DEC86
22J41{86
2 5FEB86
21llAR86
25APR86 (

H(
H(

(
(

(

1,

19JUil85
|l1AUG86
27AUC85
010cT85
13DEC85
22JAll86
21FEB86
21ltAR86
21APR86

12DEC85
21llAR8E

12DEC86
25FEB8O
26IAR80

12DEC85
25FEB8O
21UAR86
25APR86

570
310

000
6.10
2.80

110
22 .0

470
58.0

G.5 3



RCRA Corpl iancc Ground-latcr llonitoring Drta
Solar Evaporation Basins, Junc 1985 to-llay 1986

Rar Data, Constitucnt
Detcction

bs Lirit fcll

Lict = Sitc Spccif ic

Drtc Rcp Lab Concsntrttion
50 199-H3-1

199-H4-3

199-H1-4

190-t{1-6

199-H1-0

183-H

TABLE G.3

Const ituent
Code Abbrev Uni

C8O AltIIONIU PPB 170
175
160
230
175
180
100
130
126
138
160
18.0
36.0
50.0
50.0
50.0
50.0

220
210
130
138
175
81.0
12 .0
50.0
50.0
50.0
50.0

19JUN85
01AUC86
27AUG85
010cT85
0lI0v86
13DEC86
22J4il86
21FEB8O
21ttAR86
21APR86
28IAY80

170
230
130
118
180
18.0
30. 0
50.0
50.0
50.0
60.0

(
(
(
(
(

(
(
(
(
(
(

180
170
190
180
220
210
250
210
190
130
130
111
130
150
15.0
30.0
50.0
50.0
50.0
50.0

170
270
155
190
220
98.0
71.0
50.0

103
89.0
70.6

19JUll86
25JUL86
26AUG85
030cT85
310CT85
12DEC85
2lJAll8E
25FEB86
21IAR86
25APR86
28llAY8E

(
(
(
(
(
(

21JUil86
21JUil85 124JUil85 2
|l1AUG85
01AUG85 1
01AUG86 2
27AUC85
27AUG86 1
27AUG86 2
030cT85
310CT85
t3DEC86
22JAt{86
25FEB86
24llAR86
25APR86
28llAY8E

19JUil85
01AUC85
26AUC86
010cT85
01il0v85
12DEC85
21JAit86
24FEB86
2lltAR80
21APR80
28ltAY80

24JUil85
21JUil86 121JUil86 224JUil85 3
26JUL85
25JUL85 I25JUL86 2
25JUL85 3
2OAUG85
2EAUG86 r
26AUC86 22EAU085 3
010cT86
310CT86
12DEC85
21JAll 88
26FEB86
25ltAR80
21APR86
28ltAY86

(
(
(
(
(
(

G.54



RCRA
183-l{ Solar

TABLE C.3 Rar

Constituent
Code Abbrev Units
A23 THALIUTI PPB

Coroliancc Ground-f atcr llonitoring Data
Eviporation Basins, Junc 1985 to llay 1986

Data, Constitucnt List = IAC 173-303-9905

Dctcct ion
Lirit

10

f c I I

199-H3-1

199-H1-3

Drtc Rep Lab Concentrrtion
24JUN85
2lJUt{85
21JUN86
0rAUG86
01AUG85
01AUC85
27AUC85
27AUG85
27AUG85
030cT85
22J4il80
25APR80

19JUil85
0rAUG85
274UG8,6
010cT85
22JAN8E
21APR8E

H

1H
2H

H

1H
2H
I
2

(
(
(
(
(
(
(
(
(

(
(
(
(
(

18.0
11.0
12.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

21.0
10.0
10.0
10.0
10.0
10.0

H

H

G.55



RCRA
183-H Solar

TABLE G.3 Rar

Const ituent
Code Abbrev Units
BlO BIS2EPH PPB

Compliance Ground-f atcr llonitorino DataEviporrtion Easins, Junc 1985 to-llay 1986

Data, Constitucnt List = fAC 173-303-9905
D'etcct ion

Lirit Drtc Rcp Ltb Concantration
10

f c I I

199-H3-1

199-H1-3

21JUil85
24JUlt85
21JUt{86
01AUC85
01AUG85
01AUG86
27AUG86
27AUC85
27AUG85
030cT85
22JAN80
26APR86

l9JUt{85
01AUG85
27AUC85
010cT85
01}t0v85
22J4il80
21APR86

.H
1H
2H

H

1H
2H
I
2

(
(
(
(
(
(
(
(
(
(
(
(

(
(
(
(

(
(

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

}I
10.0
10.0
10.0
13.0
10.0
10.0

H

H

G.56



RCRA
183-H Solar

TABLE G.3 Rar

Const ituent
Code Abbrev Units
I99 UNKNOTN PPB

Corpliancc Ground-f atcr llonitor
Eviporation Brsins, Junc 1985

Data, Constituent List = fAC

Dctcct ion
Lirit

inc Drta
to-llay 1986

173-303-990s

Rcp Lrbf c | |

199-H3-l
Datc

22JAlt86

Concentrrt
I

ion

.00

G.57
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GRAPHS OF ANALYTICAL



APPENDTX H

GRAPHS OF ANALYTICAL DATA

Appendix H contains graphica'l presentations for the chemical constituent

data collected between June 1985 and May 1986 from wells located near the

1g3-H Solar Evaporation Basins. All repf icate data have been averaged before

plotting the results. The same data are plotted'in two ways for different

purposes.

The upper graph on each page gives t'ime-lines for

each well denoted on the graph by the last d'igit of its
1 = 199-H3-1., 3 = 199-H4-3, 4 = 199-H4-4, 5 = 199-H4-5'

each constituent' with

designation. That is '
and 6 = 199-H4-6.

trends in theThis type of graph js mostly used for showing 1evels and

constituent concentrat'ions w'ithin the wells over time.

The lo1,1er graph on each page is used to al'low comparisons of the levels

and spread of concentrations between wells wh'ile ignoring the time effect.

The order of the wells on the horizontal axis generally corresponds to their
distance and hydraufic position relative to the basins, with upgradient wells

first (199-H3-1 and 199-H4-6), followed by the source well (199-H4-3), and

downgradient wells (199-H4-4 and 199-H4-5).

The graphs included in th'is appendix present data for T0X, T0C, coliform,

cadmium, arsenic, mercury, se'lenium, 1ead, iron, f'luoride, strontium, calcium,

vanadium, aluminum, potassium,1,1,L-trichloroethane' perchloroethylene,

methy'lene.chloride, ammonjum, thall ium, and bis(2-ethylexyl ) phthalate.

H.1



RCRA Compl ionco Groundwoter Moni tor ing
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RCRA Compl ionce Groundwoter
18J-H Solor Evooorot ion Bosins,

Consti tuent List=Contominotion Indicotors

Monitoring Project
June 1985 to Moy 1986
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RCRA Compl ionce Groundwoter
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Monitor ing Pro ject
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RCRA Compl ionce Groundwoter Moni tor inq Proiect
lE3-H Solor Evoporot ion Eosins, June 1985 to Moy 1986
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APPENDIX I

AppII0NAL_QUAIITI_CoNTR0L INF0RMATI0N

This appendix contains resu'lts of jnterlaboratory comparisons conducted

wjth data from the RCRA Compliance Ground-Water Monitoring Proiect. These

results are presented in three sect'ions: results of comparison of anions

(October 1985 through May 1986), meta'ls (February through May 1986), and three

selected volatile organic compounds (November/December 1985 through May 1986).

Each sect'ion includes an introduction that names the laboratories involved in

the comparison, describes the tables, and gives the regression formulas used

to compare differences in analysis values determined by the laboratories.

This appendjx also contains results of EPA's perfonnance evaluation for

Water Potlut'ion Study Number t^1P016, the first such study in wh'ich UST

participated. These results are presented in a copy of the evaluation form

received from EPA.
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ANALYSIS RESULTS FOR THE RCRA COMPLIANCE GROUND.WATER MONITORING PROJECT

The following tables show anion data from interlaboratory comparison from

I,JHC, HEHF, and UST.

The comments column notes laboratory differences that may be significant.
Differences greater than two standard deviations from the UST value, based on

regression formulas from Env'ironmenal Protection Agency (EPA) Performance

Evaluation studier(u), are noted. Differences of L0% or greater are noted for
concentrations that are outside the range of values to which the regression

formulas app1y. 0ther outlying values are also noted.

The number in parentheses in the comments column after the notation ">2s"
'is the magn'itude of two standard deviations, according to the EPA regression

formulas. This value js given to put relative differences into perspective.

The "2s" criterion for significant djfferences may be slight'ly stringent
because there is no "true value" involved. If one laboratory is on the high

side of the "true concentration", and another is on the low side, the

separation between two valid values could be =4s.

The comment "dilution" indicates the UST ana'lysis was based on a dilution
that was not optimal. A more appropriate dilution would bring the results
closer to the values reported by the other laboratories. This problem has

been addressed by the laboratory and in the future, optimum dilutions w'ill be

used to assess anion concentration.

Regression formulas are as follows:

Fluoride s=0.0296T+0.0184
Ch'loride s = 0.0269T + 0.745

Range z 0 .12 - 2.6 ng/ n

Range: L4.6 - 235 ng/ e.

(a) Personal commun'iEation from Paul t.l. Britton, Staff Statist'ic'ian, Quality
Assurance Branch, Environmental Mon'itoring and Support Laboraty (USEPA),
Cincinnati, 0H 45268, FTS 684-7325. Documents dated I0/84, received
3/30/86. "Est'imation of Acceptance L'imits for Drinking Water Laboratory
Performance Evaluation" and "Estimation of Acceptance Limits for hlater
Pollution Laboratory Performance Evaluation."
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Nitrate (as N) s =

(as Nitrate)
Phosphate s =

Sulfate s =

0.025T + 0.0209 Range: 0. 15 - 9 .1 n9/ e"

0. 66 - 40. 3 ng/ e"

0.0348T + 0.0046 Range: 0.018 - 3.69 mg/l,

0.0469T + 0.774 Range: 6.31 - 98-3 mg/l'

Where T is the true concentration, in mg/l,.

in the tables, the following definitions apply:

WHC = Lab results from Westinghouse Hanford Company

HEHF = Lab results from Hanford Environmental Health Foundation

UST = Lab results from United States Testing Company.
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hlel I Code Wel I Name

TABLE I.1. Results of Anion Ana]ysis (October 1985)

Fluoride (ppb)

Wel I Code

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

!91l_Ngme

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1-1

399- 1-4

399-4- 1

699-S19-E13

0899

Comments

AII OK

Comments

>2s (1770 ppb)

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4- 5

199-H4-3

199-H4-4

199-H3- 1

399-2-l
399-1-1

399- 1-4

399 -4- 1

699-S 19-E13

0899

160

220*

360

250

430

460

440

310

300

<10

70

290

280

150

430

430

420

270

250

<100

<500

<500

<500

<500

<500

<500

< 500

<500

<500

<500

* The amount of F by specific electrode'is 0.22 ppn. An organic peak very
close to F (superimposed) broadens the peak, so sp'ike recovery appears
very 'l ow.

Chloride (ppb)

4,400

5,100

4,900

8,900

13,600

10,200

5 ,500

8,900

17,900

10

4,970

4,510

4,300

7 ,700

13 ,300

7,800

5 ,100

7,850

18,500

<500

3,580

5,160

4,540

7,760

1 1 ,700

8 ,320

4,890

7,790

14 ,800
<500
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TABLE I.1. Results of Anion Ana'lysis (October 1985) (cont)

Nitrate (ppb)
Commentsl^le]1 Cods

1873

L877

1878

1890

4402

4403

4407

4410

480?

0899

lel I Name-

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r

399- 1-1

399-1-4

399-4- 1

699-S19-E13

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- t
399-2-t
399- 1- 1

399-1-4

399-4- 1

699-S 19-E 13

0899

20,200

890,000

330,000

67 ,000

23,400

22,600

25 ,400

10,600

17,600

300

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

21,300

I ,960 ,000

362,000

83,800

25,900

23,100

28,500

L2,200

22,500

420

<500

<500

<500

<500

<650

<500

<500

<500

<500

<500

19,300

1,040,000

392,000

72,500

2?,300

21 ,500

25 ,300

9,420

16,100

<500

<1,000

<1,000

< l. ,000
<1,000

< 1 ,000
< 1 ,000
<1,000

< 1 ,000
<1,000

< 1 ,000

(655 ppb)

(eeo ppb)

>2s

>2s

l,lel I Code Wel I Name Comments

AII OK1873

tB77

1878

1890

4402

4403

4407

4410

4802

0899
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TABLE I.1. Results of Anion Analysis (0ctober 1985) (cont)

Sulfate (ppb)
hlgll Code

1873

t877

1878

1890

4402

4403

4407

4410

4802

0899

Wel I Name

199-H4-5

199-H4-3

199-H4-4

199-H3- I
399-2-L

399- 1-1

399- 1-4

399-4- 1

699-S 19-E13

0899

39 ,000

92,000

65,000

70,000

14 ,300

14,400

14 ,000

24,200

48,oo0
<100

37 ,500

74,0oo

62,000

67 ,000

1 1 ,0oo

1.0 ,000

11 ,1oo

19,400

50,500

<400

43,900

1 10 ,000

83,900

86,200

13,700

13 ,500

14,300

24, 100

53 ,000
<500

Comments

>2s (9a20 ppb)

>2s (9630 ppb)
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tlel I Code Wel I Name

of Anion Analysis (November/December 1985)

Fluoride (ppb)

TABLE I.2. Results

Comments

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

160

70

180

260

410

450

400

320

300

<2

140

360

160

230

410

440

390

320

290

< 100

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399- 1- 1

399-1-4

399-4- 1

699-S19-E13

0899

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

AlI OK

CommentshJel l 
-Code

1873

r877

1878

1890

.4402

4403

4407

4410

4802

0899

l,lel I Name

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399-1-1

399-1-4

399-4-1

699-S 19-E13

0899

4,200

5 ,000

3 ,400

9 ,800

14,800

6 ,700

17,000

8,400

16,600

11

3,550

5 ,490
2,920

8,360

15 ,100

5,950

1 5 ,200

7 ,580

15,000
<500

AIl OK

Chloride (ppb)

4,100

6 ,800

3 ,300

8,600

15,000

6,500

17,200

7 ,800

15,400
<500

r.7



TABLE I .2. Resul ts of Anion Ana'lysis (November/December

Nitrate (ppb)

1985) (cont)

Comments

30% difference

Comments

AII OK

Wel I Code

1873

1877

187B

1890

4402

4403

4407

4410

4802

0899

Wel I Name

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-I
399- 1- 1

399- 1-4

399-4- 1

699-S 19-E13

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1- 1

399-1-4

399-4- 1

699-S19-E13

0899

20,000

896 ,000

23,200

6 1 ,200

23,200

23,200

2L,700

10,000

18,8oo

<8

<500

<500

<500

600

<500

<500

<500

<500

< 100

22,000

990,000

25,000

66 ,000

24,000

24 ,000

23,000

10,800

20 ,000
<200

<500

<500

<500

<500

520

<500

<500

<500

<500

<500

19,600
gL6,000

23,300

47,100

?.4,400

22,200

22,100

9,470

18,800

<500

Wel I Code Wel I Name

1873

t877

1878

1890

4402

4403

4407

4410

4802

0899

< 1 ,000
<1,000

<1,000

< 1 ,000
<1.,000

< 1 ,000
<1,000

<1,000

<1,000

<1,000

I.8



TABLE I .2. Resul ts of

Wel I Code hlel I Name

An'ion Anal ys i s (November/December

Sutfate (ppb)

1985) (cont)

Comments

>2s (6480 ppb)

li'lHC high

1873

L877

1878

1890

4402

4403

4407

4410

4802

0899

37 ,200

87 ,500

30,600

64,500

14,200

13 ,800

14,000

23,800

91,500
:5

37 ,000
g8,000

3 1 ,000

70 ,000

14,500

14, 100

14,300

24,000

47 ,000
<1,000

37,300

97,900

28,900

52,600

15,800

13 ,200

14 ,400

23,600

48,100

<500

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1- 1

399- 1 -4

399-4-1

699-S19-E13

0899

I.9



TABLE I.3. Results of Anion Analysis (January 1986)

Fluoride (ppb)
hlel I Code

t874

r877

1878

1890

4402

4403

4407

4410

4802

0899

Wel I Name

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399- 1.1

399-1-4

399-4- 1

699-S19-E13

0899

Comments

250

180*

400

280

330

460

410

330

310

<2

200

<500

340

2I0
290

430

390

300

260

<100

<500

1 ,330

567

531

<500

<500

<500

<500

52r
<500

AII OK

Comments

* F electrode/0rganic interference

Well Name

199-H4-6

199-H4-3

199-H4-4

199-H3- I
399-2-L

399-1-1

399-1-4

399-4-1

699-S 19-E13

0899

Chloride (ppb)
tlel I Codg

L87 4

L877

1878

1890

4402

4403

4407

4410

4802

0899

7,200

5 ,700

4,500

9 ,500

25,000

11,100

11,300

9 ,500

17 ,100
<5

6,900

6,800

4 ,900

9,500

24,900

10,500

12 ,100

9 ,000

15,600
<50

6,930

6,990

3,710

9 ,090

22,200

1 1 ,000

10,700

7,840

14, g0o

<500

AlI OK

I .10



TABLE I.3. Resu'lts of Anion Analysis (January 1986) (cont)

Nitrate (ppb)

t,lel l_Code

1874

L877

1878

1890

4402

4403

4407

4410

4802

0899

Wel_l Name

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-2-t
399- 1- 1

399-1-4

399-4-1

699-S19-E13

0899

Comments

26,000

1 ,430 ,000

235,000

61,000

27,000

25 ,000

24,000

1 1 ,000

18,700

<1.0

27,400

1 ,400 , ooo

248,000

63,100

28,200
'. 25,700

25,400

1 1 ,500

19,400

<200

27,100

2 ,930 ,000

225,000

52,400

25 ,700

24,200

23 ,100

I ,700

18 ,700
<215

h'igh (dilution)

18% lower

>2s (620 ppb)

Comments}'lel I Code Wel I Name

Phosphate (ppb)

1874

r877

1878

1890

4402

4403

4407

4410

4802

0899

<200

<200

<200

<200

680

<200

<200

<200

<200

<50

<500

<500

<500

<500

540

<500

<500

<500

<500

<500

<1.,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

AIl OK199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399-1-1

399-1-4

399-4-1

699-S19-E13

0899

r.11



Wel'l Code Wel I Name

TABLE I.3. Results of Anion Analysis (January 1986) (cont)

Sulfate (ppb)
Comments

1874

I877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-I
399- 1- 1

399-1-4

399-4-1

699-S19-E13

0899

59 ,000

160,000

60 ,000

73,000

13,400

. tg,SOO

1.3 ,3oo

25,000

46,000
<10

60,000

124,000

62,000

74,000

16,400

14,600

14,200

26,300

48,000
< I ,000

50,200

r22,000

60 ,200

58,700

15,300

14,100

12,100

20,700

45,000
<500

>2s (6260 ppb)

>2s (3a90 ppb)

>2s

t.r2



TABLE I.4. Results of An'ion Analys'is (February 1986)

Wel I Name

F'l uori de ( ppb)
Commentst,lell Code

1873

lB77

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1- 1

399-1-4

399-4-1

699-S19-E13

0899

165

374

260

310

411

423

296

285

<10

< 100

:300

190

260

410

420

250

240

< 100

<500

1 ,510

695

702

<500

<500

<500

58?

500

<500

AlI OK

Comments

* F electrode/Large interfering organic anion Peak

t^lel I Name

Chloride (ppb)
l,Jell codg

1873

TB77

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2- I
399- 1- 1

399-1-4

399-4- 1

699-S19-E13

0899

4,100

5 ,390

4,520

9 ,570

24,300

10,400

7 ,360

10,100

16 ,100
<20

9 ,400

5,800

9,400

25,000

10,800

10 ,200

1 1 ,200

16,300

<500

<4,240

6,620

4,520
g,g-80

23 ,400

7,L40

7,280

10,400

15 ,200
<500

HEHF high

46% low

HEHF high

I.13



TABLE I.4. Results of Anion Ana'lysis (February 1986) (cont)

Nitrate (ppb)
Wel I Name CommentsWel I Code

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

blel l Codg

1873

t877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

i99-H4-3

199-H4-4

199-H3- 1

399-2- I
399- 1- 1

399-1-4

399-4- 1

699-S 19-E13

0899

21,000

1 ,180,000

233,000

60 ,000

32,4oo

20 ,900

24,700

1 1 ,400

17,900

1 ,680

22,000

I ,570 ,000

6 5 ,000

36,000

23 ,000

3o ,000

12,100

19,400

1 ,460

21,600

1 ,000 ,000

259,000

71. ,600

32 ,600

19,000

22,700

1 1 ,900

17,800
<500'

1B% difference
10% d'if ference

>2s ( 1680 ppb)

>2s (1320 ppb)

high for blank

Comments
Phosphate (ppb)

Wel l Nge

199-H4-5

199-H4-3

199-r-r4-4

199-H3- 1

399-2-t
399- 1- 1

399- 1-4

399-4- 1

699-S19-E13

0899

<500

<500

<500

<500

370

<500

<500

<500

<500

<200

<500

<500

<500

<500 .

<500

<500

<500

<500

<500

< 1 ,000
< 1 ,000
< I ,000
<1,000

< 1 ,000
< 1 ,000
<1,000

<1,000

il,ooo
< 1 ,000

AII OK

I .14



TABLE I.4. Results of Anion Analysis (February 1986) (cont)

Sulfate (ppb)
Cornmentsblell 9ode

1873

L877

1878

1890

4402

4403

4407

4410

4802

0899

lel I _[amr

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1- 1

399- 1 -4

399-4-1

699-S19-E13

0899

37,000

100,o0o

54 ,2oo

70 ,700

36,400

13,400

13,600

25,800

46,400
<50

37,000

too,:::

73,000

37,000

14,300

14 ,3oo

27,000

44 ,000
< 1 ,000

39 ,400

113,000

59,700

76 ,300

35,600

11.,800

12,700

26,800

46 ,300
<500

A11 OK

I .15



TA9LE I .5 . Resul ts of An i on Ana'lys i s (March 1986)

Wel I Code t,'|el I Name

Fluoride (ppb)
Comments

* F electrode/IC masked

180

260

200*

390

280

360

430

460

300

310

<5

by organic anion.

1873

t874

L877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399- 1- 1

399- 1-4

399-4- I
699-S 19-E13

0899

<100

110

1 ,200

300

130

290

400

490

270

2r0
< 100

<500

507

1,960

658

652

<500

513

522

513

593

<500

Atl

Comments
Chloride (ppb)

Wel'l Name!.lgll_9ode

1873

t87 4

t877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399- 1- 1

399- 1-4

399-4- 1

699-S 19-E13

0899

4,040

9 ,300

6,040

4,480

9 ,600

25,400

9 ,580

7 ,r70
10,100

16,100
<10

5,100

10 ,000

7,600

6 ,000

9 ,500

31,100

12,700

9 ,500

10,000

16,500
<500

4,270

8,990

8,730

4,760

9,460

28,700

9,820

7 ,450
10,800

16,500
<500

Ail

r .16



IABLE I.5. Results of Anion Analysjs (March i986) (cont)

Wel 1 Code I'lel I Name

Nitrate (ppb)
Comments

1873

r87 4

t877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2- 1

399- 1- 1

399- 1-4

399-4- 1

69e-S19-E i3

0899

2r,200
26,oo0

1 ,650 ,000

164,000

63 , o0o

25,100

23,400

22,I00
11,400

18,600

690

22,000

3 1 ,500

1 ,690 ,000

175,000

64,000

27,000

26,000

23,000

12,700

19,000

610

22,300

31,100

1,940,o0o

200,000

74,2oA

29 ,300

25,800

23,900

13,000

20 ,600
<500

L3 % different
13 % different
14 % different
>2s ( 16a0 ppb)

>?s (1220 ppb)

CommentsWell Code Wel I Name

Phosohate (ppb)

1873

187 4

tB77

1878

1890

4402

4403

4407

4410

4802

0899

<500

<500

<300

<500

<500

<400

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

< 1 ,000
<1,000

<1,000

<1,000

<1.,000

<1,000

<1,000

< 1 ,000
<1,000

<1,000

<1,000

All OK199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-l
399-1-1

399- 1-4

399-4- 1

699-S 19-E13

0899

T.T7



Wel I Code t-lel I Name

TABLE Il. Results of An'ion Analys'is (March 1986) (cont)

Sulfate (ppb)
Comments

1873

t874

t877

1878

1890

4402

4403

4407

4410

4802

0899

37,9oo

59 ,8oo

136,000

4g,900

72,200

22,800

14 ,200

14,600

26,200

47,700
<50

36,000

74 ,000

145,000

52 ,000

7 1 ,000

24,000

14 ,900

1 5 ,500

27,000

46,000
<1,000

39 ,500

76,500

153,000

60,800
g2 ,600

26,800

15,300

15,300

29,900

53 ,000
<500

WHC low
199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399- 2- 1

399-1- 1

399-1-4

399-4- 1

699-S 19-E13

0899

>2s

>2s

(7250 ppb)

(e300 ppb)

I.18



l,|el I Code Wel'l Name

TABLE I.6. Results of Anion Ana'lysis (April 1985)

Fluoride (ppb)
Comments

1873

t877

1878

1890

4402

4403

4407

4410

480?

0899

tto*

170

250

380

410

520

310

320

<5

< 100

<100

<100

190

320

370

490

260

230

<100

<500

<500

<500

<500

<500

<500

677

<500

<500

<500

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399- 1- 1

399-1-4

399-4-1

699-S 19-E13

0899

* F electrode/Large i nterf eri ng organi c an'ion Peak

>2s (77 ppb)

CornmentsWel I Code Wel I Name

Chloride (ppb)

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399- 1- I
399- I -4

399-4- 1

699-S 19-E13

0899

4 ,040

5 ,950

3 ,190

9,910

19 ,500

1 I ,000

7 ,740
9,720

15,900

<7

3,800

6 ,600

3 ,400

9 ,000

16,500

1 1 ,600

7,200

9 ,000

14,400

<500

3 ,930

9,870

3 ,490

9 ,040

19 ,000

10 ,500

8,410

9 ,520

17 ,000

>2s (2020 ppb)

I.19



TABLE I.6. Results of Anion Analysis (April 1986) (cont)

Nitrate (ppb)
CommentsWel 1 Code

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

l.lel I 9ode

1873

r877

1878

1890

4402

4403

4407

4410

4802

0899

Wel 1_Name

199-H4-5

199-H4-3

199-H4-4

199-H3- I
399-2-t
399- 1- 1

399- 1-4

399-4- 1

699-S19-E13

0899

t^lell Ng[e

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399-1-1

399- 1-4

399-4- I
699-S 19-E13

0899

20 ,600

1 ,590 ,000

37,800

60 ,500

23,200

21,800

25 ,500

1 1 ,2oo

22,000

1 ,830 ,000

43 ,000

63 ,000

23,000

24,000

27,000

1 1 ,600

<200

22,400

1 ,590 ,000

38 ,700

54,100

24,600

23 ,900

26,200

10 ,400

20,100

<500

>2s (710 ppb)

t2%

<30

Phosphate (ppb)
Comments

<500

<500

<500

<500

<500

<500

<500

<500

<500

<200

<500

<500

<500

<500

< 500

<500

<500

<500

<500

<1,000

< 1 ,000
< 1 ,000
<1 ,000
<1,000

< 1 ,000
<1,000

< 1 ,000
< 1 ,000
<1,000

AII OK

t.20



t{el I Code

TABLE I:9.

l^lel I Name

Resul.ts of Anion Analysis (April 1986) (cont)

Sulfate (ppb)
Comments

1873

I877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3-1

399-2- 1

399- 1-1

399- 1 -4

399-4- 1

699-S 19-E13

0899

38 ,400

129,000

32,800

69 ,500

17,200

15,600

17 ,500

26,100

23 ,900
<30

37,000

136 ,000

34,0oo

70,000

16,300

1 5 ,700

L7,400

26,000

47 ,000

38,ooo

328,000 >2s

33,100

65,800

18 ,500

L7,200

18,400

27,500

53 ,600
<500

I.2T



TABLE I .7 . Resul ts of An i on Ana'lys i s (May 1986)

Fluoride (ppb)
Wgl I Code

1873

t877

1878

1890

4402

4403

4407

4410

4802

0899

Wel I Name

199-H4-5

199-H4-3

199-H4-4

199-H3-1

399-2-r

399- 1-1

399- 1-4

399-4- 1

699-S19-E13

0899

Comments

170

*

220

300

380

420

520

300

310

<4

< 100

< 100

110

230

370

390

540

310

280

< 100

<500

<500

<500

<500

<500

<500

<500

<500

< 500

<500

AIl OK

Comments

* Interference of F

hlel I Code Wel I Name

Chloride (ppb)

1873

L877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399- 1- 1

399-1-4

399-4- 1

699-S 19-E13

0899

4,230

6 ,330

4 ,330

8,530

18,500

L?,700

7,260

tl ,300

16,500

6

4,100

8,600

4,900

8,500

19,600

13,000

7 ,500

1 1 ,200

18,200
<500

4, 160

8,960

4,440

8,700

18,000

14,300

7,890

1 1 ,600

16 ,600
<500

T.22



t^lel1 Code

TABLE I .7.

Wel I Name

Resul ts of An'ion Analysi s (May 1986) (cont)

Nitrate (ppb)

1873

L877

1878

1890

440?

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

1-H4-4

199-H3- I
399-2-l
399- 1-1

399- I -4

399-4-1

699-S19-E13

0899

25 ,300

2 ,080 ,000

135,000

54,400

29 ,300

24,000

23 ,000

12,400

18,800

<30

<300

<600

<300

<300

370

<300

<300

<300

<300

<200

25,000

2 ,080 ,000

143,000

52 ,000

30,000

24,000

23,000

12,600

20,000

26,000

2,890,000

125,000

52 ,900

29,800

24,900

23,700

12 ,300

19,600

<500

Comments

28% higher

Comments

AII OK

t^lel1 Code Wel I Name

Phosphate (ppb)

1873

L877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399-1-1

399- 1-4

399-4- I
699-S 19-E13

0899

<500

<500

<500

<500

<500

<500

<500

<500

<500

<500

<1,000

<1,000

<1,000

<1,ooo

<1,000

< 1 ,000
<1,000

< 1 ,000
<1,000

<1,ooo

r.23



TABLE I.7. Results of Anion Analysis (May 1986) (cont)

Wel 1 Name

Sulfate (ppb)
Wel I Code

1873

L877

1878

1890

4402

4403

4407

4410

4802

0899

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399- 1- 1

399-1-4

399-4- 1

699-S19-E13

0899

42,400

158,000

23,600

58,500

19 ,300

I 7 ,600

18,000

27,600

48,500

49

44,000

190,000

47 ,000

61,000

20, oo0

27,000

18,000

28,000

46 ,500

< 1 ,000

42 ,500

222,000

47 ,400
58,300

19 ,500

17 ,7oo

18,100

28,600

47,700

<500

Comments

UST OK

WHC low

HEHF high

r.24



ANALYSIS RESULTS FOR THE RCRA COMPLIANCE GROUND.WATER MONITlRIIIG PROJECT

Results of analyses of metals in ground-water samples are compared, based

on EPA Performance Evaluations. Values that differ by more than two standard

deviations (using the EPA regression formulas) are noted'in the comments column.

For values outside the range'in which the regression formulas apply' a percen-

tage difference is given.

Regression formulas are as follows:

Range: 56 - 981 pPb

Range: 1.3 - 325 PPb

Range: 5.1 - 1130 pPb

Range: 5.2 - 892 pPb

Range: 11.7 - 1570 ppb

Range: 1.1 - 68.5 ppm

Where T is the true concentration of the constituent.

Note that the range for sodium is in units of ppm, where those for the

other metals are in ppb.

The results of analyses for barium have been'inconsistent between the

laboratories. Ana'lyses of spiked QC samples from both laboratories have been

acceptable, indicating that matrix interference is causing the d'iscrepanc'ies.

The analysis method used by UST, ICP (EPA method 6010), is thought to be less

likely to run'into difficulty w'ith'interferences than AA spectroscopy, the

ana'lysis method used by HEHF. It is suspected that matrix interference could

be caus'ing the result reported by HEHF to be high.

(a) Personal communicat'ion from Paul W. Britton, Staff Statistician, Qua'lity
Assurance Branch, Env'ironmental Monitoring and Support Laboratory
(USEPA), C'inc'innat'i , 0H 47268, FTS 684-7375. Documents dated 10/84,
received 3/30/86. "Estimation of Acceptance Limits for Drinking hlater
Laboratory Performance Evaluation" and "Estimation of Acceptance Limits
for Water Pol I ut'ion Laboratory Performance Eval uat'ion . "

Bari um

Cadmi um

Chromi um

Copper

Lead

Sodi um

s=0.0679T+10.7
s=0.0660T+0.315
s=0.0938T+0.795
s=0.0449T+1.71
s = 0.0724 T + 1.16

s=0.0516T+0.102

r.25



TABLE I.8. Results of Metals Analysis (February 1986)

Barium (ppb)
ffiWel I Code

190

290

340

140

320

160

170

100

< 100

< 100

assumed(a) Analyses by UST are to be

Comments

At 100 ppb, 2s = 35.8 ppb

ALL analyses, except

<detection 1 imit,
differ by more than

this amount(u).

Comments

AII OK

Cadmium (ppb)
ffi

1873

1874

tB77

1878

1890

440?

4568

4806

4837

0899

We] I _Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399-4-7

399-1-5

399- 1-6

089eQ

41

37

97

41

51

63

36

?2

18

<6

accurate.

Wel I Code

1873

t87 4

t877

1B7B

1890

4402

4568

4806

4837

0899

Wel I _Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-1

399-4-7

399- 1-5

399- 1 -6
08eeQ

<0. 5

<0. 5

<0.5

<0.5

<0. 5

<0. 5

<0.5

<0.5

<0.5

<0. 5

<2

<2

<2

<2

<2

<2

<2

<2

<2

<2

r.26



TABLE i .8. Resul ts of Metals Analysis (February 1986) (cont)

Chromium (ppb)
ffi

Comments
copper (ppb)

ffi

Wel I Code

1873

L874

t877

1878

1890

4402

4568

4806

4837

0899

Wel I lame

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2- 1

399-4-7

399- 1- 5

399- 1 -6

08e9Q

lrJqll Name

199-H4-5

i99-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399-4-7

399- 1-5

399- 1-6

0899Q

Comments

530

39

820

610

50

<5

<5

<5

<5

<5

492 All 0K

40

733

57r

62

<10

<10

<10

<10

<10

trlel I Code

i873

I874

r877

1878

1890

4402

4568

4806

4837

0899

<50

<50

60

<50

<50

<50

<50

100

100

<50

<10

<10

53

<10

<10

<13

<10

107

98

<10

AII OK

t.27



TABLE I .8. Resul ts of Metals Analysis (February 1986) (cont)

Lead (ppb)
ffiWel I Code

1873

t874

1877

1878

1890

4402

4568

4806

4837

0899

Well Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399-4-7

399- 1-5

399- 1-6

0899Q

Wel l_!eme

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399-4-7

399- 1-5

399- 1-6

089eQ

Cornments

Sodium (PPm)

HEHF UST

2s (based on HEHF) =

4.3 ppb

Comments

T4

<5

<5

<5

<5

<5

<5

<5

<5

<5

9,300

20 ,600

470,000

190 ,000

28,300

17,700

19,800

19,800

7,800

250

I ,630

22,300

355,000

115,000

21,000

14,700

17,200

19 ,700

7 ,400
218

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

Wel 1 Code

1873

r87 4

tB77

1878

1890

4402

4568

4806

4837

0899

>30% di fference
>40%

>2s (2370 ppb)

>2s (1720 ppb)

>2s (1980 ppb)

t.28



TABLE I:9. Results

Wel I Code t^lel I Name

of Metals Analysis (March 1986)

Barium (PPb)
ffi

1873

I87 4

t877

1878

1890

4402

4568

4806

4837

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-I
399-4-7

399- 1- 5

399-1-6

0899Q

2r0
260

650

130

300

160

L20

< 1.00

L20

< 100

assumed to be

42

40

181

32

50

58

34

19

19

<6

accurate.

Comments

Al I ,2r(u)

Com[ents

AII OK

Cadmium (ppb)
ffi

(a) Analyses by UST are

Wel I Code

1873

I874

1877

1878

1890

4402

4568

4806

4837

0899

Wel I leme

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-2-r
399-4-7

399-1-5

399- 1 -6

0899Q

<0. 5

<0.5

<0.5

<0. 5

<0.5

<0. 5

<0. 5

<0. 5

<0.5

<0.5

<2

<2

<2

<2

<2

<2

<2

<2

<2

<2

o T.29



TABLE I.9. Results of Metals Ana'lysis (March 1986) (cont)

Wel 1 Code

1873

r87 4

L877

1878

1890

4402

4568

4806

4837

0899

Wel I Code

1873

t87 4

r877

1878

1890

4402

4568

4806

4837

0899

lgl I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- i
399-2-L

399-4-7

399-1-5

399-1-6

0899Q

Comments

525

50

995

383

68

<5

<5

<5

1I

<5

469

4I

860

361

62

<10

<10

<10

<10

<10

AII OK

CommentsUST

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

AII OK

Chromium (ppb)-HMT--TT_

-!ea,c 
(pp!)-

tlel I Name HEHF

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399-4-7

399- 1-5

399-1-6

0899Q

I .30



TABL! I.9. Results

tlel l Code

of Metal s Ana'lys'is (March 1986) (cont)

Sodi um (ppnr)

ffi Comments

8,730 Al I 0K

22,500

568,000

101,000

20,800

1 3 ,700

15,800

16,100

8,020

476

1873

t874

L877

1878

1890

4402

4568

4806

4837

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399- 2- I
399-4-7

399- 1-5

399-1-6

0899Q

8 ,600

2 1 ,000

520 ,000

103,000

21,000

13,100

16,000

16, 100

7,200
<500

r .31



TABLE I.10. Resul ts of Metal s Ana'lysi s (Apri I 1986)

Barium (ppb)
ffi-TT-

(a) Analyses by UST are

Wel I Code

1873

r874

L877

i878

1890

4402

4568

4806

4837

0899

l'Jel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-r
399-4-7

399- 1-5

399-1-6

0899Q

2I0
280

580

150

370

160

180

110

110

< 100

assumed

<0.5

<0.5

<0. 5

<0.5

<0. 5

<0.5

<0.5

<0 .5

<0.5

<0.5

43

40

170

31

46

49

33

L7

18

<6

accurate.

Comments

All ,2r(a)

Cadmium (ppb)
HEHF UST

to be

Wel 1 Co4g

1873

1874

t877

1878

1890

4402

4568

4806

4837

0899

hlel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-I
399-4-7

399- 1-5

399-1-6

0899Q

Comments

<2 Alt 0K

<2

<2

<2

<2

<2

<2

<2

<2

<2

t.32



TABLE I.10. Results of Metals Analysis (April 1986) (cont)

Wel I Na[e

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2- 1

399-4-7

399- 1- 5

399- 1-6

08e9Q

Chromium (ppb)
ffi

copper (ppb)
ffi

tlel I Code

1873

r87 4

r877

1878

1890

4402

4568

4806

4837

0899

hlel ll9ode

1873

r87 4

L877

1878

1890

4402

4568

4806

4837

0899

460

49

840

126

51

<5

<5

<5

<5

<5

Comments

465 A1 1 0K

49

832

115

47

<10

<10

<10

<10

<10

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2- I
399-4-7

399- 1-5

399- 1 -6

08e9Q

Comments

AII OK<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

<10

<10

48

<10

<10

13

<10

15

23

<10

I .33



TABLE I:10. Results of Metals Ana'lys'is (April 1986) (cont)

t-ead (ppb)
ffiWel I Code

1873

L87 4

tB77

1878

1890

4402

4568

4806

4837

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-?-r
399-4-7

399-1-5

399- 1-6

0899Q

t,Jel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-t
399-4-7

399- 1-5

399- 1 -6

0899Q

Comments

Wgl I Code

1873

r87 4

L877

1878

1890

4402

4568

4806

4837

0899

<5

<5

<5

<5

<5

<5

<5

<5

<5

<50

8,300

2Q,700

500 ,000

19,900

20 ,900

1 1 ,700

15,600

12,500

7 ,900
<500

<5

<5

<5

<5

<5

<5

<5

<5

<5

<10

8,550

20,700

542 ,000

20,900

19 ,500

13,100

15,900

13 ,200

8,400

237

AII OK

Comments

AIl OK

Sod'ium

I .34



TABLE I.11. Results of Metals Ana'lysis (May 1986)

Barium (ppb)
ffiWel I Code

1873

r874

r877

1878

1890

4402

4568

4806

4837

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399-4-7

399-1-5

399-1-6

089eQ

48

39

248

48

44

52

36

2T

18

<6

accurate.

<?

<2

<2

<2

<2

<?

<2

<2

<2

49

Comments

All '2r(a)

Comments

>2s (7.1 ppb)

Cadmium (ppb)
ffi

220

220

820

2r0
230

140

150

110

140

< 100

(a) Analyses by UST are assumed to be

Wel I Code

1873

r87 4

t877

1878

1890

4402

4568

4806

4837

0899

Well [gme

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- I
399-2- 1

399-4-7

399- 1- 5

399- 1-6

0899Q

<5

<5

<5

<5

<5

<5

<5

<5

<5

28

I .35



TABLE I .11. Resul ts of Metals Analys'is (May 1986) (cont)

Chrom'ium (ppb)
HEHF UST

Comments

<50

<50

<50

<50

<50

<50

<50

<50

<50

<50

Copper (ppb)
ffi

t^lel f-Cods

1873

r874

L877

1878

i890

4402

4568

4806

4837

0899

hlel I __l9gde

1873

1874

L877

1878

1890

4402

4568

4806

4837

0899

We] I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-2-L

399-4-7

399-1-5

399- 1-6

08e9Q

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-2-r
399-4-7

399-1-5

399- 1 -6

08e9Q

Comments

42L

43

980

299

40

<5

<5

<5

<5

<5

452 Ail 0K

44

916

29r

40

<10

<10

<10

<10

<10

<10

<10

46

<10

<10

<10

<10

26

19

iro

AII OK

r .36



TABLE I.11. Results

Wel l Code tlel I Name

of Metals Analysis (May 1986) (cont)

Comments

1873

L87 4

r877

1878

1890

4402

4568

4806

4837

0899

hlel I Code

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- I
399-2-r
399-4-7

399- 1-5

399- 1 -6

08e9Q

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-2-r
399-4-7

399- 1-5

399-1-6

089eQ

t-ead (ppb)
ffi

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

Sodium (ppm)
ffi

5 All 0K

<5

<5

<5

<5

<5

<5

<5

<5

<5

1873

t87 4

t877

1878

1890

4402

4568

4806

4837

0899

10 ,000

2 1 ,300

560,000

46 ,000

19 ,000

15 ,300

17 ,500

1 1 ,600

8 ,700

<500

9 ,300

20,000

638,000

48,000

19 ,200

1 5 ,000

17 ,500

1 1 ,600

8,230

27t

Comments

12% difference

t.37



ANALYSIS RESULTS FOR THE RCRA COMPLIANCE GROUND-!'IATER MONITORING PROJECT

L

Analyses of three volat'i1e organ'ic compounds in ground-water samples were

performed by PNL and UST. These results are compared based on EPA Performance

Evaluat'ionr(u). Values that differ by more than two standard deviations using

the EPA regression formulas are noted in the comments column.

Where T js the true concentrat'ion of the constituent (in ppb). Since T is not

known, the value from UST is used to estimate the magnitude of s, the standard

devi ati on .

(a) Personal communication from Paul W. Britton, Staff Statistician, Quaf ity
Assurance Branch, Environmental Monitoring and Support Laboratory (USEPA)

Cincinnati, 0H 45268, FTS 684-7325. Documents dated 10/84, received
3/30/86. "Estimation of Acceptance Limits for Drinking Water Laboratory
Performance Evaluation" and "Estimation of Acceptance Limits for lrJater
Pollution Laboratory Performance Evalution."

Regression formulas are

1, L,1-Tri chl oroethane

Ch'loroform

Perchl oroethyl ene

as fol lows:

s=0.130T+0.337
s=0.102T+0.198
s = 0.I27f + 0.326

Range: 1.6 to 49.7 ppb

Range: 5.9 to 102 ppb

Range: 6.0 to 92 ppb

I .38



TABLE 1.I2.

t{ell Code l,lel I Name

0rganic Analyses from PNL and UST Labs
(Noiember/Decbmber 1985)

1 ,1 ,1-Tri chl oroethaneffi
1873

187 4

L877

1878

1890

4400

4402

4403

4404

4406

440V

4408

4410

4802

4804

4806

4837

4839

4896

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T-1

399-2-L

399- 1- 1

399-r-2
399- 1-3

399-1-4

399-8-2

399-4-1

699-S19-E13

699-S30-E15A

399- 1- 5

399- 1-6

399-3-7

399-r-2
osee(B)

0.28

2.26 t 0.08

0.49

0. 51

0.84

0.87

L.29

t.2t
0.84

0.57

17 .87 t 0.34

0.87

0.70

2.74 t 0.L2

0.55

0.63

0.38

0.09

Comments

>2s (3.0 ppb)

<10

<10

<10

<10

<10

<10

<10

< 1.0

<10

<L0

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

r .39



TABLE 1.12. 0rganic Analyses from PNL and UST Labs
(November/December 1985) (cont)

Wel 1 9ode

1873

tB74

t877

1878

1890

4400

4402

4403

4404

4406

4407

4408

44i0

4802

4804

4806

4837

4896

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-T- 1

399-?-r
399-1- I
399-L-2

399- 1-3

399-1-4

399-8-2

399-4- 1

699-S19-E13

699-S30-E 15A

399- 1-5

399-1-6

399-T-2

08ee(B)

33.06

32.65 t 0.97

35.88

8.68

6.92

L6.42

15.11

18. 38

L7.41

13.62

1.07 t 0. 13

9 .83

0 .09

3.59 t 0.20

t2.92
13 .39

9.27

7 .79

Comments

>2s (5.3 ppb)

>2s (a.3 ppb)

>2s (5.7 ppb)

>2s (2.8 ppb)

>2s (3.0 ppb)

>2s (2.8 ppb)

24

19

26

l2

13

T2

T2

11

11

_ctrlorofgm (ppb).=:

--PNL UST

I .40



TABLE 1.I2. Organic Analyses from PNL and UST Labs
(N6vember/December 1985) (cont)

wellName ffi Commentst^lell Code

1873

t87 4

IB77

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

199-H4-5

i99-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T-1

3gg-2-L

399-1- 1

399-L-2

399- 1-3

399- 1-4

399-8-2

399-4- 1

699-S19-E 13

699-S30-E15A

399- 1-s

399- 1 -6

399-3-7

399-r -2

08ee(B)

0.75

10.96 r 0.04

3 .36

3.06

3 .33

8. 58

6. 14

4.L4

6. 18

6.27

13.65 r 0.19

7 .67

2.59

2.77 x 0.05

4.96

4.r2

3.91

0.06

<10

<10

<10

<10

<10

<10

<10

< 1.0

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

I .41



TABLE I.13. 0rganic Analyses from PNL and UST

(January 1986)

I,lell:9ode

1873

r877

1878

1890

4400

4402

4403

4404

4407

4408

4410**

4802

4804

4806

4837

4896

0899

Wel I Name

199-H4-5

199-H4-3

199-H4-4

199-H3-1

399-T-1

399-2- 1

399-1-1

399-r-?
399- 1-4

399-8-2

399-4- 1

699-S19-E13

699-S30-E 15A

399- 1-5

399-1-6

399-T-2

08ee(B)

0.06 I 0.02

L.L2

Comments

>2s (a.3 ppb)

>2s (3.5 ppb)

>2s (6.a ppb)

1.41 t
0.35

0.42

0.78

0.51

0. 54

0.63

10.62*

0.79

0.68

0. 17

0. 38

0.42 t
0. 15

0.06

0.02

i4
11

<10

22

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10o.05,o.ot(a)

Slight shift of
present.
In most samples
is observed but
are present.

1,1,I-TCE retention time in 4408. Impurit'ies could be

higher concentrations of trichloroethene than 1,1,I-TCE
in 4410 much higher concentrations of trichloroethene

1, 1, l-T!1t! hlgrgelheng

t.42



TABLE I.13. Orqan'ic Analvses from PNL and
(Jinuary 198-6) (cont)

UST Labs

wgll_999e

1873

L877

187B

1890

4400

4402

4403

4404

4407

4408

4410

4802

4804

4806

4837

4896

0899

Wel I Name Comments

199-H4-5

199-H4-3

199-H4-4

199-H3- I
399-T- 1

399-2-r
399-1- 1

399-t-2
399-1-4

399-8-2

399-4- 1

699-S19-E13

699-S30-E 15A

399- 1-5

399- 1-6

399-T-2

osee(B)

28.39

28.66

25.82

s.87

Lt.92
10.43

t2.5t
9.6

10. 59

0.68

6.r7
2.26

3 .01

10.90

9 .90

4.86

1.46

0.02

27

31

22

<10

12

11

L2

11

- 

a;;

14

11

AII OK

t 0.25

8.55,7.55(a)

Chloroform (ppb)
ffi

I .43



TABLE I .13.

Usl I Name

199-H4-5

199-H4-3

199-H4-4

199-H3- 1

399-T- 1

399-2-L

399-1-1

399-l-?
399- 1 -4

399-8-2

399-4- I
699-S 19-E13

699-S30-E 15A

399- 1-5

399- 1-6

399-r-2
o8ee(B)

0rganic Analyses from PNL and UST
(January 1986) (cont)

Pgrchl groethyl eneffi

Labs

CommentsWell Code

1873

r877

1878

1890

4400

440?

4403

4404

4407

4408

4410

4802

4804

4806

4837

4896

0899

0.03 t 0 .0

4.81

5.26 x 0.19

t.74
7 .66

4.32

3.25

4.r7
4.55

6.64

6. 14

3.11

0.26

1.94

2.27 t 0. 11

r.77
0.03

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

AII OK

r.44



TABLE I.14. 0rgan'ic Analyses from PNL and UST Labs
(February 1986)

Wel I Code

1873

r87 4

L877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

480?

4804

4806

4837

4839

4896

0899

We]l Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T-1

399-2-l
399-1-I
399-r-2
399-1-3

399-1-4

399-8-2

399-4-1

699-S19-E13

699-S30-E15A

399- 1- 5

399- 1 -6

399-3-7

399-r-2
o8ee(B)

Cornments

AIl OK0.02 <10

0.42 t 0.01 <10

0.81 r 0.02 <10

0.82 <10

0.73 <10

1.26 <10

0.59 <10

1.60 <10

1.34 <10

1.06 <10

1 .33 <10

.9.5 ( =2.5)* <10

<10

<0.72 (=0.2)* <10

0.20 <10

1.10 r 0.27 <10

1.38 <10

0. 17 <10

0.65 <10

0.30 <10

I ,1,l-Tri chl q9_e!!_e_!-9

I .45



TABLE I.14. 0rqanic Analvses from PNL and UST Labs
(F6bruary 19b6) (cont)

_9hl oroform (ppb)
ffihJell Co9e

1873

t87 4

t877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

480?

4804

4806

4837

4839

4896

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T- 1

399-2-r
399- 1-1

399-1,-2

399- 1-3

399- 1 -4

399-8-2

399-4-1

699-S19-E13

699-S30-E154

399- 1-5

399-1-6

399-3-7

399-T-2

osee(B)

Comments

AlI OK24.54

15.91

25.96

18.61

5.47

10.31

8.13

11 .03

1.t.25

11.54

10.42

0.85

t 0.01

t 0.58

25

L7

29

22

<4.6

11

<7 .8

11

11

L2

10

0.31

2.97

10.64 t 0.22

10.78

3.45

6.70

I .01

10

10

6.8

r .46



TABLE [.14. 0rqanic Analyses from PNL and UST Labs
(FebruarY 1986) (cont)

Perch 1 oroethvl eneffihlel l NameWel I Code

1873

1874

1877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T- 1

399-2-t
399-1-1

399-L-2

399- 1-3

399- 1-4

399-8-2

399-4- I
699-S 19-E 13

699-S30-E15A

399- 1- 5

399-1-6

399-3-7

399-I -2

osee(B)

0.03 <10

2. 33 t 0.05 <2.5

3 .00 t 0. 12 <2.2

3.08 <3.9

0.66 <10

2.96 <3 .7

2.29 <10

1.98 <10

2.22 <3

4.08 <4.1

2.7 4 <4

3.98 <3. 1

<10

2.40 <10

0.26 <10

2.32 x 0.07 <2.6

2.L8 <3

0.81 <10

1.31 <10

0.13 <10

Comments

AIl OK

concentration of
resol ved and when

i s d'iff i cul t.

* Values in parenthesis (1,1,1-TCE) are estimated
tetrachloride. 1,1,1,-TCE and CCl4 are poorly
present 'in samp'les , determi nati on of l. ,1 ,1- TCE

carbon
CCl4 is

T.47



TABLE I.15.

l.lel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-T- 1

399-2-l
399-1-1

399-l-2
399- 1-3

399- t-4
399-8-2

399-4-1

699-S19-E 13

699-S30-E15A

399- 1-5

399-1-6

399-3-7

399-r -2
osee(B)

0 .02

0.47 t 0.01

7 .50 t 0.27

t.r2
0.85

__-_ ***

0.84 *

1.06

0 .89

0.84

0.83 t 0.03
<7.89 (=l.Q)**
<0.39 (=O.Z) *'**
<0.58 (=0.2)**
0.15

0.86

0.57

0.32

-_-_ ***

0.24

0rganic Analyses from PNL and UST Labs
(March 1986)

Wsll Code

1873

1874

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

480?

4804

4806

4837

4839

4896

0899

Comments

AlI OK<10

<10

<5 .9
<10

<10

<10

<10

<10

<10

<10

<10

< 1.0

<10

<10

<10

<10

<10

<10

<10

<10

1-Tri chl oroethane

I .48



TABLE I.15. 0rganic Analyses from PNL and UST Labs
(March 1986) (cont)

Chloroform (ppb)
CommentsWel I NameW41 Code

1873

t87 4

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

. 4896

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T-1

399-2-I
399-1-1

399-l-2
399-1-3

399-1-4

399-8-2

399-4- 1

699-S19-E13

699-S30-E15A

399- 1-5

399-1-6

399-3-7

399-T-2

osee(B)

22.24

13.56 t 0.02

23.65 t 1.67

15.07

3 .33

---- ***
8. 19

9.54

9.L2

9.41

10.17 t 0.17

0.73

6.26

0.91

2.34

10.94

7.43

4.35
__-- ***

0.76

27

14

23

16

<2.9

<9

<7 .9
<9. 1

<9.6

10

11

<6.?

;;--
<7 .3

<4. 1

<4.3

AII OK

r .49



TABLE I.15.

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- I
399-T-1

399-2-t
399-1-1

399-L-2

399- 1-3

399-1-4

399-8-2

399-4- I
699-S19-E 13

699-S30-E 15A

399-1-5

399-1-6

399-3-7

399-T-2

osee(B)

---- ***

2.34

2.07

2.48

3.42

2.57 t 0.08

4.25

2.t3
L.7T

0.25

1.95

i.ao
r.26

____ ***

0.r2

Organic Analyses from PNL and UST Labs
(March 1986) (cont)

_ PercU oroethy'lene
Wel l llame CommentsWel I Coslg

1873

187 4

tB77

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

0.02

2.23 x

5.45 t
3.31

0.82

0.05

0.23

<10

<10

<4.8

<2.8

<10

<2.3

<10

<10

<2.3

<2.9

<2

<4.4

<2

<10

<10

<10

<10

<10

<10

<10

AII OK

*
**

Sample 4402 has =5 ppb and 4410 has =7 ppb trichloroethylene.
Carbon tetrachloride (estimated concentration given in
parenthes'is) causes poor analysjs of 1,1,1-TCE.
Samples 4400 and 4896 broken before arrival at PNL laboratory.***

I .50



TABLE I . 16. 0rgani c
(Apri 1

Analyses from PNL and UST Labs
1e86 )

t^Iell Codg

1873

r87 4

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

Well Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-T-1

399-2-l
399-1-1

399-L-2

399-1-3

399- 1-4

399-8-2

399-4- 1

699-S19-E13

699-S30-E15A

399- 1-5

399-1-6

399-3-7

399-r -2

osee(B)

Comments

14.81 t 0.90

16.32*

18.52 t 0.32

0.92

2.92

1.03

0.46

0. 75

t.32
r.l7
1.25 t 0.00

<6.61 (=l.g)**
---- **

0.46

---- **
0.44

0.47

0. 54

---- tr*

0. 13

<1,0

1.4

24.4
<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

AII OK

1 ,1 ,l-lrj!frl sl4qethane

i .51



TABLE I .16. Organi c
(Apri I

Ana'lyses from PNL and UST Labs
1986) (cont)

Wgl I Code

1873

L87 4

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

Well Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-T- I
399-2-l
399- 1- 1

399-t-2
399- 1-3

399- 1 -4

399-8-2

399-4- 1

699-S19-E13

699-S30-E15A

399- 1-5

399- 1-6

399-3-7

399-T-2

osee(B)

26:39 x L.82

18.22*

L2.70 t 0.64

6.92

3.62

8.95

9.t2
9.52

11 .60

9.94

11.41 t 0.17

0.7?

---- :krk

0.07

---- **

L1..7 4

11.49

7.62

---- *:k

0.36

Cornments

>2s (5.9 ppb)

27

15

27 .t

<10

<9.2

<8.9

<8.9

L2

11

11

<8

<10

T2

t2
<8.3

<7 ,2
<10

*
**

0bserved broken
4410, 4804, and

cap, possi b'le poor seal on
4896 broken before amival

t874.
to PNL laboratory.

Chloroform (ppb)
ffi

r.52



Wel I Code

TABLE I .16.

Wel I Name

Orqanic Analvses from PNL and UST Labs
(Airi I 1986)- (cont)

Perchl oroethvl eneffi Comments

1873

r87 4

t877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399-T- 1

399-2-I
399-1-1

399-L-2

399- 1-3

399- I -4

399-8-2

399-4-1

699-S19-E13

699-S30-E15A

399- 1-5

399- 1-6

399-3-7

399-r-2
osee(B)

9.66 x 0.42

14.94 *

12.32 t 0. 15

2.98

1.61

1 .80

1. 75

I .89

2.73

3.03

3.36 t 0. 11

4.26

---- **

2.47

---- **

L.7t
r.74
1.58

---- **

0.07

<10

15

i1.4
<10

<10

<10

<10

<10

<10

<3.5

<10

<4.6

<10

<10

<10

<10

<10

<10

<1.0

<10

A11 OK

*
**

Observed broken
4410, 4804, and

cap, possible poor seal on
4896 broken before arrival

t874.
to PNL 'laboratory.

I .53



TABLE I.L7 . Organic Analyses from PNL and UST
(May 1986)

Labs

Cornments
-Trichl oroethane

tdell Co9g

1873

I87 4

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

Wel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399- 1-7

399-2-r
399-1-I
399-L-2

399- 1-3

399- 1-4

399-8-2

399-4- 1

699-S 19-E13

699-S30-E 15A

399- 1-5

399-1-6

399-3-7

399-1-8

0899

0.27 t
0.24

0.56

0.41

5.80 t
3.24

1.14

2.2t
2.82

3. 55

2.24
<3.0 *

=0.2 *

0.49

0.27

9.23

1.69 t
0. 54

7.80

0.09

0.01 <10

<10

<10

<10

0.14 <10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

0.20 <10

<10

<10

<10

AII OK

* 1,1,1 TCE results are approximate because carbon tetrachloride
is present in these well locations.

I .54



tJel I Code Wel l Name

TABLE l.I7 . Organic Analyses from PNL and UST Labs
(May 1986) (cont)

ghlgrgform (ppb) _ffi
1873

r87 4

TB77

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399- 1-7

399-2- 1

399- 1- I
399-r-2
399- 1- 3

399- 1 -4

399-8-2

399-4-1

699-S19-E13

699-S30-E15A

399- 1- 5

399-1-6

399-3-7

399-1-8

0899

20.97 t 0.82

11.18

18. 13

11.65

7 .75

L?.47

6.9

10.74

12.74

14. 48

14.51

0.97

8.46

0.30

2.38

L7 .97

t 0.19

29

14

32

L4

L?

;;
13

13

13

L7

0.45 13

Comments

>2s (6.3 ppb)

>2s (6.9 ppb)

14.14 t
6.45

6.95

0.32
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IAqLE r.17. 0rganic Analyses from PNL and UST
(May 1986) (cont)

Perchl oroethvl eneffi

Labs

CommentsWel l Coslg

1873

r87 4

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

Well Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-l-7
399-2-1.

399- 1- 1

399-1-2

399-1-3

399-1-4

399-8-2

399-4-1

599-S 19-E13

699-S30-E15A

399- 1-5

399- t-6
399-3-7

399- 1-8

0899

L.27

1.46

2.29

2.0r
2.15 r 0.06

3.27

2.57

2.7L

3.I2
3 .85

3.61

4.L4

2.7 4

3.22

1.15

2.56

2.59

2.6t
2.00

0.82

AII OK<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

r .56



TABLE I.18. 0rgan'ic Analyses from PNL and UST Labs
(June i986)

Well Co4e

1873

r874

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

0899

l'|ell Ngme

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3-1

399- 1-7

399-2-I
399-1-1

399-L-2

399-1-3

399-1-4

399-8-2

399-4- 1

699-S 19-E13

699-S30-E 15A

399-1-5

399-1-6

399-3-7

399-1-8

0899Q

Comments

AIl OK0.78 t
r.76
1.10

0.56

3.27 x

L.22

1 .90

1.36

1.36

1.07

t.2r
<3*
<1

0.75

0 .99

0.88

0.98

1.34

0.54 t
0.08

0 .04 < 10

<10

<10

. <10

0.10 <10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

0.03 <10

<10

1 ,1 ,l-Tri chlqlge!!-qne

I .57



TABLE I.18. 0rganic Analyses from PNL and UST Labs
(June 1986) (cont)

Chlorofg$ (ppb)__
PNL USTblgll code

1873

1874

r877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4896

lrlel I Name

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399-t-7
399-2-r
399- 1- 1

399-l-2
399- 1-3

399-1-4

399-8-2

399-4- 1

699-S 19-E13

699-S30=E 15A

399-1-5

399- 1-6

399-3-7

399-1-8

Comments

AII OK23.29

13. 50

28.34

t9.44
10.66

2r.74

1t .53

16. 56

19.31

20.05

20.5

0.93

5.64

0. 20

4. 18

i8. 04

t7.87
5.73

10.53

+

0.84 22

T2

25

L7

0.22

19

11

t7 .9

18

18

19

18

1ar9

t 0.09

I .58



Wel I Code Wel I Name

TABLE I.18. Organ'ic Analyses from PNL and UST Labs
(June 1986) (cont)

Perchl oroethyl eneffi Co.mments

AII OK1873

TB7 4

1,877

1878

1890

4400

4402

4403

4404

4406

4407

4408

4410

4802

4804

4806

4837

4839

4895

0899

<1.0

<10

<10

<10

<10

<10

<10

<10

<10

<1.0

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

199-H4-5

199-H4-6

199-H4-3

199-H4-4

199-H3- 1

399- 1-7

399-2- 1

399- 1- 1

399-I-2
399- 1-3

399-1-4

399-8-2

399-4- 1

699-S 19-E13

699-S30-E15A

399- 1-s

399-1-6

399-3-7

399-1-8

0899Q

1.91 t 0.20

2.48

2.86

2.52

2. 14 t 0.16

3.40

3.79

3.08

3.12

3. 14

2.69

3 .84

2.59

2.34

1 .41

z.t5
2.09

1.78

1.56 t 0.10

0.96

r .59
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APPENDIX J

STATEMENT 0F WORK: trlELL DRILLING SPECIIIIAT-I-QI!'

The Statement of Work presented in this appendix conta'ins drjlling
spec.ifications for wells to be instal'led near the 183-H Basins under the RCRA

Compliance Ground-Water Monitoring Project. The Statement of Work covers

general requirements, quality assurance, preparat'ions' construction materials,

hydro'logic testing, and a description of work.

J.1



PNL.SOW. 183.H

STATEMENT OF t^jORK

UIELL DRiLLIIIG SPECIFICATIONS
].83-H SOLAR EVAPORATIOI.! BASINS

July 15, 1986

o
J.2



PNL.SOl.l.183-H

STATEMENT OF t^lORK

I,!ELL DRILLING SPECIFICATIONS
183.H SOLAR EVAPORATION BASINS

July 15, 1986

1.0 GENERAL

1.1 Scope of Work

The purpose of this contract is to furnish all labor, equ'ipment, and materials
necessary to drill, 'instal1, develop, and test at least 16 and poss'ib1y up to
25 grouni-water monitoring we11s. Currently,23 wells are planned (three
cluiters of three we'l'ls each and 14 single shallow wells). However, the
number of s'ing1 e shal I ow wel 1 s may change as dri 'l 

1 i ng progresses .

These wells are being drilled as part of the Revjsed Ground-Water Monitoring
Plan for the 183-H Solar Evaporation Basins. Drilling and testing of these
we1 I s vlil I provi de add'it'ional hydrogeol ogi c data , hel p determi ne the extent of
low-level ground-water contam'inat'ion, and help determ'ine the rate of movement
of trace levels of hazardous chemical wastes with'in the ground tlater.

L.2 l^lork Location

All drilling sjtes are located jn the 100-H Area of the Hanford Sjte jn the
State of t^lashington, approximatel-v 37 road miles north of Richland. Each well
site'is clearly marked and labeled in the field with a painted stake. Figure 1

is a map of the 100-H Area showing existing wells and proposed new well locations.

1 .3 0r'i I I i nq Schedul e

Drilling for th'is contract shall be conducted in two phases. Jhe first phale
will coisist of drilling 16 wells; seven single shal'low wells (tt1 through l'l7,
Figure 1), and three well clusters (C1 through C3, Figure 1). Each cluster
rlill cons'ist of one sha'l'low, one intermediate, and one deep well, approximate'ly
25 feet apart from one another. Construct'ion of the wells in this phase will
commence August 1,1986 and be comp'leted on or before Oecember 1,1986.

Currently, seven single shallow wells (tt8 through l/14, Figure 1) are planned for
the second phase of dril'ling. However, this number may change
gresses. Construction of the wells in this phase will conmence
and be comp'leted on or before May 29, 1987.

1.4 Working Hours

Work w'ill be performed on a five-day work week schedu1e, Monday-Friday,
betvteen the hours of 8:00 a.m. and 4:30 p.m. The work rlill be done on
consecutive work'ing days over the period of the contract. Days not jncluded

as dri 1 1 ing pro-
March 30, 1987
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in this schedule are those ho'l'idays observed by PNL staff. Scheduled hol'idays
for the contract period are: September 1, November 27-28' 1986 and May 25, 1987.
Exceptions may be made in the work schedule if mutual'ly agreed upon by the
contractor and PNL.

In the event that spec'ia1 tests (i.e., geophys'ical logging) must be performed
during drill'ing operations, standby t'ime will be paid. Standby time will be

held io a minimum and'is estimated to be 40 hours during the period of this
contract. The PNL geologist and dri'l1er will both sign and date the drilling
1og for approved standby time.

Downtime not specifica1'ly ordered by PllL w'i1'l not be considered as standblr
tjme and no compensation will be made.

1.5 Egui pment Requi red

The contractor is required to furnish a'll labor and equipment necessary to
drill, install, develop, and test these wells as specified in sect'ions 4, 5,
and 6 of this contract, and as shown in the contract figures. These wells
sha'll be drilled by the cable tool method using drive barrel and/or hard
tool s .

1.6 Materials Required

The contractoris required to furnish all well construct'ion materials neces-
sary to dril1, instal1, develop, and test these wells as specifjed jn sections
4,5, and 6 of thjs ccntract, and as shown'in the contract figures. Water
used during the drilling operations shall be obiained from the 100 or 300 Area
F'ire Stati ons .

1.7 Contract Fioures

The contract figures are not to scale and do not attempt to
of well constructjon. Exact measurements such as complet'ion
materials used, joints, spacing, etc. shall be determined 'in

1.8 As-Bu'ilt Diaqrams

As-bu'ilt diagrams for each well will be maintained by the PNL geologist as the
well is being drilled. Each diagram will be an accurate record showing weil
construction and completion. The contractor shall readi'ly provide all infor-
mation necessary to complete these diagrams

1.9 Drilling Logs

The contractor shall keep a dai'ly 'log of operations performed on each well.
The log will be accurate and 1egib1e, with entries made jn cont'inuous,
chronologicai order. The 1og sha'll contain the following: geologist, date,
rig number, well number, depth at beginning of sh'ift, depth at completion of
snift, JAJ ccntract number, total casing (temporary and permanent), depth,
drill method, wet/dry sarnple,

show exact details
depths, amount of
the field by PNL.
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ljtho'logic description, time, dri'l1ing comments, and-all other pertinent
informa[ion for the completion of these we]ls. The'log shall be complete,
signed and dated by the driller and PNL geologist at the end of each day. The
'log shal'l be available to the PNL geoiogist upon request_and after completion
of-each well. Drilling'logs will be furnished by PNL. Figure 2 js an example
dri'l 'l i ng 'log.

1.10 Site Geology

The contractor should anticipate drilling in unconsolidated to consolidated
materjals, consisting of clay, Silt, sand, gravel, cobbles, and boulders.
These materials were deposjted jn former river channels and may be cemented,
forming hardened layers of variable thickness. Low levels of rad'ig]ogical and
chemical contam'ination may be encountered during dri'lf ing. PNL will provide
routine monitoring of the drill cuttings and fluids penetrated in each borehole.

2.0 QUALITY ASSURANCE

2.L Qual'ifications of Dri'llers

All drillers shall be licensed in the State of bJashington and have a m'inimum

of five years cable tool drilling experience using both drjve barrel and hard
tools. In addition, each driller sha'11 have experience jn radiolog'ica1 and/or
hazardous waste drilling and mon'itorjng well constt'uction. The contractor
shall provide a complete l'ist of drillers and helpers involved and enter those
present i n the dri I I i ng 'l 

og .

?.2 Compliance with Specifications

All wells shall be constructed and completed in accordance with Chapter 173-160
lllAC, "Minimum Standards for Construction and l'la jntenance of tiaier t^lells," and
the specifications conta'ined herein. Any changes or mod'ifications made to
these specifications must be approved by the PNL geologist.

As required during and after construction of each we'l'l , the contractor sha'll
furnish proof acceptable to PNL (i.e., copies of receipts) that ihe quality of
materials used for construction and installation of the monitoring wel1s
equals or exceeds al1 requirements spec'ified for this work.

in the event such proof is not acceptable to PNL, the contt'actor may be
requ'ired to remove or replace those unacceptable jtems with material meeting
the spec'ified requirements. In such case, the contractor shall repair al'l
damage caused in the removal and replacement at no add'itional cost to PNL.

2.3 Well Site Inspections

The PNL geologist shall be present at all times and wil'l perform the T'itle III
inspection and any other duties necessary to ensure the proper jnstallation of
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PNL.SOt^l. T83-H

the monitoring wells in strict accordance with a'll specifications contained in
th'is contract.

2.4 trJe'l'l Abandonment

If, in the judgement of the PNL geologist, the well shou'ld be abandoned for
whatever reason, the contractor will be instructed in writing, to abandon and
backfill the hole. If well abandonment js deemed necessary as a result of
contractor negf igence, the contractor sha'lI be held respohsib'le for alI
replacement costs.

3.0 PREPARATiONS

3.1 General

The reliability of ground-water samples analyzed for hazardous chemica'l wastes
are known to be affected by drilling methods and equipment used. Therefore,
the fol'lowing precaut'ions must be taken before and durjng drilling operat'ions:

A. Drill jng Plethod

Dri'll'ing shall be done by the cable tool method. Drive barrel will be

used where possible above the water table. Hard too'ls shall be used
thereafter.

B. Steam 9leaninq

Drill rig and peripheral equipment (i.e., drill too'ls, cables, etc.)
shall be steam cleaned before coming on s'ite. No detergents shall be
used with the steam. In addition, the contractor shall steam clean
the drill rig and a1'l equ'ipment, 'including the backpulled 10-in. and
12-in. casings, between wells (onsite). The contractor shall prov'ide
and maintain the steam cleaning equipment.

C. Storage of Construct'ion Materials

The contractor shal I use al'l means necessary to protect wel I construc-
tion materials before, during, and after installat'ion. All materials
shall be kept off the ground on stands, racks, or sawhorses. During
vehic'le transport, a1l materials shal'l be enc'losed in the containers
in which they were shipped.

D. Tool Lubricants

The contractor shall use only'inorganic lubricants approved by PNL for
assembl'ing tool strings.

J.B
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E. Dri'l I i ng Addi ti ves

With the exception of water, no drjlling additives will be a'llowed.
Any water used during drilling operations sha'll be obtained from the
100 or 300 Area Fire Stations.

F. Drill Cutting and Water Disposal

Drill cuttings from the saturated and unsaturated zones shal'l be

disposed of by spreading and level'ing in the vicinity of the well bore.
btater pumped from the wel'ls during development sha'l'l be d'isposed of in
the vicin'ity of the well bore. Water pumped from the wells during
aqu'ifer testing shall be discharged a minimum of 1000 ft ar^ray from the
well bore, other wells in the v'icinity, and the Columbia River. In the
event contaminated materials and/or water are encountered, disposa'l
shall be performed in accordance with PNL Industrial Hea'lth and Safety
requi rements .

4.0 CONSTRUCTION MATERIALS

4.1 Calbon Steel Casjng and Drive Shoe (12-in.)

Initially, carbon steel casing and drjve shoe sha'l'l be new, 12- jn. nomittal
diameter materia'l , free from pits or breaks. The pipe sha'll be Schedule 40,
meeting ASTM A53 Specification. The indiv'idual segments of 12-'in. carbon
steel cas i ng shal I have stra'ight bevel ed cuts and w'il I be wel ded together.

4.2 Carbon Steel Casing and Drive Shoe (10-in.)

Initia'|1y, carbon steel cas'ing and drive shoe shall be new, 10-in. nominaj
diameter material, free from pits or breaks. The pipe sha'll be Schedule 40,
meeti ng ASTM A53 Spec'if i cati on . The i ndi v'idua'l segments of 10-'in . carbon
steel casing sha1'l have straight beveled cuts and wi'll be welded together.
The contractor shall machine the 10-in. drive shoe down, if necessary, to
allow the shoe to pass through the 12-in. casing.

4.3 Stainless Stee'l Screen (10-jn. telescope size)

Stainless steel screen sha'll be new, 10-in. telescope size, Type 304 stain'less
stee'|. The screens shall be of the continuous slot, wire-wound design with
flat stainless steel plates welded to the bottom. The contractor is to deter-
mihe slot size by a sieve analysis, with final slot sjze to be based on a

50 percent pass through. Determination of slot s'ize must be reviewed and
approved by PNL. The screens shall be factory cleaned and separate'ly wrapped
in protective polyethylene for shipment.

4.4 Stainless Steel Screen (5-in. pipe size)

Stainless steel screen shall
steel . The screens shal I be

new, 6-i n. p j pe s j ze , Type 304 stai n'less
the continuous slot, wire-wound design with

be
of
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flat stainless steel plates welded to the bottom. Slot-size shall be 20 slot
(.020-in.) screen for the shallow and intermediate wells, and 10 slot (.010-in.)
for the deep we'I1s. End fittings shall be double entry Stub ACME fjush screw
threads. The screens shall be factory cleaned and separately wrapped in
protective polyethylene for shipment.

4.5 Stainless Steel Casing (6-in.)

Stainless steel casing shall be new,6-in. nominal d'iameter, Type 304 sta'in-
less steel. The casing shall consist of Schedule 10 pipe w'ith Schedule 40
couplings, meeting ASTM A312 or A778 Spec'ificatjon. End fittings shalI be
double entry Stub ACME flush screw threads. The cas'ing shall be factory
cleaned and separately wrapped in protective polyethylene for sh'ipment.

4.6 Artificial Sand Pack

Artificial sand packs shall consist of kiln
U.S. sieve size for shallow and intermediate
for deep wells. The grains shall be rounded
coefficient of less than 1.5.

dried quartz (silica) sand, 10-20
wells, and 20-40 U.S. sieve size
and spherical w'ith a uniformity

4.7 Bentonite Pellet Seal

Bentonite pellet seals shajl
that have a dry bulk dens'ity

4.8 Bentonite Sl_U"Iy- Seal

Bentonite slurry sea'ls shall be a mixture
Marsh Funnel viscos'ity of 120 seconds.

4.9 Granular Bentonite Seal

Granular bentonite seals shall
crumbles, 8-20 mesh.

4.10 Concrete Seal and Pad

composed of commercially available pellets
80 lb/ft3 and are 0.25 in. in diameter.

be
of

of bentonite and water, w'ith a

be composed of coarse granular bentonite

Each well shall be sealed from land surface to a depth of 5 ft with concrete.
In addition, a 4-ft by 4-ft,4-in. thick concrete pad sha11 be placed at the
surface around the permanent we'11 casing. Using 3/4-1n. maximum size aggre-
gate, the concrete shall have a minimum compressive strength of 3000 ps'i at
28 days, and 6-in. max'imum s1ump. The contractor shall supply a brass survey
marker to be visibly placed in the concrete pad. The surface of the survey
marker shall be of sufficient size to be stamped with the well number and
horizontal and vertical controls.

4.11 Well Cap

Each well shall have a lock'ing, removable, stainless steel cap of nom'inal
d'iameter 2'in. greater than the permanent casing diameter to provide for
pump hardware. o

J. 10
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4.L2 Prolective Steel Posts

Four protective stee'l posts shall be concreted in the ground around each well.
The posts sha'll be 4-in. nomina'l diameter and 6 ft in length, with 4 ft
extending above ground.

4.13 Safetv Paint

Each wel'l casing, cap, and adjacent protective posts shall be painted safety
ye1low upon completion of the well.

5.0 HYDROLOGIC TESTING

5. 1 l,later Level Measurements

Once the water tab'le has been reached, water level measurements will be made
'in each well at the start of each sh'ift by the PNL geologist. Pt'lL will supply
al'l equi pment for measuri ng water I evel s .

5.2 Ground-Water S'ampl es

Once the water table has been reached, ground-water samples may be co'llected
from vari oui wel 1 s by PNL. Pl'lL wi I I suppl y al I necessar-v ground-water
sampf ing equipment.

5.3 l^lel I Devel opment

Each well will be developed by bai'l'ing, jetting, or other acceptable techniques
as approved by PNL. At a minimum, each well shall be developed until it'is
cleared of sand and other fine gra'ined material , as determ'ined by the PNL
geo'logi st.

5 .4 Aqu'i fer Test'ing

Aquifer testing wi'l'l be performed on some or all of the wells. These tests
may include, but are not limited to: bailer, s'lug, step drawdown,8-hr pumping,
and 8-hr recovery tests. The contractor shall supp'ly, insta'l'l , and operate
all aquifer testing equipment, which may include some or al'l of the fo1'lowing:
puop, power source, flowmeter, and discharge line. The pump sha'll be capable
of producing a yield of up to 750 gpm. A minimum of 10@ ft of discharge line
will be requ'ired. PNL wi'11 supp'ly equ'ipment and personnel necessary for data
col I ecti on .

6.0

6.1

Atl
each

DESCRIPTION OF WORK

Sinqle Shallow t.{ells

sing'le shallow wells shal'l be completed in the Hanford gravels. In'itia11y,
of these wells will be drilled to the top of the uppermost silt and ciay

J. 1t
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layer of the Ringo'ld Formation with 10-in. diameter carbon stee'l casing and
drive shoe. As the wells are being drilled, samples of the materials pene-
trated will be collected at s-ft intervals and at changes in lithology by the
PNL geologist. Sample jars will be provided by PNL.

A straightness test wi'll then be performed on each well. Each wel'l must pass
a 20-ft section of 8-in. diameter pipe over the entire depth. The 10-in.
casing wi'l'l then be pulled back and the hole backfilled to the completion
depth, which will be determined by the PNL geo'logist as each well is being
dri I I ed.

A 10-ft sect'ion of 10-in. (tetescope s'ize) stainless steel screen shal I then
be installed at the bottom of each well. The 10-in. casing shall then be
pu1led back, forming a natural pack around the exposed 10-ft section of
screen.

Each wel I w'i I'l then be devel oped. A test pump w'i 11 be 'insta'l I ed and an
aquifer test performed. Upon completion of the aquifer test and removal of
the test pump, each well will be completed by'instailing a 15-ft section of
6-in. (pipe size) stainless steel screen insjde the 10-in. screen.

The top of each 6-in. well screen shall be threaded to 6-in. diameter stain-
less steel casing. The stainless steel casing shall extend from the top of
each well screen to 2 ft above the ]and surface.

An artificial sand pack will then be placed between the 6-in. and 10-'in.
screens, extending upward to 5 ft above the top of each 6-in. screen. A

bentonite pellet seal shall be placed on top of the artificial sand pack,
extending upward 5 ft. A granular bentonite sea'l sha'l'l extend from the top of
the bentonite pel1et seal to 5 ft below'land surface. P'lacement of sand pack
and sea'ls shall be accomplished as the 10-in. casing is being removed. The
method of p'lacement for sand pack and seals shal'l be approved by the PNL
geolog'ist.

The remaining annu'lar space between the 5-in. and 10-in. cas'ings sha1l be
sea'led with concrete as the 10-in. casing is removed contpletely from the
borehole. The surface of each well wi'll then be sealed with a concrete oad.

A locking, removable stainless steel cap wi'11 then be placed on each well.
Four protective steel posts wi'll be concreted'in the ground around each well
and the cas'ings, caps, and posts w'i11 be pa'inted safety ye'l'low.

Each well will then be redeveloped as needed. Upon completion, the borehole
wi'll be inspected by PNL with the Downhole Televis'ion System to ensure that
the wells have been constructed according to specification. Figure 3 is a
diagram showing the construction and completion of the single shallow wel'ls.

al
U
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6.2 Cl uster l,{el I s

A. General

Each cluster wil'l consist of three wells, one shallow, one intermediate,
and one deep well. The we1'ls will be constructed ?5 ft apart from one
another as shown in Figure 4. The shallow cluster wells will be com-
pleted in the Hanford gravels, identical to each of the singie shallow
wel 'l s . The i ntermedi ate cl uster wel I s wi'l I be compl eted at the top of
the uppermost silt and clay'layer of the Ringold Formation. The deep
cluster we1ls will be comp'leted within the R'ingo'ld ciays.

B. Intermediate Cluster l.lells

Figure 5 is a d'iagram showing the constructjon and comp'letion of the
intermediate cluster wells. These wel'ls will be drilled to the top of
the uppermost silt and clay'layer of the Ringo'ld Formation with 10-in.
d'iameter carbon steel casing and drive shoe. As the wells are being
drilled, samples of the materia'ls penetrated will be collected at 5-ft
intervals and at changes in'lithology by the PNL geologist. Samp'le jars
wjll be provided by PNL.

A straightness test will then be performed on each well. Each well must
pass a 20-ft section of 8-in. diameter pipe over the entire depth. A

S-ft section of 10-in. (tetescope size) stainless steel screen shajl
then be installed at the bottom of each well. The 10-in. casing shal'l
then be pu1'led back, forming a natural pack around the exposed 5-ft
section of screen.

Each well will then be developed. A test pump w'i'11 be installed and an
aqu'ifer test performed. Upon compietion of the aquifer test and removal
of the test pump, each well will be comp'leted by instalf ing a 5-ft sec-
t'ion of 6-in. (pipe sjze) stainless steel screen inside the 10-'in.
screen.

The top of each 6-in. well screen shall be threaded to 6-in. diameter
stainless stee.l casing. The stainless steel casing shall extend from
the top of each well screen to 2 ft above the land surface.

An artificial sand pack w'i11 then be placed between the 5-in. and 10-jn.
screens, extending upward to 5 ft above the top of each 6-in. screen.
A bentonite pellet seal sha'll be placed on top of the artificial sand
pack, extendjng upward to 5 ft above the water table. A granular
bentonite seal shall extend from the top of the bentonite pellet seal
to 5 ft below land surface. Placement of sand pack and sea'ls shall be
accomplished as the 10-in. casing is be'ing removed. The method of
placement for sand pack and seals shall be approved by the PNL geolog'ist.

J.l4
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The remaining annu'lar space between the 6-jn. and 10-in. casings sha11
be sealed with concrete as the 10-in. cas'ing is removed completely from
the borehole. The surface of each well wi'll then be sealed with a con-
crete pad.

A'locking, removable stain'less steel cap wi'11 then be placed on each
well. Four protective steel posts will be concreted in the ground
around each well and the cas'ings, caps, and posts w'i11 be painted safety
ye1 1 ow.

Each we1l will then be redeve'loped as needed. Upon completjon, the
borehole will be inspected by PNL with the Downhole Television System to
ensure that the wells have been constructed according to specificat'ion.

C. Deep Cl uster Wel 'l 
s

Figure 6 is a diagram show'ing the construction and comp'letion of the
deep c'luster wells. These wells will be completed within the R'ingo'ld
c1ays. Each wel'l wi'll be drilled to the top of the uppermost silt and
clay'layer of the Ringold Formation with 12-in. djameter carbon steel
casing and drive shoe. As the wells are being drilled, samp'les of the
materials penetrated wjll be collected at 5-ft intervals and at changes
in lithology by the PNL geologist. Sample jars vli11 be provided by PflL.

The well will then be continued into the Ringold c'lays to the total
depth w'ith 10-in. diameter carbon steel cas'ing and drive shoe. The
total depth will be determ'ined by the PNL geo'logist as each well is
being drilled. Spf it spoon or shelby tube sediment samples will be
collected in any 1ow permeabjlity unit thought to be significant'ly
retarding vertical ground-water movement.

A straightness test will then be performed on each well. Each wel'l must
pass a 20-ft sect'ion of 8-in. diameter pipe over the entire depth. A

10-ft section of 6-in. (pipe size) stainless stee'l screen shall then be
'installed at the bottom of each well.

The top of each well screen shal'l be threaded to 6-in. diameter
sta'inless steel casing. The stainless steel casing shall extend from
the top of each well screen to 2 ft above the land surface.

An art'if icial sand pack shal'l then be p'laced between the 6- jn. screen
and 10-in. casing as the casing is being pu'l1ed back. The sand pack
shall extend from the bottom of the screen upward to 10 ft above the top
of the screen. A bentonite slurry seal shall be placed on top of the
artificia'l sand pack, extend'ing upward to 5 ft above the water table. A

granular bentonite seal shall extend from the top of the benton'ite
slurry seal to 5 ft be'low'land surface. Placement of sand pack and
seals shall be accomplished as the 10-in. and 12-in. casings are being
removed. The method of placement for sand pack and seals shall be
approved by the PNL geo'log'ist

-v
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The remaining annular space between the 6-in. and 12-in. casings shall
be sealed wiih concrete as the 12-in. casing is removed comp'letely from
the borehole. The surface of each wel] will then be sealed w'ith a con-
crete pad.

A'locking, removable sta'inless steel cap will then be placed on each

wel'l . F6ur protective steel posts wi'11 be concreted in the ground
around each well and the casings, caps, and posts will be painted safety
ye1 'low.

Each wel I wi 'l I then be deve'loped. Upon compl eti on , the borehol e wi 1 I be

inspected by PNL with the Downhole Television System to ensure that the
wel i s have been constructed accord'ing to speci f i cat'ion .

Aquifer tests may then be performed on some or a'll of the deep cluster
wells, as determined by the PllL geologist.
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