
liquors fran different depths vary because of changes in the waste produced,
liquid and solid contact Cine, as wel* as the number of "waste strata" the
water has percolated chrough. Surface pond liquor composition may not reflect
leachate composition in terms of readily leachable species that are not
solubility liaiced. But in cases where the major species in the pond liquor
have reached Solubility linitations (i. e., soue FGD ponds), their
concentrations in the ieachate can be qulce sinilar to the pond liquor
composition.

8. 6. 2. 2. 3 Dilution/Mixin of Interstitial Li uors - ?or partially
saturated wastes that contain residual process liquor (as in landfills),
leachategeneracion, which occurs after influent water - rain or groundwater -
locally saturates the waste, would cause the influent liquor to be admixed
with the residual liquor. Thus, ths quality of this nixture nay provide the
starting point for determining leachate composition. However, the original
liquor may be diluted by mixing with several components (depending on the rain
and groundwacer chemical conposition), and solubility limitations originally
present in the residual process liquor nay not prevail_in the mixed liquor.
Also, the tonic strength and other factors (such as buffering capacity, pH,
coaplexing ion concentrations) of the resultant mixture may be modified to
change leaching ability of that solution relative_to the original liquor.
Thus, depending on the extent of "dilution, " the final leachate may be quite
different from"the original liquor. The extent of modification is related to
many factors that affect the degree of leaching from the waste.

In some cases, waste saturation nay not be necessary before liquor
(leachace) is forced out of the waste. This could happen when all the pores
where theentrapped air could escape from are filled with liquor.

8. 6. 2. 2. 4 Dissolution of Readll Available S ecies - Readily soluble
species in FGC wasteg^nay in^lude^the ^nor^anic^^ajor and ninor components of
FGD solids (e. g., Ca^, SO/, ~A, Cl~, NaT, K'', Mg"), nsj or species with limited

solubility that arrive to Sheir saturated levels within relatively short
periods of contact tine (such as CaSO, ), and trace conponents chat are readily
available to the liquid phase due to ^heirpreconcentratiofts on surfaces of
the waste (As on asli) or their presence as readily soluble pure fine
particles. In general, most solid phase species tbat are not encapsulated by
other solid phases (see Section 8. 6. 2.2. 5) may be considered readily available

species. These can be more rapidly leached from the waste than those species
limited by matrix dissolution.

Concentrations of these species can thus be limited either by their
solubility in the particular liquid phase or by the total amount present in
the solids. If the total anounc present were the liniting factor, the ratio
of liquid to solid in the disposal site would affect the final concentration.
If solubility were limicing, the ratio will have no effect.

8. 6. 2. 2. 5 Dissolution of Matrix S ecies and Associated Trace
Co onents - Many factors can limit the rates at which trace conponents are
leached from FGD and ash wastes. These include:
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» Bulk matrix solubilization due to encapsulation (i. e., CaSO/ and
aluninosilicate matrix).

6 Diffusion through hydrated layers of waste particles.

Leaching rates of encapsulated trace components nay be increased by
variables that raise the rate of bulk natrix golubilization. These variables
include^ temperature and chenical conpositioa of leaching fluid (pR, ionic
strength, weak and strong couplexing agents) . The totai quantity leached into
solution will also depend on che coacact time of the liquid and solid.
Concentrations nay be llaiced after a given period of tine by adsorption from
solution onto the solid and by solubility constraints.

Thus, to estimate the extent of leaching of crace components, their
distribution in the waste (i. e., as surface concentrated, bulk matrix,
encapsulated species, readily available) naxst be known. Laboratory tests may
be required to provide this infonnacion.

8. 6.2.2. 6 Solubilit Limited S ecies- The najor components of FGD
waste (CaSO^ and CaSO^) result in levels of calciua, sulf ate, and sulfite that
are limited^by their solubiltty product in the particular ionic strength and
chemical composition of the liquor. Concentrations can be detemined based on
themodynamic calculations and estimates of solubility. Solubility
limitations are unlikely for other ash and FGD waste components, such as very
soluble sodium and potassiun salts . Sows trends have been observed for
certain trace elements (such as lower solubility ac high pH due to fonnatlon
of hydroxides), but it is difficult to predict routinely trace metal
solubilities in various nedia.

8. 6. 2. 2. 7 Concentration Limitations Due to Availabilit - Leachate
concentrations of components that are readily and totally leached from wastes
are detenained by the quantity available from the solid and the
liquid-to-solid ratio. Another contributing factor is the amount of "fresh"
unleached waste that contacts this leachate as it percolaces through the waste
disposal site. Exainples would be ash particles where all of the As and
sutfate are present on the surf ace and» in some cases, Na and K salts.

8. 6.2.2. 8 S eciation of Elements in Leachates - Speciation in leachates
is discussed here in two parts. The first is oxidacion states of particular
elements; the second is formation of complexes in solution. Speclation is
ifflliortantboth in terns of environmental effects (for instance^ certain
oxidation states of ^ are more toxic than others) and further reactions in
the environment (such as attenuation) .

The oxidation state of many elemeats in leachates under normal conditions
is^efin^d by^^he presence of only one stable^ fom of the elattent (i. e., Na+,
ca ~* cl ' ST"") . For Other eleaents, (notably transition elements and As),
various oxidation states are possible. Since experimental data on speciatloo
of elements ̂ are lacking, most of this discussion is based on the expecCed
chemistry of particular elements under coriditions of solution redoxpotential.
Direct measurenents under actual field conditions provide the best estimates,
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but such tests are difficult. Host measurements to date on trace metal
concentrations in leachates provide total element concentrations with no
attempt at speciation.

Given a leachate chemical coaposition aadoxidati.on/reduction potential,
the most stable themodynanically oxidation form of an element can be defined.
However, the kinetics of the race required to achieve that thennodynamically
scab Ie state may not ^ known ^ the species is not initially present in that
state. Thus, both As''' and As''' have been deteraine^^under reducing and
oxidizing conditions in ash pond leachates, while Cr has been observed in
extracts of some FGD wastes. The oxidation states of readily oxidizable ions
(Fe^) under weakly coinplexing environments will tend to the higher value
(FeT~>) under aerobic (oxidizing) conditions. Sinilarly under anaerobic

conditions, bacterial action nay cause the reduced oxidation state.
laterelement redox reactions can also occur.

Complex formation occurs to a greater extent in leachates of higher ionic
strength than in dilute solutions. In any casCt most complexes forDaed in
these leachates are expected to be "kinetically labile. " That is, rates of
conversion of the complex to^another form are extremely rapid when the ^^
chemical c^mposicion_o£^the leachate media is changed. For examplet Ca 

~ 

nay

form [CaCl^] and [CaSO/] complexes in solution, but when the leachate is
diluted with water under the site, these complexes will rapidly fora a new
equilibrium concentration. This is inportant, since Bubsequent reactions will
be determined by speciatlon in the solution undergoing reaction and not by the
original leachate.

Experimental detennination of these types of complexes in solution has
not been performed for FGC waste leachates. Computer prograas are available
that use thermodynaaic coinplexation constants to predict the relative
concentration of a particularspecies, given the total element concentration
and complexing species present in solution.

8. 6. 2. 2. 9 Leachate Chenical alit Decision Tree - The purpose of the
leachate chemical quality decision tree Figure 8. 8 is to estimate the
concentrations (and speciation, if needed) of particular elements in the
le,E»&ate that may exist in the disposal site.

Mobility of waste-related species occurs by nigration of aqueous phases.
Thus, composition of the aqueous phase in the waste itself as well as those of
the aqueous phases generated by couCact with leaching media are important in
detennlnJLng environmental effects. The initial step in detennining leachate
quality would be to correlate the specif ie disposal scenario with available
data for similar situations. This nay provide enough infonnation. If not,
more detailed data maybe obtained, as shown in Figure 8. 8.

If the waste has an aqueous phase (as in a pond), the primary leachate
conposicion will be related to that of the interstitial liquor. Since Che
chemical properties of the waste will vary within a given disposal site,
different spatial distributions and changes with depth can be expected. In
addition, slte-specific conditions, such as the redox enviroiunent may cause
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variations of boch concentration and speciation between surface samples and
interstitial waste liquors. Also, because liners retard water noveaent, the
liquid-to-solid contact ciae can be increased, resulting in more dissolution
and hence higher concentrations of trace species. Thus, although an initial
estimate of the liquid phase composition may be available, the effects of
site-specific conditions must be considered.

If no site-specific data on waste liquor are available, the next best
source is the conposition of the wastesolld phase. Given data for solid
composition but no extract data for leachate concentrations, a three-step
process can be applied:

. Leachate "worst case" levels can be initially estiaiated by using
available thermodynaaic data to calculate a.asimua solubility of waste
species in the leaching media. If species are unlikely to be United
by solubility, the naxinun level can be defined by assuning that all
of the element is leached for each waste layer the water contacts as
it percolates through the site. This step nay be sufficient for some
questions.

o If a better estinate is required, literature data on comparable
extracts of the particular waste can be used to estimate the rate of
leaching. This step may be necessary when the experimental data
suggest that only a saall fraction of the total present is available
for leaching In a reasonable period of tine, or observed
leachate/extracts are very different from calculated levels.

» If further refinement is desired, site-specific laboratory and field
cests may be needed.

If sufficient extract data for the waste are available, this three-step
process should be undertaken before the data are used. When no adequate
solids data are available, two options are open. One approach is to determine
composition by conducting experiments. The other is to estimate the
composition of the waste solids by comparison with less specific literature
data for Similar disposal conditions.

8. 6. 3 Leachate Admixin

Leachate admixing refers to the physical and cheaical processes whereby
leachate concentrations are changedby admixing <d. th receiving waters. This
discussion focuses on physical processes that uay be readily evaluated in
decislon-maklng by examining chemically conservative leachate Species. If the
receiving water shows negligible concentrations of the constituents in
question, th.e admixing process may be one of simple dilution. In several
environaiental settings, however, Che preexisting levels for constituents
generally associated with utility waste leachate may be elevated in receiving
waters. This means that the adinixing process vill only have a negligible
dilution effect. In general, where receiving waters exhibit comparable, or
greater, levels of species of interest than the leachate» little or no adverse
impacts would result from the disposal activity. At other sites where
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leachate is admixed with relatively larger volumes of receiving water,
examining leachate generation, novenenc, and admixing processes may by itself
indicate negligible adverse effects on water quality. In such cases, there
would be no need to study the chemical attenuation processes before admixing.

Evaluating the effects of admixing generally requires an understanding of
Leachate flow rates and quality, receiving water flow rates and quality, and
che nature and rates of dispersion and chenical fate processes that control
che admixing process. It is be important co define the location at which the
admixed concentration is desired fi. e., drinking water veil, critical habitat
location directly proximate to the waste) as veil as a representative volume
of the receiving water body (i. e., aquifer, Stream) over which the
concentration of species of interest nay be averaged. These considerations
are discussed below.

8. 6.3. 1 Aduixing in Groundwaters-
Consider the siinplified disposal site environment depicted in Figure 8. 9.

Leachace percolates down to che water cable, laterally toward a stream
discharge point. (There may be no imsacurated zone under some sites . This
will affect leachate novenent and adnixing, and is discussed separately . ) For
the^sicuationshown in Figure 8.9, vertical movement in the aquifer is assumed
negligible relative to horizontal movement. This condition tends co prevail
if leachate aoveneac rates are snail compared with laceral underflow rates of
the aquifer.

First, one must consider whecher vertical or lateral gradients of
leachate coQtaninants in the aquifer are significant. Dispersion, the
tendency of solutes to spread out from the predicted path according to
hydraulics of flow, can usually be Ignored under the following circunstances:

The disposal site is inaaediately adjacent to a groundwater discharge
area - a stream or lake bed.

s A production well that draws water from Che full saturated thickness
of che aquifer is or will be downgradient of the disposal site.

In both cases, the contaminant will be rapidly admixed at the discharge point.
Ac a natural discharge, such as a stream bed, a shallow aquifer almost
invariably discharges all of its flow wlthrelattvely rapid admixing in the
surface water body. A production well also mixes the groundwater during the
drawdown. At maxinua sustainabIe yield, such wells draw from the full aquifer
thickness. A well that is screened or otherwise open through the full
saturated _thicknes s will also artificially mix the groundwater in the open
portion of the well itself , regardless of pumping rate. In considering" the
effect on production wells that may be developed iA che future, one nust
account for their zone of influence in determining whether the well will be
"downgradient" of the site after development. In each case, the admixed
concentration can be estimated by assuming that leachate mixes through the
full depth of the aquifer.
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Dispersion effects need not be explicitly accounted for if the
contaminant will be well mixed throughout the aquifer thickness at che
location where concentration estimates are desired and if that location is
roughly in che "niddle" of the contaminant plune (see Figure 8. 10). "But'
dispersion phenomena must be implicit in this detemination. The "width" of
che £ill> b*. is defi°®d directly upgradienc from the site. The plume width,
K, will roughly increase along dowagradient flow lines as:

w ^b + 6k 2 c» X (9)

where

X is the discancedowngradient (along a flow line) end a.
transverse dispersivity. ^

is the

The vertical spread of the pliuae, T, is approximated by:

T - 3\, 2a^ X; (10)

Measured values of o^, have been reviewed by Anderson and may range from
approximately 0. 01 to 10 a (74). Sykesetal.. ina recent study of disposal
sice scale contaninant migration phenomena (75), recoannend valuesof 0 to* 0. 15
B, suggesting that the larger dispersivities cited by Anderson asy only be
appropriate for plume nigrationac larger spatial scales. Values'of 0^01 to I
a seem appropriate based on the available infonnation.

^ T ^s 8reater than aquifer thickness, unifoT vertical mixing can be
assuaaed. For^example, at the new Elrana landfill studied under this project
(see Section 5. 0), leachate may seep vertically to an alluvial aquifer that
has a saturated thickness ofabout 8 m (25 ft)'. Looking directly upgradienc,
the fill intercepts about 800 m (2, 500) feet of aquifer'width. Ther Illuvial'
aqulfer discharges to che Youghiogheny River at Elrana roughly 250 a
(SOO feet) downgradient of che fiU. 

' 

The width of the po tentially
concaBinated portion of the aquifer at the discharge area is;

K » 2500 i^ 2(a^) l0(y (11)

where W "width in feet.

, If aT
then W

. 03 to 3. 0 ft,
2540 to 2860 ft

Thus, lateral dispersion causes a small amount of plume spreading, which in
this case can be ignored. The vertical spread of the pluue is given by:

( 2(a., ) x) (12)

-In. a hyPothetical situation where a snail well were to be located between
j^he fill and the river (30 m or 100ft from the river), X ° 152 m-(500 ft)"and
T = 5 to 50 n (16-160 ft). Compared with the saturated 8 m (25 ft), it is
likely chac the plane will be veil mixed Vertically through the full
thickness.

8-32

- Doc. Ex. 8800 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



Boundary of

contaminated groundwater

I

T
»/a
l.lt

\:- 
.̂

»*», Ill

1)1

Area of potentially affected
surface water

FIGURE 8.10 PLAN VIEW OF GENERALIZED CONTAMSNANT PLUME

- Doc. Ex. 8801 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



Once the depth and width of the plume at a sampling location are
estimated, the mixing ratios may b^ determined. The first step is to define
the leachategeneratioa rate, Q, (a /yr) (see Sectiqn 8. 6. 2), and the flow in
che affected part of an uaderflowing aquifer, Q_(m"/yr). The flow Q_ Is
through a cross section of width W and thicknesl
the Darcy velocicy by W and T.

T. To estimate <a-' "multiply

Within approximately a thousand feet of a typical disposal site, lateral
dispersion can be neglected. Also, receptors have been Identified, such as
lake s and streams, large production wells, and wells screened (or otherwise
open) over the full saturated thickness, for which limited vertical dispersion
need not be considered and T equals the thickness of the saturated zone. la
other instances, T can be estimated as:

^2aTX) (13)

where
I cannot exceed h (the saturated aquifer thickness)

Then, the admixed concentration of any constituent, C is given by:

clQl.caQa (14)
'0^

where

C, is concentration in leachate
C^" is concentration in background grouadwater
Q7 and Q^ are quantities of leachate and groundwater, respectively

The situation is more complex when leachate is a substantial contributor
co downgradient flow in the aquifer. This often occurs wichunlined disposal
ponds, where the downward leachate flow forces contaninated water to greater
depth than would occur from dispersion alone. This problem is addressed
carefully by McWhorter & Nelson (76) and will not be reviewed here. Given an
estinate of vertical and lateral linear flow velocities (V_ and V,,
respectively), a crude estimate of the depth of lea chace mixing <d') may be
made:

X (15)

where

X is distance taken along che flow path

As an example calculatign from the studies at the ^llen plane (see Section
5. 0), V^ is roughly 10" cm/sec, V, is roughly 10 cm/sec and T ^0. 1 X.
Since tRe saturated thickness of tfie aquifer is roughly 18 m (60 ft), the
leachate will be well mixed vertically through the full aquifer thickness
within 182 m (600 ft) of the pond center (well within the bounds of the pond
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itself). In this case, linited vertical dispersion need not be considered.
Contaminants will be well mixed through the full aquifer thickness.

8. 6. 3. 2 Admixing in Surface Wacers-
Contaminated groundwater usually mixes so rapidly with surface water

bodies that no discernible "hot spots" of contanination are expected.
Findings at the Powerton site (Section 5.2. 5) denonstrate thac significantly
contaninatedgroundwater discharging to a very snail stream ̂ causes only minor
observable water quality changes"in the strean. Available data, however,
cannot discount the possibility of surface water effects from a large, unlined
pond discharging to a snail stream or to a quiescent body of water such as a
small lake or neandering river.

Leachate admixing in streams may be estimated as follows. Vertical
mixing is assumed essentially instantaneous; laceral mixing is not. A useful
rule-of-thumb (derivable from stream dispersion coefficients) is that if a
pollutant is introduced at the shoreline, it wi^l be well nised across the
full width of the stream at a distance X° 10 WA /d downstrean from the
source, where W_ and d^ are the stream width and'avSrage depth, respectively.
Downstrean of t§is poiit, contaninant concentrations iu the stream niay be
estimated as:

-up

L

Qs
(16)

where
C _ is the upstream or background concentration <mg/l),
Lup is the contaminant loading rate (ng/sec),
Q_ is the stream flow (1/sec).
ls

Upstream of this point, where more acute impacts may be expected, a worst
case estimate may be made by assuming the contaminated groundwacer discharge
is a point source, well mixed vertically. The simplified approximation is:

c.._ +
'up

(17)
^^
inps

Qs

This equation yields unnaturally high estiaates for very small values of
X, because of the unrealistic assumption that the cpntaaiaated groundwater
discharge is an ideal point source. This nay be avoided by ignoring any
estinated concentrations that exceed the concentration in the contaminated
groundwater. Tbe concentrations estinatedbythis equation do not apply to
the whole stream* but only to a region near the discharge point (shore or
stream bed), with approximate lateral dimension given by:

(18)
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8. 6. 3. 3 Sumnary-
The methods suggested here are appropriate only under relatively simple

and well characterized geohydrologic conditions. Even then they are only
reliable to within about an order of nagnitude. This level of accuracy,
however, may frequently be adequate for an appropriace waste management
decision. A really accurate understanding of grouadwater flow patterns can
only be based on careful field surveys. Siniple calculations or sophisticated
computerized models cannoc coupensate for basic deficiencies in the
geohydrologic description of a site. Indeed, excessive reliance on models can
obscure an often Inadequate understanding of site specif 1c geohydrology.
However, as aenctoned in Section 8. 6. 3. 4, conputer modeling may be appropriate
in some situations. Several models may be used. Available sources Include
EPRI, USGS, the Groundwater Model Clearlag House (operaced liy Holcomb Research
Institute of Butler University and National Water Well Association), and
References 77 and 78.

8. 6. 3. 4 Leachace Adnixing Decision-Making PTOcess-
Figure 8. 11 shows a methodology forevaluating the effects of leachate

adnixing with receiving waters. The receiving waters nay besurficial
(screans, rivers, lakes, estuaries) or subsurface aquifers. In the most
general and typical case of disposal near a surface water body, one must
consider adinixlng of leachate with underf lowing groundwater, followed by
admixing of this contaminacedgroundwater with the surface water body as the
groundwater discharges co it.

The first step is to coBpare leachace quality with receiving water
quality for all constituents of iateresc. The list of constituents will
generally include major ions and heavy metals. Leachate quality nay be
comparable co or better than receiving water quality for many important
constituents in several settings: (a) highly mineralized locations in the
arid west, (b) highly acidified locations in the interior, and (c)
cidally-influenced coastal settings. Preexisting site contamination is
another factor when assessing surf ace mine disposal operations.

The next step is to review the site water balance and other hydrologic
and geohydrologic data to determine the range of flow rates expected in the
receiving waters over the life of the facility. Seasonal variability in flows
should be considered, as well as the substantialuncertainties inherent in
estimating groundwater flow rates. The uncertainty in groundwater flow rates,
as estimated either from available data or limited site field survey, may be
quite high (as much as an order of nagiiitude). Estimates are likely to range
over a factor of 0. 2 to 5.0 times the value. These wide ranges should be
accounted for by conducting alternative admixing analyses based on the
extremes of the best estimate, if no independent estimate of uncertainty is
available.

Seasonal variations in receiving water flows are likely to have a
substantial influence on the admixiag process in surface waters. Admixing at
low flows can be calculated based on the seven-day, ten-year low flows that
are available for most major streams and rivers from local, state, or federal
water pollution control agencies for the Water Resources Division of the
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District Office of the U. S. Geological Survey. If the seven-day, ten-year low
flow has not been defined, it can be estimated from a suitable hydrologic cine
series (79) . When suitable data are not available for a direct determination
of a seven-day, cen-year low flow for the water body, a variety of indirect
methods nay be used to definea representative low flow. Low flow can be
estimated based on data on the low flow of a nearby stream whose drainage area
most nearly corresponds to that of the subject stream ia drainage area,
cliBate, and physiography. A reasonable estiaate would be that the ratio of
the low flows in the two streams equals the ratio of che drainage area.
Sinilarly, if the mean flowof the stream is unknown, the nean flow will be
roughly proportional to draiaagearea, based on other nearby streans whose
watersheds are similar in clinace and topography.

The effect of seasonal varlacion in groundwater flow may be accounted
£or, assuming sufficient data are available. Shallow aquifers aff. cted by
surface disposal nay show substanciat seasonal fluctuations in flow and head.
The adniixing process, however, nay be fairly insensitive to seasonal
fluctuations for the following reasons:

.f Groundwater admixing isa relatively slow process chat occurs over the
total travel cime from source to receptor; this moveaent often takes
several years and has an averaging impact on seasonal fluctuations.

® At some disposal sices, particuiarly landfills, fluctuations in the
amount and movement of leachate may natch those of the grouadwater.
The resulting concentrations nay be relatively insensitive co seasonal
variations.

Seasonal fluctuations in groundwater admixing need only be considered
when the travel time to significant downgradient receptors is less than one
year. In interpreting field data to estimate typical groundwacer flow rates,
however, ifisimportanC to evaluate the degree to which aparticular
observation period is representative of typlcalflow rates/ If data are
available from a limited observation period, geohydrologic/clinatlc
interpretation of the representativeness of the observation period is
recommended.

Data characterizing leachate flow rates and quality, receiving water body
flow rates and quality should be compiled and compared with leachate and
receiving water quality to screen constituents for which leaehace quality is
better than receiving waters. The final steps of the methodology lead to an
estimate of receiving water quality at locations of sensitive water use,
assuming that chemlcatattenuation has noc occurred. If the estimated
concentrations are wttfain acceptable limits, the chenical attenuation
processes would not have co be evaluated, as attenuation would likely reduce
concentrations further. With some coastituents, however, such as acidic
teachates, interaction of the soil with leachate can lead to elevaced levels
and would thus require attention.

The final steps are the most difficult and controversial in evaluating
admixing. Problems arise when data bases and field and theoretical methods
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designed for water supply purposes are applied to P°llution_ni8rat^n problems
^rd rsposal'si^scale^"'For example, snali-scale iilhonogeneitie^in^

-o£~the-transport medium can control actual pollution aigration^
toand\pparent~dispersion. thus detenniniag whether contaminant^will

S?f^J a Specif lc'weil'location. - Such inhonogeneities are 8"»erally_not^
^haMcteri^rin'detah'durlng standard site evaluation £ield work;_nor_are
TOSeIs''in*general~use~designed to account for their effects on^oUution
migration pathways. For these and other reasons^ it is not possibJ^e^to^
^^?^o^^^s>the^on;anina^concentrat:Lon~distribution"thatwill result
from a specific waste disposal configuration.

Detailed couputerized ttodeling of groundwacer contaainantnigration at
utiliS'disposaFsites'is not we ll'enough developed to be^ reconme°ded as
^tandard"pr^ctice"'Use~of such models would not substantially reduce
^e^aln^ies'in'predicted groundwater quality, although sane exceptions nay
arise:

© If a calibrated groundwater flow model is already available for the^
site. "(Such a model xaay have been developed for utility water
or'otther'purposes). Computerized prediction of contaminant nigration
patterns nay be achieved at sinall additional cost.

o If noncoaputer-based evaluation procedures lesve too auch^uncertainty
the seriousness of environaental inpacts, and this

unce rtainty may be reduced conputerized ttodels. This_case_can
evaluated when the uncertainty of the evaluation procedures is
carefully estimated, and the bounds of uncertainty^encompass a
^iticare nvironmencal quality objective (such as a drinking water

standard).

modeling could be appropriate where thegeohydrologic_setting^is
complex"^^subie ct~toosignifleant' future stresses, and where that comPlexity

is""well characterized by'field data. But nodels cannot be used to overcoae^
data''deficieccies7 "For example. a potential disposal site ^s "nderlainby^a^
^Znd and~gravei-aquifer which is separated into two^ weakly Interacting strata

a clav°bed. - The bed is present uanost borings but absentin^a few.
iunicipal production well serving domestic users draws^fron the^ower^t^^uBl-
^ow^te^basedevaiuatlon procedures are not well suited to this complex
^fiSiM^ion7and~it~i6quite-uncertain whether leachate constituents ^will_

'in'the'well water at hazardous coTicentratlons. Conputerized
bbenecessary-to evaluate this situation. Other examples include those ^

^herrf uture'stresses on the hydrogeologic systen_ (a planner production^
rr subs^antial'additionalrecharge''£rom~a disposal pond) will substantially

change groundwater flow processes.

phenonenain the receiving waters should next b^coasidered-
l'methods''have-been presented in the previous section. This step

sGuirM ^sider"the'volume of'the receiving water Chat ^is actually significant

l^'th'e cotit ext'of"a specific water use. For exanple, it is not appropriate to

estimate"the"concentration in a portion of an aquifer one meter cubed in
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volume if a municipal well draws from the full aquifer thickness with a cone
of influence of one hundred meters cubed in volume.

Once the extent of dispersion is estimated, concentrations may be crudely
ascertained by assuaningthac concentrations are relatively uniform'wichio an
a£ facted portion of che receiving waters. Uncertainty in'the flow-related
parameters must be accounted for, as veil as any anbiguities in the water
quality of leachate and receiving waters.

The resultant concentraclons must be compared with envirounental quality
objectives. Depending on the level of uncertainty associated with chese
results, further field investigations or model applications nay be necessary.

£ t:heseneasuresvlll not reduce the uncertainty toan acceptable level, the
only recourse is to see whether chemical attenuation would lead to a
concentration reduction or whether the disposal plan shouli be inodified.

8. 6. 4 Mechanism of Attenuation b Soils

8. 6. 4. I Overview-

As l®achatenigrates out of the boundary of the waste disposal site, it
contacts surrounding soil and moisture present in that soil (wtiether
groundwater or unsaturated soil moisture). During this Contact, chemical aod
Physical reactions can occur between leachate chenical species and the
soil/water mixture. If these reactions lower concentraEions of chemicals in
the mobile liquid phase, they are considered capable of attenuatiag species
from the leachate. ̂  This section suBaaarizes nechanisns governing leachate
attenuation by soil/water mixtures and the properties of each component that
may affect the extent of attenuation.

8. 6. 4. 2 General Mechanisms-
The general mechanisms that nay reduce soluble component concentrations

in leachate include: ' .

3 dilution of leachste by existing liquid or moisture in the soil;

» precipitation of species in the leachate by modification of the
leachate chemical coaposition after mixing with solid soil componencs
and with liquid or ttoisture present in the soil;

. 'adsorption of chemical species from the leacha te/water nixture onto
surfaces of soil parcicles; and

. formation of insoluble complexes between species in the Leachate and
complexiag agents in the soil.

Dilution of the leachate by existing groundvater in the soil (or soil
moisture) can cause reduccioas concentrations observed in the leachate. Where
unsaturaced soils occur under the waste disposal area, this nechanisn may not
be significant until the leachace reaches thegroundwater level. But if the
soils^are saturated (i. e., grouadwater is directly under chewaste-or in the

, it may play a larger role (see Section 8.6. 3).
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Species can precipitate from the leachate due to changes in le&chate pH
which occur as it*mixes with underlying soil and/or water. Many trace netals
are more soluble at lower pH's. An acidic leachate may contain elevated
levels of trace elements which will precipitate if the leachate ittixes with
alkaline water in the soil or with alkaline soil itself. Also. the nixing can
cause levels of particular components (i. e., S04^to increase^in^he,, mixture*
This, in turn, can lead to precipitacion of sol5ble cations yla_the "comnon
ion" effect. A conbinationof effects due to changes in both pH and chemical
composition nay cause lower solubilities of various solid phases. Additional
reactions (i. e'., redox) between soil solids/liquids and leachates can modify
speciation to produce less soluble conpounds.

Species from the resiiltant leachate solutions can be edsorpedonto soil
particles due to ion exchange-type interaction (opposite charges) or simply
Vander Waals-type forces. This interaction depends highly on the surface
composition of thesoil and surface area of the particles. In general,^
hydrous netal ion hydroxides (Ma. Fe and Al) play a large role in adsorbing
trace elemencs onto the soil . The greater the surface area (greater
proportion of small clay type particles), the greater the expected adsorption.
Leachate conpositlon is'significant in this equilibriun, since the species
present in the solution will largely determine the extent of adsorption. All
chemical species present in solution which affect speclation of the particular
element and those'that influence the charge on the soil particles are
inportant.

Formation of insoluble metal conplexes becween liunic adds in the soil
and particular trace elements has also been proposed as a mechanism for
attenuation. As in adsorption, the coffiposition of the leachate in terms of
speciation and modification of charges on soil particles can affect the
interaction with conplexing agents in the soil. The presence of "free"
complexing sites is influenced by leachate pH and the presence of other
soluble constituents. The tendency for a trace component to be complexed also
depends on its speciation.

Additional information on these mechanisns and a sunnary of available
data are provided in References 80 and 81 and in the results of the soil
attenuation experiments conducted in this study (see Appendix F).

8. 6. 4. 3 Properties of Soils Affecting Attenuation Capability-
8. 6. 4. 3. 1 Overview - This section sunnaarlzes the properties of soil

chat affect their attenuative capacity. The inportant physical and chemical
properties are:

Ph steal Pro erties

© particle size distribution (. % clay, X sil£, % sand)

© surface area (measured experimentally or calculated based on particle
size distribution)

. moisture content
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Chemical Pro art ie s

i total organic carbon

. pH of soil/leachate mix (available alkalinity)

. chemical composicion of moisture present

o chemical composition of major and trace conponents

Sorption of a given chemical species various greacly from one soil to
another. Similarly, sorpcion of different species on one particular soil
fluctuaceswidely. However, greater surface areas (smaller particle sizes)
generally lead to greater attenuation. Dilution (high noisture content in'the
soil) provides an initial "attenuation. " Greater o"3anic carbon content,
higher pHdeachate/soil mixture pH about of 7 to 9)7 and higher
concentrations of hydrous oxides Ma and Fe increase soil capacities for
trace components.

Release of species from the soil Into the leachate when the two coiae into
concact/is also observed> especially where the leachate/soil aixcure is highly
acidic CpH 2 to 4) and also where the leachate contains elevated
concentrations of species which can displace substances from the soil. Field
Paraneters that affect leacbate chemicai quality (conposition, permeability.
moisture content) are also important in determining the extent of attenuation.
AdsorPtion phenomena usually occur _ia. a short time frame (less than i day)
under good mixing conditiotts. In field situations where iiCti.e~nixing~occurs,
??!??? '2.5? e. y e limited by th® slower diffusion of species in aqueous
phases. Temperature may also deternine the extent of attenuation. ~~ ~'
Pifferences between che temperature in the field and the temperature at which
laboratory experiments have been performed can lead to erroueous assunot
regarding behavior in the field.

One area that represents a large data gap concerns changes in the
chemical composition of the soil/leachace mix'. More informalion'is"needed on
how these changes influence speciation. .

8'6-4-^ Properties of Leachate Affecting Attenuation Capacity-
Chemical properties of leachates that can be important in attenuation

include:

® concentration (activity) of species of interest in solution,

® speciation of element of interest, and

c concentrations (accivities) of other components in solution.

The most obvious leachace property detennining soil capacity for a
?T^i^lar SPecies is its concentration in the solution. The capacityof the
soil rises as the concentration in solution increases, until thesoil is
saturated with regard to ics capacicy. Thus, lower concentrations"in solution
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would lead to lower capacities. In many cases, plots of log (concentration in
the soil - vg/ga) versus log (concentration in solutions - y8/nl) are linear
according to the type of relationships derived by Freundlich (14).

Speciation of an element is important in adsorption and^precipitation
reactions. Speciation includes the oxidation state of the element and its
scace of complexatioa. Highly conplexing Bpecies _ia solution nay associate
with'the eiement to form stable complexes with different affinities for the
soil than the "uncomplexed" species. Variation in pB can produce stab Ie
hydroxy-t^e'conpiexes (i. e., ' H^AsO^) , which will_^e attenuated ^£feTentlY_

.rs orfroa'AsO/*'3. A large concestrafion'+of Cl~ or S0^-" can produce ion^pairs or
in solution (CaCl". CaSO/. ') which nay reduce?educe the extent of attenu-complexeS in solution (CaCl'. CaSO^0) which nay

ation. " Little experimental data a?e available on^the speciation of substances
In actual samples, although uany predictive calculations_have been made.
Current data for speci&tion of eleneats in coal ash and FGD waste leachate are
United to some determinations of oxidation states rather than presence of
conplexes. The presence of 10 to 20 ppb of a strong organic complexing agent
in the leachate can complex all of a particular elenent present at low
concentrations (i. e.. Cu at 10 to 20 ppb) and prevent any atteituation at that
level.

Concentrations of other species in the leachate soil nixture or solution
can influence attenuation by: causing changes in the speciatlooof the element
of"interest; providing opportunity for precipitation of species with various
other "ions;'and conipe ting'for linited adsorption on soils. Other species, as
well as pU, can also cause changes in the soil surface charges, thereby^
affecting'adsorption capacity. "In some cases, species can be released from
the soil.

Host studies of how a given element affects adsorption capacities of
varlous~soiis~have been conducted with relatively "pure" synthetic solutions.
In this study, some data has been obtained for actual leachates from FGC
disposal"sites. Speciation and affects of other species in solution on^
attenuation'have received little attention and represent a significant data
gap.

Table 8. 4 shows the relative nobility of some trace elements (existing as
cations and anions in solution) for a variety of soils.

8. 6. 4. 5 Soil Attenuation Decision-Making _ Process-
The decision-nakiag process (Figure 8. 12) nay be undertaken to determine

the extent that soil attenuation of leachate species occurs. The path
nost'site-specific'inforaation assunes that chenical data on interscicial soil
pore water"directly under the site are available. These data are then ac
(for mixing with liquids present in the sotlorgroundwater) and compared to
the"concentrations in the"leachate to determine if the soil has caused changes
in concentrations.

If adequate information on the composition of soil water under the site
is not~avaiiabie, ~che composition of the soil solid phase (physical properties
sucii'as'percent clay, silt, and sand and chanical properties such as total
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TABLE. 8.4

RELATIVE MOBILITY OF ANIONIC AND CATIONIC KETALS IN VARIOUS SOILS

Soil

Clay

Silty

Clay

Silty

Silty
Loam

Silt

Silty

Type

Cls.7

Loam

Loam

Clay

Loam

Low

Cu, Fb, Be, Zn, Cd, Ni,
Se,V,As, Cr

Cu, Fb, Be, Zn, Cd,
Ni,Se

Cu, Pb, Be, Zn, Cd, Ni

Cu, Pb

Cu,Pb

Cu.Pb

Cu, Pb

Moderate

Se,V

Be, Zn, Cd, Ni, Hg

Be

Be, Se

M^h

Hg

V,As, Cr

As. Cr

Zn, Cd, Ni,

2n, Cd,Ni,Hg, V,

Be, Se, V,As

Hg

As»Cr

, Cr

Note: Se, V, As, Cr are considered co exist as anionic complexes in the
solutions used in these experiments.

Source; Reference 12
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ABSTRACT

This report sunmarizes results of & 3-year study of current coal
ash and flua gaa desulfurlzation(FGD)vaata disposal practices at
eoal-flred electric generating plants. The scudy was conducted by
Arthur D. Lictle, Ine., under EPA concract 68-02-3167, and involved
charactarizing wastes, gacherins environaencal data, assessing
eBvironaencal'effecCs, and evaluating the engiaeerins/coscs of disposal
practices at six selected sites in various locations around the country .
Results of che study are providing technical background data and
inforaacionCo£PA, Scace and local pemittingofficiala, and the
utility industry for inpleaenting environnenCally sound disposal
praeclces.

Data froa the study suggesc thac no najorenvironnental effects
have occurred at any of the six sices. For exanple, daca fron uells
dowgradient of the disposal sites indicate chac the eoncribucion of
waste leachate co che groundvacer has generally resulted in concencra-
tions of chemicals less than che priaary drinking wacer standards
escablished by EPA. Although occasional exceedances of che standards
were observed, these vere not necessarily attTibucable co coal ash and
FGD waste. A generic environmental evaluacion based on a nacrix of four
waste types, three disposal nethods, and five environnencal seccings
(based on clinace and hydrogeology) shous thac technology exlscs for
envirannencally sound disposal of coal ash and FGD vastes for ponding,
iaceria pond ing/landftiling, and landfilling. For scnne combinations of
waste types, disposal aethods, and environnencal sectings, neasures »BUSC
be caken to avoid adverse anvlronaiental effects. However, sice-specific
applicacion of good engineering destgn and practices can mitigace most
pocencially adverse effaces of coat ash and FGDvascedtsposal. Costs
of vasse disposal operacions are highly systen- and site-speciflc.
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APPENDIX C

SAMPLING AKD ANALYSIS PROCEDURES MANUAL

FULL-SCALE FIELD EVALUATION OF HASTE DISPOSE
FROH COAL-FIS.ED EL2CTCIC GEHEEATING PLANTS

Arthur D. Little, Inc.
Acom Park

Cambridge, Massachusetts 02140

EPA Contract 68-02-3167

EPA Project Officsr: Julian V. Jones
Industrial Eavironnental Research Laboratory*

Office of Environneacal Engineering and Technology
Research Triangle Park, North Carolina 27"'ll

Prepared For

U. S. Environmental Protection Agency
Office of Research and Development

Washington, DC 20460

(!3)Now, Air an.d Energy Engineering Research Laboratory
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PBEFACZ

This aanual establishes admi.'. istrsttv® snci technical

pocedures for conductins fl. eld aamplirat and analysis for selected
site inveatigations relatiRg to U.S. Snvironaentai P-otection

Agency (SPA) Contract »Io. 53-02-31';7. ''Characterization and
Environaental Monitorins of Full Scale Utility Waste Dlspossl

Sites" with Arthur D. UfctXs, Inc. of Caabridge, MassaehusetSs.

This manual, entitled. "SaiBplin^ and Analysis Procedures

Manual, '* is one of four aanual 3 wftich -rfiU govern and control the

various aapects of fiald and laboratory testing and analysis for

evaluating selected utility waste disposal sites.

Preparation of this aanual was prlaarily the responsibility
of Arthur D. Little, Inc., undsr theoverall direction of C.J.

Santhanan. Arthur 0. Litttle. Iso. Project Director and Julian W.

Jones, £?A Project Offiesr. The responsibla personnel, aions with

other project teaa aeabers who contributed by (llreet input,
rsvlev, and isomnentt, ara:

^rthur 0. Little, Inc.:

Jeffrey W. &laffis

Itanar Sodek

Bruce E. Goodwin

David E. SCleinschnidt

tone B. LitUsfleld

James E. Otierholtzer

Kathleen E. Thrun

Janes H. Yalantine

TSW, Inc.: J. Warren Hanersaa

Hillian Coleman

Bowser-Morner Testing Laboratgries, Inc. Sarry S. Thacker

Haley & Aldrieh, Inc. Alien V. Hathewsy

John T. Humphrey

University of Louisville: D. Joseph Hagerty

C. -Robert Ul rich
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GONVE3SIOK FACTORS

En llsh/American Units

Length:
inch
fooc
fathoia
nile (statute)
nils (nautical)

Area
square foot
acre

Velua®:
1 cu&ie foot

1 cubic yard
1 gallon
1 barrel (82 gals)

Weightt/Mass:
1 pound
1 too (short)

. Pressure:
latao sphere (nor'nal)
1 pound per square inch
1 pound per square inch

Concentration:
1 part per million (weight)

Speed:
1 knot

Snergy/Power:
1 British fcher-sal unit
1 negawatt
1 Scilowatfc hour

Temperature:
1 degree Fahrsnheit

S uivalsntt

3. 5^0 centiBtefters
0. 30i»8 nietsrs
1.^29 neters
1. 609 kilometers
1. 852 Itiloneters

0. 0929 square netsrs
4, 0tt7 square aeters

28. 316 liters
0.7646 cubic ccetera
3. 785 liters
0. 1589 cuble neters

Q. lt536 kilosrains
0.9072 saatric tons

101, 32s paseal
0. 07031 kiXograas per sq* .eenti. aeter
639^ pascal

1 ailligrain per 1000 ga

?. 853 kilcmetera per hour

1, 054. 8 joyles
3. 600 x 19-7 joules, per hour
3. SO x 10° Joules

3/9 degree Centigrade
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GLOSSARY

fixation: The process of putting into a stable or unalterable fora.

ZiBooundment: "eser'/oi", pond, or area used to retain, confine, or
accumulate a fluid material.

Leachate: Soluble constituents removed froo a subs'-snce by tths action
of a percolating liquid.

Lsachin A ent* A liquid used to percolate through a substance that
results in the removal of soluble constituents.

Pozzolan: A silieeoua or aluiainosiliseous naterial that In itself
poaaesses little or no eecientitious value but that in fi"ely divided
fora and io the presence of noistura will react with alkali or
alkaline earth hydroxide to fora eoapounds possessing cementitious
properties.

<

Pozzolanlc Reaction: A reaction pr-oductng a pozzolanie produce.

Rea ent: A substance that takes part in one or caore ehenical reactions
or biological processes and is used to detect other substances.

Stabilization: Kaking resistant to physical or cheaical changes by
treataent,

Tltert The strength of a solution or the concentration of a substance
In solution as deterained by tltration.

Titration: A process for deteraining the strength of a solution or the
eoneenttratisn of a substance in solution in terns of the saallest
amount of a reagent of known concentration required to bring about a
given effect in reaction with a Scnown voluee of the test solution.

C°xi
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t. O DrT?.ODUCT:ON

. 1 OV??ALL PSCCTAM

This y3".ual is one at sh- slsiseits o-f a progrsn jnfiertaksn by

Arthur 0. Little, Inc., ss prise concr'ietor for the Savironnent^l

Protection Agsncy (£?&) undsr 234 Consractt '(o. 68-02-375T

entitlsd "CharacSerisattica and S-ivironsentta]. Monitoring of

Full-Seals Utility 11ssts disposal Sites. " The ovsrall purpose 3f

this pragraH is so obsain data and i.-foraattion eoncerning the

storaga, fcrsattae.ti:. and 'iiscosal of aoal ash (fly ash and botto'n

ash) and ?GD waste f-om aoal-fi-e'i utility plants. Sasulta 3f She

ssudy will provide Sha tachnisal 'sac^r-ound'data and inforsafcion

ncede'l ta assist the £?A i". ietar-Eining the degrss So which She

discosal of these vastes needs to tie 'nanagsd in or-ier 1:0 prateci

huaan 'ftealth and the envI. -sRaenc. The disposal aethods axanined

will include the aost prsvalsnt sethocs usad in the ir.dustry as

well as those Shat are liksly to represent She best control

tsshnolos'/ fsr the disposal of seal ash alone, coal ash and r3D

waste essbine^, and, if asppropriate, FG3 waste alone.

Si;see this pnjeet is undertakan So sucport ihe £?A i?. its

"asulafisry r»sponsibilisies under the Sescurce Conservation and

Seeavery Acs': (SCSA5 cf 19'T.S, concerning utility saliri waste

disposal, ths highest se-eening srioriSy is slven Sa thrae

subject areas that ars both characteristically i.'rocrtans far

utility solid waste disposal and principal- regulatory

resaonsiiiilities under BCiA. 'Jsing this philosophy, the three

high priority subject araas are:

1. Ispact on Groundwater Quality

~hs sajor i.apac; on grounriwattar quality is that

associated with the sovsmant of leachatta from the washes

So the groundwattar in the region of disposal.

Specifieally, this is She hishes't sr'i. srlty sonslder-atisn

under BCRA. "his Safpl:. ?. ; and Ar. al'/sis ?-;caduros '.'anus-

is pri.'sarily gasrse to arsvide infsr-iatton or' t'-.e

physical an^ 2i"s.'s:. 2al ~3';yrtt 3f t^ie wasres, leachate,
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ar.d She sur-ounding soil such S^.at snjsettions on th

-gveaen? of Isaehacs f-sa ^hs wasto so 'she sroundwstac

:..t "ha -esian san 'se nade . ^ll :h a ?93SGRaS)l« lavel sf

sonfi^e-. e*. ?toysisal and snsi.-esrlng aharacsertzaclas

and e-.esiisal analysis are geared ^awards snis and.

Zn areas wher* She s-oundwater is either non-existent or

far <:30 distant fsr the laachace Sa have aade contact
.rftSh it, the characSertsattian sffgrss '-till 5e .nade bo

detsrai.ie tha. extens ta whiah She Isaeha'-e al'jRe '-. ss

aoved and Sherstiy prsvide dasa that can be used in

aaaessi.is .potential israactts.

2. Zapacs to Surface Wattar quaUSy f "am fon-pointt Sources

Lipafltt on surface waters in : she ./ieinity of Sha diaocsal

sits frsiB such waste diaposal san occur due so ivo

factors:

Surfac* -unoff arl^i.iacisg frgu or: osssi.ig o'/er

".he disposal si. te and i.'ito the surface waters, and

Laachatte fron the wastes ssving to the sroundwafrer

and thersby to the surface watars sr alSar-ati'/ely

d i. -ectLy saving Shroush S;-.e sub-sur-facs So the

vatar body.

:t Is to '3e acttad shas She non-gaint iacaa1 : of such

solid wascs 'iisposai 1.3 of lan 'itora iacortant in those

saaes wr. ere thera is no dt-ecS affluent averflow froin

suen waste daposits to the surfaes vatars. Far example,

if sn ash pond has a '/sry larse ovsrflow.ta a river^

this di.-eet discharse is often such larger in quantity

than the tasal non-point surface r'jRoff and grouarfwater

seesage inta the sane riyer. To the extant oossible,

3ffor-;3 will se taci" so 'lecer'ni.-e the 'i..TipasS at
.ssn-ooint sourses with the understanding shat in some

cases -. t .-"ay ie ^ifflcul';. if not. iaoossibls. So nake a

rsasonabla assessment of son-polnt isoacts.

3. Cse of Pottantially Mitigative ^esisn. y'anage-sentt. sr

Contt-ol P-act^ces

"". '-s :s an
. -.^Qrtaffi part Ciis 3r3jes':. 7'". 9
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aitisativs ssntrol ap?r3achss eoul^ be one of four

kinds:

Meshanieal srscsssl. ^g so as ta srsviis lass

hyd-aulia Mead or. £t:s uastte in the ^tspasal site

and hens*, 'nisi.-nize leschaca aoveaenfc froo Shs

ai&e. SewaCering nethods, forcsd oxidation leading

to the production of better FQD vas^es for

fUtration, and several others are lllust-acivs

examples of this ki.id of aitisativs practise.

Use of linsr-s. Lining of a disooaal si^a with

bentonite, elay, aos-o-pas and other lininss ars

illustrative -sxacicles of this kind. It is to be

noted that in some site-spseifla eases, day alsiit

be an existing sub-surfaca fsatur®. These natural

linings also ars i.aoortanS mitigative nteasures and

ffould be part of appropriate aite seiscsian as an

ensiaeering practise for waste disposal.

Mini3ii2ing water -aquiranenta fs- handlins oi' Sh^

wastes will reduce the total aovaent of dissolved

aaterials into the surroundiBg areas. While t.liis is

not a dlrset factor, recycle o? ash pond water, for

axamoXe. . tends So reduce she total outflsw of

pollutants from ths disposal of ash.

Use of stabilization procasses. Stabilization at

?GD wastes &y Lirae and fly asft or other fnechods

' provides a waste that eould be dep'osised and

eompaeted so as to rsduee the aovsinent of leachal'.e

fron it.

The above are illuat-attive exaisples of the kind of

aitigatl'/e practieas that. ylll be evaluated in this

project. :t is to be noted thatt prspsr site selection ts

an ext-fsely iaportant nitigative aanage;aent praetisa

The selaction 3f preii'ni. nary candidate and back-up sites

rsflsets a isroad variety so as So take into aesount Sha

sils sel-esian aoproac-es si-ac '^avs seen e"tpl3y»'i and

thereby at';ss:;t lo brackat the envir'onmen^al i. ^gacts st
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apor-sprtsss site seX.-esian,

T. 2 PSCJZCT A??SOACH

FyReclonal.ly, Shs snject has besn subdivids<l intta four sr«ss
3f endeavor:

1. The sslscttl. an of 12 reprsaantatti'/'® utility wasse

disposal sites. T^.e sslectlan prsesss will fcaks into

account:

2.

3.

tt.

;5kiar3cseristiss) and nechod of

s.

e.

a. Waste 5y?e

/tiaposal;

S. ^ydrogaolagta aRdsaot echo isa! sangiderafcians; and

s. Snvironmenttal eansiderations.

The devslopne'tt af She twelve sites for proper

anviromnental "lonitarins. . -his effort will eor. siatt of

Site fatlowing:

a. ^ydrosaaiogi. c and seoteehniaal aur'/e'/s of sach
site;

Aaseas-tent af tne anvlroncientt as it affecss waste

and host soil saapling-related actions; and

"ievlopCTent sf groundwatar . noniSarlng wells ar.d

fiaLd support faetltsiss fsr saapil^g and analysis.

Sanplins and gnalysig of she wagse, ^roundwatar, surfaca
water, and th* sur'*3unding soi-s far ^ha gursose o f

physical and efte.'iisal sharactarizatian.

Inttjsgratted engineering and eeanonie asscasaent af £h%

various types of waste disoosat operations, tosetthsr

with she develocaens 3 f adequate cost data descri'sing a
SsnariG variatty of wasta diaaosal aethods.

""he result of shsse aciivisiaa wUi Se subject -. a a fully
i.ntagratad sn'/-S, -gnaental assessaeRtt as well as eRs^nser'l.lS and
econarais analysis. The final rasult will be a set st

"eesm-iendacions sn ^iaposal srscsises.

The pro jest '-as .sssn divided into thrss -najor tasks for
33t3^.-!i-s ane ?'/3lj3':l3g i-. fsr-ac-. on att -. he siSas:

"~2S<< 3-<
. nary Sa. scSian an^ *7as' 3-

. 31
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TA31. S 1.1

PAAJOR PAfiTlCtPANTS; EPA COMTRACT NO. 58^2-3167

Program ATM

P*tms Cantracicr

Hveirogeotogic Acavities

Geatecinical & Pieid Drilling

Chemies(SBmaiing& Anslysit

Phvucii Samoling &. Analysis

Stgineanng/ ssanomic =v£fui 3i)on

Qyeliry AsursnCG/Quatirv Cantro)

SGUCK: A.Trtur 0. UttJe, inc.

Prinepal Parciapanri

Arthur 0. Ursfe, inc.

Csffitirtiso. MA 021 AG

Matey & AlariCT, Inc.

C<s<nbnagB, MA 02U2

Sovnar-Momer Testing Laboratories. Inc.
DaytOn. OM 4S401

Arthur 0. Linle, Inc.
Cambndgs, MA 02'i'iG
zsid
TRW, inc.
Redondo Seach, CA 90278

Universty of Louisville
Lauisvitle, <v .45208
and

Sowaer-Momer Tesnng i-aacrsiones. 'nc.
OavTON. OH 45401

Arthur 0. Uttie, Snc.

Cambridge. MA 02140
and

Kaiier Engineen Power Caro.
Oakland, CA 34623

Artiur D. L;cae, nc.
Csmbndge. 'VA 02140
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'reparasian;

~is'< :~: Sif SvaljanUn and ("iaraei:srisa'*i3n and

^yrir'srmenza]. yc"iSsri.".s; and

?as< ::1: ?.-iyi-3n=antal and Tssnoai= Xs.-iesaacntts.
*

"i:* ?rl.-3e sonttractar for S.̂ is prgsraal.s Arthur ;). Llttls,

I.ic., Ca".2rt-i38, MA. The ari.teisal ?arti. si?aRts in ths averalL

progrsai and their srsaa of eantrl&u^ion ar* Listed in TabLs 1. 1.

?UHPOSS OF THIS MANUAL

This ^sceriiiix 3, "Sampling and Analysis Proeadursa '.'gnuaJ.,"

for.tSilily: waste dispoaal. sifs is structured fco davslop

i.nfsr'safcisn on she eur-Rt and potsntial i.aoact on ground and

aurfaes wasa- qualj. ty and other er. vl-snraenttalLapacts in liie

./isintty of the liaposal sita. The sanplins and anaL-fsi.s shaae of

She pras'sa '-/i^X gravi^e physical, snsiseerin;, and chsaiaaL

2;<3rac<:er:.23ttian of She wastta, surrounding aolla. and ground snd

surface wattara S3 sasisf>7 ".^9 oversll program objecSivs.

Thi. s i-sanual has 'saen prapqred to ?r3'/ida a laitEon

-ischodolssiaal aporoach Car the ssndust of tha saKalins and

ar. alys-. s ar. a.se 3f ^;~is pros-an. The -sanual will srsyL^e

3u:, deli.-is3 fsr 3 cs.-snon approach and taihn^cues fsr saRiplingaRd

analysis sid will ̂ thus snsurs: ssRsasi^ls daca satheriss frsa

differsnt 3i':a3, by diffsrsnt suSscontractors. ?or '..he saciolin? sf

physisal and ieotschnicaX srgoertias, the manual will- prgvicle

uniforat^y ^i approach and aethodolosy Setveen Sowser-'-forne.- and

other drilling sansraetors who say be aT.ilizsd.

T'.ia aanual is also intended to define standard operstiRS

sneaduras snd saCTOiin? and analysis ';eshniq;uea for jseLn, '.ir

-"ferenc* 37, she sils-specifLa tsst slans So S e .orsparsd Iscer.

<"cars ^etaiLad Seehnieal procsdures from acher soursaa ar-» So 'se

jsed without lodif'.aattion, they 'iave been incl.adad 'isr's anly by

-ferenca. Ctt;-s- pr'scsdurss which "ave 'seen .Ttcdiflsd far ':-e

3ur?osss . 3:' t^is ?r-3sr3B artt covered in -latail.

' . -i MANUAL CSGA?(r:A-"":"N
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TAis is sne of fsur isaal. s nanuals (Aspendtx A Shroug'i

Appendix 0) that will *:. srsdue*^ <;a ^ai-.^ain a cocsson 'azsts for

she 23n'4us5 af t.iis prss'ac and co .R3LUra ". 'r.at '^e projeett tcaa
.seebers eanrtuc^ins '/arlaua aspects of fne field work will do so

in an seasptabls and esst-effscSivs aanner. T'IS project-relace'l

subjects fsr each -aanual eoRSist of £hs followisg:

Appendix A - Hydrogeolagia and 'Seatschnisal Praeedures

Manual

Appendix 3 - San?ling and Analysis Procedures Msnusl

Appendix S - Snglneerl. r.g and Ssanomis S'/sluation ?-3esdur*s

Manual

Appendix 3 - Z*ivi-ona@nsal Asseascent Procsdures Manual

Details on the engiaesring pracsises ta develop a sise ara

Siven i^ Aopendix A. "Hydlrogeologis and Geotechnisal Procedurss

ysnu3l. 't Appendix C, "Sngineering and Seononi. e S'/aluacion

procedures Manual. " describes the approach and aetthodology far

?erforaing the ensiaeering and econcaie assessaent of She

disposal operation at each aiSe. 4 later aanual, appendix 3,

"Snvironmental Assessment Pracedures Manual, " will provtde the

background and approach on how the data gathered by use of

sracsdurss described it Shis sanual will be aiaployed for

enviror.asnttal assessaen'1:.

""his SaicpXins and Analysis p-ocs'iurss Manual prsvides She

basis and overall apprgacft fsr She sampling and analysis tasks in

i:hs prograci. These iaclade:

Tea® rssponsiSilitties and ecordination.. kreas of

interaction 'setween subcontractors &FQ brsadly outlj. ned.

prsoaraclon of She sacpli.ig and analysis sections at She

site-apectfls test plans.

A generic spproach to sanpling ar.d analysis of waste

sites.

Procedures for saap^i.ig ;for che"iisal snd physical
tests).

Procedures f3- analysis (st ;ne!'il2al and ohysieal

props-^ies).

?-scadures 'ar sualiSy assurance arsd auali^y .ssnt-o.l.

3A/QG 'far oh'/sieal ana =he"'ical sa("Qli". g ar. d gnal/sis'.
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2. 0 G2HEHAL COMS^SaA-IONS OH SAMPLSIG AND ANALYSIS

2._1. _C'^!<CSW

The overall approach So the saapling and analysis por-sion af

ths prggrsc will invoivs thr°e sajor activities:

1. A sitts-speeifie detailed test plan will Se prspared:

2. Sampling and analysis far physical propertiss will be

perforss'l: end

3. Saapling and analysis far efasaiieal propsrtiss will S@

serforaed.

As eiu-ently envisioned. Che siSe-apecifls ':as& plans will be

prepared as soon as a site is selected and nominated Sy'the

Arthur 3. U. Stl2, Inc. Project DireeSor (after E?A approval). 4s

part sf She site selscttion process, several site 'rlslts yill have
.oesn aade, and this inforaation 'rfill *sa inel.ided in ihe test

plan. Cnss th® 'last plan has i»e*n accepted by the uttility whoae

site has been selscttad and ;?A,, site develocaent -ri.il occur.

Saiapling for physical testing will &e <ione duriag sise

davelopB snt as will any gn-site (field) ttessins far physisal

pnpertiss. Sar-ipLing of 'zaste snd soi-s far eheaisai' tssting will

also o'ssur during site 'ievalopment. LaSorattory tassir. s for

?hyst£al ?ropertiss will oeeu- during and aftar slSe dsvelopcer. S.

Sacipling of srgunciwatar, surfacs waters, runoff, and cur-sntly

disposed vasts far chesaieal Sessing ^ill all be dons afSar site.

de'/eiapnent ,-wi*;h sara?Ung extendins for a aeriod of a&out one

year. Chenical analysis will be perforaed shortly aftar- the

respeetivs sample has been taken.

2. 2 T;:S7 PLANS

Following she noRinafcion o? a site Sy .Arthur S. Little, ;.".e.

and approvql by SPA, She f 1-st task at the slSs wi.11 be She

prscaratisn of a stt;e-speci<"i. s test plan. T^e less plan will

;sc?r'.. se a detailed explanatisn gf ail acsi'.'iSiss ;3 be ccr. euc^ed

sn a sseeifis s:. ;e. """is will i. neluds nfsr'iaf.en on s\*.s
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iavla.ssens, 33a?li.i3. ana-ysia, engiaeertflS/e'sanaiaiss, qnd

schedyls and ^sss. Ts she .X-:MS ?ossi'a\s. sba less plan will

-. far S3 -^a sse-ifis srccedy-s autli.-.ed '. n aae.i gf Shs four

:;i"3c«dyras -aR'-ala. ^ny new or -ovsl sr'scadursa S3 *;e uaed at a

site Shac are-T3t dscails^ ia a -.anual will .o@ sxplai.-.ed in she

tess ?ian.

A sener'al outtli.-e for Sha Seat plan is presentsd in TabL®

2. '. inputs an th® sacpling aRd analysis aspects will be received

f-om Arthur 3. Ut^l*, ^c., ^nd yhera aooroprtatr froa n'-f and

3ow3er-;4or-. e'', in Sections 3. 3. 3. 3, 5, and 6 of th*, test plan.

These seccisns ars outl. ised in Bars rf"tail in TabLs 2.?. The

saapli^g lartisn:. a:? .:he Sast ?lan::f3r soils and wastes^ ts

inel.jds'l in Apaendlx A. "Hy'iraseolagis and :Geatt<ehnisaX
P-sesduras Manual."

Arthur 3. Little, r.~c. will havs Shs avsrall rssponslStllSy

fsr cecpili^g the fast plsns.

2. 3 PHYSICAL PaO?S3TT23

Physisal property ..ietar-ii.-afttorts -rfill be ..sada aottii far .;iT

?.*; vasts desosl-: and for tha sur-aundins sail. ..-ass propsrtlss

3f: ':he vasta, :an^ sail are usef'jl l. a 3'/al--af:isg iha aotsniial far

Sroundwataraollysian. Such data -iay also Se jaeful in esStsacini

^isoosal ..esnorslss st' a par-. isular waase disoasal si. Sa.

Peraeabi-lSy. srsin siza diAtriautI.on, .".attyral^oisturs eontent.

and de'is-!. ':-/ (./cid ra£2,o] ara useful paraneters in tnciiaa&ins b"i®
potential far tsachate -aisratiori of ?GC yastss. Grsia 3i=s,

lasural -:ois-:ur9 sonttentt, and other prgperilea i. 'ientifl-*<i . 5y

field tes'clng of ':hesoii at -acn sisa will std in assessing She
?ct2r. ttial fsr sroundwattar sollution: chesa tests wlllaLso be

jsed in sharacserizi.ig the sroundwatar flow resi.'se.

An important asoec': in deceraini.".s the ahysissl . 'ngir. e-ri.ig
':har3ctsrisci.:s .st a ^aste daoosi': is She selectttan of ftsld or

:3ba"a=o-7 :sst:. ig eoRditions. :~ial-i te. aSi.ig sra'/idas

=;-an':itasi7e ;.-. :':r-:aci3n ;n . ':iie <:y?e and exSan*: of hl:8 -leoosi. ';

2"^ =3n 3lsc ;rsvi:a -»i3-i78 -iansi!:-/. 3-;-i-s*:Lt, ^e'-teabtli-y.
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TABLS 2.1

SITS-SPSC1FIC TEST PLAN - GENERAL OUTUN6

1. Objaeaves

2. Sackground

2. 1 Power P!anx and Lacs'don
1^ Disoosal Opergiion
2.3 Geotechmcat, rtytirologic. GeotogtC. and Gimctologic BesolinG
2.4 Eflvironrpental . nformction

3. Aooroacn

3, 't Sits OwfoBraen'c
3J. SamBling/On^jre Analysis
2J Off-iita Analysis
3.4 Engineering/ Ecanomic Oata
3.5 On-tite S.'wtronmental Cztz

*. Potantiai ProUems and Altsmatiw Approacnn

5. Cost Sstimste

8. Sefteduls

7. CoardinaTion

3. Ona fleooning and Handling

Aooendicss

Orswings

Soura: Archur 0. Unle, Inc.

<*'« *i *
'- - I« «i
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TABLS L2

SITS-SPSCIPIC TSST PLAN -SAMPUNG & ANALYS2S 06TAIL

3.2 Samaling/On-aits Analysis

3.2. 1 Physical Characnnnics

1. aackground
2. Saaanala and Quantities

. Samoting

. =;9)d Ti-mng

3.2^ Ormieal Characeniaa

(. 3acJ<yound
2. Sanoi'ng

« Wasn
* Soil
o Groun<jwatBr

. Surface WacerRuflorf
3. On-tita Measuraments

3.3 Qff-iiTeAnalytis

3.3.1 Ucoraiory TssBng - Phvtial

13.2 Laooratory Tasong-Chemical

1. Background
2- Samcta Preoaranan
3. Anaiyses

Metals

» Aniana

> ;Vet Chsmical

. Organic

Sourna: Ar^ur 0. L. ^te. -nc.
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and AonpreasiSilisy. Latiarattsry testa serforae-i on .Slsturted and

-ndis':ur^e^ sasslss 2-9 son'iueSed un<i®'* asrs eontrollr'l

san-iisisns a.id prsvide nors aecarase dsssrainattions sf

snsi.-ee-tng pnpe-sies. Sinea the laborattory tss'as are pe-ii'or-se'i

on relasi'/ol/ snail sanplss. she accuracy of correlating

laborattsry ulsn fisld eonditisns depends os Shs hocoss"®it7 o?

the waace deposit.

Th® following field and laboratory testa for physiesl

sroperties are sntisipated far the ?GC waste Sestlng prsgraffi:

Field Teata

Vane Shear

Standard Penecrattion

Field Per-aeability

'tuelear 3epth-0ensity

Latiorato Tests

Natural Moisture Content

3raia Size

Specific Gravity

Corapac-tisn (Proctor)

Strength

P-raeability

Compression

?ial;yrsl!aoistyre egntent ^ster-ii^attiona, srain siss analyses, and

specific gravity dster-tinattioRS will Se Bade i". the laboratory

f-ora saBplss obtai..ie'i during Che standard penett-atian tests.

Strength, perasabili':'/, and ccnpresslon tesr. ing will be perforae'i

on ""laSi'/sly undi.sturbed Shin-walL-d Shelby tuiie saciplss

obtai.-ied durins the field expl. oratton prosram. The field tests

are dessribed in detail in Appendtx A. "Hylrgg-ologia and

.3eoteehnieal Praeadures Manual. " T^e laboratory testins

procedures ar* described i,n Session 5 of this SsBplins and

Analysis Procedurss Manual.

2. 1 CHEMICAL PSOPSSTISS

Cheaiasl -sharacterlsstian ^111 be aerfome^ on the following

saterlals:

Previously and freshly disposed ?3C wastes;

Soils.. frsa under and around she 'iiseossl site;

Grounriwa^er f-sn sx. sf. ng and/ar iswLy 'le'/slsoed

Srsundwaie- wells; and
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5uno?f and/ar surfacs wacsrs f"3n or near ths sits.

^ SLCsaryo? ':.k:8 ansiysea qnd analyiiieaL -tefthads to be used far

;-.asi:al sMaracsarisaiisn '.3 ii/er. in Tabla 2. 3.

li Seneral, '..'.. iSlal ac-e-ni.-s '3f saBOlss at a sits will a"

-ads -aing ?H. conducsl. vtsy, i-.duc^i'/sly c3u?ls4 arson .slasaa

;^:A?31 and ion eiirsfflattosrapny ^;C) far liquids, and ICAP for

solids, "he *x*6Rt of fursher aore csmpisCe analysis aad the

nuaber of saBiplas analyssd will desend on sit e-spseifte factors.

T'-. s 3r3ef'.i. a8 uti.lzing scrseniss followed by ' aore

;sE2?r9hA nsive ana-'/ses'. yil^ ';e used Sa --saxiaiza sfte anouat. of

l.ifaraatian on the slaaenss and species of inSei'estt wish rsgard

*:3 definiSian of envi.'-onssntal: iasactt. S:?A Lavel 1 inorsanie and

or^anis antscala will be -jaed at . two of the sites (we qsh and

ane ?Ci3-eoRca;. aiag Rateriai).

'3etailsd s.-eaisal anaX'/sea yt^i be jaed to charactarize Sh.e

soitit 3Rd liquid phases of:She wastes aeearting So the prtarlty

listing "iiseassed i." Section T. Analytieal aethods ta i3e used on.

wastes inel-ide ;C far aniona , a-.snis abaonttion (AA) and attsnis

anissian 'A£) (inducfci'/ely sous lad-and ds-plasaa) for aetais,

and ott;" wet eheaieal s. natruaental and spectrophotom^Sria

tachni^uss. . .

analysis of araundvater sanislaa '<ri.ll. alaael-/ sarallsl ". hs

was-sa analysis. 3e9en<Si.is an the data obSained during She ini-. iaL

-lonshs of sonisariRs, the auaber of analyses aay 3e "sduc-d :and

".he "ssulsir. s change is efrortt di'/erted to analysis af additionsl

sa.-tolss. ilitsolyed oxysen and auifite neasurenent-s will Sie

pe-foraed la scae axtentt and on 3l<:as where ?GD siaterlals are

sur-sntly iseing disposed and whsre the vaste liquor analyses show

She grasense -of suiflta.

Analysis af soils f-sra .:ndsr the site and baeksrcund soil

saaolss f-3n anund She sits wl-1 be perT''amed att scne sttas.

:nters£iSi3l pors watar analysis or total analysis of ^ne soil

will 's® ion* so gst an indication of contamiaant orasencs. A

s-o-stage analysis viLl 'se ^sad t3 de&ergine whiih sar-olss will

=e ar:a.. ;/":9d ;3ci3"2':er!-3i7-i:7 :s:.̂ il3r So the wqssa qnd s^ur.^gca"
3. ;yaci'3n . Se-ae-ied ssec-. -ts syci as in'. ans whi':-i :3. R 30
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TASLS Z3

PROPOSED ANALY^SS ANO ANAl.YTtCAL .VtETHOOS

Anetvsti Mediod

ICAP - Inductwety Caupled Argon
P'asme

AA - Atomic Absgrstion

AS - Atomic £.-ttuion .dc-otasmai

FC - , on Clirgfnaiograony

inttrumantaf

Gravimewy.

Wet G?i8miCTr/

Ssecs-oahoTomeTT/

l.avei 1 norganic3

Lawl 'Organic3

La-/el 2 Organic'

%RD - X.rsv CIff-acnon

AnalvT es"

C.i. N.t. AI, Sa. SQ. Cu. Fe, P. IVIg. Mn.
P. Pb. Sr. TT. V, 2n. ~h, Sfl, Ag. Gs. Cr,
Mo. Ni. 2r

As, Se. Sb. Hg, Csi

3. S;

i~, Ct~,,MO;. PO3 SO?
?H, ConeturaviTy. Badtoac?iviry

TDS*, Acid Insalubles

Alkalinity ,W}. CO?.70S3, SO?

Ts-aes SO r

Screening ror ,norsa"ic eamoonsnTS

Scrwning tor organic comoonenu

Selected organic ssecias analvtea. ~OC!,
Acid/Sasa-^euzrat ectractabtSs

Minarat composition 'or cr/nall^ns pnases

1. Th6se anslvies wers seiec'sei from :fte 'ollawinc; lists

o P'MSibie PGC Tfgcsfs - Ca, Na, Ct', SO^. oM. 30^.
® B'oposec inisnm gnmarY drinking wgisr nandaros - 3a, ?b, Ag, Cr, As. Sd, Hg, Cd, N0^.
o P-oooaa iscancsr/ drinking wacer sTanaai'as - Cu, F«, Vn. Za, 307, CI', ?H.

Z TOS - Tool Oiisolved Soiids

TOC - Total Organic Czroon
TOS -.Total Oxiaizsele Sulfur

3. At ?wo' SITOS only.

Soufca: Artiiur 0. '-^!e, . nc.

c- ^..

- Doc. Ex. 8847 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



'Iscarsinsd S'/ an '.an shrccatosrao. -ie scan (F°, Cl~, lro~-5' l;?0a^)
.;r chssa ts^ais -.Aish san as .ietarai'-.wi '37 ICA? wiLll .3ff usfi'l.

'.'"ens'/s- ^hsaa -sul^s in-ticats the prasetes 3f Isachat*. ':.*:.

-.'-al.-iier of ^a analyses (U) will bs ae-f.sned.

Surface/rynoff watsr sacoles will 's® analyzed for both

auseenie'l and d^aaol'/ed aatariala. ~ht* snaiysts of suspencied

^aterl. als vill invoX'/e dettsr'aisation of Sha .".alative amount of

fly ash and/srFGD aaterial suspended Sy selscttiv analysis of

Shs solid far ses-ala by :CAP. A siailar analyaia inelyding !. on

snr'SBacasraphy . sf Shs dissolved aoeeiss . rtll Se serfar-ied.

AddtSl.snal analyses for spec isa not listad aay be -equir-i

during . ifte'scurss of ^is pragraBac particular sites. Spscifl.c

2?A-approv8<l aaalytisal sethods will &s utilized, or otthers

devslspe'l, as needed.

- s
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T-. s egorlinass- wl. ll '39 kept infarned 3f all

tB':9r'ae£i3ns a.'tas; subean-racSara -al3fte4 1;3 saKpLir.g

and analysis, ^stsrseisi.affa bstvesn utility and tast

yrvyva se-'sonnsl sn an'/ aspacts of l:h  ':est plan,

se?<. a<iu2. e, ^tts., yill occur tthrougft SAa sittfi coor^iRator

or .-ri. &h 'nis/^ar prior '^nowlsds®.

A i3o'-rs®!*-Mort@r sise enginear vill S® rssponsibls for

flsld teatti.ig aBd for obtaining sanples of waste and

soils du-ing iRili.al developme.T; of -qeh sit® far

subsequent . ahyaisa. and . shenisal Sests. 'rlsld

axploratlsa of tile ?.';  '^astaa will *3e pe-forted 57

. ither 3ow3er'-uorner personnsl ar aybesnttraese'l

personnel under ^hs ili-etion of She 3owser-Mor?ier si^e

engixesr. The sanpling and analysis prsgran far each

site will fsllaw tiie SQeeifis orseadyrs as deser'i. 'aed I.n

Section 3 of she preliai.iary test plan. leviacians f-on

<:hs test plan aay be necssaitated Sy siSe-specifi.s

aonditisns and say be aads by She site engineer. Ths

Arthur 3. LiSSls. Inc. 3it :s Goo-^inatar and the

'Jnivrai;/ of Lauis'/illa will -avisi; any aajor changss

is She Igcstions or types of saaples.

Ths 3owss'*-l<5r'*.ei'' sits SRgineer and project sr.sinesr "is. 'r

sciiify She piiyaical Sssting srggraa frcm She prslisinary

plan if necsssltated by aits-soecifis csndiSions. Th*'/

will. liouever, advise Uni'/ersiSy of Lauisville personnel

of gny such proposed ehanges .arior So i.iplaflieotation.

Th® Sovser-Moner physical testing proeedurss will bo

soproved by Jni'/ersi&y of Louisvills personn<si prior to

ihs slation of the Sesting aragram. Apor-sxiaately <

in a / 20 waste saaplss --All ^e sent to th* University

of Lauisvills for aaaparattl, '/® ss-eny;^ and per-seabiliSy

testing.

Sampling sf s'oundwattar, surface waters. runoff waters.

and f-eshly pr-:duesd -/ast® will ':© psrforaed by i-;-.B

ene'nisal sa'-pli.-.s and sr.al/sis tsaa 'either Ar'hur 3.

Little, :."s. or Ty<* . assisna^ ^o ;?.. $ sartieular site.
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3. 0 SS3PO?(SZ3IL;'rT AND ITTSSFACT^G

Sa.-sli.-g sr. i analysis 2':<:-7l;l,.<*s wtll sReoiisasa a ./5rle';7 of
.iiscipli.iss aad ssv-a- sybsoRttractors. Tha ..najo" grsss of
activity will isclads:

Overall -spansiSi-i*;-/ fa-

sarapliag and soalyais

Physical saBpUng/analysis/QC

G^eal.eal samplias/analysis/OC

:;A? analyses

Advisory gA/3C - physisal.

sampling/analyst s

Arthur 0. LiStls, Inc.

3owser-»*orner Testins

LabaraRsri as . ~.ic.

Arthur 5. UiSle. Inc.

T3V. Inc.

3ar-lnge--lasentta, Ltd.

University of Louisvl. lls

5A -^sheiaiaalsaBcLing'analysls Arthur 3. .ittls. Inc.

Overall QA/5C prosraa Arthur D. LittSle, Inc.

~;':e inierfacing spd csor-jination of acti'/itiss anong ihe
various subcons-actcrs vill be an iaporftant aspeet of the overall

prsgran. Sriafly. the =a jar responsibili.tiss far intarfaci.-s wtll
139 as ;"3ll3WS:

;T!is. test plan prsparatlon will ^e under tbe averall

soBtral of Ar*hur D. LiSSle, Inc. Zn?u= on yarious

aspeess will Se requested of the subcsnsraeSors as
approprlatts.

Arthur D. Little, Inc. vill be responsiiile ' for the

overall eont-sl andiBanagaineRS of the program. . 4ny
aodtfieafcions to the feess plan apprsach suat be sooraved

by the Arthur 0. Little. Inc. P-ojec'i; director.

Autiiorizatian to pracsed vlth the samplins and analysis

program after accsptanes of the test plan at a speeifia
site will be gi ven only by the Arthur D. -iltls. Inc.
Project Di.-etor.

The Arthur D. LiStls. lie. . P-oject Director vill
jasig-.a-is a ai'ia =oor-linator far each sits -ho will be

rsssoRSlbla fsr coQr^inat'. -sg acti'/ilies as ti'. g; si':a
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?ach saipling tesa will have a lean leader who will &e

-esponsi^le far all asoeets of the teaa's pe-fcnanes

while in the fifi-^, subject to tbe overall ^irectisn of

the site coor-llnstor.

Sanplss will be obtained fren each site acsording to

protocols set fs-th in the sits test plan. Because of

site-specifie conditions the saapling teaa leader nay

detennine that alternate procedures nay need to be used.

However, any such cnanges must be approved by the site

coordinstor and the aanager of chssiical QA prior to

iaplsmentation.

Chemisal analyses of samples will be performeci by Arthur

D. Littl», Inc. or TRW, depending on the organization

responsible for the site. Analyses for trace oetals by

ICAP will be perforaed by Sarringer-Magenta, Ltd. Each

of these three organizations will designate a laboratory

coor-iinator who will be rasponslblfi for all analytical

activities which take place in his organization. U.1

analyses will be pe-formed according to the proasdures

set forth in this . manual. From ti-ie &3 time,

diffi.culties aay be encountered which necessitate

procedural shanges. U. 1 such changes aust be approved by

She Arthur D. Little, Inc. laboratory eocrdinator and

the manager of 9A ror chenieal saapling and analysis

prior to inplementation.

The overall responsibility for quality assurance C3A)

and quality control (QC) rests with the Art&ur-D. Little

Project Director.

Responsibility for progrsn-wids chemical sa'r.pling snd

analysis QA/QC activities rests with the Arthur 0.

Little, Tnc. manager of chemical ')A. University of

Louisville personnel as advisors to Arthur D. Little.

Inc. will provide Ql^/QC oversight for physical sa-ipling

and testing, and will report their findings and

recom-ien^ations to the Arthur S. Little, Inc. Oroject

Director.

C-3. 3
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-3C aeSivtties rslate'i to fisld testing or sa-iple

gcquisiticn will be the -ssponsibility of the designated

site engineer Oowser'-Morner) or field tea-; leade"

(Arthur C. Little, Tne. or T?W). depending upon the

perfor-ning organization. These . lesignated individuals

will be responsible to ths 9A nanaser (physical testing
or chenical sanpling and analysis).

QC activities relating to laboratory testing and

anlaysis will be She responsibility of the desi.gnated
laboratory coordinator, and these individuals will be

responsible to the cognizant QA manager for cheaical or

far physical testing.

i-^. 's
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U. O SAMPLING MSTHOOOLOGY AND PPOCEDURSS

It. 1 INTRODUCTION

The sa-npling p-scsdures >/nish are ciescribed in this section

will be used to obtain representative samples of soils, waste.

waste site influents and effluents, groundwater, and surface

water far chenieal eharaeterization and saaples of soils and

wastes for physical eharaeterizatlsn. Also discussed are many of

the procedurss whi-eh are par's of the total saaplins prosass ,

including field measurements. conZsiners, cleaning of equipment

for sampling, field documentation, preservation of saaples, an-i

shipment of samples. The selection of detailed procedures which

will be used at a particular site and the choice of sampling

location will be aade during preliminary visits to the site and

during the development of detailed test plans.

In obtaining samples for both physical and cheaisal tests,

slose sttenttion vill be given to naiRtaining their physical

and/or* chestieal integrity. Many of the laboratory tests for

physical properties will require discrete samples which are

obtained under undisturbed conditions. For these tests the

physical integrity of the sample must be insintained during

aequisition and transport. Saaples for chemical analysis

generally do not need to be physically intact but laust -eraain

eheaieally unmodified.

Samples nay be composited to provide a single avsrage value,

or discrete samples saay be taken to provide a range of

compositional values. Th® latter approach will afford a aeasure

of eonpositional differences which aay occur because of ti.-fle

effects, varying fill coaposition. and other sits '/anables.

Where possible, sanples for physical and chemical tests will b«

taken froo locations in close proxinlty in order to provide for

naxiraum correlation with physical properties.

An effort will 5s aade to aininize contssination in obtaining

samples for chemical analysis. For example, fly ash is ubiquitous

st "nost sites and could be Introduced into saRtples and sa-tpling
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coints (i. e., wells). In addition. where possible, sample

"isdifisation such as that which -say occur when a liqui-'i satapla ts

taken from an anaerobic conditian and then exposed to oxysen will

be atiinized.

The sampling techniques (e. g., purapingand dipping) used for
liquids and well-stirred slurries are very different from those

used for solids (e. g., coring). Thus, the physical properties of

the aaterial being sampled Ce. s.. liquid, slurry, or solid)

determine the techniques to be used at a specific site. The

Tiethodology wnieh nay be applisabla to wet disposal sites (i. e. ,

ponds) discussed in Section a. 2 will be different froa that far
dry disposal site s ( landfill s) dl. scuased in Section U. 3. Saapling
methods for soil and groundvater are coraraon to both types of

disposal sites and are presented in Sections 1. 4 and <. 5.

Sampling techniques for Surface water are discussed in Section.

U. 6.

If the utility at the specific site desires to retain a

portion of samples obtained, E? A and Arthur D. Little vill
interact with the utility on the issues to attempt to arriv at

solutions.

B. 2 WET DISPOSAL (PONDING) SAMPLING APPROACH

U. 2. 1 Introduction

Infornation about the various types of tnfluenta to,

effluents fron, and waste present in the pond needs to ba

obtained in assessing wet disposal (ponding) of FGC wastes. These

materiaXa (shown in Figure 4. 1) differ in ehenieal and physical

properties as well as in their node of transport and regularity

of flow. (See Table U. l. ) Materials that may enter the pond

include slurries of FGC waste (i. e.. fly ash, botton ash, and/or

FGD solids) and other wastes that occur froia the -coal corabustion

process (e. g., boiler-cleaning wastes, cooling tower blswdokre,

and runoff from the coal pile).

The shemisal and physical properties of these streams aay
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TABLE 4.1

W6TPONDING - TYPICAL WASTES AND RELATED STREAMS'

Name

Inftuems:

Ccaf-PiJt Runoff

Boiier-Claaning Wastes
Cooling Tower Slowdown and Others
Miscellaneous Piant Wastewater
FGC Wane.2

Pond Contents:

' Liquid Supernate . .
Senled Solids

effluents:3

Pond Overflow

N/A . Not Applicable.

Phvticat CharactBristia
(quamiryof suapendad wlidt)

low

lOW

low

low
low to high

very low

wry high

low

Usual Mode

<»f Transport

oioeordiTCh

pige or ditch
pipe or ditch

pipe or ditch
pipe or ditch

N'A
WA

weir/ptpe

Fiow ChsractBrittics

sporadic
sporadic

conTinuous

vanabte

NrA
N,A

conTinuous

1. For-llustration purpoiea only. Notall inf tueno may ba prenntat all wn disoosal sites.
2. FGC waste ssuice stregmsmay contain F<3D maiertai, a varictv of ashes I bottom, economizsr. air preheater. fly4.

mitt rejects, and soot,

3. Underground ef*fuents (e.g., leachaxe ocsurrmg by infiltration' are not (nciuded since these ars not direciiy
abte to be sampled.

Sourcs: Arthur D. Un»e. inc.
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also vary substantially with time. Ash sluice lines may contain

nixtures of ash and waste from a variety of sources in the

ssTsbustion process added at different times. These include mill

re jests from pulverizatisn of the coal, bottora ash, econoaizer

ash, air preheater ash, soot, and ;S? ash (Sxhi&it A. 1. 1). The

flow of the sluise line may be continuous, but its cwaposition

;e. g., suspended solids^ aay vary a great deal with time.

The flow of soal-pile runoff is related to precipitation or

thawing events and thus is non-eontinuous and sporadic.

Boi-er-cleaning waste inflow nay ocsur lass frequently than

ooal-pile runoff, but is more predictable because it is a

scheduled event. Cooling tower blowdown waste and pond overflow

are generally more contj.nuous streams.

The content of th* pond varies in composition from a liquid,

low in suspended solids, to an inhomogeneous water-saturate'i

solid. The velocity of the liquid phase is generally quite low

csffipareii to other streams.

4. 2. 2 Sanolin of the Contents of the Pond

Sampling of the pond contents will be perfonied to chemically

characterize the liquid phase and to physically and ehenisally

charaetertze the solid phass. These sampling activities will be

carried out during site development and in conjunction with

perfomanee of field testing for physical properties.

The approach for obtaining samples for chemisal and physisal

properties of the solid phase will involve use of conventional

drilling and coring techniques. (See Appendix ^, "Hydrogeologie

and Geotechnieal Procedures Manual. ") A rig will be floated on

the pond. anchored, and a IO-CB (4-in. ) <iiameter casing will be

driven down to the desired depth. Where possible, the liquid

layer inside the easing will be puraped out and sanples taken with

thin-walled Shelby tubes (ASTH D 1587. Ref. a. D, a piston

sampler (ASTM 0 1587, ^ef. u. 1), or a split-spoon sacpler (ASW D

1586, Ref. U. 2). These samplers will be made of non-eorroding

st-eel and cleaned as specif lad in Section 5. ^o grease nsy be

C-». 5
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used on any of the samplers used for shemical property saaples.

Sanples at '/arious deaths will be g&tained by drilling with a

sxde-d'.gcharse bi; and sontinually renoving the waste to the

desired depth, using, where possibls, -water of kiowi che"ti2ai

coiapositl.on or a compressed gas. If appropriate, an inert gas

'e. s.. ni&rosen) will be used to flush the easing prior to

saapl. ing iiaterial from an environment which is thought to b©

anaerobic, 'rfhere removal of the water fron the easing is not

fsaaible, the drilling fluid will be flushed out with

prs-analyzed f.-eah water and sa-iples of waste taken through the

standing water.

An average of *8 saapies located within the pond is

antisipated. These would generally be eonprised of six portiona

obtained at different depths from three boreholes as arbitrarily

derived in Appendix A, "Hydrogeologic and Geotechnieal Procedures

Manual. " Deviation froa this average nunber of sanples . aay be

lsade depending on the nature and eoaplexity of She site.

Sarapling will occur in conjunction with perfor<oanee of

standard penetratioR tests (Appendix ^). Standard penetration

resistance (SP7) tests will be perforaed on continuous interval's

of 0. US a (1. 5 ft) far thin waste deposits of less then 3.05 "t

(10 ft); on 0.76-m (?. 5-ft) intervals for noderately thick vasts

depogit3 of 3. 05 to 6. 1 m (10 to 20 ft); and 1. 5-m (5-ft)

intervals for thiekerdepo3tt3.

Piston or ShelSy tube sanptea will generally be used for both

physical and cheffiical laboratory testing and analyses, as they

afford aininun distur&anca of the sainple and nininiBn exposure to
air. Wiere poasible a 3-foot Shelby tubs will be obtained for

each chenical saBpla point. A minisun of (3. i(5 n (1. 5 ft) will be

obtained for chenieat testa. It Is antieipated that the nuaber of

samples obtained will be proportional to the number of varieties

of waste nafcerials encountered. As an exaBsple. approxiaately
three to six tube saaplss or more will be obtained for the

physical laboratory testing. The additional Shslby tubes will b*

obtained for sheaisal testing and analyses.

Saaoling of the liquid phase of She pond will occur durins

<L^ K 13'
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strea-Ti. Horizontal and vertical eross-seetion ssnples vi. 1.1 be

taken during the first tiae each strsaa is saapled in order to

establish the extent o? hsraosensity of th* cross sectioi. After

the level of suspended solids in each sub-aaaplf? has been

compared, the sub-samples will be composited into a single

sample.

When a saapling point is shown to be spatially homogeneous,

the number of aub-samplss and sampling effort may be reduced.

Autonatie sanplsra raay be used far same sites ta obtain

samples froin streaas such as ash aluiee lines, runoff, or surface

waters. However, it will be necessary to prove that the slurry

composition is not changed by th® delays in transporting ths

physical sanpie to the storage containers.

Obtaining representative sanples from eontinuous streaBS

wnich do not vary greatly in eoapoaition or flow rate is easier

than saapLing sporadic events which vary greetly in both regards.

In the foraer ease, a series of grab samplss taken at arbitrary

times is sufficient to represent the stream. In sporadic

situations, "nodifications aay be necessary.

Runoff, as froa a coal pile, is one of the least continuous

and aost unpredietabla influents to a pond. Such rynoff waters

result . fran precipitation events including both rainstoms and

the melting of snow and ice. The caBpositioRof runoff liquors,

both in terns of suspended and dissolved materials, will be

highly dependent on the intsnaity and duration of the stora

event, the nature of the materials which sre iapaeted by these

events, and the surface topography of the area itself. The

objectives' of the runoff sampling program will be to obtain

approximate estimates of volume flows and ehemtcal earaposition of

runoff liquors which result from one or nore storia events at each

site, where such sampling is appropriate. Measurement of volume

flows and cheaical conposition of runoff liquors will lead. to

very rough estiaates since both the flow and conposition ars

extrsnely variable during the event and are a result of great

variability between rain or thaw events. Sampling and analysis at

a liai'ted nu-aber of events fchus can only lead to a liHitesl

C-4.
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and after site developneni. Conventional dipping sanples and/or
sapped containers (aef. u. 3) will be used.

U. 2. 3 Sanolin and Flow Measureaent for Pond Influents and

Non- oint Source Effluents

*

u. 2. 3. * Sanolin

Sampling of liquid and slurry Influents (Table <. D to the

pond will involve obtaining samples for chemical analysis and

aeasureaent of the aass flow rate of eash stream. The ter'a

"slurry" can be used to describe most of the influent strsams

since they will range from blowdown containing few suspended

solids to thickened-?'3D underflow with 30-^<0t suspended solids

which is punped as a nud-like material.

The aajar eonsider'ation in designing saapiing and flow

measurement procedures for slurries is ensuring that the

proportion of solids collected is representative of .;he total

streaa. It is expected that heterogeneity develops in these

streaas due to settlement of soliiis once the turbulence and

nixing in the stream decreases. No general. sampling technique can
guarantee representativeness for all slurry samples which will be

encountered in FGC disposal sites. The detailed aethodology and
procedures will be established for each site using the guidelines
given below.

Slurry sampling will be carried out at a point where nixing.
(streaffl turbulence) is aaximal in order to afford the best

opportunity to obtain a relatively eoaplefce representation of the

stream eoaposition. In situations where the composition may vary

widely because of fluctuations in input streams, sarBples will be

taken at appropriate intervals over the saapling tine period. The
InteTvals will vary on a site-speeifie basis, however, at an
average site, slurry streaas (ash, FGD) will be sampled at least
six times over each single sanpliag period (day).

Samples will be taken using s dipping saapler or capped
esntainer which can be opened under the surface of the slurry

- Doc. Ex. 8860 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



collection or estlaates from hydraulic properties (Ref. 4. 55.

Total ealleeti.on involves "leaauring the tiae required to fill a

sontainer of '.<nown volune where the entirs flow (or an accurately

determined fraction of the totalt is diverted into the container.

Hydraulic property sstlmaSes make use of calibrated channels

(e. i., flumes and weirs) whose flow properties are \c, novm or are

accurately predictabls from theoretial or empirical relations.

Other hydraulic praperty techniques include msasurenient of

cross-secttonal area/depth and linear velocity. Of these

approaches, the calibrated flume/weir will afford the most

accurate messurements of flow, while the veloeity/depth-of-flow

approach will provide somewhat less accurate estiaates. Field

flow aeasurenents nay also be made automatically iJSing a

continuous automated level recorder* in conjunction with a flune

or weir. The device can be activated at the onset of

precipitation or flow. 'Jse of such a device (for exanple, the

banning Dipper or Isco Bubbler) together with a fluoe/weir

channel has been found by Arthur 0. Uttl®, Inc. to produce

acceptable data for measurenents In SRnall open channels similar

to some -Aii eh are expected at F5C waste sites.

The nuaber of points at which flow aeasurenent will be

requi-ed will be determined by th® nature of the carrying systen

(i. e., sipes, open channels, closed culverts) and the eoael@xi*y

of influent streams. For autoaatia aeasurements and sanpLins the

devices Bust be installed or be tn place prior to the onset of

the event: individual devises will be required for each flaw path

which is to be aonitored. Routine checking or monitoring of the

installed flow neasurement devieas will be perforiied.

Nathesiatical estimation involves computation of flow volumes

based upon th® area of interest. ?ar example, runoff vol-jne -nay

be estiaated froa the rainfall amounts and known surfac*

dimensions of the waste area. Parameters such as infiltration

rate nay be' subject to uncertainty; however, the prscipiftation

data and area data needed for Input into such models can be

obtained with a reasonable degree of confidence.
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representati. on of this phenonenon.

Tie approach whish will be taken far runoff sa.-tpling and flow

neasursaent will depend greatly on the extent to which runoff

wg^srs ar-a cii verted and/ar channeled . at a partisular site. \t

those si<:es whsre runoff enters the pond in defined shannels,

f;ow aeasurement and sampling efforts will "eseable those

esiployed for st-saas or ditches. Either manual nethods or

automated devices will be used for both efforts. Samples obtainerf

manually will be retained separately and composited as necessary.

Autoniatic devices nay lead fco obtaining a singls g-ab saapls or

composition of many grat) sanples.

Manual sampling requires ssanpower on-site during runoff

events and will be saisfally used only if local utility personnel

are wilUng. to . help in the effort by obtaining the saaples ar.cl

autonatie:: sampling:: is: not. feasible. Runoff can be sampled by

using autoraatic saraple-s (Ref. u. y) which collect either discrete

or eorapositec! safnples :. n proportion to strean flow; Both

'battery-powered and ac-powered devices are available. Some
devices also include automatic sensing mechanisns whiah activate

.the device at the onset: of precioitation or runoff flow and

deactivate when sosae niniaal condition is reached. If runoff is

collected in a holding pond and subsequently puaoed to the final

disposal pon'3, the holding pond nay be nanually sampled in the
sine fraae surrounding an event .

In cases where an event (e.g., boiler cleaning) does not

occur at all during the sanpling period, no samples can be

obtained: and estimates of eoBiposition and anounts of influent

naterials'will be obtained and calculated from other available

data.

tt. 2. 3. 2 Flow Estinates

Estimates of . flow will be made using manual or autonatie

field volume measurements and/or 'Bathenatical sstiKation

techniques.

Flow measureaent by field ^ests will involve either total

u-
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G. 3 DRT DISPOSAL CLANDFILLING) SAMPLING APPROACH

B. 3. 1 Introduction

Similar to a wet disposal operation, gssessnent of a dry

disoosal (landfill) operation requi-es inforaation about

surrounding influents to, effluents from, and waste naterial
present in the fill (Figure 4. 2). Dry disposal, however, presents
a different situation in the physical properties, -node of

transport, and flow sharacterississ of mstQfisls (Table y. 2). The
disposal site contents are expected to be non-fluid ash and FGD
waste solids. The primary surface effluent is runoff waters

(managed or unaanaged) froa the site whiah is, as previously
discussed, non-continuous and sporadic.

4. 3.2 Saamlin of the Contents of the Landfill

As with sampling of the pond cor-tents, sanpling of the

landfill will Se perfor-ied to determine the ecroposition and

properties, both physical and ehenieal, of the nate-ials present

in the site.

The approach for obtaining samples will involve the us& of
eonventional drilling and coring techniques. 9or"*halas will &e
augered down to the desired sa-npling point using hollow stem

augers, and a core will then be obtained by drivings thin-wailed
Shelby tube or split-spoon point through the hollow auger, ('"tore
details ars presented in Appendix A, "Hydrogeologic and
Geotechnisal Procedures Manual. ")

Sanoles which are not sufficiently cohesive to allow -ecovery

in a thin-wall o- split-spoon sanpler (e. g., sand, fly ash,

sertain nuds) may be obtained in a disturbed state by dry

augering. Saaples which are too hard to recover using thin-wall
or split-spoon techniques (e. S.. sone stabilized FGC wastes) will
be sampled using rotary rosk-co-ing bita. Since samples for both

physisal and eheaisal properties will be taken ustng these
"isthodologies. appropriate preclsar. ing (Section 5) of all

C-&. 12
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U. 2. 4 Samolin of Pond Efflusnta (Surface Point Source)

Pond effluents sush as pond overflows whish are point sou-=e

discharses say be saipled using the sanpling "lethodolsgy snci

approach (including flow measurements) described in the previous

section. These streaas are generally continuous and low in

suspended solids and thus present little difficulty for designing

procedures for saBpling and flowneasurenents. Most effluents go

over a weir so flow can be detemined hydraulically.

C- .<-11
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TABLE 4^

DRY DISPOSAL - TYPICAL WASTES AND RELATED STREAMS'

Mama

infiuenu:

Solid Wane

Effluents iSurfsce;3

Runeff Uiquidi

Fill ConTeni:

Solid FGC Waste

NcA « Not Applica&le.

Phyacal CharactensTica

thick sludge
or moist solid

low suspended soi'ids

moist so I ids

Usual Mode of Tranioort Flow Chsractensiics

conveyor belt or truck

surface flow

(unmanaged or manage
utingpipe or ditch)

N/A

discontinuous

sporadic

WA

1. For . lluttraiion purposes oniy,
2. Unaergraund ef4 >uenu w.g., inf'itration occumng via conttnuout permeation are not norma. iv includedl

since *ey are not directly able to DC sampted.

Source: Arthur D. Little, inc.

C- &.Ll.L
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saapling squip'nent and other related saterisls will be required

so as to .Bininise eheniieal contamination.

For an average site, an artitrary range of 18 to 30 saaples

within the site is antisipated. (See Appendix A, "Hydrogeologlc

Geotschnisal Procedures Manual. ") These would be generally

comprised of about six portions from differing depths fron each

of three to five borehole locations. Deviations from this aversse

number of samples will be cade depending upon the nature of the

site. A dry landfill, comprised almost entirely of a treated

waste material placed oechanieaily in a relatively ordered

fashion, may require fewer samples for eharaefcerization.

Decisions and reconmendatlons as to the number of samples to be

taken and analyzed for any particular site will be nade during

preparation of a specific site test plan after review of all sits

observations and data. The samples will be taken in conjunction

with and et intervals dsseribed for th® standard penetration

tests discussed under pond sampling.

The location and number of the test borings will be

site-specific; however, a naximun of three to five borings is

most probable. The borings will extend to the bottom of the waste

pile, and, in selected locations, will extend through the waste

into the underlying soil liner and/or natural soil horizon.

4. 3. Sam lin of Landfill Influents

Ssnerally, a portion of material which is representative of

the waste being disposed of during each sampling period (i. e.,
. . . . '.

21 hours) will be obtained. For stabilized materials yhieh

require a curing period (generally 2S days) during which major

changes in eftenical and physical properties occur, saaples will

be obtained after disposal and/or after these wastes have been

allowed to cure such that the sample obtained will' represent

waste properties that will be close to those obtained st

equilibriun. Tha sanple will be obtained as close as possible to

the ultimate point of disposal. If the conveyance discharge point

cannot be reached, then the next nost acceptable sampling point
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"say be the stockpile for-aed by the diacharga. SaHpling location

will vary with disposal prgctise, and will be selected on a

site-specifie basis. In sone sases. and with prior approval at

she ?-oject Di-eetor 'or his designee), sanplss of wastas which

have been aged or esplaced for some Sine "lay 5e taken.

Four samples representing the production during a worlc dsy

up to 24 hours) will be obtained ovsr equal time inersments

'i. e., 2-3 hour intervals?. These sanples Should be

representative of production and should contain approximately two

kilograres of dry solids. Samples of stabilized wastes will be

taken so that they eonfsra to the time criteria (age desired)

where poasiSlg. Sach sample .-nay consist sf a number of individual

pieces or portions of stabilized waste. In addition. the process

operation data (such as filter operating paraneters) will be

obtained in order to take an appropriate amount of sample for

subsequent compositing in She laboratory. Compositing to yi-eld a

sanpls whish is rsprssentative of the day's production will be

done at the analysis laboratory.

If disposal is not occurring during the time of the visit, a

decision will be faade by consultation with the Project Director

(or his designee) as to whether to Obtain saHples fron the most

recentlydisposed waste naterials (i. e.. aaterials already

eiRplscsd) or to postpone sample acquisition until the next visit.

Procedurss for obtaining repreaentative samples of solid

materials are given in ASTM procedures (Sef. 4. 6). The use of

small sanpUng tools which nay diacrininate according to the size

of pieces in the material in the sanple will be avoided. A square
shovel will be used for belt, worm scrsw, or truck conveyors.

Ideally, a sainple will be taken across the width of the conveyor
discharge. This can be aceonplisfted if the conveyor can be

stopped aomentarily. If sush Stoppage is impraetieal then the
sampling team will make an effort to obtain material

representative of same at the stockpile beneath the discharge.

The stockpile beneath or downstream fron the conveyance will

be sanpled by augering to the botto-i at Isast five points and
recovering all -nsterial lifted by the flights. Alternatively, if
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a shovel is used to sample the pile, a sufficient anount if waste

will be novsd So obtain 3 saiaple representative of the cross

section, i.e., not prejudieed to the outside anri/or top of the

pile. The portion taken will nst have been excessively exposed to

weathering (rain).

U. . 4 Sam tin of Landfill Runoff

Sunoff from a landfill. may be managed (directed to culverts,

ditches, etc. ) or may be unraanaged witti no direction of flow. In

the case of aanagsd runoff, the sampling techniques and flow

measurements discussed under wet disposal (Section u. 2) ars

applicable and will be used. In sone instances where runoff is

not aanaged and flow aeasurenent is needed, it may be necessary

to create small ditches for aampling purposes.

In eases where ditches are not available or cannot be

installed, a runoff plug collector will be used ts obtain sanples

for chemical Characterization. The use of plug collectors for

obtaining background runoff saaples (i.e., water flowing down the

side of a hill prior to passing over the landfill) asy also be

required at some sites. When runoff Is not ..nanaged. runoff flow

rate will be estimated from rainfall, receptor area, and

appropriate infiltration factors.

U. S SOIL SAMPLING APPROACH

Samples of soils around and under landfills and ponds will be

taken in conjunction with well plaeemsnt and waste sampling, as

described in Appendix A, "Hydrogeologie and Geoteehnieal

Procedures Manual. " Ths sama techniques and approaches described

for waste saiapl ing in both ponds and landfills will be u.sed for

soils. At sites where coring through' the waste/soil interface

will be performed, samples of soils will be obtained and analyzed

to deteraine the extent of contaninstion. Soil sanples will also

be taken around the site to obtain background saaplss for both

physical and chesical analyses. In some eases artificial lins-s
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(e. g.. poz-o-pas material) have been placed in building ponds.
Tnese Baterials which are ^ot osnsidered waste or natural soils

around She sise will also be sanpled concurrent with the waste

and soil sampling period. Saaples of . these Uners will be

eharacterizsd for both chemical and physical properties.

The techniques to be used in soil sampling will depend to a
great extent on She location of the saraplss. por exanple, soil
samples under a dry landfill will be obtained using the methods

also used for obtaining saaples of the waste. Siailarly. samples
of soil around the site will Sc obtained using theae (Rethoda in

eonj'unstion with well plaeenent. ".or saHples of soils under a

pond, the techniques for coring through the pond will be used to

arrive at th-e sampling point. Techniques for obtaining solid

samples (i. s.. Shelby tube, etc. ) will then be utilized.

As with waste sampling. soil sanpling will be done In

conjunction with standard penetration tests. For the control

boring (Appendix A), sasples wtll Se obtained continuously Ce. s ..
every 0. 45 a (1. 5 ft)]. For the r-emainder of the borings

(wherever groundwater wells are placed and others as needed),
samples will be taken at intervals :e. g.. 1. 5 n (5 ft)] to the

grsundwater table and at intervals Ce. g.. 0. 75 a (2. 5 ft)] from

the groundwater level to the botton of the -uelL. The exact nuaber

and locations will be site-specifie.

1.5 GSOUNDWATEH SAMPLING APPROACH

U.5. 1 Introduction

The major objective for groundwater sampling will be the
acquisition of portions of the groundwater existing at various

pointa on the site. The choice of the opttaal sacpling procedure
for a partleular site and specific weils at a site will be made

after a review of all available baettground faydrogeologlcal and
chemical data, including data fron other existing grsundwater
wells, and will be based on the foUowing paraaeters:

Well Casin Size. :t is anticipated that -nost of the
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wells placed will be 3. 1 cd i.2 in. 5 in diaaeter.
Recoverable Water Level. Consideration will be given to

whether the waZer level is within suction lift [3. 5 "i

(about 2<^ ft)] of a '/acuica pump (Seraed a shallow well)

or not (terned a deep well).

Ouantlt of Standin Water in the Well.

Rechar e Rate of Water. The variation in recharge rate

can span times of 0-6 hours ("fast"), 5-30 hours
("moderate"), and greater than 35 hours ("slow") and

will affect the generally acceptable practice of

resioving the quantity of standing water in the well

prior to sampling.

Chesical Coaoosition. Consideration will be given to

whether special precautions ar* needed to ainimize

alteration of conposltion.

The categories of alternative saapling methodologies f"om

which a nethod for Obtaining g-oundwater saiaples frora open

.aonitoring (or observation) wells will be chosen ineluds:

Manual bailing (i. e., 'Cemaerersanplsr);

Vecuum pumoing or aspiration (i. e.. battery-operated

peristaltic punp);

Pressurized pneumatic punping (i.e., blsdder puap); and

Gas (air) sntrainaent or lift.

Under each of these categories a number of alternative

procedures can be enployed. These procedures represent various
equipment choiee5 or eonflgursts.ons rather Shan differences in

principle of operation. For a particular well the optimal

configuration will be selected. In some situations existing wells

nay be sampled - and existing sampling devices utilized if they are

considered to satisfy the needs of the program.

A matrix of sampling approaches and nethods far various well

parameters is presented in Table K. 3. Additional discussion of

groundwster sampling is given in Exhibit A. 5-1.

tt. 5. 2 San lin Methods
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TABLE 4.3

SAMPLING APPROACHES AND METHODS FOB VARIOUS WELL PARAMETERS

Water Levol in Well

Drsunce bctwean groundwatef
and grade evef less than 7 m1
Any amount of standmg water
>n the we!) "

Proooaed Samole Recovery and Prabatiin Conditions
Slow Recharge

One Time in More
Than 30-3S Hour*

Vacjum sysiBfn
tperistaliic purno)

or prenynzation

No pnbai:

Distance between grounCwaTer ^ Manual baJi ing
andgracie level greater than 7 mt } (Kemmerer)
Lessthan 2.25 m standing water ) or pressuniatton

\ No prebailing

/

More than 2.25 m standing water
s

Manual bailing,
pressurization, or

oneumaticpump

^ No prebaiiing

ModarafR
One Tim< in 6-30 Houn

Vacuum system
..pennaltic pump)
or prBnuhzaTion

Prebail 1-3 timer

Manual baKing
tKemmenr)

Prebail 1-3 times-

Manual baiting or
pneumatic pump

Prebail 1.3 times2

1. Suction (ft of 8.5 m minus 1.5 m reguiredforwatar sample.
2. Lower number of prebai. ing will be used for rhe longer recharge rate.

Source: Arthur D. L nic. inc.

Fit Rocharge
One Time in 0.6 Houra

Vacuum system
(pertsral tic pump)

or pressurization

Prebait 3-5 times

Manual bailing
(Kemmerer) or

pneumatic PUWB

PrebBit 3-5 times

Manual baili ng or

pneumatic pump

Pre&ail 3-S times
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It is anticipated that for shallow well sasipling a vacuum

puaping system or pressurization of the well will bs use'i. 3otli
involve having a sa.-apls tube peraanently Installad in each well.

The vacuin punp approach will be applisable to wells in which the

requirements for water'lift do not exceed 3. 5 ra (about 23 ft) 'out
it suffers from possible sample alteration because of off gassing

when a vacuum is applied, ^orcing the sanple oirt by pressurizing
the well will eliminate that disadvantage but nay cause well

water to be forced back into the aquifer if its permeability is

sufficiently great.

In practice, shallow wells for vacuum sampling would be
equipped with a well cap through yhiah is fed a small diameter
tube CO. S3 to 0. 95 cni, (0. 35 to 0. 375 in. ) inside dianeter] made
of Teflon or other inert material. The sampling tube will extend

approximately 1 m (3. 25 ft) away fron the PVC well pipe but uill
still be retained wtthin the outer protective casing. The end of

the saapling tube will be equipped withan appropriate fitting to
ensure both internal and external cleanliness. Thesagpllng tube

will extend below the water surface within the well in order to

ensure adequate collection at mininal standing water. A

ehenieally inert weight will be attached to the bottom of the
sampling tubs in order to hold it down. The well cap will be
equipped with a small threaded plug whieh can be reffiovedat the

tisae of sanpling to allow equilibration of the air column in the

well with the ataosphere. Tn addition, a larger 2. 5-cn (1-in.)

threaded entry port will also be placed in the well cap in order

to allow insertion of depth measurement devices without- removing

tha cap.

Manual bailing techniques, veil pressurization, and positive

pressure pneumatic pumping systems will be used for dee? well

sampling. Manual bailing nay require considerable tiae and effort
if used exclusively for rapidly recharging wells.

The selected techniques will b® compared at one or more well

locations to determine if significant differences exist between

the techniques.
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U. S. 3 Soeci3l Precautions

A «sy sansern in groundwaSer saapling is to ensure nini'nal

shange in the coaposttion of She analytea of interesi: durins
eollectton, sreservation. and transport to the laboratory far
subsequent analysis.

In addition to the meehanisal aspects of sample acquisiti.on
the teaoi will sonaider any need for special preeauttiona in order

to preclude changes in groundwater composition because of eontaet

with the surface envi-onraent. Tn particular, if in-situ
.neasurements of paraaeters such as dissolved oxygen, DK, and

eonduetivity, which will be carried out either during site
development or during subsequent sampling visits, indicate the
likelihood of anaerobic eanditions in the groundwater, it will be

necessary to take precautions to exclude ataospherio oxygen f rom
the well ealunn during recharge and prior to acquisition of the

analytical sample. Various means of sxeluciing oxygen including
flooding with inert gas (if well sis® and aeeessibility perait)
or use of a small scalable bailing device will be considered.

It is generally accepted in groundwater sanpling praetlee to

remove three to five voluaes of water frea the well prior to
actual sanpling. This speeifl.cation aay nee<i to be adjusted for

each well depending on its recharge rate. ?Qr exanple, if a well
recharges only once in 36 hours, only one volume of water can be

removed prior to acquisiti. on of the analytical sa'aple irithin the
estinated 35- to 40-hour period that a saapXing tean will be an

the site.. In contrast, for a well with a fast recharge rate, it
will be possible So . '. efflove five voluaes of watsr prior to
asquisition of the analytical saBple.

At least 1. 5 liters of water will be required for ehenical

analysis purposes, and it ia highly desirable that at least two
Siaes this quantity be recoverable from any well In order to

pennit rinsing of sarapls lines, containers, etc. One and a half
liters corresponds to 75 en (29. 5 in. ) of veil depth for a 5. 1-ca

(2-in. ) well. To obtain twlse the desired sample quantity, a
-eeoverable colL=nn of water of st least 150 cm (appraxinataly 50
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in. ) in the well will be desirable.

In situations where only a mininun of standing water is

available within a well, the 1. 5-liter miniaura sasple volyme

rsquireaen^s nay dictate that all of the recoverable water
contained within the well may have to be utilized for the actual

sample.

In all cases, groundwater saetples will. be filtered (see

Section U. 10) isaoediately after withdrawal from the well and with

ainiaal contact with air prior to any stabilization.

Manual bailing teshniques will be more appropriate for use in

conditions of ainiaura standing water and slow or moderate

recharge rates. Manual bailing allows for inimediate transport of
all of the collected water to the surface. In contrast, pneumatic

pressure pumping or pressurization of the well may require staged
evacuation of the well if the volume af available water in the

well is eonparable to the volume of the sample transfer line.

This aay increase the time required for th® saapie collection and

the possibility of saaple quality degradation.

tt. 6 SURFACE WATSRS SAMPLING APPROACH

Available data from the utility and data bases such as STORET

will be utilized prior to designing surface water saapling plans.

If required, definition of the quality and flow of surface waters

(lakes, streaas, ponds) . will be aade based on analysis of

sanples obtained at locations where contsaination is most likely
to be observed (closest to ordowngradient from the source) and

eonparing- analysis of these saaples to analysis of samples at
"ttaekground" locations which would be anaffected by the prescncs

of the site. Analysis of these samples will be similar to that

for groundwater saaplss but may not be as comprehensive.

^Surface runoff is discussed in prsvlous sections on influents

and effluents to and from the disposal area.
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The extent af surface water sampling is expected to be -nuch

less than ;hai for groundwater and waste sampling. An average gf

'?? surface water sanplss pe'" site is anticipated, although the

number and location of sampling points "ill vary on a

si&a-specific basis. Procedures given in Reference U. 7 will be

used.

Definition of the location of sampling points will be aade

using such approaches as the schesies shown in Figure 4. 3. Since

th® characSeristisa of particular sites can differ atarkedly

sampling points will be ehosen when site specific factors are

knoun. Sampling points will be in locations varying in both width

and depth dirsctions. The choice of saapling points and

supporting data will be made so that the following criteria irill

1. Reprasen^ative saaples of sonsral waters. Including the

receiving water body upst-eam of the discharge of

interest, will be obtained .

2. Sepresentative samples of the non-point discharg* to the

receiving water body as close as possiSle In tiaie to

sampling the water body will be obtained.

3. Representati. vesaaplas of the receiving'water body

downstream of the waste site will be obtained.

<. In large water bodies where contaiainant dilutian may

linit detection, samples will be obtained as close as

possible to the point of contact between groundwater and
surface water.

5. cl3W3ieasurenents of the direct discharge (overflow) and

surface uater body will be aade (if appropriate).

Saapling locations will be:shoaen based upon estiaates of the

extent of nixingof the water body at the chosen locations in

order to evaluate representativeness of the sample. The extent of

uniforalty due to nixing at various distances fron the site will

be initially estiaated using the flow of the water body, its
physical charaeterlstiss (desth/width), and a review of various

wa';er quality paraneters CpH, dissolved oxysen, conductivity,

t. enperatu-e, and flow) under various surface body flow
aondltioRs. 3ase(i sn these -iata in three 'liaensions (vertical,
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horizontal, and longitudinal), a determination of the location of

saapling poirsts and the nurabe?- of samplss to be csmposited to
yield a representative sa-tpls Will be made.

Hepresentative sa-nplss of the relevant discharges f. nto the

water body will. be taken at the discharse point or near the

intake of the discharge paint. Several saraples will be taken and

composited. The extent of eorapositing will be determined based

upon the quality of the effluent and whether it is expected to
change signiflsantly ov the sampling period as deterained by

indicator paranetera. This sampiing procedure will be repeated

several Siaes during the yea- to pernit assessment of variability
during the various seasons. Data on the surface body flow,
influent flow, and: other | meteorologieal data required will be
obtained or calculated from plant and available surveys.

In order to nore accurately measure the incremental iapaet of
discharges on the surface water body quality, the samples of
effluent and those from the water bo-iy will be taken within a

shore period of tine (hours) to preclude variations caused by
"pulses" of influents.

In cases where the water body is too large to be aceurately

sampled in the nianner described above, sampling using a transeet

scheae would allow ijetermination of local eontaalnation of the

surface water. Mapping the area with data obtained for the water

quality parameter given above would allow initial estinates of

the homogeneity of the water body near the discharge points .
Flow -neasurement will be made using velccity methods, level

nieasurement methods, or other techniques as previously discussed.
Sampling methodology equipnent such as a XemBerer or Van 5om

bottle will be used because of their advantages in point
sampling.

Sample volune, containers, and preservation will be similar

to those used for groundwater sanpling. rhe ssraple . asy be
filtered in the field.

C-^. :5
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4. 7 FIELD HEASUREMEHTS

A variety of field messuremsnts fo- both physical and

chenisal properties will be made at eacn site.

Standard penetration tests, vane shear strength tests,

nuclear depth-density detenainations, and field permeability

tests will be perforaed on-site as described in Appendix A,

"Hydrogeologie and Geoteehnieal Proeedures Manual."

Measurement of the groundwater level in piszometers and wells

will be made prior to prebailing or saapling. In addition,

Beasurements will be made to (jetermine and confirm recovery

(recharge) of the piszometer and/or well. A battery-operated

ohraneter connected to a sable (which is narked at known

increnents) or an electrical cable connected to a iseasuri. ng tape

will be used. The tape or cable is weighted at the end with a

plsstie-eoated weight. Detailed procedures are given in Exhi&i't

A. 7-1.

Measurenent of sonduetivity. temperature, and pH will also be

nade where possible in sites in the well prior to withdrawing a

yell sample and on the withdrawn sample in the field. Obvious

eheaical changss in' the sample during sampling or upon exposure

to air (bubbling, precipitation, or rapid conductivity or pH

changes^ yill be noted. Sinilar aeasureigents will bensde for

other liquid or slurry samples (surface waters, waste streams)

ianediately after sample collection. Portable field meters (I. e.,

7SI Model 33 SC? aeter), which are calibrated as per

nanufaeturers' instructions, will b® used.

Dissolved oxygen neasurements for in-situ veil waters and

samples will also be made (in psrticular sites). A portable field

neter (such ss the YSI Model S-"r 00 meter), which is calibrated

as per oanufacturers' instructions, will be used.

U.S S&MPLS CONTAnTCBS

Factors which will be taken into account when choosing

eontsiners for th& various types of sanples discussed ere

c-^ zy
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3oapat;ab:,lity with the sasiple (i. e., neither sontributing nor
-aiovins saeeiss sf intersst), resistance to breakage, and

spprspriate '/olame. The containers aus<: have adequate wall

thickness to withstand handling during ssnple collection md

transport to ths laboratory, ^ntainers with wide -aouths are

desirable to facilitate transfer of sanples fron samplers to

sasiple containers. The containers aust have tight screw-type,
chenieally inert lids (i. e., caps and liners of plastic for

plastic bottles and Teflon cap liners for glass bottles).
For this prsgraa the following containers wUl be used for

tne indisated sample/analysis categorisa:

Sam le/Anal sia Container

waters/metals and inorganiss polypropylene or polyethylene

waters/organics bro-wn ser-w-cap boroailicatear flint

glass. Teflon cap lioers

slurries sane as above for water samples

for aetals and organiss

solids wide-mouth canning (Ball or '<asoR)
Jars, Teflon flln under jar lid

Segardless of which saraple containers are selected, they must
be thoroughly cleaned prior to use to rsnove any contaminants
such as oils, greases, dirt, or mold release agents that nay be

present. The recommended cleaning operation is presented in
Exhibit A. S-1 and (itscussed in Section B. 9.

t. 9 SOUIPMSNT AND CONTAINER CLEANING

As a najor objective of the chenical sampling and analysis
activities senters around the .leasureaent of trace-level

quantities of "letals species as well as some orsanie naterlals.

it is absolutely essential that the sampling equipment and saople
containers which cone into eootact with the saiaples be free of

any substances which nisht transfer to the sanple aaterial. "he
sleaning protocol given in Exhibit A. S-1 has bsen utilized at

Arthur D. Little. Inc. to clean glass and plastla sample
csntainers as well as mettallie sampliig equisraer'.t priar to use.
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While the quantities of solvents and aqueous solutions to bs used

in each step are not specified, sufficient volunss should be used

in order to thoroughly soak and/or rinse both internal and

external surfacss.

All new thin-wall tubing and other metal saapling equipment

will be thoroughly degreased with acetone prior to carrying out

the cleaning protscol. This degreasing operation should not be

necessary onee the equtpmeHt has been put in use.

To nininize inadvertent esnftanination of sa-nples by

stabilizers used in PVC manufacture, internal surfaces of the !5VC

well pipe td. Xl be cleaned, where possible, by washing yith dilute

nitric or hydrochloric acid solution and then thoroughly flushing

with tap water prior to use.

Saapls containers will be cleaned using a hot detergent wash

and thorough tap water rinse followed by a nitric acid rinse.

They uill then be rinsed uith tap water and distilled watsr in

suceassion and finally with high-purity (KilliQ") water, ror

those containers whleh will be used to obtain samples for organie

analysis the final rinse will be made wtth acetone. Final drying
of the containers will be done in air. (See Sxhibit A. 8-1.)

a»10 FILTCTING AND PHESESVATION OF SAMPLES

All groundwater, surface waters, slurry samples, and other

liquid samples (as from ponds) will be filtered in the field with
nininal exposure to air. Equipment for filtration will be

composed of a reversible battery-operated peristaltic pump which

forces the liquid to b® filtered through flexible tubing into- a

back-flushing plate filter vith a Q. il5-niicron filter (i. e.,

Leonard Ksld and Die Works, Dsnver, CO. ) precaeded by a eoarse

cellulose ester prefilter.

Preservation of various samples collected at the disposal

site will be required to aininize loss of analytes during thfe

storage and transport period prior to sample analysis st the

laboratory. Solid sanplss which have no readily separable liquid

will not be preserved. Slurry saaples vhieh art separable by
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filtration will be separated in the field (as above) and the

Liquid fraction prsserved according to the analyte of interest

.'see below!. The solid f-action will not be preserved. All other

liquid sanples will be filtered in the flald and preserved in the

following manner. The filtered sacple will be split into two

fractions: one fraction 'for netals analyses) will be acidified

to pH <2 with a fixed voluae of concentrated nitric acid (e. g. 5

nL per liter of sample); the second fraction will be shipped in

ice and maintained at U°c in the laboratory until analyses are
perfor-aed (for anions and other analytes). Por samples and

analytes which cannot be preserved by cooling or aeldifl. catlon

either field analysis or special preservation tteehniquea (e. s.,

..nereury addition for trace sulfite) wtll be used.

t. <1 FTSLD DOCUMENTAnON

Doeuffientation ijuring field activitiea will consist of the

assignroent of ur. ique identifiers to each sanple that is colleeted

in the field, the reeording and transmittaX of all relevant

ancillary observations, and the initiation of ciiain-of-custody

procedures for each sample that is coUected. A discyssion of

each of these activities is preasRted below.

tt. 11. 1 Labels

Labels will be used to identify the origin and purpose of any

material fehat is collected. Infonnation contained on the label

will be sufficient to uniquely deserl&e the eontents of the

container so that niaidentlfication of ealleeted material is

ninimized. 4s a ainiaum, the label <d.ll contain the fsllowing
information:

*tane or initials of the person(s) collecting the sample;

Tine of collection (->onth, day, year, and tiae);

Place o? collection; and

A unique sample code.

An exa-ipls of She proposed label is presented in ='igur-" 4. U.
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fSGune <i.<

EXAMPLE OF SAMPI E CONTAINER tADEI.

Arthur 0. Lltfe. Inc.
Acoin Paik
Cambridge. Maas. 02140
817. B64S770

Coltoclois-

Dale;

Sample   F 00248

n
I

r-

Ul
)-.

Cwilrtlon *Dt IWW OKIin

911* D»t<;ll|>l«n 01 B» B10< M tMn» C3 09 10 20 30 W

»>|»ol8«mp»*: GW SW HO W* so oiiiin

loftlen ln<fa«: 01 UnaiM OS UBW 0 W 10 M30 40

IP * BC n oiiitn

Airl»«t» Initois M» AM On UHIEn BtK OUP SPK
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Each subcontractor will be supplied with a quantity of thsse

prs-printed labels.

a. 11. 2 Field Sotebooks

Two types of field notebooks will be used during the

perforaance of this contract. One will be used to record all

pertinent field obge-vattions, and the second will be Used to

produce packing lists for samples returned to the laboratory.
The Observation Notebook will be used to record at least the

following information:

Purpose of sampling;

Location of saapling site and its address;

Name of field contact:

Type of sample collected:

Numbers and vol-jmes of samples taken;

3escription of sanpliRg site and conditions;

Date and time of eolleetion:

References such as sapa or photographs taken of all

sampling sites;

F'isld aeasurements Bade; and

Signature of sampler making entry.

The infomatian recorded should be suffistent so that others

may -eeonstruct the saapling situation without having to refer to
the collector's reemory.

Because of the eomplaxity of this progran. it is auggested
that a different Observation Notebook be naintaineci ' for each

disposal site. In this way it will be passible to accumulate all
data about that site over the sanpling period in a single
location.

The Packing Log will be a separate notebook that contains

alternating bound and tear-out pages. As samples are being
packaged for shipment, all sample label codes, along with the
unique pre-printed label number, will be ente-ed onto a permanent

page that is backad by a piece of sarbon paper. The tear-out sage
vill se"</e as the packing list. This task vill be pe-foried by
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the designated ;rew chief. The sarae type of Packing Leg should be

used by all personnel who take and ship sassples. Arthur D.

Little, Inc. vill acquire a sufficient quantity of log books for

all concerned and distribute thea as needed.

fl. 11. 3 Chain-of-Custod Procedures

Chain-of-eustody procedures will be initiated in the field.

They will consist of documentation of all personnel who have

handled the samples and sealing of sample bottles and shipping

containers to detect any unauthorized opening of same. Detailed

procedures are given in Exhibit A. 11-1.

<. 12 SHIPMSNT OF SAMPLES

Shelby tubes will be sealfed on each end with

Bicroerystalline noa-shrinking wax and capped and taped in

preparation for transport. Each sample will be earefully logsed

with the job number, boring nuaber, depth, and sequential sample
number. In addition to Shelby tubes on samples scheduled for

chemical analysis, two jar samples will be obtained for each

standard penetration test. One jar sample will be sent to

Bowser-Momer and the other sample will be sent to either TSW or

Arthur D. Little, Inc., depending on the job responsibility.

Shelby tube and SPT Jar samples will be boxed and crated for

shipment. Saapies for physical testing will be hand-earried by

the Bowser-Morner site engineer on either the drilling equipment

or through connersial airlines. The utmost care will be taken

during packaging and shipment to ensure proper sample

preservation.

Liquid and slurry samples for ehenissl analysis will be

shipped from the test site to thfe analysis laboratory by the

fastest possible eamnereisl neans (generally Air Freight or
Courier).

Each sanpls eontsiner will be securely packaged to withstand

the rough handling that is expected to be encountered. Each
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bottle will be indivijually cushioned with packing naterial such
as bubSle wrap, vemieulite, or styrofoam chips and placed in a

shipping srate containiRg conparable padding. Por those sa'nplss

not rRquiring refrigeration, a heavy-waUed corrugated cardboard,

wood. polyethylene, or fiberglass container can be used. Tf

samples are so be shipped in wefc ice (see Section 4. 10). the ice

and saaplss should be .ri. thia a piastie bag inal'lean ice ahest.

The plastic bag will be geale'i to nininize water leakage out of

the iee eheat. The shipping srate will be securely sealed using
nails, fiberslass-reinforeed tape, or loetcs to nini.niize the

chance that it will open during transport. The Shipping srate

will then be labeled to Indicate point of destination and any

appropriate handling precautions that should be taken (i. e., This

Side Up, Fragile, Contaias Glass, etc. ). As possiSle» duplicate
labels will be used to emphasize special handling precautions.

t. 13 TEHMINATION OF THE SAHPLINQ/ANALYSIS PROGRAM

Upon temisation of saapling activities in this program, all

non-pemanent (mobile) Sampling devices which are the property of

SPA will be removed frora all sites unless requested otherwiae by
the SPA Project Officer. Wells placed at the site will be turned

over to the utility (tf they so request) or sealed. If sealing is
requested, the top of the well will be cut to ground level, and a

sealer (bentonise pellets or cement) will be placed in the well
to a nininua of 1. 5 a (5 ft) above the uppenaostt opening of fche

screen. Th< renainder will be filled with son. A siailar sealing
procedure will be used for any borehole drilled during the

program for saapling purposes and which does not subsequently
have a monitoring veil installed in it.
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5. 0 PREPARATION OF SAMPLES FOR ANALYSIS

A variety of saraple preparation proce'iures are required

befsre chemical analysis by the various analytical techniques can

be pe-foraed on samples taken froni the field. These sample

prsparatian procedures include compositing of saraples, taking

representative aliquots from the composites, drying of samples.

5 paration of solid and liquid phases, digestion, and where

appropriate extraction of samples.
Sample praparation prior to perfor-Banca of physical tests is

an integral part of the physical testing. However, this

preparation is generally more test-specifie than that performed

for chemical testing and thus is described as part of the

physical test procedures given in Section 6.

5. 1 ALIOUOT2NG AND COHPOSmNG OF SOLUTIONS SLURRrES. AWB SOLIDS

FOR CHEMICAL ANALYSIS

Individual solution, slurry, and solid samples may need to be

composited prior to perfoming eheaical analysis. Aliquots st

these coBposites or of individual samples will then be taken for

analysis. Table 5. 1 suamarizes these procedures and a brief

description of sach procedure follows. further details are

provided in Beferenees 5. 1, 5. 2, and 5. 3.

5. 1. 1 Solutions

Representative portions of solution samples will be obtained

by pouring the individual sub-samples into a container, shaking

or stirring to ensure th'at the saaples are veil mixed,

vrithdrawing a saiaple volusae slightly larger than that reciuired

?~on the vessel using a dry, clean container prsrinsed with the

sample of interest.
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I

TABLE 6.1

SUMMARY OF ALIQUOTING/COMPOSITINQ rROCEOURES

Hi ilcal Form u( San* >la

Sululioiw (notus|>cntli)d tulidil

Sliirnui (lluid »u»|it!iisions(

Solids (non Iklld wei' or cltyl

Example* Alii uolh Mellind

Poiiil ll(|uor Sliake; fiutir ali((uot

Asli thwry CiiiKdiuoutly mix sam|)le
inedtaiiicallv.-iisc (lipfier
to lake ltiroe|tur(ioiii

Di V (o constant woiijlil ;
gi nd. II itaceuury, to
iwltice paillcle »itc iiijiig
Bijale or aluinMiii ct|tiipmen«;
(idleilirourfi steel or
alumjiium lilller

I. In catctwliere diyiiigol lample may not liu perlormBil, the wul *olKl»wiH ttualiquolcd usuig B small aiialftl Irier or »|)|jl-iube sani|ilu;
and the aliqiiot* witl ba CUB Mended (hiee Itmes. lull blendud, and cut anil i|i»ai(cred.

2. Slablllnd wastes wl»l be hnaie dried; all oiders ouen<l»|cd. (See Section 5.2.1

Sourca: Ailliur 0. Litlle, liit;. anfl nelnience* 5. 1 tliio«nh 6.4.

Unsiabili.iod FGD
Slal»iliiB«l FGD
Alii

Corn $ilio Mudiud

Conibtno ttlii|uolt ii» cunlaiiiBi; tliaku

Co»iil»no alif|tMili lit canlainui; iiiix

Goinblne aliqiiois; conu bluiid tdfec
tiliiei; roll Itlund; cut and <|uanur
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5. 1. 2 Slurries

In this prog-an. "slurries" will refer to any aixture of
solids and solution in which the solids can be dispersed by

aixing or agitation to yield a uniform suspension with fluid
properties. Such suspensions can b< handled as if they were a
"solution."

If the solid's properties (density, size, etc. ) are such that

the solids tend to settle out estreaely rapidly, ths mixture nay

be more easily handled by allowing the phases to separate and

handling them separately as solution and wet solids. (See Section
5. t». ) The relative proportions of solutian and wet solids

resulting from separation would be used l.n deciding on the
amounts of each phase required to give a representative sample.
However, yhere practicable, direct sampling of the slurry is

preferable ts the separation method since it will afford a sample
which is representative of the solid's composition.

In order to obtain an analytical aliquot from a slurry

sanple which is representative of the field sample it will be
necessary to stir or nix the sapple well both prior to and during

th® sampling operation. The ASTH procedure (Ref. 5. 1) in which
samples for analysis are taken by thrse auceesstve transfers will
be used.

Th® field sample will bestirred using a non-netallic

mechanical agitator or impeller. Vortex fonaation and consequent

air entrsinment during stirring will be niniaized. The analytisal

sample will be obtained by quickly dipping three portions
approximately equivalent to one-third of the desired sampls stze,
and eembining these. Dipping will be done with a precleaned

non-netallic dipper of sppropriste size. Use of tube thieves or

other devices which iapeds the nixing while the analyfieai saaple
is being taken and thus allow seg-egation during sampling will
not b® used.

The analytical sample so obtained will approximate th©

desired sample size and will be used intact for analysis.
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5. 1. 3 Solids

Free-flowing non-conesive solids can be blended and saapled

using aany of the conventional approaches which are applied to

ores, Industrial chemicals, etc. On the other hand. wet cohesive

solids are aiueh nore difficult to blend to yield a matsrial of

horaogeneous sompasition from which an analytical saRipleean be

taken. Because of this diffl.culty in blending, especislly where

freedom from eontami. nation by trace . netals from blending

equipment must be assured, all wet cohesive solids will be

sub-sampled in the shipping containers by thieving: and a nunber

of these sub-samples will be taken to constitute the analytical

saaple.

For free-flawing or dry hard materials, the entire field

sample (one or multiple containers) will be transferred onto a

pracXeaned shesfe of plastic (polyethylene or polypropylene), and

quickly examined for apparent homogenei. ty. The portion to be held

in reserve will be iiEaediatsly transferred to a preeleaned

container. Saaples intended for analysis using an extraction

procedure which includes an independent size-reduetion technique

(such as the SPA "Structural Integrity Test") will be renoved at

this point. The remaiader of the field saiapls will be suOdlvided

using a sequence of coning three times. roll-blending, and coning

and quartering. Samples for deterinining the nioisture content of

the field sanple will be taken for thieving after the third

coning. Sub-sanpling and rejection will continue until the sample
is reduced to approximately two kilogratas. If neeosary, the

sanple may be ground using preeleaned agate or alunina equipment
to -eduseany large-size Bartieles. The sample will then Se

-iffled three tinea through a laboratory riffler (steel or

aluainun), and riffled sub-samplea of approximately 7 ounces ;200

grans) saeh will be retained in preeleaned containers. Multiple

sub-sanples lay be combined where appropriate..

Wet cohesive solids will Se aliquoted using the following
protocol. The field sample will be thief-sanpled using a small

C-5.*
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angled trier or spllt-tube saspler. Ths sa-apllng pattern will be

sue'i that the analytical samples are representative of the

field-sanple containsr gsoffletry, and saaples of the entire depth
of the container will be obtained. Separate analytical

sub-samplss will be obtained by sonbining individual thief

sanplss taken separately from within each of the geometric areas

of the container. References 5. 2. 5. 3, and 5. U give further

details.

5. 2 DRYING OF SAMPLES

Prior to analysis and/or compositing, solid samples will be

dried to constant weight. Sanples which require drying prior to

chemieal analysts include waste samples (after separation, if

possible, from the liquid phase), stabilized FCDraafcerials. and

soil samples (after separation, if possible, of pore water).

Drying of these samples prior to ccsnpositing will be performed to

cake the conpositing process easier. Various drying conditions

will be used for the different samples. Uns-tabilised FGC waste

samples will be dried at 60 C for units at least 2U hours and
until constant weight ts achieved (ASTM D2215-63T, Note 2).

Higher drying temperatures aay lead to oxidatl. on of ealeium

sulfite salts and dehydration of various salts. (See Reference

5. 5 end Exhibit B. 2. 1. ) Lower drying tenperatures may require a

longer period of tine for drying.

Stabilized FGD naterials will be freeze-dried. The use of

higher teaperatures may lead to further pozzolanic reactions anS

thus ytelti erroneous values of alkalinity and other parameters.

Soil sanples will be dried at 110°C to constant weight (AST^
D2216-63). Air drying to constant weight at a constant husi^ity

at room tenperature nay be necessary for certain huaic solids

(ASTM D421-58).

Dried samples ..'ill be cheeked for cheaical Modifications,

such as loss of trace elements during drying, by methods such as

spiking with known aaounts of trace elenents prior to drying and

analysis of und-ied samples for csaparison. Saaplss of FGC yastes

C- 3.5
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whish will 'se subjeeted to an extraction proesdure will not; be
d-ied.

5. 3 SEPARATION OF SOLID AND LIQUID PHASES

Separation of solid and liquid phases prior to cheaiieal

analysis will be necessary for wet solid samples to obtain

samples of both phases, and for liquid samples to remove any

suspended solids present. Several separation methods are

available including eentrifugation, vacuura filtration, and

pressure filErattion. Of these, pressure filtration appears to be

the aost generally applicable to the range of sample types and

conditions an'tiei.patsd in tSiis program. With suitabLe equipaent,

applied pressures nay be varied over a considerable range.

Equipaent such as that specified in the ^-'-. ' °- .. -*. - '°-^

5.6) will be used, where applicable.

In cases where She routine aethod s above do Rot yield a

voliae of liquid sufflaisnt: for analysis, high pressura will be

applied to the sacpls to atttestpt to fore® additional liquid out.

The apparatus used will have a cylindrical body constructed of

stainless steel and a Teflon-padded plunger. (See Exhibit 3. 3-1

for details. ) A 20-ton press will be used to apply pressure on

the plunge". 7or each test She sanple tfill be supported on

325-<nesh stainless screen (precleaned with acetone to renove

grease) to provide Lnittal filtering of the expressed liquid.

The ex pr sssed 1iquor will then be filtered through a 0. 45 un

filter to remove fine particles prior;to: analysis.

Filtration of liquids will be carried out using preasur's

filtration equipment specified by EPA in References 5. 5 and 5.7

(i . e., Teflan-coated units such as Millipore TY30-1U2HW). Fi. lters

which will be used in Conjunction with the apparatus will be low

in trace <le3ent3 and/or organiss depending on the analysis. (See
Reference 5. 7.5

5. 4 DIGESTION AND PTtEPARATION PROCEDURES
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Various digestion and preparatl. sn procedures will be used to

prepare both solid and liquid sanplss for analysis. For analyzes

other than metal ion species, these procedures are individually

described in the analytical aethod given in Seotisn "'. For metal

ions analysis, digestion procedures will vary depending on sample

type and aetaXs to be analyzed and will rang® from acid digestion

to fusion. A summary o? these procedures for liquid samples and

solid sanples is given in Tables 5. 2 and 5. 3, respectively.

Additional details are given in Exhibit B. 4-7 and the appropriate

references.

Liquid samples which have been preserved by ssddition of

nitric acid (HNO^) for analysis of metals by ICAP, plasma

emission, and graphite furnace AA (see Table 5. 2) will not be

further digested. IT addition of HNO, to filtered samples or

dilution of samples resulfca in production of a precipitate,

further treatments in the lab to afford dissolution will bs

required. These will be treated on a case-by-case basis. Saaplss ,

i! needed, will be diluted using water acidified with HNO^ to
miniaize the possibility of precipitation and loss of netals

which night otherwise result fron the change of pH upon dilution.

Specific digestion procedures will be used for As. <>e, and Hg

because of the nature of the analytical method used subsequent to

digestion. Prediges*;ion and preparation prior to some analytical

nethods (i.e.. ICAP) are not needed due to the powerful

decomposing properties of the plasna and/or nane.

The first set of solid FSC waste and soil samples from each

site will b<s digested using procedures which afford complete

dissolution of the sample at some point during the digestion

process (i.e., by addition of HF to dissolve silicates) rather

than partial dissolution, which may leave gn unsttacked residue

(Table 5. 3) possibly containing some trace elements. A. fter

initial ser'eening of. these total digestion methods, further tests

rill b© perfomed to determine if less eomprehensiv® digestion

procedures (I. e.. those which do not dissolve the sample

completely) are as effective as the total digestion and are more

cost-effectiv".
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TABLE 6.2

DIGESTION PROCEDURES FOR LIQUID SAMPLES' METALS ANALYSIS

(it
I
l.»

»a

Aralvte

Various Mu(attt

Variout Melalt*

As. Se

At. So-*

U. Si

KB

tlu4

Anal titMettiod

ICAP

Flaine AA. Giapliita Foinacs
AA and tie Pldsina Einisiion

llylrlda Evotutloii

Gra|>l»ita Fufiaco AA

dc Playna Emlssloii

Cold Vafior AA

G»a(il»lte Fiiinace

UitjutKuii1

N<MIU

NoiiaurllNO^

<INO., /ll, Ot

IINOi/ll, Oi

Nunu

HNOj/ll, SO<
tiilluric lumcs,

NniiB*

Releioncu*

Rul. 6.B

EKliibil U.4 I

H<i(. 6.0

Rut. 5.U

Hct. 6. 10

Rd. 6. It

1. Filtered aiut presurwed (ntltic acldl (iroiintlwater. FGC lii|uor». axlracls, suilaca waters, andsiinilar »an>|»lui.
2. A* u<*e" In Tabtu 7.6 aiid Section 7.
3. Piior toanalyti* niciliod tlutcflbcd In a(i(>ropriale releionce.
4. Alteniative niethod.

B DidtroniaiB aildlllon inlor to Hi|cction.
6 Oxjdaliuit »(f|» willi UCIO< i* oiniKed.

Source; Artliur D. Lilllc. Inc.
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TABLE 5.3
.

DIGESTION PROCEDURES FOR FGC SOtlO AND SOIL SAMPLES
METALS ANALYSIS

0

»-n

^D

Analyte

Vaijuu* Mctdlt1

VaiiotisMclafs*

Vwluus Melatt*

Vwioiis Melnli

Various Mulals'

Various Mctafs11

"u

Sam laDeiwl tion .

FGC waste aiwl soil*

(wllli low oiganlc conlenll

At allow

As above

FGC waste and toll*

Iwitli hlrft oryanlc content)

A* alwve

As aliovu

FGC watte and toll*
(with tow o»ga"ic content)

Anal lit Mnlhod

ICAP

Flame AA

.1c Plaiina Einluion

ICAP

Flame AA

DC Plasma Einkiloit

Cold Vapor AA

ragcfloti/Pre wratlon

IIF/HC104/IINUj»lo(iHn<.. s.
makeup In I IC(

At abova

A| at>avi?

HCIO^/KNO, leflux lo IICIO,
. liimutllNO, /tlF lullCIO« (umes.

make up In IICI

At alwve

At aliovo

(INOj/HtSO^ in glasi rcdux
8|»|Mrai»», lo sulltirlc (umos,
aikUliuii of KF In Tadon to djssolv
rctiifciB, n»alio up in IINOj, didiromate

athlitioii

Commentt Relcrcnco

lltf

llg1
"n*

FGC waste airl mils
(wild l>l<|li oiijaiiic conlent)

FGC waste and soil*

FGC watlu airl uilli

Gold Vapor AA

ColdVeiior AA

Graphllo Furnace AA

11, S()< /IINO, in gtau icllux
apparaliis, (ICIO^ tosulluitc himet,
Bfltl HF lo dissolve rctithie, make tip
(n . INO.I, <li«:hramalo addition

A<|iia Ruyla, pcnnanganalo

(INO.t/ilitltromatc ailttilion

1.2

1. 2.3

1.2

t.2

1. 2.3

1.2
2

.z

£xliil)ii

Exliiliil

U4

04

Exhil.il 0 4
and del*. 5.

8. 12
v

Rels. 5.110.!

t

t

1

.o.

5. 12

fl

.8

nd*. 6. 11. .». 13

Reh. S. 11. 6. 13

AS. Sa FGC waste ami soils

(low orflanic coiitcnll
llythlils Evohition AA Saitic a» lor Hy (low organic contcnlt

axccpt make iip In IICI

Cxhltiil U 4 t
an<infl. 5. t2
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TABLE 6.3 (Contlnuodl

n
I

^"iB!xiu-

At. Su

A». Sus

Sit t OlltUf IIIUtdli

U. S)

Si*

u

CullfllBlltt:

Sam (uDaicri ifon

FGC watts aiul toils

(liiult uioiinic coiXuitll

FGC watlu aiid soilt

FGC wasluaittl soils

FGC waslu and tuilt

FQC wuMuand toil*

fGCwdste and sails

Anal »i»Mutliud

Hydfiitu Evolution AA

Giaphile Fu»nac8 AA

Giapliile Furfiace AA

dc Plasn»a Einiuion

dc PlasiDa Eirittloii

dc Playna Emistiun

Di itlon/Pic aialion

Sainu as (or Hg (lliyli oruanic conlunl)
exco|»l make up in HCI

HNO, /ll, Ot, iiiukol nilraln <ddi(ioii

11NO/

Nai COf Ituion, roaku up in HCI

Ca0» or LiUOt liislon. iiiitke uji
in tlCI
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8

6

6

flefuiBiicu*

ItBl. G 12

Ofl. 6. 14

lll!l. 6. |[>

Rcl. tt. lG

Kul. 6. IU

Ouf. B. iG
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For soae types of solids (i. e., calcium sulfate, C'GD

Haterials, etc. ) ssnie "epresipitattion of 'lissolved species

fallowing a caaplete digestion nay ocsur when the sanples are

diluted prior to analysis. Atteapts will be made to avoid

fomation of precipitates where loss of trace elenents can occur

because of encapsulation by and/or adsorption on the precipitates

forned; however, such losses may be unavoidable in sooe

situations (precipitation of caleius sulfate after fusion). In

all tests, quality control procedures including spiking and

recovery aeasurements and standard reference "isterials will be

used to determine and confers the applieabilifcy and reliability

of the methods.

For analysis by ZCAP, ^GC waste solids and most soils will

be digested in a mixture of HF/HClOy/HNO^ acid. This total
dissolution procedure yill lead to loss of volatile aetal

fluorides (e. g., Si). and those species cannot be analyzed

subsequent to this digestion, ^or highly organic material s

HNO^/HCIO,, digestion prior to addition of HF will be used. These

digestions for ICAP analysis, and possibly other analyses &y

Flame AA de plasrae emission will be carried out by

Barringer-Magenta, Ltd. (Toronto, Canada). A portion of this

digest will be sent to Arthur 0. Little, Inc. or TSW (depending

on vho is psrforaing the saapling and analysis at the partisulsr

site) for analysis of certain netais by Flame AA de plasrsa

emission as needed. (See Section 7.)

Prior to analysis of cercury by the cold vapor-AA technique,

solids will b® totally digested in HNO^/H^SOy in -a reflux
condenser and HF added to dissolve any residue. Perchloric acid

will also b@ used in this digestion for solids with a high

organic content. (Ref. 5. 12. ) An alternative proesdure for

mercury sample digestion which does not effect . total dissolution

of silieate-type materials i-rill also be used and compared to the

total digestion procedure. This procedure involves digestion

using Aqua Regia followed by stabilization with persanganate

CRef. 5. 13) or titric aeid with dichromate addition. These

digestates wouli be used fsr analysis of mercury by esld vapor AA

C-5. 11
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and graphite furnace AA, respectively.

Prior to analysis of a-senie and seleiium by hydride
evolution, solid sa-tplss will be digested using the sane
prceedure for sattal 'iissolution ,jsed for Ig analysis of law or
high orsanis-content saaplsa except that HC1 will be used for

aakeup tafter HF addition to dis3olve any residue). A digestion
aethod wnieh does not totally dissolve the sample will be
compared for eost-ef feetiveness. This nethod utilizss a H*IO.,,

HgOg digestion for analysis of these elereents by graphite fyrnace
AA..

In all eases the inability to analyze perehlorie acid
solution using the graphite furnace AA technique and the
possibility of etshlng of glass or quartz apparatus or instrument
cofflponents by HF sol ufcigns will be considered, in addition to

othe- quality sontroX considerations such as -ecovery and losses
during she digestion process.

Prior to analysis of boron and siliaon, aolid sanplea will be
fused with sodiua carbonate (Ref. 5. 16) and the melt dissolved in

dilute HCl. Precipi&atlon of salciunisulfate salts may be
unavoidable at this point for some F3D samples. Redissolution may

be effected by dilution at the expense of sensitivity. The
solution could be analyzed by de plasaia enission. If total

dissolution is not affected using this approach, alternative

fusion (e. g.. CaO and U30g for Si) will b® used.

C-5. 12
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5. 0 PHYSICAL LABORATORY TESTING PROCEDURES

6. 1 INTSODUCTION

Physical characteristics of FGC wastes ausfc be known to
properly evaluate the potential for environmental impact via
Isaching; furthar, knowledge of physical properties is of value
in deternining the disposal eeonenies of a particular

vaste-generating methodology and deposit. An inportant aspect in
determining the physical engineering eharacterisfcl. es of a waste

deposit is the selection of field or laboratory testing
conditions. ?ield testing provides quantitative inforaation on

the type and extent of the deposit and also provides "elative
density, strength, peraeabtlity, and compressibility data.

Laboratory tests perfonned on disturbed and undisturbed saoples
are conducted under more controlled conditions and provide sore

precise determinations of some engineering properties.
The following field and laboratory tests are planned for the

FGC waste testins program:

Field Tests

Vane Shear Strength

St-andard Penetratisn

Field Peraeability

Nuclear Density

Laborator Tests

Natural Moisture Content

3rain Size

Specific Gravity

Compaction (Proctor)

Conpressive Strength

Penaeability/Consolidation

It is not intended that all of the above tests will be

psrforaed at every site or on every sample.  e type and quantity

of physical tests perforaed at a given site generally will depend
on the type of waste disposal (wet or dry). Test requireaents
(typ® and quantity) will >>e site-speeifie and yill be described
in the site-specific test plans. Typical laboratory and field
tests to be perfor-ned at a landfill disposal site snd s wst-pond

disposal site are given in Tables 5. 1 and 6. 2, "espestlvely.
AS-M standar-is will be followed during the physical

C-6.1
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TABLE 6.1

DRY LANDFILL MODEL SITE:
r^PlCALPMYSICAL TgSTtNG QUANTITIES

Quamitv/Si«it

Laboratory Tasting
(Nu ofTeaul

6

s

20

1

8

DriHing, Fi«id Tenins.
and Swnpting2

33 meters (100 feet)

20

10

25

Item

Extended Permeabiiir//Consofidati on
Tests (Solids ContenT vs. Permeabiiiry)

Grain-Size Determinauons

Specific Graviry Determinatiom

Moisture-Conient DetBrminations

Consolidated-Undraifwd Triaxial Corn-
preaion Test with Pare Pressure Mess-
uremenn rTCTWPPM)

(3-poim envelope)

Standard Proctor Teys

Drilling Isngtii

Standard PBnatranon Test or Vane
Shear Test*

Shelby Tube Samoles or Stationary
Piston Samples <3-incft, tfiin-wall)

NudearOensiTy Test*

1. The exact quantity of borings and tens will be siie-specifie.
2. In borings where considerable sampling and taningit involved, auxiliary

bowngtwill be installed at 1.5-metert5-foot)offtet$to obtain atfditional
amptss.

Source: Bowter-Momer Twting Laboratories, inc.
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TABLES^

wrr POND MODEL SITE: TYPICAL
PHYSICAL TESTING QUANTITIES

Quam'ny/Site-

Laboratory Testing
(Number of Tests)

6

15

15

40

Field Permeabtlity Tests

Grsin-Size Analyses

Specific Gravin Determinations

hAoinure Content Determinations

Drilling and
Fiald T«ting

33m (100 ft;

40

Drilling length

Standard Penetration Tests
or Vans Shear Tests

1. To bs mKjifred st time of compilation erf SiteOevslopmenT Pisn.

Source: Bowser'Momer Testing Laboratoriet, Inc.

C-^.3
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laboratory tesliRg prograa. ^owser-.lorner standards will be used

for tests nQt covered by ASTM. The tests and applieabla standards

will 1a» used ss shown belsw. ^tailed procedures are given in

Seferencss 6. 1 through 5. '*.

Physical Laboratory Testa Specifications References

Natural Moisture Content

Index Tes^s

Compaction Testa

Strength Tests

Per'Reabilitty/Consol-

idation Tests

AS7M D 2215-71

ASTM D SSt-SS

ASTM D U2U-59

ASTM D 593-78

ASTM D 2166-66

ASTM D 2250-70

ASTM D 2<3t-68

Bowser-Morner

ASTM D 2U34-58

Bowser-Morner

6.1

5.3
6.3
6.U

S.5
6.6
6.7

Sxhibit C. 2-1

6.7
Exhibit C. 3-2

Unstabilized and stabilized ?GC materials and pozzolanis

materials will generally be tested siailarly in physical testing

procedures. It is antisipatted that aost stabilized waste samples

taken will have been "placed" in the field under noraal operating
egnditions and will hav® been naturally cured so that miaimal

changes in properties -rfiU occur with ttae after sampling. Tn
same sases, uncured stabilized samples may be taken for

conparison purposes.

6. 2 PHYSICAL LABORATORY TESTING PROCEDURES

6.2. 1 Katural Moisture Content Deterainstions

The moisture content is defined as the weight of water
divided by She weight of solids and will be detercined for all

recovered samples tn accordance with ASTM D 2216-71 (Ref. 6. 1).

Note 2 of the A.3TM D 221S-71 specification will apply for

C-5..

- Doc. Ex. 8902 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



oven-drylng FGC was-;® natteriaXs. 4 drying temperature of 60"3 is
reea-fnended because sulfate-rich ?33 sludges break down to

anhyi-ite at higher tesperatures, thus, the S3 G tenperature will
be maintained for all raoisture content and related

determinations.

6. 2. 2 Index Tests

Grain size analyses, 4tterberg limits tests, and

speQifis-gravity dsteraiRstions will be perfor'ned to deteraine

index properties of the i/aste Materials. ASTM standards will

apply for all index testing. The specific gravity is defined as

the ratio of the weight in air of a given volume of material to

the weight in air of an equal volusae of-distilled water st a

temperature of 4 C. The specific gravity is used in weight-voluroe
calculations. AS7H D 854-58 (Ref. 6. 2) standards will be used for

specifie-gravity deteminations.

Grain-size analyses includs sieve and hy-irometer analyses for

determining the pereentage (by weight) of particles with a given

effective diameter in a sample of solid waste particles.

Atterberg liquid and plastic linits are defined es the

noisture contents corresponding to arbitrarily defined liquid and

plastic consistencies. Sine® most of the kfastes involved in this

program are anticipated to be non-plastie, Atterberg linits

probably will not be relevant. If cohesive wastes are

encountered, ttterberg linits will apply. actual enginseriog

properties of cohesive soils have been correlated-tc'Attterberg

limits, and these tests ars important soil index tests for this

reason. The A37M D i<2U-59 (Ref. 6. 3) standard yill apply for the

liquid and plastic limits.

These testa (index and specific gravity) will bs perforaed on

the waste aaterials to determine whether correlations with

measured engineering propsrties exist.

C-6.5
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6. 2. 3 Coaoaction Tests

The standard Proctor laboratory eoapaetton test will 'ae uaed

as a standard to evaluate the field placement techntques at the

dry and landfill disposal sites. The percentage of soapaetion

being obtained in the field as compared to th® standard Proctor

naximun dry unit weight can be obtained by detenttning field

densities of the waste materials. This l.nformation will be

valuable in deteralning whether additional ecnpactive effort or

better aoisture sontent control is effective in increasing field

density. If field and laboratory testing indieate that the

engineering, properties can be inproved by l.nereasing the waste

density, then the Proctor data will indisate to what sxtent the

density can be incr-aaed. AS""M specifleationD 693-73 (Ref. 6. U)

iri. 11 apply for all standard Proctor compaction testa.

6. 2. 4 Stren th Tests

Knowledge of the shear strength of the wastes is necessary in

deteraintng stability of fill and rstaining structures. The

majority of the wastes are anticipated to be cohesionleas

Biaterials. In most instances, eonsolidated-undrained triaxial

eonpression tests with pore presaure neasurefflents will be

perforaed to detenBine effective strength paraneters of the

eohesionless wastes asisj soils. Wastes that have been treated with

line and fly ash to fora pozzolanic bonds could also be subjected

to unconfined (uniaxial) eompreasion orunconaolidateci-undrained

triaxial eompr'ession testing. Since ASTM procedures do not cover

eonsolidated-undrained triaxial eompressian tests, the tests will

tie perforiied according to Bowser-Morner specifications as

described in Exhi&ifc C. 2-1. Unconfined conpreaalon and

uneoasolidated-undrained triaxtal compression tests of cohesive

wastes will be perror-ned according to ASTM specifications D
3165-66 (3ef. 6. 5) and ASTH D 3250-70 (Ref. 6. 5). respectively.

£.3
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6. 2. S Perneabilit Tests

Permeability is an engineering property wftiah indisates the

ease with which a fluid flows through a particulate substance.

Since the coefficient of permeability of a waste material will

inflaenae the rate of flow through the material and fco

groundwater resources, the permeability testing program is

considered tiie aost important physical laboratory teat for this

project. . Uso, the relation of soeffieient of pemeability . to

waste solids content is iaportant in evaluating whether or not

permeability of dry fills can be decreasad by increasing density

through Increasing compaction effort or by better controlling

field moisture content. Extended laboratory permeability tests

will be perfomed on undisturbsd saoples so that eoefflsienta of

permeability can be related to solids content.

Solids content for sanples subjected to the extended

perneability/consolidation tests wLll be increased by

consolidation in a triaxial conpression ehaBber. Compressibility

charaftteristies of the waste also will be determined from the

extended permea&ility tests by aeasuring the volume ehange-tiae

relationships during eonsolidatisn. The initial pemeability

testing procedure will follow general guidelines of A5TM D

SUSU-SS (Sef. 6. 7). adaptation to the trlaxial eotapression

chamber will be perforaed according to Bowser-Morner

specifications as described in Exhibit C. 2-2.

C-6.'
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7.0 CHCTICAL U30RATORY TESTS

7. 1 ZHTBODUCTION

Chemical analysis of the F3C waste samples obtained at each

of the sites will be pe-famed in two stsges. The first stage

will involve screening of selected samples at tyo sites using the

methodology shown in Figure 7. 1. The results of these screening
tests and other ehenl.aal data riiieh will be gathered fron

ssisting studies will be used to further define the extent of

nore complete analyses of various samples. Analysis scheaes for

ash, slurry, wet FGC waste, dry FGC waste, stabilized FGC waste,

groundwater, or surface water and soil samples are presented in

Figures 7. 2 through 7. 7. The particular analysis schene for

samples from a site vill tie tailored to the saraples involved. The

distribution of effort between analysis of core samples versus a

nore complete analysis of fewer samples will be aade using

factors such as waste properties, numbers of wells, and previous

available data. If the option of taking more samples is used, the

aunber of analyses perforaed on a particular saaple will be

limited, based on a priority ranking given in Tables 7. 1 through

7. 3.
In general, nulti-elenent analysis techniques (ICAP, TO and

pH and conductivity analyses will be perfomed (where applicable)

on most samples. The nuaber of other types of analyses will

generally tie lower than that of the techniques mentioned above.

The ranldng with regard to choice of the type of" sample to be

analyzed (Table 7. 3) emphasizes the liquid rather than solid

phases because of ths mobility requirement for envirenmental

eontanination which liquids provide.

The extent of ehenieal ^heracterizatioo of some saaples Bay

be reduced for particular species if these species ere found t&

be below predeternined eoncentrafcion limits (e. g.. analysis

detection liaits) during analysis of initial saoples.

For wastes which do not yield a sufficient volume of liquid

phase for analysis by laboratory separation techniques (Section

C-7.1
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Argon Plasma -
(tCe.P) (24mst3ts!

5

7

TABLE 7. -!

PRIORITY RANKING OF CHEMICAL ANALYSES FOR UQUtDS

Anatytn/Reaion

pH, canductivity/low cost, good QWSTVIQW of csmple

Ba, Ag, Cr, Pb (prtmarY drinlting water}1
Ca. Fe, Mn. 2n <»8C3ndary dnniting wsierjI
Ca, Na (good FGC mcBn»
Al. Be. Cd, Co. Cr, K. Mg. Mo. Ni. P. Sr. Th. Tl. V, Zr/low con
multi-elemeni analytj» for many spedes of interest (analyzed
timuttaneotuly witfi above species)

f-, NOj" (priman? drinking water)
0, SO«Jsec8ndary drinking water .good FQC traoet)
Br", PO«s N0:71ow^on multi^pecies analysitfortoecies of
high imeren (separated during analysis of othor tpscics)

LAS'^'HG.(peryd''("kingwate!''Sood F:<3Ctrac2t) higher.
east individuel analysis of very imporcant species

.

Sb / high-con individual analytis of metal not specified in
.proposed drinking water cnteria

Si. 8 / sama ss above.

TDS, / bigh-con indreiduaf awly$ss of porEfnst£.-s not of
great imporancs

CO, '-/alkaliniry. acidity / maa balance, high^asr individual
.Biaiyui. Some idea of alkalinity and acidity is also otitained
from pH values.

SO,2" (imporuncs may be higher in sulfitB-nch wanes) /high.
eost. Iow probability of rfeTeajon due'w ease of oxidation.
ICmay be used to analyze for low levels of sulfiie if appropriate
pmervatfon techniquas appear consiiTent wtih the analyiii
msthod.

lonChromatogrephy
(1C)

Atomic Absorption -
<AA)

Atomic Abtorption -
(AA1

Atomic Emision - (AE)

Qrsminsvy

Wet Chomicsf

Spsctrophotometr//) C

1. Rsferancs 7.1

Sfluiree: Anhur D. Unle, Inc.
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Rank

1

2

3

4

s

6

7

8

9

10

PRIORITY

Method1

IC^P (24 mOTSls)

AA

WetChetnical

Wet Chemical

Wet Chemical

AA

AE

AE

WM Chemical

X-Ray Diffraction
XRD

TABLE 7^

RANKING OF CHEMICAL ANALYSES FOR SOLIDS

Anatytea/Reasoin

Ssa» liguida)

Se. Aa. Cd. Hg/fseeliquitisi

Alkalinity, acidiry/pH in tmandary water nandarts

SO^* I in secondary drinking water Interim Standard*

Total Oxidizabl<Sulfur(TOSl?Add Insolubtes/
charactBrization of waste

Sb / loweMmportanee metal

B / lcwef-imponance naeaes

Si / masfbalanca data

C0as" /mast'batance data, wast« charactwitation

Confimiationor identificalio" of bulk solid phases

1. Sae Table 7, 1 for abbreviation meaning.

2. May be ranked same as3 for tulfite-fieh wastes.

Sour : Arthur D. Litde, Inc.
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TABLE 7.3

RANKING OF SAMPLES WITH REGARD TO IMPORTANCg OF CHEMtCAL ANALYSIS
WASTE CHARACTER12ATIOM:

Rank item/Sampiu
1

2

Uquids

&>(ids

OVEKALLSAtWPLES:

Rank Siimple

1 firoundwaxer

2

3

4

5

Waste

Non-Point Diseaarge (runoff)

Surface Water*
(lakes, streams}

Greatest emirenmentsl impsct route end interest

Reservoir of poltutants. wans sfte charEiCterization

Reason

Oeisrmi nation of impact

Reservoir (liquid first, then Mfid» of potentiaf impact

Impsct related

Impact refeted (non-poim discharge recepT or)

Attenuation and furun impact related

'. ̂ ^T^^^S"'wh-" - c°"om1"-0" --
Soarea: Artfiur D. Little, Inc.
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TABLE 7.4

SAMPLS SAMPLING AND ANALYSIS CHEMICALMATBIX
(For a TypicalSitt tor a Twctwe-Month nflonitoring Periodt

Samplt Typs

Wasn (pnviously disposed)

Wastt {currently disposed)

Groundwstnr

Soil*

SurfaoBWatcrs

AnalYih Typc1 (No. of Samotesl

ICAP (181. 1C + other (181, AA + other (6)

ICAP (4). 1C (4), + AA (4}. EP {D. ASTMdl

ICAP (901. ICtSO). AA -roihw (30)

ICAP. {30). 1C (W, AA (seleCTtd numberi

(CAP (121, 1C (121, AA + otben (61

1. A eompletB de»cript»on of analytes is 3'w" i" Sections 7.2 to 7.7. Th. abbn^iaiions
nferwtfwfollowingAnatvses: ICAP - Inducttvety Coupied Arson Plaima Emission,
1c- ion^tiromatography, AA - atomic absorpnon, EP - EPA extraction proadure.
ASTM- ASTM extraction method, others - other analyiical tediniouw indutting
nomic emusion. grmimetrtc. wet dwmicat. See Tabtes 7. 1 and 7J.

: AnburD. Little, Inc.
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^'^. ". a:tra"lon (e-8- ^ "ethod *. ^- ^« «ii ^.

°'"MMC'""""" "lect*d" t!" «tr""°°- ""'I.' ».'..u,";
I""'"'1" "°''e °l"ely tl" pr"'*r«" °r tl" »"-'X"l,;c^'
^l', T:;.y:."'".." th' ̂  aiw"1 sit" ^"^
lTLThlEM&t:°°. tl°npr°c<d"r* uiu b« 'PPli.--^'-a,t;
lr:L^.pl"prlor'°the lnltia"°n' of"ft-"":-w'"^.ne

^An exa«ple matrix of sanple, and n»ber of samples t, b.
iT^^<a:l^. ;"8lml"u'ods. for . glven sltsm yv-
in^ble 7. 4. A .peeific .atrlx will be g.nerated-ror'^h\^c"

.
T.1-,.'" tl""alsr"eal .".""" P"'PO..< in thl. ..,uon".iu

b!-.cl"ck<"i. .dur"'8 ' .ech°< ".1"^'«°» P.riod" t,"7.t^;:
th.ir .ppllortuity ̂  th. ,.rt,u. ,^,.. , " thi, pro^^

7.2 INCUCTIVSLT COUPLED ARGON PLASMA (ICAP)

.
^L1'*.1'"'"!..""17"'of a. w1^ °f 3»pi« -ui b.

p*^o""d. >lsl!" "" ""lysls- uthouE" 1C*? ha. ..t".. y«"b.;,'
::;r::::eed_b7_EPA. " ' "".dard -W '."'i^ E.»'I;;;
r:Mntly pr°po'cd/tl w '.°r-^*"''°^^'. T»r« i"*»^
end wastes (Bef. 7. 3).

.
!".this studythe following types of saBP1- ̂ 11' be .nalyz.,

by ICAP for the eleaents listed in Table 7. 5:
Filtered groundwater saaples;
Liquid phase of disposed FGC wastes obtained by various
separation techniques;

'tl 'u-llp>"" or sou s"pl" °6t'l»ed b' »"""r.
filtration;

^ Dige^ samples of solid phases of FGC wste sanpl.s:
samples of soils;

EP (Acetic eeid) extract of FGC waste samples:
ASTM-A (water extract) of FSC ̂ aste samples: and
Filtered surface water samples.

Il".an'ly"' "ln "* p"forn"b^ '.-«"<"-">.."t». L».
^:::;^°ada>''°w;'t::'l:r8-:::l:^:^ta;^;
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TABLE 7.6

.CAP DETECTION COMPARED WITH SAMrLE CONCENTRATIONS AND
OTHER UONCENTRATIONS OF INTEREST

0
I

-^i
.

»-*
ff~

0.

I

2

3

4

8

0

7

B

0

10
It .
t2
13
t4
IS
Ifi
17
10
10
20
21
22
23
24
26
2(*

Element

Ag
At
0

Ba
BB
Ca
Cd
Co
Ci
Cu
Fa
K

Mg
Mn
Mo
Na
Ni
p

Pb*
51
Sr
Th
Tl
v

Zn
Zr

ICAP Datecdon
InSotutlon*

( m»

0.05
0.6
0.06
0.05
0006
0.6

< 0.07
O.S

< 0.008
0.05

< 0.2
10.0
O.t

< 0.01
0.3

20.0
0.6
60

<o.os
0.6
0.01
Ot
0.08
o.os

< 0.02
0.2

Groundwutcr

Quality
Crllurla1
( >in»

O.UB

1.0

0.01

0.05
1.0
0.3

0.05

O.OB

FGCWatta

Llquoit*
(ppn.1

ppb

pplKlptH
ppbppm
0.00060.05
100-3000
0.004-0.1
0.0020.1
0.0010.6

0.0020.4
O.U201
0.200
03000

< 0.01-0.0
0.05

0.030.9

0.0020.6

6.0
ppbppm
0.01.27

ICAP Deuclion
inSoliiii<

(litnil

6

60
6

6

0.6
60

100
60
10

B

10
1000

w

to
200

2000
60

BOO

200(2»
60

1

10
B

s

6

20

FGCWtttr

Solid*
(ppml

ISO
malur coiwp.
10-1000
to looo
ISO
inalorcomp.

0.510
2400
20400
41000
.najor conip.

major camp.
inajor conip.
fr 1000
I-10
major camp.
3BOO

fr 1000
inalorcoinp.
MO.OOO
220
major comp.

2000
2-1000
201500

Comment:

UkelvtoNMdl
Supplamanta* A"a(Vri*

VBt
ItO

yn*. (oil In diootllun
no

potitbly
no

yo*
potiibly. nut inajor iotefit
no. AA detection tlmilar
no. AAdcteclioit tlmitar
110

postibly (or solid*
110

no. AA ttBtccll<N» timllar
yut.K o( tutdcient Intereit
poislbly for totldt
yet
no, not ma|or Interotl
no

ynt, tot tin tlluB ttto"

no
nu. notmaiorlnteiett
no

potitbty
poitibty
no

1: Tan time. detecllunlimltt quoted by vendor (Oaii(nn^M->3»"'a*-

2-..^fl^^^^lol^ie».. UWatc, PolluUo., <^^^^^
3';=:;:^::S1^'^^^^^

. UOUnicssululiundutcclK. nluniltforllU"*!"""! t 8 In 100 mL^ ^ ^ ^^ ̂  _, ^.,, ^.
'^I^^I^^^V^^^dc-nl!nu(AAtl'it';cllon1' '^w^ww^^
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A comparison of the ICA? detection limits (defined aa ten
tinea detection limits reported by the ICAP laboratory to account
for possible ngtrlx problems) for 26 elenents versus reported
concentration ranges of the3e elements in some FGC liquors. FGC
solids, and proposed groundwater quality criteria are also given
in Table 7. 5. Deteotability in solids has been defined for" the
purpose of this teble a< 100 tiaes that in solution beeaus. of
the digestion step which produces a 100-fold dilution. ICAP
detection limits for nost elenents are lower than the anticipated
concentration ranges in the corresponding sample types. This fact
demonstrates that ICAP is suitable for analysis of nany elements
at the desired range for aany of the samples. However, this "is
not universally true. For this. r^on. and alaobe.ause the
r^lafcive cost of ICAP i, significantly lower than individual
analyse of ̂elenent, by AA or oth^r techniques, the following
approach Hill be us.d. ICAP ^11 be used as a screening nethod^
Where the data obtained by ICAP analysis is close to or below the
ICAP detection limit and the elenent is of sufficient importance
(see Figure 7. 8). the analysis ^iu be repeated using atomic
absorption spectroseopy or another appropriate technique. This
approach is Ulustrated scheaatically. in Figure 7. 8.

& sunaary of the eleaents which, because of the entieipsted
concentration range in aost samples, are considered likely to be
analyzed only by the ICAP vendor and elements which fob the saae
reason, are likely to require analysis by AA or other method. i,
given in Table 7. 6.

On at least two ̂ sste sacples the level l Inor-ganie Protocol
yhleh includes SStS will be perforaed to provide daca on
elements not Included in the above techniques.

7. 3 METALS BY ATOMIC ABSORP 'ON (AA)

This seetlon describes procedures »rtiieh aay be used to
analyze trace netals in digests of FGC waste solids, interstitial
liquors, and samples of .urfac. water or groundwater. Atomic
absorption methods are anticipated to be required for arsenic

C- 7. 15
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Sample

Analyzed by 1CAP

Oau

As
Al
Ba

Obuined^or

Fe
K

Mg

Sr'
Th
Ti

Be
Ca
Cd
Co
Cr
Cu

Mn
Mo
Na
Ni
p

Pb2

v

Zn
Zr

Review ofData

Ust of Elements wh«n
data it reporfd a* tea
than value or daw to
detection limit

T
Comparison of
with following

LatA

Ba
Cr
Cd
Pb
Ag
Ft
Mn
Zn
Cu

UttB

K

N»
Ti
Ca
MS

USt,
lists"

UttC
othen

Is AA method man
sentitiv for elamwn?
(flame and fiarrwleaii
Modified Digestion

VofumeL

It elenwnt of high pri-
ority for regulnion.
nan batanca. or othw?

Analyst*of Element
by Modified M<wod

J

1. B and Si requira adifferent disestion and thuiwili be analyzed Mparat»»y.
2. Analyst fay vendor uung AA method* provided rimuttaneousty.
3. Un A - Proposed Groundwawr Quatity CritefSa metatt.

UttB - tmporant for mass balanca.
U<tC - Siu speafic {e.g., aquatic toxtdry for Cu).

Soum: Arthur D. Unte, inc.

FIGURE 7£ DECtStONPROCESS FOR USING 1CAP AND/OR
FLAME OR FLAMEL6SS AA

C-7. 16
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TABLE 7.6

POSSIBLE ELEMENTS DISTRIBUTION BY ANALYSIS

ICA? Vcnsior
iisaduds*   by A^.)

Elsnwsnts Ukely to be
Analyzed by I CAP

At
8a
Ca
Cd
Cr
Cu
Ft
Mg
Mn

Pb
Sr
Th
Ti
Zr

gSstWSCT Uki-ty te
Naed AA Baefa-up

Method

Ag
.Nt
Cd

itoinsae Possibly But
PAat Likely to bs

Aturiyzsd byBacSfup
AABtethod

B»
Co
K

Mo
Na
v

2h

Elenwina AntiripB wd

to Rssuin AA or

Other Method

Cd
8 (ptasma emission)
Si (plasma emission*

Hg
s»
As
Sb

volatile

epeciei

ScurcB: Arthur D. Little, Inc.
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selenium, antimony, niercury, and other elements listed in Table
7. 6.

Cadmiud will need to be defcerained by ^A because It is very
Likely to be found at levels which may be of concern but which

are below ICAP detection liaits. It is also likely that silver
and nickel as y be present at levels of concern whicn are also

below ICAP deteetability. A eonipariaon of AA detection liaits for
these and other eleoents with proposed Groundwater Ouality
Criteria (Ref. 7. 1) and the range Of levels which have been
observed tn FGC samples is shown in Table 7. 7.

7. 3. 1 Arsenic (Hvdrlde Evolution or Gra hite Furnace)

The generally accepted high-aensitlvlty nethod for
detemining arsenic involves converting the arsenic to arsin®

(AsH^) by first redueing all arsenie to Aa (III) vith Nal and
then eonvertins it to AsH3 with NaBHy. Innediately upon
formation, the AsH^ is sparged froa the reaction solution by a
strean of argon which sweeps it into the air-hydrogen flane of sn
atomic absorption spectrometer. A detailed procedure for this
detenaiaatian is included in Exhibit D. 3-1.

Recent advances in AA technology hsve produced a graphite
furnace procedure far measuring arsenic t.hat appearg to rival the
hydride evolution nethod in sensitivity while offering definite
advantages in analytieal throughput. NicKel nitrate is added to
the sample to produce a nickel arsenide which is sufficiently
aon-volatile to perialt funiacs neasureBsnt. The sanple is placed
in the graphite furnace which is electrically heated first at low
temperature to dry and ash the sample, and then heated to 2900°C
to atonize the saaple for AA neasureaent. A detailed procedure
for this SPA analysis method. i3 given in Reference 7. K.

During nethod qualification, these two nethods -ill be
coapared using various FGG and other saaples.

7. 3. 2 Selenium (H drlde Svolution and GraDhlte Furnace)

C-7. IS
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TABLE 7J

DATA FOEt METAt^THAT MAY REQUIRE ANALYSIS BY A METHOD OTHER TIIAM (CAP
(Far Elamont* ot Sulflclant tmportenca)

?
-<
B

v̂a

Element

B4
At4
So4
ih/
Sb<
Ag*
Ci*
Cr9
Mna
Fe6
Zn*
Cd*
Pb6.'

AA Detection1
In Solution

(p»m|

0.02 (dc plaima)
0.02 (liydritfe. hwnecel
0.01 (liydrlild, turnacal
0.01 (coldva|>or(

(ijfdlilillo furnacet
0.01 (ijra|ilii(a lurnacsl
0. 1 (llaiiiul
0.04 (llaincl

0.08 (llamu»
0.05 (llanicl
0.00 (llainel
0.01 (lurnace)

0.05 (tlanret

Propoied
OroundwaCr*

Quality
C»l(8

<P ml

0.05
0.01
0.002

0.05
0.05
I

0.05
0.3
5

0.01
O.U5

Conctnlratlont In
FGC Liquor*

( iml

ppb^ppm
< 0.004-t.B
< O.OOt.2.7

< 0.001-0.0,

pl>l^t>pm
< 0.001 0.6
< 0.002 0.0
< 0.01-90

0.310
< 0.01 27

0.004 0.1
0.0020.6

ICAP Ontecllon*
InSolldt

(ppm|

2

2

1

s

1

w

4

B

s

a

t

6

Concntratlons In *
FGC Solid*

(pp"«t

10-1000
, 0.663

0.2-t9
0.0010

160
3250
178
11 120
major comp.

10430
0.510
61000

Cummont on
0«<»all Dalcctlon

OK
Uoidcrllne

Boiderline

Boideilina

Prob»t»ly OK
Boitleilinc

OK
Dordorltne
OK
OK
Borderline

Uorderllne

1. See Tabld 7.5 and 7.6 (o» background.
2. To* time* detection llmll (Arlliur D. Llltle tlala). Inctude* a dc plauna melhod.

3. 100 x soludon tlelcclion limit. Barilni^r-Magenla. Ltd. dBl .

4. Definitely re(|utre« AA.
6. Pottilrfy ici(iilies AA.

6. Not li(<ely.

Suuice: A»«l»ur D. Llttla. Inc.

7. AA performed by ICAP vendor.

B. Feilws^ Reyater. Qw. 18. 1873.
8. Nota 3. Table 7. B (Ocl. 7.4|.

- Doc. Ex. 8924 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



The state of the art of trace selenium analyses is analogous

to that of arsenic which vaa described above. A method involving

the foraatlon of gaseous H.,Se has been the generally accepted
nethod. A graphite furnace procedure nay supplant the hydride

evolution technique. Procedures based on hydride evolution are

given in Exhibit D. 3-2. The SPA sraphite furnace procedures are
given in Reference 7. 5.

7. . Anttimon (GraDhite Furnace)

Antimony can be determined by AA with the graphite furnace

using the SPA procedure given in Heference 7. 6. The addition of a

reagent to reduce antimony volatility is not necessary.

7. 3. 1 Hereu (Cold Va or)

"Cold vapor" teehniques for ultra-trace defcerainafctons of

aereury have been used for many years. In one such teehniqu® a

reaction vsss®! fitted uith a sparger i.s connected to an-optical
cell placed in the laeasurement bean of an AA spectroffleter with

Tygon tubing. The exit port of the cell is connected back to the

sparger inlet of the reaction ves3«l via a peristaltic punp to

fora a elosed systen. A saBiple of the solution to be analyzed is
placed in the reaction vessel and the aercury Is reduced to

highly volatile eiecental aercury by adding stannous chloride.

The peristaltic punq) circulates the mercury vapor fron the vessel

to the AA aeasureraent cell. The details of this procedure are
presented in Reference 7. 7. A graphite furnace technique will be
eonpared for eost-effectiveness and applicability (Bef. 7. 8).

7. 3. 5 Other Metals S AA

Sliver, nickel, and cadmiun will also be analyzed by graphite
furnace techniques analogous to the procedure for sntinony. The

EPA methods which will be used are given in References 7.9
through 7. 11.

C-7. 20
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Further discussion of the relative applicability of the

various hydride and graphite furnace methods for As, Se, Hg. and

Sb is given in Exhibit D. 3-3.

7»fl ION CHBOHA-OGRAPHY (1C 5

Ion chroinatography is a relativaly new instrunental teehaique

for aeasuring a number of consBonly occurring anions in solution
at aub-ppn levels. & snail (generally 100 uL) sample of the

solution to be aeasured is injected into an aqueous carrier

streaa containing a dilute sodium earbonate/biearbonate mixture.

The anions in the Sample are carried through an anion exchange

eolunn where separation occurs. After the conductivity of the

earbonate/bicarbonate in the carrier is "suppressed" tiy

converting it into carbonic acid, the anions are quantified using

sn electrical conductivity deteefcor.

In this program 1C will be used to measure fluorids.

chloride, nitrate, and sulfate in liquid samples.

In instances where fluoride or chloride is the only substance

of interest, it may be more cost-effective to maasurs it using

the fluoride or chloride ion-speeific slectrode. (See Section

7. 5. 10.)

Anions in the following types of samples will be seasured

during the prograa:

Liquid phase of uaste aaterials;

iDterstitial water in soils;-

Groundwater;

* Water extracts of soils and waste samples; and

* Surface water sanples.

Detailed procedures on using an ion chromatograph CSIOFiSX

Model IS) are given in Exhibit D. tt-1. A eonparison of 1C

detection limits and concentration of the listed anions in

various samples of interest and proposed standards is given in

Table 7. 8 and illustrates the applicability of this technique for

analysis of the various samples of interest in the program.

C-7. 21
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TABLE 7.8

COMPARISON Of 1C OETSCTION LIMITSWITHSOME RANGES OF INTEREST
(all vaiuw in ppm)

Speciea

F-
NO?
CT
so;

Limit 1C

0.05
0^
0.07
0.1

Froposid Drinking
Water Standard*

1.4.2.4
10*

250
250

Typial
Concamrations
in FG D Uquon

0.7.70

47(M3, 000
100. 30, 000

PGCWasts1

1-20
2

1.W
ItMOO

.KiN. 44ppmasNOr.

t. Providad for comparison only. For 1-g sample dttsolved in IQOmLof toivent.

Source: References 7. 1, 7. 12. and 7, 13.
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7. 5 HISCSLLANEOUS AHALTSSS 3Y V?T CHSHICAL ANO OTHEH "STBODS

This section sumnarizes a variety of wet chemical and other

procedures which will be used to analyze various aperies in FGC

waste solids and liquors, groundwater, and surface water ssnples.

Detailed procedures are given in the following references and

Sample

Ash slurry liquor

Ash/FGD waste liQuor

Ash/FGD solids

Gfoundwater/surface water

Groundwater/surface waier

end exhibits: g^p,, Analvie^

pH
Total Ditsolved Solids (TDS»

PH
Total OxidizabteSuMur 003)
Hydroxide (aikalinityor acidiry)
Carbonate (alkaliniry)
Add Insolubies
Total OxidUsable Sulfur n'OS)
SulfatetSO^)
Hydrexidatatkalinitv)
Girbonaie (COi'j
SulfitelSO,)
PH
Total Dissolved Solid* FTDS}
Conductivity
Carbonate \COy}
Hydroxide (alkalinir/. actdir/)

Procedures for measurenent- of boron and silicon using dc

plasma esission (Ref. 7. 15) and n.uoride/ehloride using ion

selective electrode are also included. (Ref. 7. 16 and 7. 17.)
k

7. 5. 1 Total Oxidizable Sulfur (TOS5

Heasurenent of TOS at high concentration in solid and liquid

sanplea will be nade by reaction with iodine and titration of

excess iodine with thiosulfate. Trace levels of sulfite will be

measured using a modified West-Gaeke (eoloriaetric) procedure.

These procedures are detail&S in Sxhibit D. 5-3.

A newly developed technique using ion chroaetography will be

evaluated to determine comparability with th® above techniques.

7. 5. 2 Sulfate (SO =)

Reference*

Exhibit 0.5-1

Exhibit D.S.2
Exhibit D.5-1
Exhibit D.S-3
Exhibit O.S-4
Exhibit D.5-5
Exhibit D.5-6
Exhibit 0.5-3
Exhibit D.5-7
Exhibit D.5-4
Exhibit D.5-5

Exhibit D.5-3
Exhibit D.5-1
ExtiibitD. 5-2
Reference 7. 14
Exhibit D.5-S
Exhibit D.5-4

C-?. 23
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Sulfate in solid samples (FGD) will ba deter-nined by addition
of excess lead to the solubilized sample and deterninatton of th®

excess lead using a back-titration with sulfate or by ion
chranatography. Measure-nentt of sul fate in liquid FGC wastes will

be made by oxidation of all sulfUr species with Hg^ and
deteratnatioo of total sulfate by 1C. Sulfate will then be

determined by difference of any sulfite (TOS) originally present.
These procedures are detailed in Exhibit D. 5-7.

7. 5. 3 Carbonate (CO, 8)

Carbonate in FGD solids will bs aeasured by evolution as CO,

(after oxidation of S0^= to S0,=y and collection in an inpinger
filled with NaOH solution. Carbonate in the solution is 1;hen

determined by titration. The procedure is detailed in Sxhibit

D. 5-5.

7.5.1 &lkalinlt /Acidlt

Ukalinity or acidity of various solid and liquid saaples
will be detenained by titration with acid or base using various
indicator solutioRs. The procedures are defcailsd in Exhibit
D. 5-5.

7. 5. 5 Total Dissolved Solids (TOS)

Total' dissolved solids in various liquid samples irill be
deterained by drying an aliquot to constant weight at 120°C. The
procedure is detailed in Exhibit D, 5-2.

7.5.6 Acid Insolubles

This procedure will be used So deterniine an spproxiaate ratio
of ash to ?GD asterial present In a mixture of the two. The
procedure determines the amount of sample which is insoluble it 1
H HC1. Ihe procedur- is detailed in Exhibit D. 5-6.
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7. 5.7 R

Measurement of pH will be made on liquid and slurry sanples

using glass and reference electrodes. This method i3 detailed in

Exhibit D. 5-1.

7. S.8 Conduetivit

Ksasurenent of conductivity will be sadQ using cwiinercially

available instruoents (i. e., YSZ Model 33 SCTneter). The

procedure which will be utilized is detailed in Reference 7. 14.

7. 5. 9 Boron/SUieon

Analysis of boron and silicon in solids will be perfomed

directly or after fusion with Na^CQ^. Dissolved solid and/or
liquid sanplea will be analyzed directly by enission. The

recoacoended procedure for fusing solids is 0. 1 g with 1 g Na^CO^
end dissolution in 1 N HCl. (This procedure needs to be tested

for FGC materials. ) Alternate fusion techniques will be used as

diseu3sed in Section 5 in conjunction with the fie plasma emission

technique. An alternate colorinetrie analysis using eureusin

reagent will be used if samples cannot be analyzed by emission.

Details are given in Reference 7. 15.

7.5. 10 Fluoride and Chloride

For solid samples such as ash and FGD materials, neasureissent

of fluoride and chloride nay be made after total dissolution of

th® sanple and using an ion selective electrode. For fluoride,

the sanple will be analyxed by HF evolution and ineasurement of

the collected fluoride measured by ion selective electrode as in

Reference 7. 17. Altenatively the fluoride collected can be

enalyzed by ion ehronatography. Chloride analyses for solids will

be perfomed as in Referen.ce 7. 16.
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7. 6 RADIOACTIVITY

The disposal area will be sampled and analyzed for active
nuelides in several areas in order to agaiat in svaluatlon of the

potential envi-onaensal Impact of disposal of 7GC waste with
regard to off-site transport of radioactivs substances. These
areas nay include (in order of priority).

a) Waste sanplea,

b) Liquors and leaehates. and
e) Radon eaanation from area*

. Sanples assoeiated with theseareas Include:

Waste-ash and FGD solid s,

Liquors -sluiee liquors accompanying waste.

Leachates - extract samples from solids, groundwater,
and surface runoff (baekground and downgradient), and
Emanation - radon gas enanation from the 3ite and
off-site as background.

Initially, it is proposed to aanple and characterize the

radioactive nuelide content of samples of the solid phase from
the site and currently (iisposed influent solid aaterials ass

first step to aaaeaaing if further analysis is required.
Perfomaneeof additional tests is contingent upon deteraination
of the need to do so, which will be based on assessaent of
previous results.

The discussion and methodology described below covers
procedures which can beenployed if neesssary for analysis of all
of the listed samples. Materials will be sampled and analyzed
according to the fol.lowing typical matrix:

ianple

Influent Solid

Solid in Site

Influent Liquor

Number

3

9

to be deterained

226

226

Anal

'Ra

'Sa

Uquor Phase in Sits to be determined

Extract of Waste to be deterrained

Groundwater/Surfaee to be deterained
Water

'Ra, ""fia/totel a, total 3

'Ra. '-"Ra. total a, total B

'Ha. r-'°Sa, total a, total B
aas. 2283a. total a, total B
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Radon Flux from Site feo be detennined '""'P.n (gas)

The nethoda to be used to characterize the radioactivity in
the listed samples are given in References 7. 20 through 7. 24 and

briefly described in exhibit D. 6-1.

Radioactiyity in the solid saaples tfill be characterized by
the 226-Ra concentration using either the Radoa Emanation
technique (Ref. 7. 20) or Ganna Ray Spectroscopy (Ref. 7. 21).
Radioactivity in liquidsanples will bs characterized by analysis
of 226Ra. 228Ra, total alpha, and total beta. Radium 228 will be
detemined by bariun eopreeipitation and beta particle counting

(Ref. 7. 22). Radium 226 will be deterinined by bariun

eoprecipitation and alpha particle correcting. Total gross alpha
and beta will be detenained by drying th® liquid sanples and

using gas flow through proportional alpha and beta counters (Ref.
7. 23). to "."» at a"<;i ®f^ the site will be neasured using
canisters filled with activated ehsrcoal and aezsuring the

seeunulated gaaaa ray activity in &he eanister usioe a detector

(Ref. 7. 24).

7. 7 ORGANIC ANALYSIS OF FGC WASTES

A lifllite-1 nianber of organic analyses will b@ perforaed on FGC

waste samples as an initial screening, and if the presence of
organic substances of interest is indicated in the waste solids

or liquors, the extent of organic analyses will be expanded and
will also include soae groundwatcr and/or surface- water samples.

A sunnary of the initial organic sampling and analysis approach
is given in Figure 7. 9. Perfonnance of additional tests will be
contingent on the need to do so based on these results.

The Level 1 Organic procedures and the priority pollutant;

alysis approach (Acid/Base/Neutrala Extractablss) are given in
References 7. 23. snd 7*2«. Ssme Investigators have indicated the

possible presence of diasthyl end nooomethyl sulfate in FGC
wastes. If possible a few saaples will be screened for these

substances. As part of this screening approach s Level 1

Inorganic scan will also be perforaed (Ref. 7. 25). Procedure's for

total Organic Carbon Analysis are given in Reference 7. 26.
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7. 8 DOCUNCTTA7IOH OF LABOBATORY ACTTVITIES

7.8. 1 Laborator Chain-of-Custodv Procedures

At fche laboratory, all sanplea will be received by the

laboratory custodian, or a specifically designated trained
alternate. The custodian will sign and date th® shipment waybill,

inspect the paekages for evidence of tanpering, and then open the
packages te exaaine the contents. The custodian will first verify
that the information on the saiaple labels matches that on the

packing list enclosed with the samples. Then the custodian will
log in all samples by assigning laboratory identification numbers
in ascending sequence, every sanple having a unique,

non-recurring laboratory number. The Laboratory Log Notebook will
iaclude the 'field nunber. date of receipt, condition of sample

lAen received, a qualitative description, the assigned laboratory

nuaber, sample preparation required (spiicing, etc. ), sample

distribution, and any other infor'aation deened appropriate. The

saaple custodian will be 'responsible for preparing and
introducing control samples, blanks, and check standards.

Saaples will be kept in a locked container (refrigerated, if

necessary, for sample prsservation) when not being analyzedo

Sanpledistritution sheets (e. s. < o"a P®«" ^ot of ten samples)
will aeconpany the sanples as they progress through analytical
procedures. These sheets. (ri. 11 supplement the data given in

Laboratory Log Kotebooks.

7. 8.2 Laboratory to Kotebook

In Keeping with good scientific laboratory practice, each

enalyst will keep a Laboratory Log Notebook in which all
procedures perforsed and results obtained are recorded. Stendard
procedures nay be indicated by reference to the appropriate
docunent; however, any deviations will be rseorded in detail, ^or
experinental results yhich ulll be saleulated f-oa raw data, the
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raw data, means of calculation, and final calculated Tesultts will

be recorded in th® notebook. The analyst will review, sign, and

date each page of the notebook daily.

lafomatlon will be recorded in th® Laboratory Log Notebook

so as to perait the analyst to reconstruett ata later tine

exactly what procedures were followed. The pro ject»analytiQal

supervisor will review each analyst's notebook with hin/her

weekly to ensure completeness, clarity, and verification of

procedures.
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8. 0 OUALIT? ASSURANCS/QUALITf COWTTtOL

The sampling and analysis Quality Assuranee/Ouality Control

(OA/QC) prograin for this project will ensure that all sampling

and analysis infor-nation collected and reported is valid and

complete, and sufficiently precise and aceurafce to Brest end-use

requi. remsnts. TheQA/QC program will verify that th® data

generated by project personnel meet all the established criteria.

As applied to the sampling end analysis portion of the project.

the QA/QC progrssi will include in-house Arthur D. Little, Inc.

activities and the activities of associated subcontractors. The

program will cover site development, sampling, analysis, data

processing and handling, and all supporting aetivities in these

areas.

The OA/QC program will be integrated and will ensure that all

procedures uill include provisions delineating the practices,

requirements, and procedures which are to be implemented at each

^lase of the progran for all participants and subcontractors.

Th© QA/QC program will be iaplemented at two levels:

I* Quality Assurance Level

Aetivifcies at this level nonitor the development of

experimental ' data goals and the design and

Implementation of QC procedures. OA personnel deteraiie

that. OC preeedures are being followed and that

corrective action is beiag taken when necessary.

Finally, the OA function ensures that the level of

.
uncertainty inherent tn the experine.ntal data is

eonnaunicated to the ultinste recipients of the data.

2* Quality Control Level

This level includes oil activities carried out by

progran technical personnel to detemine data precision

end accuracy, eomperison with previously defined goals,

and taking corrective action if goals are not being net.

The fundanental components of the OA prograni will be eoiaaon
. to eheffilcal sampling, analysis, hydrologic exploration, and

physical testing. The QC procedures which are used to track
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perforaanee will differ depending on the sort of sampling,

analysis, or testing whish is being performed. Cheaiaal analyses

will rely heavily on the use of eall. brattion standards and

experiaental deter-ainations of instruBient response

charaeteristies. For physical testing, the 9C procedures will be

based on careful adherence to established, well-characterized

protocols and on careful calibrations of fundanental ineasure'sents

of aass, pressure, displaceaent, and volune.

The Arthur D. Little, Inc. Project Director. Mr. C. J.

Santhanaa, has overall responsibility for OA/OC activities

associated with this project. Oversight and advice with regard to

QA/OC of physical sanipling and analysis will be provided by Dr.

D» Joseph Hsgerty of the University of Louisville. Dr. JaaaesE.

OSerholtzer of Arthur D. Little, Inc. will be responsible for

QA/QC relating to all chemical sanpllng and analysis aetivitiss.

Dr. Hag arty and Dr. Oberholtzsr will report to Mr. Santhanam on

their respective areas is this project.

The following two sectj. ons present a general discussion on

the QA and QC activities which will be car-led out in this

prograai. Detailed reeoEeaendations for physical and chemical

sampling and analysis are contained in the two finsl sections.

8.1 OVESVIZW OF QUALITY ASSURANCS/QUALITY CONTBOL ACTIVrTZES

8. 1. 1 Ouallt Assurance

8. 1. 1. 1 Personnel T-ainin

In a general sense, QA for the sampling and analysis progrsit
will be provided by evaluating the possibleoptions and seleeting

th® eptimun proesdure sarly. n the saapl ing and analysis progr SB.
Preferred practices will be enphasized in training sessions,

provided in procedures and instructions, and ensured by the
establlshnent of nininun standaris for facilities and equipnent

operation, procurement and control of supplied data, and

sanpie/data aeeountability. Training will be oriented to a
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critical view of ell proeedlursl steps, ineludiRg dsCa recording

and transnittal which are necessary to obtain the desired

quality.

administrative QA investigations will include deteminatior.s

of whether or not subcontractor project personnel -are fully

cognizant of the provisions of this aanual. tdditionally,

administrative OA activities will be designed to deternins

whether or not supervisors have ascertained that all personnel

are qualified for the field exploration, field testing, and

laboratory testing activities to which they have been assigned.

. Quality Assurance managers and advisors have assuaed that all

personnel employed in field and laboratory activl. ties are

qualified by experience and education to undertake and complete

the work that is assigned to then by their respective project

nanagers. Ths technical personnel assigned to field exploration

activities or laboratory testing activities should receive

intensive and extensive training in the sampling and testing

procedures described in this nanual. .Additionally, supervisory

and adninistrative personnel assigned by the subeontraetor to

work on this project must be familiar with the provisions of this

nenual with regard to QA and QC, and they aust aake every effort

to comply with these provisions during the entire progress of the

study. Further education end indoctrination of subcontrsetcr

personnel with regard to QA and QC for physical testing

activities aay be required. This indoctrination could take the

fora of psriodic lectures, d isjeussions, and seniinsrs conducted by

personnel of the subcoatracfcors, as well as by externally

originated consultants and experts.

8. 1. 1. 2 Review of Procedures and Their Doeimentation

& earsful review of all field and laboratory procedures

being considered for the program will be psrfoned prior to their

inplenentation. This review will ensure that the inethoda chosen

sre appropriate for the progran needs, ensure that descriptions

ere sufficiently complete and unambiguous so that they can be
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carried out consistently and uniformly. and ensure tFiat adequate
QC procedures are written Into the msshodg so that reliability of
the analytical results can be tracked.

8. ^. 1.3 Sa Ie Identification and Traseabilit

Because of the size and conplexity of this program, the

volune of data points generated, and the test duration, a sanple

identification systea will be establiahed to provide traceability
of all data. A tentative systsa is discussed in Section 4. 11.

8. 1. 1. 1 Review of Ouallt Control Procedures

Continued QC is essential to the success of this progran. The

adequacy of the QC prograa will be rsgularly reviewed; QA will
subsequently verify th® continued effectiveness of QC in these
areas.

8. 1. 1.5 Auditin

Audits will be performed by th® apropriate QA personnel
responsible for either physical or chenieal S/A on aU aspects of

the program, including field testing, sanpling, and analysis. The
audit effort will include rancion audits , suspect itea audits, and

problem audits within the constraints of the prograa. The
auditing effort can consist of unannounced visits by OAperaonnel

to inspect field or laboratory operations in progress -or possltily
involve scheduled discussions of planned procedursa prior to
implementation or of experimental results after they have besn
generated.

8. 1. 1. 6 Review of Final Results and Coneluaiong

As the prograa progresses and esnelusions are being drawn, QA
personnel will endeavor to see that the uncertainties inherent in
the experimental data are understood and taken into account,.
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8. 1. 2 Quality Contrel

Quality Control, as discussed in this section, is that part

of the quality program which is internally applied to prograffl

activities. "Internally" Beans that the quality cans-ola are

implenented within the psrforaing organization. However, the

quality control guidelines, rules, msthods, inspections, and

Units of aceeptabilJity used in the program will be approved by

QA personnel and audited as part of the QA function.

The nanual is to be followed explicitly. If deviations are

required, these must be documented and report. ed. Any changes will

be approved by the QA officer and distributed to all parties

concerned -as a-ddenda to fchls manual. Through study and

demonstrated appropriateness, acceptable revisions to procedures

can be devsloped, which in turn will represent . a new set of

controlled conditions. The guidelines to be used in the sampling

and analysis program training, manual, facilities, etc., are

provided below.

8. 1. 2. 1 Faeill. ties. ? uionent. and Suo lies

All cquijsaent will be calibrated on a regular basis as per

protocol for the Individual instriiments. The laboratories will be

neat and orderly, within appropriate limits imposed by the nature

of the operation. Laboratory benches, particularly areas where

critical operations such as weighing or transfer are carried out ,

will be kept clear of all but necessary tools, glassware, and

other equipnent.

Well-defined and documented purchasine guidelines for all

equipment and reagents having an effee't on data quality will be

used. Only eheaiaalsand solvents of tcnown purity with certified

analyses will be used. Each procedure will dictate the purity

level of special solvents as required. Perforiianee specifications

for all critical Items of equipnent will be reviewed initially to

essure that the equipment is satisfactory for the purpose

intended.
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Hstsrlals of construction and clegRing procedures for

sanpling apparatus, sanple eontsiners, and laioratory apparatus

will be specified ta niniaize contamination.

8. 1. 2. 2 Documentation Control

Any procedural changes will be dociaasnted and a clear,
defined aethod for document revisions will be established. A

revision will be preparsd by the appropriate technical

coordinator, e. g., ehenieal saapling or physical testing and

subaitted to the QA officer for approval and distribution. This

will include inforaing all involved peraonael of the ypdated

procedures and distributing copies of updated procedures to each

person on the program, thus assuring that the change is

implenented and peraanent. Ifc should be understood that revised

procedures supersede previous ones, unless specific alternative
ehoises are specifisd.

8. 1.2. 3 Calibration Procedures

The quality of any data Is no better fchan the accuracy of the
eslibration of the instruaent or apparatus. For instrunents or

apparafcus which are eiaptrieally ealibrated, every ealibration

curve should have at least three points, one of which is higher

- and one of which is lower than that of the sanple. A caliSration

curve with only one or two data points is valid only if it has
been verified that the eaiibratioa Is intinately associated id.th
the nature of the test and accuracy requirements, and should be

presented as part of she procedure. In gaReral, calibration
should be Bade afc a suffieiently frequent intervsl so that zero

drift, gain changes, reasent degradation, or other

tine-assoeiated changes do not contribute signifteantly to th®
overall variation of the method.

Detailed calibration procedures for each method to bs used

are being developed in conjunction with aethod qualification
studies and will be issued as addenda to this aanual.
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8. 1. 2. 9 Monttorin Precision and Aceurac

To doeunent that reproducible results are being obtained

(i.e., precision of the method), duplicate samples will be run.

Althoush the frequency of such check analyses is, by nature,

dapendeat on such factors as the original precision of the

method, the reliability of the instrumentation involved, and the

experience of the analyst, good laboratory technique i3 to run

duplicate analyses e niniaum of ten percent of the tine. In this

program, at least one sample in ten analyzed will be either a

field or lab duplicate. The resulting data should agree favorably

with the known precision of the nethod. Otherwise, the analyst

will troubleshoot the system to detersiine the discrepancies. The

QA coordinator will specify which specific samples are to be run

In duplicate by the various analysts.

Concurrently, QC also aonitors the accuracy of the

neasurenent nethod. It is preferable to obtain values eonpared to

known standards; however, a measurement of the response of a

chemical analysis method to additive known aaouats of the species

is also very valuable.. As a matter of routine practice, spiked

samples will be used as a quality neasurement. Appropriate

spiking frequency is dependent on" the analytical procedure and
.the nature of the sample aatrix. It is not appropriate te specify

an exact spiking frequency at this tine: however, it is

envisioned that about 101 of all samples will be spiked. Spitted

saaples will be run on sanaples specified by QA personnel.

In the area of physical testing, it is diffl-eulfc to assess

accuracy based on measurements of standards. In this area,

accuracy is acre often deterained by fundanental aetrological

eallbratioos, e. g., mass or displacement, and by careful

adherence to standard procedures.

5. 1*2. 5 Feedback and Corrective Action

Of utmost importance is the meehanisia for rsviewing data,

problem detection, reporting, end corrective action. The
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responsibility shall lie essentially with each analyst and the

respective analytical eoor'iinator to review thg data and decide

which data aay besuspect. The field sampling coordinator will

play a similar role in the sarapling area. The QA officer will

meet regularly with each coordinator to review and approva any
suggested corrective actions.
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8. 2 QUALITY ASSURANCE AND OUALITT CORTHOL ACTIVITISS FOR

PHYSICAL TESTISG

8*2. 1 Introduction and Sunnar

»

The quality assuranee/quality control (QA/QC) aetivi. ties

related to physical testing shell consist primarily of:
Activities <Aieh are essentially internal to each of the

organizations performing field and laboratory physical
testing and evaluation, and

Activities which are external to the two subcontractors

perfoming the actual work.
OC will be the responsibility of subcontractor project

nanagers subject to overall QC by Arthur D. Little, Inc. Project
enginwrs and geologists who will directly supervise laboratory
testing, field sampling, and exploration setivitties have a najor

role in inpleaenting QC. QA advice and oversight will be provided

by University of Louisville personnel. orssnized to report to the

Project Director, C. J. Santhanaa.
In general, QC sctivities wi.ll be based on a heavy relianee

on standardized testing procedures for the nost part contained in

appliesble Standards of the Aaerican Society for Testing and
Materials (ASTM5. Additionally, quality control for laboratory

testing will be supplemented with a monitoring prosran in which
sanples of wastes and natural soil naterials will be Selected for
testing at the University of Louisville, as well as at

-Bowser-Horner Laboratories. In essence, one of every 20 samples

taken will be split with a portion retained by Bowser-Morner to

be subjected to the entire suite of tests and a portion sent to
the University of Louisville for check testing with respect to

strength and permeability.

QA eetivities will extend into two primary areas,

administrative QA and technical OA. Adniaistrative QA activities

will ensure that the physical testing work is done in an

efficient and accurate manner with regard to She oversll

organization of the woFk, the allocation of responsibilities for

C-S. 9

- Doc. Ex. 8944 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



tha work, the proeureraent of suppliea and aervlcea, snd th®
aeeting of schsdules for various activities. Teehnieal QA

activities will be dl. reeted towards overall evaluation,

nonitoring and. if needed, re(ne<lial measures applicable to

various technical activities such as sub-surface exploration,

field sarapting. field groundwater aionitoriag, ealeulations

associated vith field and laboratory proeedurea, laboratory
testing methods, etc. Add itioaaUy. technical QA will involve the

monitoring and evaluation of all test plans and reporta drawn up
under this project. Finally, proeursaeot activitiss related to

physical testing in this project will b® evaluated in tenas of

the adninistrafcive quality assurance procedures mentioned
previously.

8.2. 2 Res onsibilities

With regard to the laboratory testing, sub-surface
exploration, field aonitoring and cvalustion. and othsr physical
activities undertaken &y the subcontractors. Bowser-Horner or
Haley & Aldrich, the project aanagers for those subeoRtractors

shall be considered the individuals responsible for
. inplenentation of QC measures for the various activities assigned
to them. With regard to the particular operatttons carried out at

a given^ power plant waste disposal atte, the project Banager for
each of the subcontractors shall designate an individual who is a
nenber of the field party at that site as the official OC

supervisor for all activities tiy that subcontractor at that site.
»lth respect to laboratory testing work, the project manager for
Bowser^tomer shall delegate an individual to be responsible for
QC of the laboratory testing associated with this project. These
speeifi.c individuals in tha subcontractor organizations shall be
responsible for the control and aanagement of field

investigations, field testing, laboratory testing activities.
procurenent of supplies and equipment associated with these

activtfciea, and the reporting and analysis of data gathered
during these activities. Additionally. these OC nanagers, along
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ytth the chief cost nanagenent officer for this project for each

of the subcontractors, shall track and account for project costs.

Finally, the OC personnel for each of the field investigatisn

efforts and for the laboratory testing activities shall be

responsible for maintaining eoiaaunication with the QA advisor at

the University of Louisville, the project managers at*eaeta of the
subcontractors, and the Arthur D. Little, Inc. Project Director.

8.2. 3 Administrative OA Activities

The administrative QA activities carried out with regard fco

physical testing for this project will be intended primarily to

evaluate the degree of proper inpXementation of QC procedures by

th® subcontractor organizations enployed in physical testing

work. In other words, the administrative QA audits and

investigations described herein will be designed primarily to

evaluate administrative procedures for iaplenentlng OC rather

than to discover technical inadequacies or defieieneies. The

prlnary snphasis will be placed upon scrutiny of organizational

nethodology including the maintenance of a schedule for the work,

the control and organization of all docuaenfcation associated with

the work, and the plans for QC activities.

With respect to QA audits and visits directed towards

investigations of adainistrative procedures, the appropriate

personnel at the subcontractor organizations will be infomed of

the proposed date of an audit prior to the conduct of that audit.

An audit report will be prepared by the QA advisor and circulated

to all appropriate personnel. After the audit is completed and

prior to the preparation of an audit report, a post-audit

conference will be held with subeonfcractor personnel by the QA

advisor. Hith regard to any deviations in procedures OF

deficiencies In physical activities, th® subconttrsetor prejeet

aanager will be required to interact with the QA advisor subjeet

to the overall directives of the Arthur D. Little, Inc. Project

Director, to Identify the esuses of th© deficiencies or

deviations, and to ensure thafc the deviations and/or deficiencies
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are properly corrected.

8. 2* . 1 Liaison and Cosiaunicatians

Adninis&rative OA sffor^a will be directed toward nainttaining

easy and adequate conRURieations between subeontraefrors engaged

in physical testins. the OA advlaor. and the Arthur D. Little,

Inc. Project Director for this work. Significant attention will

be devoted to the control of project doeunents such as job

specifications; descripSiona of tasting procedures; sopieg of

reports, salculations and drawings: sifce visit reports;

preliminary test plans; final test plans; and other doeunents

associated with the physical testing work for this project.

All docunienta aasociafced with this project should be clearly

identified with a special code designation for this project. A

docinent log should be aaintained by the contractors engaged in

physical testing to nonitor the distribution and transfer of all

doeunents assoeiatsd with tills project. Docuaenta related to this

proj eot should be routed through a single individual designated
for this duty by each of the subcontractor orsanizations. All

project documents should not be released to other subcontractor

organisations or to any other individuals without prior approval

of the Arthur D. Little, Inc. Project Director, "'il.s restriction

does not apply to inforaal eocBaunicstiona such as ne.'noranda and

personal notes of an unrestricted nature; nor does it apply to
records of telephone conversations, unless the subject aatter of

the Infornal eonsnunications is liable to iBisint^rpretstion or

other undesirable usage affcer distribution to personnel outside

Arthur D. Little, the Unive-sity of LouiaviUe, fiowser-Morner

Laboratories, or Haley & Aldrich.

8.2. 3. 2 Procuresnent of Services. Eaul nent, and SuDDlies

In order to assure accuracy and quality in the physical
testing activitiss carried out on this project, administrative GA
restrictions must also extend to proeurenenl; of servlesg and
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equipment, as well as supplies, by the subcontractors engaged in

physical testing. The Arthur D. Little, Inc. Project Director

assisted by the OA advisor will endeavor to establish the

capability and the availability of any consultants or service

organizations desired by the subcontractor before granting

approval for such employneRt. Approval of all consultants and

other contracted individuals must be obtained fron the Arthur D.

Little, Inc. Project Director before they are assigned work on

this project.

These provisions for procurement of services shall include

procurenent of all contract drilling and escploratlon services,

whether such contract drilling is procured by Sowser-Momer or by

Hatey & Aldrieh. Before such contract drilling services are

procured, a eontractual statement of scope of work, schedule for

tfork, and project responsibilities to be applied to the contract

drillers would be reviewed by the Q& advisor on such deeisionii by

Arthur D. Little,. Inc. Prior to the slanting of approval for sueii

work, the contract drillers' speeifieatlons for services

including sub-surfsee explorations will be reviewed. Other iteas

concerned urith contract provisions such as insurance

requirements, warranties, bonding, tems of payment, and other

infonaatlon will be required prior to the approval of th® use of

contract drillers in this project. Final approval will be granted

by the Arthur D. Little, Inc. Project Director.

l?ith respect to equipment and supplies purchased by the

subcontractors for this project, the routine purchase of supplies

snd testing equipment for the geophysical investigations and She

groundwater nonitoring aetivities included in the scope of this

project will be the responsibility, as far as QC and QA are

concerned, of the project managers for the individual

subcontractors for physical testing. However. the eguipaaent and

supplies used end purchased for this project, both for field

testing and exploration, and laboratory testing and evaluation

trtll ba evaluated by the QA advisor as required and directed by

the Arthur 0. Little, Inc. Project Director.
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8.2. 4 Technical QA Activities

8.2. <. 1 Review of Test Plans

In order to assure quality in the conduct of ths physical
testing associated with this study, it will be necessary in

advance of any physical testing work to develop a complete plan
for field exploration, field tfisting, and laboratory testing for

each of the sites investlsated. Obviously, this testing plan can
be nodified to suit eonditions discovered on-site, but the test

plan nust be developed prior to the eonaencesnent of work st a

particular site and must be approved toy the Arthur D. Uttle,

Inc. Project Director. Any changes to the test plan shall be
reviewed by the QA advisor.

Prior to the beginning of laboratory testing work and prior
to the caaBnencenent of ths inittal field exploration activities,

scheduled audit visits to the phyaieal testing laboratory and to
at least one power plant waste dlaposal site will be arranged by
the QA. ad visor. These scheduled audit visits will be designed to
elIninate sources of inaccuracies or deviations fron accepted
procedures prior to the conasncement of any phy3ieal testing
activities.

8.2. S.2 Review of Field Ooeratioru

OA activities related to field operations will include

attention to such natters as use of proper foraa for reporting
sub-surfaee i.nformation and the results of field tests, th®
subnittal of daily reports froa field project naaagers, eoaplete
and accurate conpilation of drilling logs (and review of drilltng
logs by the Arthur D. Little, Inc.. Project Director), and proapt
subnittal of all field docunents to the subcontraetor office and
forwarding of such documents for review, as appropriate. by the
QA advisor.

Various activities also will be evaluated such as: the
classification of waste speeiasns and soil speeiaena f-om each
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S.2. 1». Bevies of Laborator 0 erations

Hith respect to laboratory worlc associated with this project,

technical QA will include an investigation of the qualifications

of the personnel engaged la testing aetivities. Also, th®

provisions for receiving and storage of samples will be

evaluated. Samples must be received aod stored tn organized

fashion, and complete and accurate documentation en all sanplss

nust be maintained at all tines. Vtth regard to laboratory

testing equipment, technical Q& investigations will be directed

towards monitoring technical QC activities such as ealibratton

and checking of instriBBents, docuaentation of sueh calibration,

renedial neasures for equipment out of calibration, etc.

Furthermore, eonplste records of all testing procedures (data

sheets, test reports, plots of test dats, etc. ), must be

aaintained and irlll be subject to scrutiny by unannounced audit

test visits to the subcontractor laboratory by the QA advisor. If

any non-conforTaances are observed in laboratory testing

procsdupas, the subcontractor project aanage" will be expected to

assist the QA advisor in identifying the sause of the

oon-confomance, evaluating . the effects of the errors made as a

result of the non-conforaanee, and carrying out proper sction to

remedy the non-confomanee.

8. 2. 4. fl Review of Caleuletions and Data Presentation

Calculations for analyses and for interpretation of

laboratory tests will be reviewed by the coordinator for physieaX

testing with the Individuals perforaing such calculations to make

sure that the calculations are performed accurately and that they

are subject to independent- checking by eonpetent individuals.

Sinilsrly, use of computer programs in data reduction and in the

interpretation of fi^ld data will be evaluated to ascertain that

all such prograns have been checked by the use of sanple

problMis, that the aecursey and reliabl.lity of the programs hav®

been verified by subcontractor personnel, that the prograos are
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site; the accurate location of all sampling sites; the sealing
and labeling as well as storage of all samples taken from each

site; careful handling of undisturbed samples where appropriate;
proper packaging of all samples for shipment and shipment at the

earliest possible date; and the subnittal of a aeparafce pacleing

list for each shipaent of samples to the subcontractor office,

the OA advisor, and the Arthur 0. Uttle, Inc. Project Director.

' tfch regard to contract drilling operations, technical OA

investigations will be directed toward ascertaining whether such

contract drilling operations are being carried out in eoraplianee

with the saapling and analysis procedures contained in this

nanual and the site developaent procedures contained in Append ix

A, "Hydr&geologie and Geoteehnisal procedures Manual. " The

drilling operations and the sanpling activities earried out by

the subeontraetors as well as by any eontraet driUers will be

subject to continued scrutiny in areas such as the eoinpeteney of

personnel, the aaintenance of drilling and saapling equipment,

and the calibration of sll field testing equipinent.

With respect to groundwater Bonitoring and sampling, the QA

advisor will, as and iriien directed by the Arthur D. Little Inc.

Project Director, review plans for and provide advice on the
installation and evaluation of groundwafcer wells and piezoioeters.

Additionally, the manner of data collection and the frequency of

data eollectioR from weUs and piezoaieters will be evaluated.

For all of these field operations, the subcontractor project

nanager will be expected to assist the OA advisor for this

project -to deteraine the causes of any deviation- from accepted
procedures or deficiencies in testing results identified. After

the cause of such deviations or deficiencies has been identified,
the effect of the identified errors will be evaluated, and

appropriate corrective action will be undertaken by the
subeoBtractor project manager with th® assistance, where

appropriate, of the QA advisor. Every effort will be made to

Identify any administrative or procedural problems which eould

haoper the performance of field exploration and testing
operations and the assurance of quality in those operations.
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sufficiently well-doeumented to provide easy and aeeurats use,

and that evaluations obtained by the use of coiaouter prosrans can

be redone at a later date on the basis of existing project data
contained in subcontractor files. With regard to calculations.

all nathematical fonaulas and syabols should be referenced as to
source and such symbols and foraulas should ba chee'ked to see

&hat they are applied properly. Units used in calculatioas must
be consistent with the units given in the sources for the

fomulae and calculations. The arithmetic in calculations must be

checked for accuracy. If any deftcl. encies or diserepaneies are

sncountered in checlcing calculations, the cause of such

discrepancies must be identified and the effects of such errors
nust be evaluated. When the results of literature searches, site

visits, design calculations, or laboratory eiEperiaents are

reported, every effort nust ba aade to nake sure that figuresc
date plots, sumaaries, and tables are eorraet as well as

complete. Any changes or revisions nade In original docuaents
must be transferred to copies and must be checked for accuracy.

All interprstations and recoiSBendations must be checked with

applicable codes of practice for consistency.

8. 2. 5 GC Activities

QC on this project with regard to physical testing and field

exploration will be aeeomplished priaarily through reliance on
standard procedures and aethods widely accepted in geotechnieal

engineering practice. Prinsry eaphasis will be placed on
eonpllance with the provisions of &STN Standard s as described in
Appendix A, "Hydrogeologic and Geoteehnieal Procedures Manual,"
and in other sections of this sainpling and analysis manual. If a

situation arises in which one of the procedures outlined in ^

either of these aanuals is considered by £ subcontractor

organization to be inappropriate or not strictly applicable.
acceptable state-of-the-art methods nay be substituted as

appropriate for the listed procedure. but only sfter appropriate
consultation with the QA advisor for physical testing for this
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project and approval by the Arthur D. Little. Inc. P-sjeet
Director. Reliance will be placed on the manuals for laboratory
procedures and field procedures which have be-n developed by
Bowaer-^orner and Haley & Aldrieh. and whieh are used by
personnel of those orsanizationg to aaintain routine QC on
projects.

In addition to the activities mentioned above, a further
effort at QC will be nade through checlc testing of sanples st the
University of Louisville Civil Engineering Laboratories. One
saaple in every 20 samples of FGC wastes and natural sail

atsterial will be selected by the testing personnel to be split,
with a portion of the sample forwarded to the University of
Louisville and a portion of the sample retalne'l far routine
testing by the' subcontractor :organization. The:splifc sanple : wUl
furnish a basis for evaluetion of Sestiag techniques carried out
by the subcontractor. The testing actlvittes of greatest eoncern
in this acnitoring effort will be the deteraination of aaterial
penaeability acd strength.
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8. 3 QUALITY ASSURANCE AND QUALITY COKTBOL ACTTVITIES FOR

CHEMICAL SAMPLING A?t0 ANALYSIS

8.3. 1 Introduction and Sureaar

Quality control (QC) in the ar&a ef ehe'sieal sampling and

analysis will. involve a nuaber of activities which will ie

carried out by technical personnel directly responsible for field

end laboratory activities. Control of quality vill be maintained

by. first demonstrating ths precision ar.d aceuracyof candidate

techniques before they are applied tc the analysis of real

samples. Blanks, duplicates, standards, and spikes will be

Introduced into the sample stream throughout the duration of the

progran to provide a continuing measure of precision and

accuracy.

Quality Assurance (QA), both administrstive and technisal,

will be provided by personnel not directly connected with the

day-to-day aetivi.ties of the ongoing proeraa. Adninistrattve QA

activities will seek to assurs that the work is carried out

efficiently, cost-effectively. and on schedule. Teehnisal QA

ectlvl. ties will include evaXuations of aaapling and analysis

esthods, test plans, the QC pr-otoeol, and the data analyses and

reports generated as a resiiltt of ehenieal sampling and snalysis

activities. In addition to reviewing procedures, plans, and

reports and to seeing that they slso receive peer revlaw, the

individual responsible for QA/QC of eheml. eal sanpling and

analysis- will aake unannounced audit visits to -field sanpling

locations and to the laboratories esrrying out analytical work.

8. 3. 2 Res onaibilities

'Bi'ith regard to the field £ctivlties csrried out to obtain

saaplea for ehenieal analysis by Arthur D. Little, Inc. and its

subcontractor, TSW, Inc., the responsibility for QC

laplenentation will pest with the coordinator of field sarapllng

in each of those organisations. For any particular sampling visit
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to a given power plant waste dlspoaal site. the field sanpling
coordinator will designate an individual to b< the field sampling
team leader. The teaa leader will be respoRSible far ear-ying ous
QC activities during that visit.

Quality control of shenleal analysis in the laboratories of

Arthur 0. Little, Lne. and the subcontractors, TRW, Inc. and
aarringer-Magenta, Ltd., wilX be the respoRsibility of the
analytical laboratory supervisor who will be dealgnated at each
facility.

Quality assurance related to chenical saapling and analysis
will be the responsibility of Dr. James E. Oberholtzer of Arthur
D'Little' Iac" r®Por^i"8 to the Arthur D. Uttle, Inc. Project
Director. Subject to the direction of Dr. Oberholtzer. Mr. Ed
Moon of TSW, Inc. will provide QA oversight over aetivities in
that srganization.

8. 3.3 Adainistratlve QA Aetivitl. es

Administrative g& activities carried out in eonnection with
chenieal sampLiRg and analysis will geek to ensure that the
organizational structure and administrative procedures of saeh of
the perforaing organisations are appropriate for carrying out the
overall chenieal sampling and analysis progran in an aoeurate,
tinely. and cost-effective manner. Of aajor iaportanee will be a
deternination that the chain of eoaaand set up within eaoft of the
organizations perforalng chemical sampling and analysis will be
effective in assuring that QC activities are carried out. quality
assurance oversight over administrative actlvitiea will be

exercised by coRduetlng audit visits to the perforning
organisations prior ta the start of work.

Another important area-of administrative OA effort win
involve ensuring that sood eonaunleatians ara maintained between
laboratories perforning chenieal saiBpling and analysts
activities, the Arthur D. Little, Inc. Project Director, and as
appropriate, individuals of other disciplines who arc involved in
the prog-an. Quality assurance personnel will seek to ensure that
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any difficulties encountered during field ssmpliag or laboratory

analysis are eosaaunicated to the appropriate, cognlzaRt

Individuals promptly. They will also ensure that procedural

modifications necessary to circumvent field or Isboratory

difficulties are eomBunieated to and implenented by the

perforaing organizations on a timsly basis.

To facilitate the process of traaanitting analytical data

from one laboratory to another and to ensure that only results

t?hose quality has been deternined are transaitted, a data

nanagsr, who shall be responsible for all transmissions, shall be

designated within each of the perfoming organizations. Data

developed during the course of this progran by the contract

laboratory Barringer-Hagenta Ltd., shall be released to Arthur D.

Little, Inc. and THW as follot/s:

In all cases, the data will b@ siyen to Arthur D.

Little, Inc. directly, and

In those eases where samples were sent to then by 7BW.

TBW will receive copies of data at the sane tiae as

Arthur D. Little, Lnc.

Data developed by or supplied to TRW in conjunction with this

progran shall be submitted only to Arthur D. Little, Inc.

8. 3. 1 Teehniezl OA Activities

8. 3. 1». 1 Review of Test Plans

The test plans developed for each power plant waste disposal

site fco be studied will b® scrutinized by QA personnel to ensure

that th® proposed procedures for carrying out ehenical sampling

and analysis are appropriate for the studies to be conducted at

that site. Quality assuranoe evaluatiocs will ensuse that all

sampling and analysis methodology has been appropriately

qualified prior to its application to real sanples and that an

appropriate QC plan has been included in the best plan.

I& is expected that difficulties will be encountered during

field saapling and laboratory analysis operations froa tine to
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time. Procedures will need to be aicdified fco circunvent such
problesa. Quality assurance should be notified of such prabless

as soon as possible after they are encountered. Proposed
solutions should be reviewed with OA prior to their
imple'nentation. Clearly, there nay be instances in whieh
Irmsdiate sodiflsattlon ia necessary to perait the continuation of

sampling and analysis activities. Such changes aay be nade on s
one-time basis; however, the QA ofrieer should be notified as

soon as possible by telephone and a fornal review will be
conducted before the procedural ahange is nade penaanent for
future vork.

;.

8. . ^t. 2 Review of Field Activities

&11 aspect5 of field sanpling and field measurements will be

reviewed by QA on a continuing basis. Field sanpling notebooks
and the contents of safflpleshipnents will be examined to ensure
that data recording and doeuaentation proeedurea are being
followed. Unscheduled field audit visits will be nade'by QA
personnel to view the eooducS of field aeasu-eaenta and
acquisition of saoples.

8. . tt. 3RevievofLaborator Aetlvities

All laboratory aefcivitles in the three perforaing
organizations" will be reviewed and evaluated periodically by
neans of unaanouneed audit visits . Of prinary interest during
laboratory visits will be a deteraination that prescribed QC
Procedurss afs In place and being practiced faithfully.
Procedures far receiving sanplas. eosuring their security, and
naintaining a chain of eus1y}dy will be evaluated. Analysts will
be observed as they perfora their work, and their supsrvisors
trill be expected to review laboratory notebooks and other records
with OA personnel.

8. 3. it. ̂» Revlw of Data Presentation
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Lll data, both from the analysis of unknown and OC check

samples inserted by the laboratory sample custodian, will be

reviewed by OA personnel to ensure that appropriate OC was

practiced and that the precision and acauracy inherent in the

experimental results is clearly indicated- and understood by those

receiving the experimental data for further Interpreiation. The

laboratory data manager at each of the perfoming Organizations

will bs expected to interact with QA personnel on an ongoing
basis to facilitate this review.
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8. 3. S Oualitv Control XctSvltles

Prograa personnel involved in elnost every area of sampling

and analytLcal activities will need to concern themselves with

one or another aspect of 3C. Areas of activitiss yhleh involve QC

include:

Acalytieai nethods qualifieatioit;

Aequtaition of fisld samples;

Compositing of samples;

Sample digestion or other pretreataent; and

Final analytical aeasuresient procedures.
RecoBsendations for OC eheeka in each of the above areas are

discussed in the separatesubaeetions which follow.

The major focus of a OA/QC progran is to t-aelc the precision

and accuracy of the experimental data being produced throughout
th® program. Initial estimates of precision and accuracy for each

aoalytical method will be obtained by anal yzinsrepUeate check

samples during the aethod quaXifieation phase of the progTam. The

continuing perforaance of each iaethod will be iaonitored by
anal]rzing scae of the sane check aanplas and field duplicates

fron time ^o tine as the program proceeds. Ideally, check sanples
should be siniZar in ecapasition to the unknowns being analyzed,

and the concentrations of she constituents of interest should

have been detemined by a nucber of analytical procedures tai
verify their aceuracy. Standard reference materials available

frca NES, £?A, and other sources are well-characterized; however,
their grpss eonpositions sonetines do not natch, tllose of the

unknown saaples very well. In such eases, a single pooled check

sanple can be analyzed repeatedly throughout the progrsra to
provide aneasure of analytical precision with a realistic sample
matrix.

In this progrsn we propose to use both standard reference

aaterials and pooled samples for QC purposes. During aethod

qualification both types of saaples .rfl11 be analyzed -- standard
reference oaterials to cheek accuracy and pooled samples to check
precision with aore realistic matrices. Subsequently, when
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unknown field sampl&s are being analyzed, pooled check ssnples

Bill be reanalyzed periodically to ensure that nethod perforaanee

does not ehsngc.

Standard reference materials wsich are recoraaended for use in

this prograc include HBS fly ash, NBS trace nereury in water, E?A

trace netals in water, and perhaps N3S river sediment. Since a

realistic pooled sample would not be available until after e

auaber of sites have been sampled, Arthur D. Little, Inc. will

prepare synthetic "pooled" check sanples for use by both TRW and

Arthur D. Little, Inc., as well as for subaission to

Barringer-Magenta. Arthur D. Little, Inc. uill prepare s

representative FGC waste check sample from a quantity of

high-sulfite-, FGC sludge solids which contain fly ash. Pooled

groundwater samples will be prepared by combining several sacples

of groundwater available to Arthur D. Little, Inc. into a single

saaaple* The saaple will be spiked as low levels rith ths

substances of interest in the groundwater aeasurenent pretoesl to

ensure that they are present at detectable eoneentrations. One

portion of that material will be acidified to stabilize the trace

octal eontent, one portion will be left unchanged for anion ar.d

wet chenieal parameters, and a third portion will be packaged

separately for use as a trace nereury check.

8. .S<1 Procedures for Oualifvln Anal leal Methods

Method qualification is actually the last step in the process

of bringing a new analytical nethod on-line. Since the results of

the qualification . analyses provide the point of departure far

tracking the perfomanee of the nethods during the ongoing

program, the qualification analyses of check saaples should be

perforaed only after the analysts are thoroughly familiar with

the sethods and have practiced them on sanplea of known

eonposltion and have found then to be working well.

The general procedure which is suggested far method

quelifteation involves analyzing a standard reference material

and a pooled check sample, each in quadruplicatd Detailed
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procedures hav® been dev loped for the several sample types of
aost importanee to this prograra - groundwatter FCC wastes (solid

phase) and FGC wastes (interatitial liquors). The same final
analysis nethod (e. g.. ICAP. TC. furnace AA) will beuaed for

sanples of all three types. It is recoreaended that for the check

sanpiea of all three types, the final solutions which are to be

analyzed for a certain parameter be brought together and analyzed
as a single batch to eliminate tenporal variations. The sample
set should be randoaized so that all four replicates of one

sample are not analyzed in laanedlate succession. If auberoups are

analyzed on difrersnt days or by different analysfcs, that fact
should be noted.

The qualification analyses for groundwater proeedureg is
outlined in Figure 3. 1. It should be noted that one of the four

acidified pooled replicates should be spiked with N1, % , Zn, Pb,
As, and Se at at least three different levels and th® initial

concentration deterained by the msthod of standard additions to

eheelc far matrix effects la these aethods. Arthur 0. Uttle,

Inc. will spike one of the pooled saaples subnitted to
Barringsr-Hag-nta to check for ICA? matrix effects.

Procedures for dealing with FGC waste solids are shown in

Figure 8. 2. 3arringer-Haganta will digest the sanplss sent by

both 73W and Arthur S. Little. Inc. They will return a portion of
the digest to each laboratory for analyses of the indicated

netals by &A. Barringsr-MageBta should be requested to return a
portion of the digeafcion reagent blank as well. The levels of

each of. the six elements should be neasured In" the blank

solution. As ia the cas® of groundwater sanples, AA natrix
effecsa are to be checked by perfonaing standard additions to one

digest solution. For all parameters involving pretreataeat (e. g.,
acid leaching) for seleniuadlgestion, one of the fiaal Solutions

to be analyzed should be split and analyzed in quadruplieats.
As shown in Figure 8. 3. a surrogate FGC waste interstitial

liquor is to be prepared by leaching a quantity of the FGC waste
solids in twiee its weight of water for 48 hours. The leaehing
should be done at rooa tenperature, with stirring in a tightly
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closed vessel.

For each set of four replicate results - standard reference

naterial, pooled ssrople, and replicate final aseasuressentt, when

perforaed - ssfspyte the ."lean rssult and the standarsi devl.attlon

of the nean. For the standard reference materials, eonpute the

individual percentages recovered, the nean recovery, and the

standard deviation. All individual analytieal results along with

the eonputed atatiatiss should be aubuit&ed to the Q^i

represenative.

8. 3. 5. 2 Oualit Control Checks Durin Field Samolin

Duplicates of certain of the field saaples will be obtained

and 3ent through each analytical procedure in order to track the

overall precision of the analytical results produced during th®

sampling and analysis prograa. Blank samples uill also be

obtained and analyzed to verify that soataaination of the f^eld

sanples did not occur. We will aia to analyse one dupllcat® and

one blank for about every ten saaples brought frsn the field.

A suggested protocol for obtaining ^C check sanples during

field sanpling is shown in Table 8. 1. Since each sanple of

grouadwater or surface water will be shipped as two sub-ssraplcs

- one acidified and ons unprsserved - both of thase sub-saaples

will be duplicated. On average, one set of dupUsates per
saffipling visit should be sufficient. The duplicates should be

taken from a diffe-ent well each visit; to ensure that as aany as

possible . of the wells are duplicated during th® prorgram.

One set of blank samples should also be- taken on each visit.

Insofar as possible, th® blank should have passed through the

entire saapling process. For exaaple, if a bailer is used. it

should be cleaned thoroughly- with de-lonized water, and then Just
before saapling. It should be filled with de-ionized water and

fchat water should be poured into the sample containers for the

blank. If a filter is used. it should be precleaRed and the blank

sample passed through as well. If a peristaltic punp/pressure

filter is esployed, the entir® systeia should be cleaned and a
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Ssmptc

Waste

(Prnviotuty Ditposod)

Waste
(AsDisposed)

Groundwater

Soils

Surface Water

TABLE 8.1

QC SAMPLES REQUIRED DURING FiELO SAMPLING

Daplicaica

None - A dupiicsie of each composite
will be made aftar compositing.

None - A duplicate of each compas'ie
will ba msds s'fter comoositing.

One par visit - Both the addified and
unpnswvnd samples will be duolicated.
Duplicate to be uken from s different
well each ame.

Nona - One dupficate for ecch sample
will bt made in th® laboratory.

On® act ~ unprataned and iscidifted.

nia

One - One extra container to bs
opened momentarily at site during
tampting.

One per sampling wa. - Extra con.
tsiner opened while one grab sampte
u being taken, then etosad.

One per visit - Oneunpreserved
sample container TO be filled with

fte Dl water used for sampler eiean-
up. Two acidified sample conTa>ners
to filled with Dl water and acidified.

One for evary 10 samples - Containers
to be openad momentarily during
ompling and Than seafed.

Seine u greundwoier - one unore-
aenad and two acidified.

Sourca; Anhur 0. Litite, Inc.
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quantity of de-lanized water puaped through the entire systen to

produce the blanks. One unpreserved blanlc and two acidified

blanks should be obtained in this manner.

Since it will not be poasibXe to obtain true duplicates of

solid sanples in the field, duplieateg will be preoared in She

laboratory during saciple ecraposibing. However, one blanlc should

tie taken for each solid sample type during each visit. This blank

will be an eapty container which Is opened at the time one of the

sample containers is opened; it is left open while the sample

container is being filled and it is then eapped when the saaple

eon'tainer is capped.

Duplicates and blanks will be Indicated by circling the

appropriate code on the pre-printed saBple labels.

8.3.5.3 Preoaration of Duolieates Durin Coaoositin

Since it is impossible to obtain a true duplicats saaple of

solids In the field, duplicate solid saaplss -will be prepared in
the laboratory during the final sample size reduction which will

be perfonned on both individual saaples or composites ofaset of

samples. It is reeoanended thst at least one duplicate of each

saaple or coBsposite saaple be aade and retained for possibls
analysis.

For samples that are drisd and finally riffled, the duplieate
sanple should be taken after the last riffling step. For wet

solids that are saapled by thiefing, both the orisinal sample
and the duplicate should be prepared by combining a nunber of

individual fchiefed portions. Both the orisinal Sample and the
duplicate should be prepared froa sub-samples which are as
representstl. ve as possible of the contents of the container.

8. 3. 5. it Qualit Control of Sanmle Di estlon

For essentially all of the analyses which will be perforaed
on solid sanples, soae sort of sainple pretreataent, i.. s.,
digestion or leaching.. will be perfor-aed to obtain a solution
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lAieh is finally analyzed. Each of those sample preparation

procedures needs to be aonitored to ensure that the substances of

interest are being quantitatively extracted, that they are not

being lost in the process, and that inpurities are not being

introduced in the reagent used io the preparation. To that end,

it is recommended that for every batch of twelve or less samples

subjected to a sample preparafcioo procedure, one additional

sample of the pooled check sample analyzed during method

qualification be passed through the procedure and the resulting

solution analyzed. In addition, on® reagent blank should be

processed for each lot of sanples prepared in order to detect

contaninatlon introduced by the reagents used. A blank should

also be included vhenever a reagent from a new lot not previously

used is introduced. Since this program involves a large nunber of

similar procedures.. It is strongly recoinnended that substantial

quantities of the reagents to be uasd - acids In particular

be acquired at the outset of the program and eheelced for purity

prior to their use in any procedures.

8. 3. 5. 5 OC of the Final Anal sis Steo

The final step In the sampling and analysis sequence is the

seasurenent of the concentration of the substance of interest by

-n instrunental or elassieal nethod - the so-ealled "analytisal

finish. " The prine reponsibility for QC of this very inportant

step in the S/A process is ia the hands of the analysts actually

performing the analytical finish. The identity o? the field and

sample preparation QC cheak sanples will ndt be known to the

analysts, so that the results from those analyses can be used by

the OA representative to independently nonitor overall saapling

ssnd analysis precision and accuracy. However, each day the

analyst <A11 run his own QC eheeti samples, and he himself will

detemine lAether his neasuresaent aethod is in control. If it Is

out of control, he will stop inaaediately. inforn the laboratory

analytical supervisor, and seek to correct the problsia before

proceeding.
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Th® first inportsnt responsibility of th® analyst ts to
accurately calibrate the aeasurenent oethod to be used. For

aeasurement teenniquea like AA and 1C which produce responses
proportional taconeenttration, a calibration curve aust be

developed from at least four pain.tasncorapaaaing the rang® of

concentrations likely to be encountered in the unknown sample. A

new ealibrationcurve should be geaerated each time a particular
method is set up for agroup of sanples. If a part.icular analysis

of one group requires nore than s single day to cGanplete, a
coBplete calibration curve may not need to be generated if the

siogle-pointt eaU&ration check described below produces a
response within 5S relative of that obcaiaed when the

calibration. curve was deterained. If eoneentrations sreater than
the highest calibration point are found during the course of

running unknown ssaples. Shose samples nustsither be diluted and
reanalyzed, or the calibratioa curve aust be extended to

®nco"pass all of the higher concentrations by analyzing one or
nore standards.

For analytical aethods which are inherently stoiehiometrie,
e.g., titrlnetrie TOS, allcaUnity, and carbonate, the titer of
the reagents should be checked daily.

After the analytical instrument has been salibrated'and th«

analysis of ucnknowns has begun, the analyst sn-ist; introduce a QC

check sample into the sample gtrean at regular intervals to

ensure that the caethod continues to perform acesptably. Three
types of check saaples ars uaeful and should be inetuded - a

duplieate of one of the unknowns. a rea gent b1ank. and a
calibration cheetc. It is recoBniended that 33 a aininuB one of

each of these types of check saaples be run for each group of 30
or less sanples analyzed. If anal ysia of a lot of 30 or less
requires more than one day. or. e each of the eheete saaples should
b® run on each of the days.

The calibration cheek seryes to detect drift in instruaent

response. If analysis of a group proceeds over more than one day.
the calibration check should be the first analysis run at the
beginning of each day. If the calibration check is in error tey
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more than an acceptable anount, the iRstrumentt mist be esmplstely

recalibrated prior to proceeding with analyses. If the error is

aufficiently g-sat. all of the saaplea analyzed since the last

successful calibration or calibration check will need to be

analyzed. The action levels at whish recalibration or reanalysis

are required will be dster-ained after the results of the aethod

qualifications study have been analyzed. For many methods, it

would be reasonable to assune that recalibratioo would be

required if *;he check saaple response was in error by nore than

5S relative, and reanalysis would be required if th® error was

greater than 10S relative.

Another measure of precision is provided by analysing one of

the unknown- samples in duplicate. The duplicate analyses should

not be perforaed one after the other but rather separated by st

least one-third of the samples in the lot. Again, the action

levels for trouble-shooting th@ nefchod and then continuing or

troubls-shooting and then going back snd resnalysing will be

detennined at the end of the inetthod qualification process. In

many programs of this sort, a deviation between a replicate pair
.

exceeding twice the historical standard deviation of the method

on replicates is taken es a warning, and a deviation in excess of

three times the standard deviation of the method on replicates is

a signal to stop, correct the problem, and reanalyze. Siaailsr

criteria for aceeptabls behavior of the reagent blank which is

run periodically will also be developed at the end of the

qu£lifisation prograa.
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EXHIBIT A. 1-1

VARIETY OF ASH AND OTHEH WASTS PRODUCED

CT COAL COMBUSTION
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EEHIBTT A. 5-1

GROUNDWATER SAMPLING BACSGBOIWD

Five general classes of sampling alternatives can be used to

obtain groundvater samples froa monitoring wells. These eonsist

of:

Manual eollaction procedures;

Vacuua extraction procedures:

Pneuaatie or pressurized collection procedures;

Heehanieal eollecttan procedures; and

Gas entrainnent nethods.

Each of these broadly defined categories has Huoerous

alternative-strategles that can be used to collect the required

saaple volume. lfowever, these vary more with respect to equipment

selection or configuration, and less with respect to th® basic

principal used to pull or force the groundwater from the well

Into a collection reservoir. Since a complete review of all

saapling strategies cannot be presented in this manual, a brief

generalized description of the major categories is presented here

for review. The intent of this introductory aaterial is to

highlight the advantages and/or disadvantages of each general

class, thereby providing the reader with a basis for evalusting

the options selected.

The infornation contained in this preXininary review is by no

neans complete, but it is hoped that it will be sufficient to

allow the reader to jadgs or review the selected approach.'Should

eddltlon?! detail be required, further review of the literature

should be undertaken independently by the readep.

MANUAL COLLECTION PROCSDUHES

Manual saapling techniques include all sampling procedures

that Involve extensive cr repetitive aanipulatlon of the

identiflsd equipment. As such, manual sampling alternatives

encompass aany procedures that could also be listed under the

other general headings, but are not because they are implemented
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by hand. Generally, this category of sampling alternatives
includes those simplest to loiplement an a one-time basis, but
often th® ooat dirfieult to use on s regular basis. Typically,
aacpl ing equipment and site preparation proeedures gr® nini-nal,
but frequently, equipment designs are crude and sample yields are
snail. Furthermore, usase nay be Isbor-intensive, tedious, and
tiae-consuming.

Exaaples of aanuaX teehniques that aay b® applied to
groundwater sampling tasks inelude bailing with a device like a
Xenaerer saopler, or hand puaping using either a suction or

pressurized devles. In operation, both of these options require
only that the well site be aeceaaible by foot, and that the
collection device be adequate to draw the desired sample fron the
depth that it encounters.

The aajor disadvantage of hand-puraping operatioRS is that
only a limited pneuaatie head or suction lift can be easily
developed. (Generally, suction lift is limited to 4. 5 a (15 ft)
and the pneunatie head is linited to roughly t». 2 kg/sq ea (60
Ibs/sq in.^. While devices can be obtained that have pressure or
vacuum eapaeities ia excess of these levels, their througftput per
stroke is low. requi. ring that considerably nore effort and tine
be tsxpended to collect the requirsd s aaple volume. ?sr exaapls,
one hand-powered vacuum punp develops 70 effl (27. 5 ta. ) of aereury

. 'v>acuuB but has only a 15-<e-per-3troke throughput.

A second approach that can be used to collect sanplea is
bailing, using devices Such as Xecnerer or Coliwassa samplers.
One of the principal advantages of bailing is that there is no
lift linitafcion. Through the us® of extended lengths of cable or
cord and winches or black and tackle, provisions can be nade
which will allow for the acquisitioo of Sanples fron deep wells
without too nueh effort, fallow wlls can also be readily
aceoBBtodated by using a shorter cord length.

Bailing does have disadvantages, however. Foremost among
these is the significant amount of repetitive work required to
prebail and then collect groundwater frora a well. Not only is
this effort tedious, but also it san be physically exhausting.
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depending on the wsi-ghtt of the- sasoler, eord, end sampl® and the

availability of winches or blcck and tackle devises.

A second disadvantage of the bailing approash is that extra

precautions nust be taken to restrict the possibility of

eontaaiination. Not only is it essential that the bailer be

thoroughly cleaned between yell sites, but also It is impersti'/e

that provisions be made to protect the quality of the sanple

during its use at each well. The bailer should not b@ allowed to

touch th® surface of the ground during either the initial

evacuation of a well or the eslleefcion cycles. If it does, it

should bs reclesned prior to reinsertion into the well.

Another problea that can arise during the use of a bailing

method Is that it is frequently difficult to coapletely evacuate

s high-yislding well of standing water before it is replenished

with fresh groundwater. This liaitation nay be offset through the

use of ancillary equipment to prepare or prebail the well.

VACUUM ETTRAC7ION PROCSDURES

This ssaple collection alfcernative eaploys eauipnent that

draws a vseuun irtthin some collection device or tube, thereby

causing theirafcsr to flow upward because of external pressure

differeaee. Although some hand-held or hand-powereddisvlees

enploy this technology, the enphasis of this discussion is placed

on those devices vliieh are driven by electric or gasoline aotors

or engines. As such. th® equipaent available for this approach is

scaewhat-larger, heavier, and has a larger pumping sapaeity than

does the aanual equipment of th® sane nature.

In op<6rstion, dsviees such as peristaltic puaps or diaphragm

puaps are used to evacuate sofae type of eollection vessel. A

auction tube of appropriate eonposition (non-reaetive and

Bon-eontaisinating) is lowrered into the groundwater well, with the

inlst point being positioned at or near the bottom. The vecuun

source is then started, evacuating the sample line causing the

water to be drawn to the surface. In cases where vscuun puraps are

used, the water is drawn into s vessel where it is retained un^il
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it ia transferred into an appropriate sample container.
Alternatively, as is the ease with a pertataltic punp, the water

saaple is drawn frca the well through l.nert tubins. passed
through She punp head, and then discharged under pressure to an
appropriate collection device.

In theory, vacuun-type collection systctns have several

advantages, the principal one being that relatively inexpensive
and eaapaet devices exist that can rapidly complete the job of

water eollfiction. Another advantage of the vacuuai-type approach
la that, as necessary, provision can be nad® to flood the well

casing with an inert ataospher® (such as nitrosen) without

affecting one's ability to obtain a saaple. This capability ig

particularly iaportant in the situation of a low-yielding well.
where the captured water cannot be turned over three to five

tiaes prior to sample withdrawal. In these eases, It probably is
necessary to collect the aanple fron the available water that has

stood within the well for periods of up to one month.

Since it is possible that standiag water within a well is

representafcive of existing groundwater ehenistry because of
oxidation whiah nay have occurred. blanketing of the .-ater with

nitrogen saay licit such a process, maklRg the available
groundwateraor* representative of what actually exists.

The principal disadvantage of a vaeuua-systeaa approach is
that there is a Unit of between 7. 6 and 9. 1 a (25-30 ft) on the
length (above th- groundwater surface) of the suetion line. For

depths in exeesg of this level, aiultiple-staged vacuun systems
would hw e to be used to coXlect groundwater. Multiple-stage
systems are net considered to be appropriate because they require
the use of duplicate equipnent and extensive site preparation.

A second disadvantag- of the vaeutan-type approach is that the

fate of volatile species contained within the groundwater is
unclear. Presunably, the process of pulling a vacuun on the wster

should cause a disturbanee in the established equilibriuiB.
driving sonesmount of volatile species (e. g., CO^) out of the
water and thus effecting che-nical changes in the sample.
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PHEOHATIC OB PRESSURIZED COLLECTION PROCEDURES

A third broad class of sampling alternatives that can be

applisd to groundwater sasipling involves the use of pneuraatie
pressure to drive the desired water voluae to the surface. This

approach has two opSional procedures, one involving the direct

eoQtset of the pneumatic fluid and the Hater snd th® other

involving a pumping device. As has been discussed earlier. It is

posslbl® to use nanually powered equipment to generste th®
poeumatie pressure, but these devices generally have lireited

utility because the pressures obtainable are linlted to

approxiaately 4. 2 kg/sq en (50 Ibs/sq in. ). However, when

electric- or gasoline-powersd engines or bottled gas are used to

supply the pressure, it Is quite easy to produce pressures of up

to 7. 0 to 17. 6 kg/sq ea (100-250 Ibs/sq in»). These pressure
Ifivsls are adequate to perntt the collection of groundwater froa
wells up to approxinately 100 a (320 ft).

The simplest pneumatic systen to visualize requires only that
th® well be capped and have two tubes faeding down into it. The
first of these tubes is connected to the pressure source and is

truncated, ianediately below th® sesling cap. "nic second tub®

SiStends below the trapped groundwaters* surface and is used to

conduct the sacple to the surface. Ideally, as the well is

pressurized, th® groundwster would be forced upward only through
the coUection tube and into a collection recfiptacle. However, as

fche well itself is not completely leak-tight, groundvater is

forced out through the screen and well botton at varying rates
depending on aquifer permeability. Not only nay this restrict the
amount of sample that can be conveniently eollected with one

pressurization step, but also it allows for the contamination of

the surrounding groundwater with water that nay have become

stagnant within th© well. Purtheraore, if escessiv® pressure is
punped into the well casing and allowed to escape through the

screen or the yell's bottom, pockets of gas may become trapped
within -the aquifer which could alter aquifer yield
characteristics or possibly sven the groundwater chemistry.
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Another disadvantage of having thu pneiaatie fluid come in
contact with the isolated groundwater contained within the well
t3 that such contact can cause changes within the dissolved
oxygen content of the well water if air (whieh i, the most cordon
pneunatle fluid) is used.

Therefore, it is apparent that other arrangeaents of
pneuaatieequipsent. in which ths contact between the pneumatic
fluid and the groundwater is miRiaized. are preferable. <!uch
systems are comerciaUy available in the fonn of piston and
bladder pumps. The basic concept eaployed in either of thess
designs calls for the separation of the pneuaatic Flood chanber
froa the groundwater collect ion chamber. As the paeumatic ehacber
i^ pressur. tzed, either the bladder exoands or the piston ia
driven upward forcing trapped grouadwater to nove upward past a
check .alve and into a &ransfer tube. When the pressure is
rel. ased, the bladder deflates or the piston aoves downward;
causing the collection chamber to refill. Groundwater contained
within the transfer tube is prohibited froa flowing back into the
collection ehaaber because the check valve is closed.

As has been aentioned. the najor advantage of this approach
is that comparatively deep wells [no a (328 ft) 3 can be aaspled
without much difficulty. The niajor disadvantage of this
technique, however, is; that the equipaent used to conplete the
sanpling is acre expensive than alternative devices. Typically.
piston or bladder punp systems cost between S400 and $1500. with
co»pr«3ors that develop 7. 0 kg/sq an (100 lb=/3q in. ) costing uo
to an additional $30o-S500. Although bottled gases can be used in
place of the conpressor. they have only a lialted voluae andaust
be replaced frequently.

HSCHAHICAL COLLECTIOH PSOCSDURES

Mother approach that c.n be used to obtain groundwater
sample, fron a monitoring well includes the utilization of
»eehanical y,^ ^ 3,, ^,^^ " ^ ^^ ^ ^ ^^^
the surface of .t, e i.olated water. Of all the approa. he,
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discussed fco this point, this alternative appears to be the one

that has the greatest flexibility with respect to speed of sample

acquisition and preservation of saaple integrity, but it also

represents the one that Is most difficult to iaplenent under

field conditions.

In operation, the pinsping device is lowered down into the

wall end connected to the surface by resans of an eleefcrleal cord

and a sample recovery tube. Vhen in place, the punp is switched

on, drawing groundwater through the punp head and forcing it

upward to th® surface, where it may be collected within sn

appropriate receptacle. Since the punp (the body containing the

notor and the head) may beeone partially wetted or innersed

within the 'well water, the -selected pump should be of an

appropriate submersible or iffinerslble design. Several such codels

sre eoianereifilly available.

The aaJor disadvantage of this sampling approach arises

because most subffisraible puiaps are 101 tBRt (U in. ) or larger in

size. Since it is presuned at this tine that nost the

groundwster wells drille** will not be any larger than 50 un <2
.in. ) or so in dianeser, the use of this approach is precluded

unless a saaller aeehanieal punp can be found.

GAS DmiAINMENT METHODS

Gas entrainnent or air-lifting is a fifth approach that can

be used te collect groundwater samples from monitoring wells.

Sequlring. similar equipment to that trtiich is used. irt pneumatic

systems, this technique represents little more than an

alternative equipment configuration that can be usei3 to force

groundwater to a well's surface.

In operation, an air-lift system is comprised of two tubes

and a source of pressurized sir or other gaseous aedis. toe of

the fcubes is used to conduct the pressurized gaseous media from

grade level down to a point below the groundvater level. Upon

release from the transport tube, the pressurized gas rises into

the second tube, which is else positioned below the groundwater
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level. The nixing of the gaseous media with the groundvater
causes a decrease in the unit weight of the trapped water

allowing it to flow upward through the second tube. Because a

void now exists within the second tube. groundwater flows into

this tube s".d in turn is raixed with gas eausing it to rise. By
regulating the flow of coropressed gas. it becoBes possitile to

drive She grounrfwater all the way to the well's surface irtiere it
can be collected.

The application of gas entrainment techniques to groundwater

sanpling e'xer'eisea has several dtsadvantages. One obvl. ous

disadvantage is that large volLsnes of compressed gases are

usually required to drive the groundwater to the well * a surface.

Thia inplies that either high-capasity compressors or numerous

gas cylinders ssay be required to coaplete individual sampling

operations. As such, field transport of the necessary equipnent

becomes raore troubXesoae, and say prove to bs iapossiSle in any

situation where a Eaonitoring veil is remotely situated.

Another diaadvantase of the ga3 entrainmeBt techBique,

however, lisa in the fact that the eheaieal. physical, or

biological integrity of the sanple is very likely to be lost.

Several avenues of saapls degradation exist. First, because of

the unit density reduction, volatile Species (such' as dissolved

oxygen) and carbon dioxide trapped within the groundwater aay be
liberated, thereby ehanstng the ehenistry of the sample, and nay

produce, in SoGi® cases, precipitation of traee elenents.

Alternatively, contaiatnants present within the; lift gas sisy

replace volatile species contained within the well water» thereby
altering the cheaistry of the sample.

C-2. 10
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EXHIBTT A. 7-1

PROCEDURE FOR MEASUREMENT OF CaOUNDWATEB LSVSL

The following steps describe the procedure for measuring

groundwater level with devices such as those shown in Figure 1.

1. Remove the loclcing protective cover at the well to be

monitored.

2. Attach the cable to the ohnneter and turn on the unit.

An open circuit (zero reading) should be observed. The

exposed ends of the cable should ba yiped dry before

insertion into the well riser pipe.

3. Insert the cable until the ohnmeter registers a closed

eircuit. Several readings should be obtained for

consistency and repeatability.

<. Hark th® cable at the point which coincides vith an

established survey elevation aarlc on the protective

casing. It is often desirable to check each reading to

be sure that the circuit is closed by true water surface

rather than water on the side of the wine or pipe. A

sharp tug should shake water off the cable.

5. If pensaneat pressure gauges are installed on th® user

pipe (artesian wells), bleed off any air bubbles vithin

the systea through the needle valve and record the

stabilized pressure gauges reading in psi.

The following iteaa should be recorded on the appropriste

data sheets (metric and English units):

Identification: Plant cane, state, piezooeter nuaber,

location tip, elevation.

Observetions: Date and exact tine, elevation of top of

riser pipe, water level (elevation) , gauge

pressure (if applicable), temperature (froo

SCT neter). weather, eny unusual aetiirities

in progress in erea of veil*

C-E. ll
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FIGURE 1 GROUNDWATER LEVEL MEASUREMENT DEVICES
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EXHIBIT A. 8-1

CLEANING OF EQUTPHCTT

The following procedure is reeoinaended for cleaning saapling

and analysis equipoenf:

1. Wash with hot detergent.

2. Rinse at least three times with tap yster.

3. Rinse all sample containers and snalytical glassyare

trith 1:1 HNO^lHgO.
S. Rinse at least thr&s tises te^th fcap water.

5. Rinse st least three tines with distilled water.

6. *» Rinse one tine with high-purity water (KilliQR).
7. tt-y in air.

e Quantities are not specified but sufficient voluoe should be

used to thoroughly soak and/or rinse both internal and

external surfaces.

ss For those eantainers to be used to obtain sanplea for organic

analysis, a final rinse using acetone will be nade.

C-B. 13

- Doc. Ex. 8992 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



EXHIBTT A. 11-1

CHAIN-OF-CUSTODT PSOC3DURS S

To inplement the ehain-of-custody procedures in the field,
the following steps must tie taken; .

1. At the tirae of saciplecollsction. all saraple labels must

be filled out eorapletely and clearly. In addition to
filling out all appropriate saaple identifiers, each

label must be- signed er initialed by the collector.

2. When s sanple is collected, an entry of that fact should

be cade within the field observation notebook. This page
and all others should be signed and dsfced^

3. Th< cap of any saBpling cantainer should bs gealed with

tape. Any a&teapt to open the container Subsequent to

the applieation of Sealing tap's should irreparsbly
danage the tape.6

4. Eatries into the packing log book should be clear and
concise. At the completion of the packing exercise, the
shipping list should be signed and dated. The tear-out

page should be removed and attaeheij to th® shipping
container to serve as the packing list.

5. When full, th& shipping container should b® sealed with

tape. Any atteapfc to open the paclcage should eause
irreparable danage to the tape.

6. Upon shipment, a espy of the bill of lading should b®
obtained from the carrier. This bill should be signed by

3 represent ative of the carrier and be dated. This bill

of lading should be retained by the sanplins crew chief
unttU such time aa he can personally turn it over to the
sanple custodian in the laboratory.

7. Upon receipt of the saaplea in the lab, the custodian
should receive a second copy of the bill of' lading. As
before, this should be signed and dated.

8. The custodian should inspect the shipping container to
see if any obvious signs of tanpering have occurred. If
signs are noted, this should be entered in ^e

C-E. 14
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laboratory log book.

9. The package may then be opened and each sanpls container

then inspected Individually. If taapering is noted, an

indication of this should be entered in the notebook.

10. Using the packing list provided, the custodian should

log In all samples. This should be cross-checked by

actual bottle inspection.

11. The custodian then attaches and signs a ehsin-of-custody
tag to each sanple container. The containers are then

secured in a lock-safe location.

12. As the saaples are distributed, each person handling the

samples should sign and date the ehain-of-custody tag.

Thft date tag should list all days that the sacple was

under their eont-ol. AsadditionaX tags are needed, they

should be added. Old tags should be returned to the

custodian for his records.

13. When all analyses are complete the final disposition of

any reteaining sacple (i. e., disposal or archival

storage) should be entered into the laboratory log book.

c Any wells installed under this program will be locked and

sealed with tape as described. Existing utility wells which

nay also be saapled in this program iri.11 also be sealed;

however, the utility will maintain access to these wells.
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EXHI3TT B. 2-1

EFFECT OF DRYING TEMPERATUSE ON WATEB-CONTCNT
DETERMINATION OF FGC WASTES

C-S. 16
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cmisrr 3. 3-1

PROCEDURE FOB PRESSTHS LIQUOR FROM FGC AND SOIL SAHPLSS

Figure 1 shows a schematic of the pressing apparatus. The

following Ls a procedure for using this apparatus to obtain water
samples for analysis from wet solid (FGC or soil) naterials.

1. Tighten the steel jacket onto the base plate with the

wingnuta. Place the stainless steel (325-nesh) sereeR

into the Jacket and hold it flat with a rod while

filling the cont.ainer with sanple. Guidance as to the
voline (or weight) of saBple to lie used is given in

Table T. A layer of 1 in. in the apparatus roughly
corresponds to 200 mL volisae of solid.

2. Place the plunger inside the jacket and push until it is
firaly held by the sides. Place the apparatus into the

hydraulic press. Place a thiek plate on top of the
plunger to avoid defornatton by the ran of t&e press.

Place a graduate of appropriate size at the liquid
outlet.

3. Apply 20 tons of pressure on th® plunger for an

appropriate period of tiae, either until a required

voliBae of liquid is Obtained or until it is deterained
that this raethod will not wash. The pressure aayaee<i

readjustment from tine to tine. The liquid is then

filtered through 0. 45 CT filter and preserved as needed
for subsequent analysis.

In special cases where exposure to air nay cause aajor"
cheaieal changes, the whola apparatus may have to be .Baintained

under a nitrogen attaosphere. In this case, it Bay be necessary to
load th® apparatus tn a nitrogen bag and to protect it and the

liquor squeezed out from oxygen during this squeezing process.
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TABLE 1

EXAMPLE DATA FOR SGUEEZIMG VARIOUS SAMPLgS

Sample

Soil

Soil

Forced Osidation
FGO Wane

Forced Osids-fion

FSOWasre

Dual Alkali
Waste

Dual Alkaii
Waste

Fly Ash

1. Initfei losd of

Sowcc: Arthur D.

Waight
(s)

1§6

sse

303

303

236

236

133

20 tons.

Little, Inc.

initial %
Moittun

"26

-^s

-20

-®

-<2

-42

"30

Final %
Moinum

-IS

-IS

-U19

~19

-^4

~23

-23

V<»lutn«H,0
Obtained

(»nU

27

85

7

10

S8

60

9

TtRM
Squ-adi

(hni

2

2

2

18

2

6

2
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FIGURE 1 SCHEMATIC OF PRESSING APPARATUS
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sxHisrr B. u-i

DIGESTION At»D FUSION PRCCCTURES

SUFWARY OF DZGSSTTQ1 ? PROCEDURES FOR LIOUIC SAMPLSS

1. For analysis of liquid samples by ICA?, no predigeasion

is needed.

2. For analysis of liquids for nerewy by cold vapor, a

HNO^/HgSO^ reflux followed by diehrosaate addition is
needed.

" 3. For analysis of liquids for arsenic and selenium by

hydride evolution and all other aetals by graphite

furnace AA, the following procedure is given. Transfer

100 nL of sacple into a 250-aL Griffin beaker and add 3

nL of concentrated redistilled HHO^ and 5 aL of 30S

H^. Heat for one hour at 95°C or until volune is
slightly less than 50 nL. Cool and bring to 50-aL voluae

with de-ionized water (Ref. 5. 9)«

ft* For. analysis of liquid saaples for metals using flame

AA, the following procedure is given. Transfer an

appropriate volune of well-aixed sample into a Griffin

beaker and add 3 mL of concentrated redistilled HNO,.

Place beaker on a hot plate and evapor'at@ to dryness,
making certain the sasple does not boll. Cool and add

another 3 "L of concentrated redistilled KNO^. teflux

end keep adding acid until digestion is complets

. (indicated by a light-colored residue). Add' aufficient

dilute HC1 (1 voluae concentrated HC1 to 1 volune

de-ionized water): wara to dissolve residue. Transfer to

a volumetric container and dilute to the appropriate

volume with water. Let any Insoluble residue settle

(SiO, ) and aspirate the supernat^s into the atonizer.
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SUMMARY OF DIGESTION PROCEDURES FOR SOLIDS

1« Reverse HF, Total Acid Attack (for high organie soil and FGC
samples, ICAP analysis)..

a)

b)

s)

d)

e)
f)

g)
h)

Add a 500-ag saraple to a 60-niL. Teflon beaker.

Add < mL of concentrated HC10, and 16 nL concentrated
HH03*
Heat in a sand bath to reflux.

If pale yellow (tndieates little organic remains} carry

to HClOyf9 fumes. If brown, repeat adding eoneentrated

HNO^ until pale yeUow, then carry to HC10,, funes.
Add- 1 aL of HNQ^ and 15 fflLof eoneentrated HF. »*
Heat to dryness in a sand bath at 1000C.

Add 2 aL eoncent-ated HCl.

Add eontents to a 50-ttL voluaetric, raaks up with 0. 5 H
HC1: warn to dissolve insoluble naterial.

2. Noraal HF Digestion (for law-organie FGC waste and soil
samples)*

.

a) Add a 500-ag saaple to a 60-iaL Teflon beaker.

b) Add 15 nL eoneentrated HF,»® 4 inL HClOy, ** 1.2 nL HNO^.
e) Heat in a sand bath at 100 C,

d) Carry to the digestion dryness.

e) Add 2 nL concentrated HCL and make to volume (50 aL)
with 0.5 M HC1. Heat to dissolve insolublff residue.

* This digestion proeedure will be perforned by Barringer
Magenta Ltd.. Toronto, Canada. One half or more of this digest
will be sent to the laboratory sending the sample (Arthur D.
Uttle, Inc. or TRW) for QC or other required AA analyses.

c« Ex.trene caution aust be exercised when working with perchloric
and hydrofluoric acids because HCIO^ can fonn explosive by-
products when contacted with certain organiss and HF can cause
extensive skin, tissue and bone danage If contacted with the
skin.
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SXHIBTT C. 2-1

DESCSIPTIOW FOR COHSOLITiATSD-UHDRAINSD TRIAXIAL COMPRESSION TSST

VTTK PORE P5ESSUP. S MEASUHEXENTS*

Procedures for the consalidated-undrained . triaxial

coffipreaslan test with pore pressure nisasureaents will be divided

into saople preparation, eharaber preparation, line saturation,

consolidation, gheartng, and end-of-tegt phases. ^ eonplete test
wtll include a ainlmun of three sasiplea consolidated to the

desired prsssure and loaded to failure. Results of the tests will

be . plotted on stress-pathtangsney curves. If necessary,
additional points will be added to prepare a straight line
failure plot- of the waste aiaterial .

Saaple preparation invclves extruding the sacple from the

Shelby tube, triEming the sample. and placing the aeBfaranes over
the head s and the sanple . A sanple will b< extruded from the
Shelby tube and trissaed to a height of approximately 15 ca (5.9
in.). After weighing, the saaple will be plaeed on the bottom

head of the triiined chanber pedestal, the top head will be set on
the saaple, and a nenbrane . will be placed over the entire

arrangement. Two rubber . *0n-rings each will be placad around the
nenbranea st the top head and at the bottom head .

Once the aeabrsnes are attached, the remaining ehaaber

apparatus will be assenbled as shown on Figure 1. Th® chacber
will then be filled with water andall the air will be flushed
and replaced with water.

Saaples will be consolidated in the chaaber by applying a
specified'ehaaber pressure and recording the voluae chaageof the
sanple through the line connected to the bottom head. Volume

ehangs-tiae data will be taken to deternine when priaary
consolidation is ccapleted and also to calculate compression data

for the sample. A Casagrande construction on a volune ehange-log
time ssale will be applied to calculate when loading of the
sample can begin,

Sample saturation iri. 11 be deterained by Increasing the cell
pressure by 10 psi and measuring the instantaneous pore pressure
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reading. If the por© pressure is also 10 psi, the sample is fully
saturated. If not, an equal back pressure will &e applied before
further Consolidation can occur. This sequence of steps will be
repeated until all air is forced into saturation.

Qnee the sample has been properly consolidated and saturated.
shearing will begin in strain-eon&rolled compression machines.

Shearing uill proceed at a constant r@t@ of deformation end

readings of losd, pars pressure, and deforasfcioR will be

recorded. Because of the permeability of th® wastes to be tested,
a deformation rate of 0. 01 in. /nln ^111 b© ussd to allOH proper
equslization of por® pressufe.
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EXHIBIT C. 2-3

DESCRIPTION FOR ETTSNDSD PESMEABILITT ANALYSES

Psrneability analyses Kill be performed in accordance with A3T'if

procedures and guidelines presented in "Soil Testing for Engineers" by

T. W. Lambe» as previously documented. Triaxial chambers will &e adapted
for the peraeabllity and extended peraeability testing. Undisturbed

samples recovered from the site development will be prepared and
Installed in the chambers as shown in Figure 1. Back pressy-e
saturation will then be psrforned as dgseribed in the procedure
outlined in Exhibit C. 2-1 for "Consolidsted-Undrained Triaxial

Coapression Tests with Pore Pressure Measurements. "* Once this

procedure tias been aeeonplished, water will be allowed to pass fr&a a
pressurized high through the saaple out to ataospherlc pressure. The

back pressure will remain constant as water passes through the sanple
and fche water intake will- be nonitored using a calibrated burette.

During the peraeability tests, lateral pressures will exceed back

pressure by no aore than 2. 5 psi to avoid any excess consolidation.

Several pressures will beutilized over several days to ensure

consistent deterainations of the coefficient of permeability.

An extended perneabllity analysis will be n-ade using the sane basis
procedure. However, in extended peniaeability tests the previously
described penseabllity tests will be perforaed end then inerenental
increases in lateral pressure will be applied to consolidate the sanple
to higher densities. The change in volume will be aonitor'ed by
observation of the water level in a calibrated burette ts deterrBine

when primary consolidation has finished. The initial, dry density and

moisture content can be calculated as described by Laabe. Further dry
(iensity calculations can be made as follows.

(initial voluzne) (uuual dr>' denriTy)
tssl dry deaaiy ** '. - ' .--' -"-.

(injtial volume - ehsage in voiuau)

The coefficient of pemesbility during each stage of the
peraeability test is calculated based on Darcy's Xsw ss follows:

lc. S^-
th D2
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where

Q s quantity of water flow in ec;

L s height of samples in in.;

t s ttiae in see;

fa s back pressure in psi;

D s diameter of saaples in in.;

C s conversion factor, 7. 13 x 10°^; end
k s permeability in ca/sec.

A plo& of dry density versus coefficient of peraeability (SeRii-log} can
then b© developed for one saapls.

B Soil Testine for En ineers. T. W. Laabe. John WUey 4 Sons, Inc.. New
York, 1951. pp. 52-62.
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CmiBTT D. 3-1

ATONIC ABSORPTION SPSCTROPHOTOME7BIC DSTCBKNATION

OF ARSENIC BY HYDSTDS GTNE?ATIOF»

SOHHARY OF METHOD

An aqueous solution of sodium iodide is added to an aliquot
of the acidified sanpls to reduce As(V) to AsdID. ASdII) is

converted to arsine. As^, by addition of an aqueous solution of
sodiua borohydride. The AsH^ thus foraed is ianedtately
transferred by argon carrier gas flowing through the reaction
vessel into the atonizer of an atanie absorption
speetrophotoBeter. The AaH^ is burned in an argon-hydrogsn flame.
and the absorption signal at 193. 7 na is recorded.

«

APPARATUS

Perkin-Eloer Model 303 Atomic Absorption Spectrophotoaetar,
equipped with 3-alotTO-cn burner or equivalent

Perkia-Elmer Arsenic Electrodeless Gischarse Laap or
equivalent

Strip-chart recorder

Hydride generation apparatus:

Gas tnlet-outlet tube; Ace Glass 9513-04 sas burning
apparatus. Inner portion only with glass frit renoved,
14/20

. Reaction flask; Ace Glass 9«81-08 pear-shaped nieroflask
Syringe; Becton-Dieicinson 3-cc PUSTIPAK disposable syringe

needles (SGA Scientific S-99SO), 22-gauge.

PIPETHAH 2-200 nicrollter adjustable autopipet: Saiain
^struaent Coapany. P2000.

The hydride generation apparatus and transfer 'systsn ere
shown in Figure 1. The reaction flask is supported by a
ringstand. Tygon tub ing is used for all eonneetiona. Hydrogen is
introduced through the fuel ("acetylene") port. argon through she
oxidant ("air atoa") port. and AsK^ chroush the auxiliary oxidant
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r
ARGON FROM SURNSR
CONTROL BOX

SEPTUM ^

. ARGON-REACTION
PRODUCTS TO §U.RN£R

. 50-mL REACTION VESSEL

Seurui; Arthur D. LiTtle, tne.

FIGURE 1 HYDRIDE GENERATION APPARATUS AND TRANSFER SYSTEM
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("air aux") port on the burner head. Argon n.ow rates of 18.5

L/nln to th® atomizer and 5 L/nin through the reaction vessel are

obtained by appropriate adjustaents of the aspirattor and the

auxiliary oxidant flow control valve on the burner control box.

REAGCTTS AND GASES

Hydrochloric acid, eonisentrated, reagent grade.

Sodiun hydroxide, electrolytic petlets.

Sodluffl borohydride solutioo. Dissolve fl g NaBHq (Alfa
Products 1^122 10/32" pellets) in 100 nL of s 10S (v/v) NaOH
solution.

Sodiua iodide solution. Dissolve 10 g Nal (reagent grade) in
100 mL distilled water.

Arsenic stock solution. Prepare a 7-ppre ersenic stock

solution by serial dilution of 1000-ppn reference Standard

(Fisher-Certified Arsenic 1000-ppm Atonic Absorption Standard).
Argon gas, eoBnerctal grade {99.91).

Hydrogen gas, ccmaiereial grade (99. 95S).

PROCEDUBE

Pipet 10 nL of sample into a reaction flask. Add 10 nL

concentrated HC1. Add 0-.5 ntLNaI pre-reductant and allow a

nininura of oneBinute for the reaction to occur. Prepare

standards, including a reagent blank, from the 1-ppa arsenic
stock sol'uttoa by appropriate aieroliter addl.tlons to 10 aiL of

distilled water in the rsaetion flasks and treat sintlarly.
Attach the reaction flask to the transfer systen. Allow st

least 10 seconds for the argon to flush out the syaten and then

inject rapidly, but with uniforn prfissure, 2. 5. aL sodiua
borohydride Solution into the reaction vessel using a syriiige and
22-sauge needles. Record the absorption signal. Repeat for each
standard and saraple. Deteraine concentrations from peak heights.

APPLICATIOH
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This method may be used so analyze solutions containing as
little as 0. 5 ug/L As (amount of element which produces 1*>
absorption).

Representative calibration data are shown in Table ~\. Tne

relative standard deviations of aeasured absorbanee range from

0. 9 ^o 4. IS over the 0. 05 ug As range. Typical absorption signals
for samples containing 0, 3 ug As in 4 H HO. are shown in Figure
2.

INTERFERENCES

No significant effect on the arsenic abaorbance is observed

in the presence of 1000-fold exeesses of Mn, Pb. Cu, Fe, Sb, and
Se in K M HC1.

The sensitivity obtained by analyzing standards containing 3

ffiL Rd end 1. 5 aL HNO^ (0. 83 abs/ugAa) was found to be only
slightly less than . the sensitivity in 4 M HC1 (0. 89 abs/ug As
over the sane range).
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TABLS1

CALIBRATION DATA FOR ARSENIC IN 4MHC(I'a

Arsenic Added

w

Blank

.05

.10

.15
^d
-25

-30

Abwrfaan

. 087, .097, .096

.135, . 140, . 135

.200,. 184, . 195

.230. . 226. .229

^65. ̂77. .275
J18. J21. <333
J45, J48, .353

MB

.093

.137

. 193

32S
372
-324

-MS

DewatNMi

.006

.003

.038

.002

£06

.008

.004

Ralairec

Standard

nation

{%)

2.2

4.1
QJ3
2.2
2.5
1.1

1. A» samples contain W mL H, 0. 5 mL cone. HC1.
2. CL5 ml. 10% Nal added to all samp. et; 1 minutt all owed for reacticm befere

addition of NaBH*.

Sourcn: Arthur D. Little, Inc.
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EXHIBIT D. 3-2

ATOMIC ASSORPTIO1 * SPEC7HOPHOTOWTRIC DSTERHINATTON

OF SELENIUM 3Y HTOHIDE G^ERATION

SUHHASY OF MTTHOS

Se(TV) is converted to selenium hydride, SeHg, by addition of
an aqueous solution of sodium borohydrlde. The SeH^ thus fanned

is immediately transferred by argon carrier gas flowing through

the reaction vessel into the atomizer of an atomic absorption

spectrophotoiaeter. The SeHg is burned in an argon-hydrogen flame
and the absorption signal at 196. 1 na is recorded.

APPARATUS

Perktn-Elmer Model 303 Atomic Absorpfcion Spectrophotoroeter,

equipped with 3-slot 10-ca burner (or equivalent)

Perkin-Elmer Arsenic Electrodeless Discharge Lanp (or

equivalent)

Sfcrip-ehart recorder

Hydride generation apparatus:

Gas tnlet-outlet tube; Ace Glass 9513-01 gas burning

apparatus, inner portion only with glass frit reaoved,

14/20

Reaction flask; Ace Glass 91<81-08 pear-shaped nieroflask

Syringe; Beeton-Diekinson 3-cs PLASTIPAK disposable syringe

needlss {SGAScientific S-9950), 22-gauge (or equiv.alfit).
PIPETMAH 2-200 nicroliter adjustabXe autopipet; Ralnin

Instrument Coiapany, P200D.

The hydride generation apparatus and transfer systen are
shown in Figure 1. The resetl. on flask is supported by a

ringsfcand. Tygon tubing is used for all connections. Hydrogen is
introduced through the fuel ("acetylene") port, argon through the

oxldant ("air ataiB") port, and AaH^ through the auxiliary oxldant
("air aux'1) port on the burner head. Argon flow rates of l>t.5
L/nin to the atomize- and 5 L/ain through the reaction vessel are
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SEPTUM

.
L^L
^

\

\ /
'^^^

ARGON FROM BURNER
CONTROL BOX

ARGONS REACTION
PRODUCTS TO SURNER

50-mL REACTION VESSEL

Sourea: Arthur D. Little, inc.

FttSURE 1 HYDRIDE GENERATION APPARATUS AND TRANSFER SYSTEM
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obtained by appropriate adjustfaents of the aspirator and fche

auxiliary oxidant flow control valve on the burner eonttrol boa*

REAGSNTS AND GASES

Hydrochloric acid, concentrated, reagent grade.

Sodlua hydroxide, electrolytic pellets.

Sodiua bGrohydride solutiaR. Oissolve 4 g KaBH^ (Alfa
Products 14122 10/32" pellets) in 100 »L of a 101 (w/v) NaOH

solution.

Selenium stock solution. Prepare a 1-ppa selenium stock

solution by serial dilution of 1000-ppa reference standard

(Fisher-Certified Arsenic "OOO-ppB Atomic Absorption Standard).

Argon gas, soncnereial grade (99.S?).

Hydrogen gas, eanaercial grade (99. 95S5.

PROCEDURE

Pipet 10 nL of saapls into a reaction flaslc. Add 10 nL

concentrate HC1. Prepare standards. Including a reagent blank.

fron the 1-ppn seleniua stack solution by appropriate aieroliter

additions to 10 nL of distilled wster in the reaction flasks and

treat stnilarly.

Attach the reaction flask to the transfer system. Allow at

least 10 aeconds for fctie argon to flush out the systea and then

inject rapidly, but with unifora pressure, 2. 5 aL sodium

borohydride solution into the reaction vessel using- a syriage and

22-gauge needles. Record the absorption signal. Repeat for each

Standard and sample. Detemine concentrations frcan peak heights.

APPLICATIOH

This method may be used to analyze solutions containing as

little as 0. 5 ug/L Se (araount of element which produces 1'S

absorption).

Representative caliSration data are shown in Table 1. The
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Sslenium Added

(w)

Blsnk

^5

. 10

.15
30

^5

eAUBRATlON

Abtorbanee

.025, .021,. 021

.066. . 061. . 057

. 109,. 115,. 115

.151, . 151, . 149

^03. . 198, . 196

^39, ^43, ̂ 34

TABLE 1

DATA FOR SELENIUM1

 

an

.022

.065

. 113
. 150
.199

^39

Stsndsrd
Dewation

£02

£33

JQ03
.001

^04

.005

Rslctivs
Standard

Dmristion
(%»

4.5

2.7
0.7

2.0

Z1

1. All Emples contain 10 mL cone. HCl 'nd 10 mL of warer.

Soures: Arthur D. Little, Inc.
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relative standard deviations of aeasured sbsorbaoce range fross
0. 7 to S. 6 over the 0. 05 to 0, 25 ug S® range. Typical absorption
sisnals for samples esntaining 0. 15 ug Ss in 6 M HC1 ars shown in
Figure 2.

INTZBFSSENCES

Ho significant effect on the aeleniun absorbance is observed

in the presence of lOOO-fold excesses of  », Pb, Cu, Fe, Sb, and
As in 6 M HC1.

The Sensitivity obtained by analyzing standards eontai. ning
1. 0 nL HCL and 6. 5'nLtffO^ (1. 13 abs/ug Se) was found to be only
slightly dirferentf-omtha sensitivity in 5 H HC1 (I. OIabs/ug
Se over the sane range). However, the sensitivity obtained by
analyzing standards containing no Hd and 7. 5 mL HNO, (0. 36
abs/ug 5e) was much less than the sensitivity in 6H HC1.
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EXHIBIT D. 3-3

COMPARTSO?! OF HYDRIDE EVOLtmON AND

ORAPHITS ?UB*fAC£ ( THODS FOR ARSSNIC, SSLEHIUM, ANTIWTY

AND HESCURY

Table 1 susaiarl.zea the analysis conditions and precision and

accuracy of the various hydride and graphite furnace nethoda.

This suiaaary is Included to illustrate the eapabilitiea of fches®

methods and to cover she range of variable operating paraneters

tAieh will be studied during th® method qualification period to

determine the applicability of these methods for the various

types of sasples in this ssudy.
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TABLE t

DATA FOR ATOMIC ABSORPTION MEASUREMENT OF ARSENIC. SELENIUM. ANTIMONY. AND MERCURV

Analyta MothoiL Aithyr D. LIttln inc. Metliod' EPA Moiliod*
».

Anenlc (A»| Kydilde Generation Matrix 4MHCI
Dolcctlon Limit 0.5 pgAtfl.
Prodsion 0.7 to 4.1% r.t.d.

on triplicaln ian>|)lci
uvui C-30^(o/L range

EPA Method*

0

w
«

*-
in

Graphite Furnace
(all camlldata method* u»8
N1 matrlu modlllcatlon*}

Dry
Furnaco < A*h
Condition* I Alomlia

Added N1 ConccntrBtlons

RfllMirted Range
Detection Limit
InJBCllon Voluma
Precision

12S*C/30toa,
1. 100aC/30 we
2.700BC/10tcc

1.0»
S-IOOfuj/L
tpg/L
20fiL
6.4 B.0% r.».d.
nwr 15-40 (Jg/L
ranip In waila
l.a 3.5% r. t.d.
uv<!lr20-100»tg/L
ranflu In lap water

11, SO«/IICI/IINO»
2(<gAt/L
8.5.9% r.».d. on
10 icpllcalcs over

S20(ii)/t. ranae

I.L. Manual Metlwl1^

ramp (o 100 C/50 see.
ramp to 1COOI>C/4 sec

2.000aC/10tec.

0.05%
t-24(«g/L
0.25 ̂g/L
25»<L
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Analyte

Salanium (Sa)

Method

Hydride Generation

TABLE t (Continued)

Arlliur D. llttln Inc., Motliod'

Matrix OMHCI
Dotccdon Limit 0.6<igSe/L
Precition 0.7.4.6% r.i.d.

In dieB-25pg/Lrangn

EPAMelhud*

0

pl
»

<~-
cr»

Graphite Furnace
(all candldata mathodt usa
N1 matilx modificatlonil

Dry
Furnace < A»h

Condlllont ( Atomlie

N1 concentration
Reported Run (|o
Detection Limit
Prccitlon

125ttC/30rac
1. IOOBC/30Mc

2.700''C/IOtec

0. 1%
BIOOftO/L
2B/L
4. t.14.2rtA
ovorB-IOO^fl/L
raiiue tit watur

EPAMadrod*

EPA Method'

(ICI/HiSO^IN^,
2 pfl Se/L
12-20% ..».il. on
10 rc|»licalus In tba
B-ta<Kj/L«aiiue

i. t.. MitniialMeUio<11''

rampto100t'C/46»ec
rampto 000°C/40 ice
2250BC/6 sec.

.OOt%NI
240^0/L
0.4^0/L

I.L. Manual Method*

Antimony (Sb( Graphite Furnaca

0»y
Furnace { Aih

Conditions I Atomize

ReporlcttHatuja
Diitcction Liinil

t26B C/30iec

800°C/30tflc.
2.700aC/10 sec

20300(«j/L
3MI/1-

ramp to 1 °C/4SOtec
ramp to 400nC/30 sac
2.260aC/l&tcc.

8-320 »ifl/L
3.2|iu/L
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EXHisrr D. u-1

PROCSDURE FOR OBTACTING ION CHROMATOGSAMS USING THS DIOKEX

MODEL 1U SYSTCH SOUIPPED WITH A WTSP AUTO CTJECTOH

This procedure is written for the Dlonex Model Itt ion

ehronafccgraph using system ?2, equipped with a 150-nm anion

precoliam, a 500-ma anion separator column, an anion suppressor

column. and a 0. 003 M HaHCO^/0. 0024 M 'iagCOg aqueous elusnt.
The suppressor column needs to be regenerated after

approximately every 20 hours of operation. If the suppressor

eoluan has not been regenerated (check with last Operator),
perfora the . reg.eneration steps: if systen has been regenerated
skip to step 9.

ANALYSIS AND REGCTEBATIOH

1. Fill the bubble trap tube attached to pump 93 with
de-lonized water.

*

2. Set control valves in the front panel of the Instrunent
for systan tf2 all IB the down position except the
suppressor switch (last one). The flow sheet should show

water nowing only through the suppressor and Into the
detector.

3. Start pump fl2 and adjust flow -ate to 90S on the

alcrcxneter adjustment located at the right side of the

pufflp. (System pressure should not exceed 6QO psi.)
4. Let water run through the suppressor for 10 minutes.

(Note the conductivity meter decreasing to that of water
Cl-10-uHhos3 on the log seals.)

5. Stop puap <?2.

6. Hip suppressor switehto bypass/Rgn (down position).

7. Make sure water container and IN HgSO^ containers have
solutions in them (if less than 1/4 full, refilX).

8. Push regeneration start (green button). (Make sure

regeneration tiaer is set for 15 ain and rinse timer is
set far 30 ain. ) Once started, this operation is
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on recorder f2 should settle on approximately 100S full

scale. Full scale should be approximately 200 nm of

paper divisions, (Using this procedure for example gives

actual ranges recorded by recorder 9r as 3 u'ftos full

scale and recorder 32 as 30 uMhos full scale with the

Dionex switch set on 30 uMhos full scale.)

21. Switch both recorders off and condition th® sygten by
running pump 92 on for 45 ain. (While the system is
conditioning, steps 22 and 23 nay be perforaed.)

22. After 45 ninutes. Set speeifie conductivity to linear

and set both recorders on. Bring response on-seale with

offset gui tab and check for a flat baseline on recorder
^1. :1:1:::::::1 .

23. When baseline is achieved, set recorder fr en

approxinately 301 full seale by th® coarse/flne offset.
(This serves to allow a downward drift in the baseline
when tenperature fluetuates.)

24. Push start en WISP (See VIS? directtioaa in the next

section. ) Let ayaten run to completion.

25. Switch off recorders manually or autcnatieally after all

samples have been processed. Switeh pump f2 off.
26. Start regeneration eyele as in step . ?.
27. Remove ehartsand evaluate data.

DIBECTIQHS FOR USS OF AUTOMATIC SAMPLE IHJECTTOH APPARATUS
(VISP SYSTCM) FOR TON CHROHATCGRAPHY (VISP)

Vifch systen power on and eluent running:

1. Place samp les in vialsand place vlala In tray.
2< Place tray into the VIS? and close door, the tray yitl

autonatically align to proper location.

3. Flip to auto.

4. Set sample no. to zero. .

5. Set desired sample injection volune (usually WO aL) by
pressing sample volune button, then pressing 100, then
pressing enter.

C-E. 50

- Doc. Ex. 9028 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



7.

8.

Choose run tlrae (usually ebpomatograa leogth for snions

Is 30 nin). Enter by pressing run time, then pressing

30. then pressing enter.

Choose number of replieates (1 s®"s^ally« unlesa

otherwise noted).

Check system messages to read;

S sten Messa e

66
67

79

Bead

00

00

20 (2. 0 aL/nin purge)

(Scanple: press system nessage 66, then press 00, then

ent-er.)

9. After pressing enter for system message 79, press enter

once more, wait until system perforas all of its

autonatic functions. Sy3 te;a will be ready to start when

it reads sanple No. 1.

10. Press run when ready to run samples (when baseline has

been achieved); systea will then purge, and then display

error 103. IGNORE the error. The first Injection will

occur after 10 ninufces, and a delay between injsetlons

of about two minutes will occur.

ION CHROHATOGRAPH? SOLUTIONS

Standard Anion Solutions

One liter of each of the following Solutions should be part

of the laboratory supply for preparatl. on of calibration eurvss

and determination of retention times when trying to identify

unknown speei.es. A aiied ion standard solution is used to check

coliBsn set resolution. (For th® most accurate standards, ovsn-dry

chenieals afc 1050C for one half hour end cool prior to weighing.)
To obtain the following 1000-ppra solutions, dissolve reagent

grade chemicals in de-ionized water.

C-E. 51
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Dissolve 2. 2100 g NaF/liSer

Dissolve T. 6K89 g NaCl/liter

Dissolve 1. U998 g rfaNOg/liter

F~:

a":

N0,°:

P0^~^: Dissolve 3.7710 g Na^HPOq . 12 H^O/liter

Br

NO

so

«

I:'-2:
'11 .

(undrled)

Dissolve 1. 2377 g NsBr/liter

Dissolve 1. 3737 g NsNO^/liter

Dissolve 1. 8T42 g KgSO^/liter

To prepare a mixed dilute anion standard solution, add in a

1-liter volunstrie flask and dilute to 1 IJ. ter with de-ionized
water the following quantities of 1000-ppiB standard solutions:

F~ solution:

Cl~ solution:

K0^~ solution:

POq" solution:
Br~ solution:

tSQ^~ SOlutiOB:

S0^-'* solution:

3 nL s 3 ppa

4 aaL a 4 ppa

10 nL s TO ppns

50 nL s 50 ppn

10 aL s 10 ppa

30 nL s 30 ppn

50 nL = 50 ppm

Various other standard aixes for different analyte
concentrations aay be made.

Be eneratlon Solution (1 H H 30^)

To prepare a gulfurie acid soXution for rsgeaersfion of th®
anion suppressor column, dilute 111nL cone.

or dilute 555 aL cone. H^SO, in 20 L DI H^O.
anion suppressor co:L"m"* dilute 111nL cone. SgSOg in tt L DI H^O;

Standard Eluent for Anlon Anal sls (0. 003 H taHCO., 0. 0024 H
SasCT^l

The standard eluent solution for anion analysis is prepared
by dissolving 1. 0080 g NaHCO^ and 1. 0176 g Na^CO^ in 4 L 01 H^O.
Cor S. 0400 g laHCO^ and 5. 0880 g NSgCOg in 20 L 01 H^O).

General eluents should be prepared froa filtered D I or

C-2. 52
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distilled water and reagent-grade chezsieals. They are noraally

prepared in 4-liter collapsible bottles whieh are placed in

labeled cardboard boxes. After neasuring a. O liters of water into

a bottle, outline the top of the vater line with a pen to reduce

future preparation time. Also 5-gallon carboys (or 20 liters) ef

eluent nay be prepared for long-tern u3e. Equillbriia tisse for

the eluents depends on teaperatura, the particulcr eluents being

prepared and the eolunns. For all except very wera solutions,

one half heur to one hour is suffieienfc.

EVALUATION OF 1C DATA

1.

2.

Use form shown in Figure 1 to sunn arize the data. Plot

peak height (or area) vs. concentration.

Data are reported for F-, d~,

identified peaks.

wo, SO,, " and any other
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ETOIBTT D. 5-1

KSASOTEHCTT OF H

Measureiaent of pH using this procedure raay be made on liquid

or slurry samples In the field and/or in ^he laboratory.

The pH can be neasured with any glass reference (i.e.,

saturated calonel) electrode set provided that the following

points are observed:

1. The glass electrode must be clean and free of cracks and

other narks. A wide-range (0-14 pH) indust-ial-quality

electrode is recoaaended. A new glass electrode should

be soaked in water (of pHt buffer solution) for one half

hour before use.

2. The reference electrode Bust be filled with the

appropriate eleetrolyfce (generally 4 H KCl aat.urated
with AG+) for the calomel electrode. Ueetrieal

conductivity through th* liquid junction Bust b®

eonfiraed (generally indicated by different response for*

different pH buffers). A sleave-type Junction is best

for this purpose, although the electrolyte Isvel aust be

checked frequently since the electrolyte leakage rate

tends to be high with this junction.

3. %e electrode pair or eonbtnation electrode sust be set

(i. e.. Standardized) using a standard buffer reasonebly

near the expected sanple pH, and cross-checked against a

buffer beyond the expected sample pH. This latter check

is extrenely inportant to prove the linesrity of

electrode response in the region of interest. Provided

that fresh buffers are used, th® indicated pH should be

within 0. 1 pH unit for the check (second) buffer* At

least three buffers should be used. The manufacturer's

instructions should b® referred to for £ detailed

procedure.

^. Care should be taken In liciting exposure of the ssmple

to the atmosphere (i.e., ninlaal agitation during

aaalysis).
Additional inforaation can be obtained in Referenee 7. 18.
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EXHIBIT D.5-2
ABALTSIS OF TOTAL DISSOLVED SOLIDS (TDS)

SCOPE A.TO APPLICATION

The purpose of this analysis is to evaluate the amount of

dissolved solids in various liquids. Ifce samples will include
liquid aliquots from ash slurriss. FGC waste liquors.
groundwater, and surface waters,

SUHHART OF METHOD

An aliqyot of filtered Uquid Is dried eonpletely st 1200C
and the residue weighed.

APPARATUS

Clean 150-nL beakers

Drying oven equipped with a thernostatie control espabl®
of naintaining the teaperature within a 20C ranse
Desiccator, provided with a desieeant coBtatniag a color
indicator of moisture concentration

Analytical balance, 200-g capacity, capable of weighing
0. 1 ng

50-mL volunettrie pipets

KEAGES7S

Kooe required

PROCSDURE

1.

2.

A clean 150-aL beaker is placed in the drying oven at
120-C overnight. After heating, it is placed in the
desiccator, cooled, and then weighed.
The beaker is then replaced in the oven and hfiated far 1
hour at 120°C, deaiceated, and weighed to constant
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weight.

3« A 50-mL aliquot of the saraple is pipetted into the %ared

baaker.

S, The besteer is placed In the aven ovsmight at 120 C.
5. Th® solids ere desiccated and vsighed according to

desiccator procedures.

C&LCULATIOt?

(A.B) X 101-«

. mg/LTDSatllO'C

lAfepe A s weight of drisd residue and beaker in grsres?

B s weight of beaker in grams; aad

C s nL filtrate used.
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CCHIBTT 0. 5-3

PROCEDURES FOR ANALYSIS OF SULFIT? AN!} TOTAL OXIDIZABLE

SULFOR (TOS)

Three sulfite and/or TOS procedures are ineluded in this

section. (See Reference 7. T9. ) The first two are for high levels
In solids and liquids and the third is for trace levels in

liquids. High levels of sulfite are measured by reaction with
Iodine and back titration with thiosulfate. Trace levels nay be
aeasured using a nodified Vest-Gaeke eolorlaetrie procedure.

TOTAL OXIOIZABLS SULFUH (TOSl IH LIOUISS (HIGH LSTCLS^

1. Transfer 30 nL (aeasursd to +. 02 nL) of 0. 1 Ig solution
into a 125-aL Erlenmeyer flask and cover with a

vatehglasa. ttote: Experience may show that soae saaples
nay require nore or less iodine.

2. Add approxinately 20 nL of distilled water and 2 mL cf

glacial acetic acid. In lieu of acetic acid, 15 nL of
0. 1 N HC1 nay be used.

3. Pipet 2 nL of saaple (volunetrie pipet) directly into
the acidified iodine solution while swirling the

solution to assure rapid nixing of the sample. If all
iodine color is discharged, repeat the procedure using

nore Ig solution and adjust eateulations aceordingly,

Back titrate with 0. 1 N NagSgOg to pale yellow eolor.
Add starch solution to givs blue color and cor. tinue

dropwise additl. on of titrant to disappearanee of hlue
eolor.

5. Calculations:

4.

TOS(mo!es/L)
[(aL I,) (N I:)]-[(mL S^O, ) (N S;'0, )l

(2)(2mL)
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where

K Zg is the nonnality of th® Ig solution;
K SgO^ is the nomality of the Na^SgO^r and
2 is the equivalence factar for noles of asidizable

sulfur.

TOTAL OXICIZABLE SULFUR (TOS5 IN SOLICS

1. Weigh out from 0. II to 0. 12 g (weighed to i.e.. *0. 0001

g> of solids on a weighing paper or boat.

2. Transfer 25 nL of 0. 1 N Ig solution IntQ a 250-nL
Srlenneyer flask. Add approxitaately 75 nL of distilled

water and 10 nL of IDS HCl.

3. Quick transfer the weighed solids to the iodine solution

and cover the flask with a watchglass.

S. Stir the suspension until all of the aolids have

dissolved. A aagnatic stirrer is useful for this

operation. Break up any lunps with a glass rod. Note: In

solids with a very high CaSO^ content, not all of the
solids will dissolve in the acid. In general. all solids
should dissolve in 30 ainutes.

5* is soon as all solids have dissolved, back titrate the

eseess Ig with 0. 1 N NagSgO^. When th® solution h£S
reached a pale yellow eolor, add starch 3olution to give

a blue color. Continue the titrafeion dropwise until the

blue color is discharged.

S. Carry at least one reagent blank through the process,

using the sane length of stirring tiae as for the

sample. This ulll help to ascertain whether sir

oxidation is causing an interference in the aethod. The

blank titer (voluae of WSgSgO^ per volune of Ig taken)
should be within 0. 005 of the standardization titer.
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To Caleulstions:

TOS(mmtool«.. g) . ^ffi2-^XN^)-(mLS;0, xNS:03)
(.2) (g ample)

where

M Ig and N SgO^ are the normalities of the ly and
Na^SgO^ solutions; and
2 is the equivalence factor for aolss of axidizable

sulfur.

DCTERMITIATION OP LOW COWCSNTHATTONS OF SULFI7E IN WAT2H

PriDciple: Sulfite in an aqueous Sanple is deterained by an
extension of the method of West and Gaeke9 in which

sulfite is stabilized by rsaction in tetrachloro-

nercurate ion and measured by eoloriaettry using a

fomaldehyde/p-rosaniline color rsagent,

Reagents: NagHgCl^ solution, 0. 0« M, prepared by (iissolving

10. 86 g HgClg and <?. 58 g Nad in 1 L voluae with RgO
Para Rosaniline stock solution, 0. 2S In 1 M HCt

obtained from Eastaan Chemicals

Phosphoric Acid, 85S

Phosphoric Acid. 3 M, prepared by diluting 205 aL of

851 into 1 L volume with HgO
Formaldehyde, 36-38S

Fomaldehyde Reagent, approxinately 0. 02 M, prepared

by dissolving 1.23 g of NagSQ^ in 50Q mLof
deoxygenated water under a nitrogen ataospheret
standardize by back Utration with iodine and

thlosulfate. Store under nitrogen.

Ig solution, 0. 1 H
Dilute ^agSO^ standard solution, approximately

4 x 10~^ M; prepare by dilution of 2 aL of

C-E. 60
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spproxiaately 0. 02 H in 100-mL voluae of

deoxygenated water. Prepsre isaiediately before

use and maintain under a nitrogen ataosphere

while sampling the solution.

Nitrogen, purified

Specttrophotoaeter equipped yith two 1-ca eslls

Procedure!

1. Plpet 200 BL of the Ma^HgCl^ solution into a 50-nL
volumetric flask which is covered with aluainun foil to

protect it froffl light. Deoxygenate th® solution by

bubbling N-, through it for 10 nlnutes.

2. Pipst 2 aLsanple [concentration (1-4) xlOKsuXflte]
into the solution inserting the tip of the pipet under

the surface of the liquid. The sulfttc is now

stabilized, and these samples can bs stored for several

hours as long as they are protected froa light. For

higher concentrations of sulfite, stabilize 2 nL of

sample and take an aliquot containing (2-55 x 10aoles

of sulflte.

3. Prepare a set of standard stabilized solutions, covering

the rang® of (4-20) x 10~6 M, using 0. 5 to 2. 0 aL of the
dilute standard sulflte solution in place of the

samples. Analyze these standards sinultaneously with the

samples.

fl. Pipet 4 aL of 0.2S fomaldehyde solution into all of the

samples and standards.

5» Pipet 10 mL of the para-rosaniline reagent Into all the

flasks and start a laboratory timer that has been set

for 30 ainutes after addition to the first fl£5k.

6. After addition of J<he reagents, bring all this flasks to

volume (50 aL) with distilled wster which has been

deoxygenated by sparging vith nitrogen for 10 ainutes

just prior to use.

7. After 30 ninutes detertaine the absorbanee of the

samples, stsndsrds, and blank, at 548 na -/srsus
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distilled water. If the absorbanee of the blank exceeds
0. 12, the measurements nust be repeated with new

reagents.

8, Prepare a calibration curve by plotting the corrected

absorbanee ^Aba^^ ^^ - ASs^^g^^) vs. concentration of
sulfit®.

9. Detenaine the concentration of sulflte in She saaples by
conpariag the corrected absorbanee (Abs____, _ -

Ab3t)lank) of the samples with the standard curve.
An exanple of a typical calibration curve is given in Flgurs

1. -The sulfite concentrations given are those present In the

measured solution. If the absorbanee of the sample ia outside of

the calibration range, an aliquot of tbe stabilized sulfite
solution may be taksa to bring the concentration to the

neasura&l® range.

.Anal. Chen. 28. 't8l6, 1956.

.
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EXHIBIT D. 5-<

HEASUSEHENT OF ALiCALIHTrY/ftCIDITT/CASSONATE

The following procedures are given for deteraining the

hydroxide carbonate, bicarbanate of various sanplea using several

alkalinity 'sieaaurementts. These are:

Phenol phthalein allcalinity;

Total alkalinity by mixed bromoeresol gre n-aethyl red

Indicator method;

Total alkalinity by methyl-orange tndieator method;

Potentlcmetrie titration of low alkalinity:

Thymolphthalein alkalinity in solids and liquids; and

* Thymalphthalein acidity in liquid samples.

Use sample volunes requiring less than 25 nL of titrant

because they yield the sharpest color Changes at the end point.

If indicator methods are used, remove the free residual chlorine

by adding 0. 05 mL (1 drop) 0. 1 N sodiun thiosulfate solution or

by ultraviolet irradiation.

PRENOLPHTHALECT ALKALDII7?

Add 0. 1 aL (2 drops). phenolphthalein indicator to a sample of

suitable size, 50 or 100 nL if possible, in an Erlenmeyer flask.

Titrate over a white surface with 0.02 t sfcandard acid to the

coloration corresponding to the proper equivalence point of pH

8, 3.

TOT&L ALKALINrTY 37 HIXSD BROHOCSESOL GReOT-HETHTL R£D INDICftTOR

HETHOD

Add 0. 15 nL (3 drops) indieator to fche solution in which the

phenolphthalein alkalinity has been detennined, or to a sanple of

suitable size, 50 or 130 nL if possible, in an Erlenaeyer flask.

Titrate over a white surface with 0.02 N standard acid to the

proper equivalence point. The indicator yields the following

color responses: above pH 5. 2, greenish blue; pH 5. 0, light blue
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t'ith lavender gray? pH l!. g. light pink-grsy (.At^ 2 &l-. -sh cast;
PH it. 6, light pink.

^0~A^_ALXALrNI°T 3? WST~TVL ORA'-CE INDZCATOS KrTriOD

Add 0. 1 mL (2 drops) indicator to the solution in which the

pbenolphthslein alkalinity has been deteralned. or to a saffipls of
suitable size, 50 or 100 aL if possible, in an Srlemoeyer n.ask.

Titrate over a white surface with 0. 02 H standard as-d to the

proper equivalence point. The indicator changes to orange at pH
4. 6 and to pink at <. 0.

.'. :, _ . -:.N 3F LOU ̂ LEALINI

For greatest accuracy, titrate low allcalinites (less than 10
ag/L) potentionetrically rather than by intilcator nefhocSs.

Potentioaetrlc titration avoids the error due to the sliding end
po^t caused by free COg In the saniple ?t sompletion of the
titration.

With s nieroburetfce, ti te carefylly a saaple " of suitable
size, 100 to 200 aL, and record the voluae C Cin nL) of .. 2T'--:r'i

acid titrant (no. ,-. ality N) required to reach a pH of 4. 5.
Continue the titratioa to pH 4. 2 and record the total volume D

(In taL) of acid titrant. (Precise standardization of the pH aeter
Is unnecessary.)

CaloulatioBs

1. Jhdieator Msthoas

Hwaolphdaleia a&alinity
us^/lCiCO,

A &Nx 50J300

nLSaaaple

Tota! tBaIinity
asag/LCaCOs

BxNx 50^00
aLSuapfe

2. Psfceafeioaetrie Hetftos for Lsw Alkallaity

Total iBealsury
asag/LCaCO,

. pC^^x Nx 50.000

siLSaaipie

C-2. 65
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irtiere

A s nL titration for saaple to reach th® phenolphthalain end
point;

B s total mL titration for sample to reach the second end
point:

S s aL tltration for saaaple to reaeh pH S. 5:

D s total BLtitration for ssnpXe to reach pH 2. 0; and

N s nopaality of acid.

Rote: If total slkaltnity is deternined on the sanp3,e used for

phcnolphthslein alksllnlty, be sure to Include the voluffie

of acid required for the phenolphthslein titrstion, &. iR

the total aillillters, B, of standard acid.

Calculation of aikalinifc Relationshi s

The results obtained free the pheoolphthalein end total
alKalinity deterainafcions offer s aeaos for the stoiehionsfcric

classification of the three principal fonas of slkslinity present
in many water supplies. The classification ascribes the entire

alkalinity to bicarbonate, earbonate, and hydroxld®, end essuaes

the absence of other (weak) acids of tBorgaaic or organic
eoaposition, such as silicic, phosphoric, and boric acids. This

elassification system further presupposes the ineoBpatibility of
hydroxide and bicarbonate alkelinlttes in the sans saBple. Since

the ealeulstions are msde on s stotehioaBetric basis, ion

concentrations in the strictest sense sre not represented in the
results. According to this seheae:

1. Carbonate slkslicity is present when th® phenolphthalei's

alkalinity is not sero but is less than the tetz.1
elkalinity.

2. Hydroside slkslinity is present if the phenGlphthalein
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slkslinisy is -~» than half shs total slksliaity.

3. Bicarbonate al -alisity is present if the phenolphthalein

slkalinity is less than half of fch@ total alkalinity.

Tne sathematica- conversion of the results is shown in Table I.
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Rs»uh of

Tication

TABLE T

ALKALINirf RELATIONSHIPS'

Hydroxid*
Alkalinity

a* CaCOs

0

0

0

2P.T
T

Caraonan
Alkalinity

atCaCOi

0

2P
g>

2fT^»
0

Bicarbonaf

Alkalinity
tCaCO,

T

T.2P
0

0

0

1. P-phenoKihthatsin tltulinittr; T . toBlstlalinity.

C-2. 6G
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THWOLPHTHALSIN ACI-DITT IN LIOUTD SAHPLE3

Acidity (seasurements may be sade on ash liquors.
InterpretatioR of the acidity aust Inelyde cista on any resultant
precl.pitation of aetals during the titration which eonsumss

alkalinity. The following procsdure is given for samples which
contain negligible eoneentratiens of Betals »Aieh precipitate in
the pH 4-10 region.

Aeidit Liouids

5.

Transfer 15 uL (^. 01 nL) of 0. 1 K NaOH solution into a

125-nLErlenaeyer flask, and add 2 fco 3 drops of
thyaolphthalein indicator solution.

Plpet a 10-nL aliquot of saopl® into the NaOH solutioR
and nix well.

If soluti. on renains blue, tttrsts with 0. 1 N Hd to

disappearance of blue. Mote: If too BBuch indicator has
been added, the end point is seen as s narked decrease

in intensity o? the blue celor when 1 &o 2 drops of HC1
ere added.

If iRdicator color (Sisappears during addition of sample
end does not reappear upon nixiag, repeat the
detenninatioa using a larger aliquot of 0. T H NaOH.

Cis exact Si of the NaOH is detenained by titrating s
known volune (15 BL ^. 01 nL) vith 0. 1 H HC1 to the
fehyaolphfchalein eodpoint. Then ;

NNaOH mLHa
" nLN^H x (NOIIK:I>

6. Calculations:

Addity (csoies/L) " {ccaLNaoH> (N NaoH5I - ? HCI) (N HCI)]
lOaaL

Nhere N NaOH = the exact nonEality aeteralaed above.
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rA-HIBIT 0. 5-5

PROCEDURES FOR ANALYSIS OF C-'. RBOH,... S :W SOLIDS:

Because calciu'n is p-esent in many FQC waste solids, th°

carbonate is separated and aeasured as CO^ after first. oxidizing
all sulfite species to sulfate. Note: Once the detemination is

started, it nust be carried through step 13 (acid to broaocresol

green) in order to avoid error from sbsorpfcien of atnospherie
co,'2-

1, Set up the apparatus shown scheaatieally In Figure 1.

Three nidget isplngers or nidget bubblers in series will

t-ivc a 985 collection efficiency for CQ^*

2. Just prior ts perfffraiRg tfet .-Ral^5..s, place ec mL ;.''
0. 1 N HC1 and 3 nL of nethy: :- i: :inci=atc-r- sc. -tisr "--. ?,

the addition funnel. Also transfer 15 nL of 0. 5 N NaOH

into each of the aidget iapingers.

3. Transfer between 1. 0 and 1. 1 g (wsighed to 4.0. 0001 g) of

the solids into the reactor, and add a aagaetic stirring
bar and 50 nL of distilled water.

4. Add 1 drop of pnenolpr. thalein solution, and then add 0.1

H }, ̂ .. -. dropw. se un-c. il a peniianent faint pink color is

seen in solution.

5. Add 5 nL of 30S hydrogen peroxide and iamediately seal
the systea. Then gfcsrt the nagnetic stirrer.

6. Start the sparging systen and adjust to give an air flow
of approximately 2 liters/ainute.

7. Add the 0. 1 N HC1 slowly Into the reactor until the
. yellow color (from the nethyl red) turns red.

8. Continue stirring and sparging until all the solids

dissolve. It nay be necessary to add nore the of 0. 1 N

HC1 dropwiae in order to achieve eoaplete solution.

9. Once. all solids have dissolved, continue th'e purge for
15 nore minutes.

10. Transfer the inpinger solutions to a ISO-oL beaker

washing the inpingsr with distilled water to erfeet

quantitative fcrar.sfer.
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Nusdlt
Valw

To Vacuum /-m^'~
Pump 2^2^®'-/'-

Midges Impinger

Flow Meter
"^.'

u.

I
"s

125-mL
Addition Funnel

ZSO^nLPlMk

. Gas Disoersion Tube

Magnetic Stirrer

^^

Souru; Arthur D. Litttl, Inc.

FIGURE 1 APPARATUS FOR CARBONATE IN SOLIDS
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. Î?
!'

1» f̂
- ! *«
: s

ft »-
«,

0 .1 ta I y 0 <» 3
-

(B

?
 ? I 
'.

^
 -

c 0
. 

3
-
 

r*
.

0 -^ u
> a> ?,
<a a
:

r^ ^° (U i 1
-*

(1
> . 
t-

M̂ J ffi
.

u
a

a I
*

:J c: t^ »» tf
l

!5 I 
. ti u a
i

- Doc. Ex. 9051 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



where

N HCl s normality of HC1; and

K NaOH s normality of NaOH to brotaoeresol

& s nL tltrstion for sample to reseh phersolphthalsin
end point.

B a total isL titration of acid added.

Ss aL of NaOH for beck titrstion to tero%ocresol grsen
end point.
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EAPI8-^' ".. 5-6

D HINATIO." OF TCE QUANTITY OF ACID INSOLUBLE HATEHIAL*

This proceeurs is applicable &o FGC waste solies which are

Misfeurs® of ash sset FG3 matepials. JSs app-oxiiaste eeasurs of ssh

contest can be obtainea using this procedure.

1. Add a 0.5- to 1. 0- g saaple to 40 nL of 1 S HQ.

2. Stir the n&xture or shake it for f hour.

3. Filter th® resultant slurry thro^h a Millipore AA tsreti

filter.

fl. &"y the resultant filter and solids at 85 C to cottstaat
we^ht.

5. Ca.eula-i--.

wei^it of dried residue
%AcidIasolublss . -.-.".".T~~" ~ "---- x 100.

weigfat of ssBngfle takca

. This corresponds only to that portion of the saaple yhieh is

insoluble in 1 N HQ.
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EXHIBIT D. 5-7

PBOCSDURSS FOR SULFATE (S0.̂ =) AKALYSSS

This asthod is applicable to solid saBples. (Anslysis of
sulfate in liquid samples will b® done by oxidaticm of the

sulfite, messurener.t of total sulfur by ion ehromatography £ftesr

dilution, and subtracting the TOS originelly present in the
liquid.)

1. Set up the sparging/boiling apparatus as shown in Figure

1, and add 30 nL of distilled water to the Erlenraeyer
flask(s).

2. Heat the water to boiling and purge with a gentle

nitrogen flow for 3 aiautes to renove dissolved oxygen.

3. It-ansfsr 0. 3 to 0.8 g (weighed to 4.0. 0001 g) of saffiple

to the purged wster.

t. Purge with nitrogen for 3 minutes nor®, then quickly add

10 ffiL of 1 K perchlorie acid (restopper flask quickly)
to dissolve ssnple.

'S. When ell solids have dissolved, bring to s boil snd

purge for at least 30 aiautes (no Xsss). Then cool

solution.

6. Transfer the solution to a 150-oL beaker, add 2 drops
broaocresol green indicetor, end neutralize (to withio 1

drop on the acid, yellow, side) with 1 K NaOH and 1 M

HCIO^.
7. Add 5 g of washed catioB exchange resin, and Eix

"(sagtiefcle stirrer) for30 ainutes.

S. Filter th® solution and resin through a 1-inch thick bed
of the sane rssin contained in s sintered glass filter
crucible, end wash through with distilled water. Th®
fcetal voluas of solution plus washes should be less then

100 aL. Note; This ion-exehange operstion egR also be

carried out on a eolunn containing 10 g ef resin.
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N, Man;'fc d

Paneur Pipet Or
CDropping Pipet Tio

-srew - . 7;

Vinyl Tubing

Rubber Sapper, Notched to
Allow Gu to Escape

Clamp

50-mL Erienmeyer Flask

Hot Plate
or Hot Waur Bath

Source Anhyr D. Linle, Inc.

FiCURE 1 APPARATUS FOR SULPATE DrTERMINATION

C-E. 77

- Doc. Ex. 9055 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



9. Allow to cool ana transfer purges solution into a 150-reL
beaker. Ada 2 drops bracocresol green Inaieator solution

and neutralize solution with T S NaOH oi.ig one arop of
HQO after inaicator has tursea green.

10. Aad 10 ffiL of 1 H Na 0. Oy solution and eooush asethanol ta
make a 50$ (v/v) solutioa.

11. Uader rapid stirring, sad 25 nL of standaroizea (0. 1 K)
lead perchlorate soluticn. the anouat of lead aaiied

should be such that an excess of lead reBaias ia

solution. If necessary, readjust pH of solution to 3.5

to 4-5 with HClOy or SaOH.
12. Back titrate the excess lead with 0. 2 H Na^SO^ solution

using the EMF between the leaci-aeleetlve specific ion
electroae ana the aou&le-junction refereoc® electrode to

ilidicate the eBd point. Titraat ificreaeots etth®

end pciat should be 0. 1 tnL. The end point regioo can be

seen froic the daily staftdardization curve, a&6 Bay vary
because of changes in the condition of the lead

electrode. The end point can be detemiaed graphically or

by means of the seeona derivative technique.
13. Calculatiocs:

Sulfate fnfflimoles-e^» TCmL leadDcrchl. -) M lead i>CT;h!. '» - fmL Na, SO, VfM Na. SO, t?
g sample
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HHIBIT

HEASUSEMEKT OF RADIOACTIV... IN VARIOUS SOLID

SSQ LIOUTD SAWLES AND ?BOH THE SITS

^OLZSS

Radioaefcivlty in the solid phase will be eharseterizsd by

225-radiua ('"'""Ra) concentration.
226,Two methods are suggested for ""."Ha. The first, involving a

considerable amount of wet chemistry. is based on measuring radon

eaanation from the dissolved sample. This method is specific to

'Ra and so has little or no interference from other nuclides.
226,

T e se=";r-d !is°t":oc, bas. :GK gaisss-rsy sr'eizrcsc-^y s. "~e 'Ra

daughter products, is soaewhsfc less specific th£ ^he radsn

enanation method, but involves no wet chemistry and so provides

najor savings in the analysis effort. In addition, the second

aethod uses saaples of 0. 5 kg, while the first uses 1-g saaples.

226
Ea 1* Bsdon Emanatien

Sssp;. ss containing up to 1 g inorganic natter are used.

Treat-ifi-t foil rfs that of *"->'Ra analyses of sus-'endei aatter as

in Reference 7. 20, or EPA nodification of this nethod. The

procedure includes ashing, grinding, alkaline fushion, acid

dissolution of the fushion, sealing the solution for a lcnown

period (preferably seven days or longer, for grow-in of '. '. *"Ra

daughters), de-ga5sing of the *""*"Ra into a calibrated alpha

particle-sensitive scintillation chamber and alpha counting.

Correction is made for grow-in of radon.

226
'Ra by Sealed Sam Ie Ganna. Ra S ectroscoox

Samples containing 50 g natter are sealed in gas-tight thick

polyethylene jars or bags for periods of seven days or nore.

Intensity of the 1. 76 HeV gamma ray of "'"Bi, a short-lived

radioactive daiighter product fonaed in the decay chain of '""'Sa,

C-E. 79
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is aeasured using s calibrated low-baelcground RaICTI]

seintlllstion or CL£3 seaiconctuetor detector. Energy rang®

nonitored In the flsI:TT erystsl is 1, 6 to 1. 9 ^eV. Background of

the counting system with empty jars or bags is subtracsed to glv®

net activity of the ssnple. &rrection is made for grow-in of the

setl. vity. The mefchod has been routinely used to d&teralne

concentrations of

Reference 7.21.)

225
Rs in soils, rocks, and bones. (See

LIQUIDS

Badtoeetivity la th® liquid phase or in liquid estrsefcs of

the solid phase is to be eharacteri. zed by analysis of

'Ba, total alpha, and total beta act. ivities.

226
Rs,

228
Rs b-u' Barlun Co reejl itation

In order to isolate '"."Ra from the nuclidea from which it is

foraed, the '-'. "Ra sust be renoved froa solution. The nethod is

based on bariua eoprecipltatloo of aU the radiua in solution,

drying th® precipitate to fora a thiB Isyer (not to ssceed 10 Bg

dried matter per sq ea of precipitste) on s planchet and

seasuring the beta activity of the '-""Ra daughter product, <-'-OAc.

'Ba enitsonly a veak beta particle, but its first daughter

-Ac emits a 1. 11 MeV beta. The ^.'Ae grows into the newly

foraed radium precipitate with a 6. 1-hour half life. 4 gas
flow-fcfarough proportiooet counter with voltage set for beta

eounting is used to detersiRs fch« beta setlvity ef th@ ssraple.
(S©s Reference 7. 15.)

226-Badius b .. Barlun Co reciDitation

The bariia copreeipitation of 228Ra carries with It 226Ra. If
the precipitate on the pXanehet does not exceed 5 ng matter per
sq en. the sane sample can be used for 22®Ra .nd 22^Ra
deterainatioo. The thinner precipitate is required since 2?6 Ra

C-E. 80
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emits 4. 78 KeV alpha particles. A gas flcw-through p'-cpc-"

counter wifch voltage set for alpha eounting is used. (See

Reference 7.22.)

An alternative sethod for '"'"Ra in wster consists of storiag

fin alternative aethod fop """Ra in water esnsists of sfcorirag

th® outgsssed i?gter> In a radon-tight eentalner for a taioun time,

pcferably gscesding ssven days. &s"gas ssd Mggsupe feb® "~'"Bn in

en glpha scintilla&ion flegk and esleulste the '-.'Ra

concentration from the c'*"'%n grow-in. For water with lay specific

eeteivi&ys larger trali^es (5-10 D sey b® do-gessed ©nto s eol6

(2-30°C) setivsted -1---=oal rsdon trep, snd th® trspp^sd rsdon
feh®n released by .-a-aing to 80 C or Bore into s saall alpha
seintillstien (Lucas-type) flask*

Total (Gross) Alpha and Befca Radioactivity

Eveporets a water sample ©nts e planchet suitable fer- us in

B gas flow-through proportional counter. Dried solids should not

exceed 5 inr/sq en for alpha counting and not ssesed 10 ng sq/cm

for beta ec. anting. If one saaple is to be used for bo- alpha ant'

beta, then 5 ng sq/cm should not be exceeded. The precipitated

alpha and beta radioactivity on the planchet is neasursd in a sas

flow-through proportional counter. (See Reference 7.23.)

222-Radon Flux st Landfill or Pond Surface

Gaseous diffusion and/or convection across the surface

rface
222,

Interface can transport '~*"*Rn fonaed in the decay of -"Ha.

'Rn flux is aeasured using canisters containing activate'j

charcoal placed at selected locations on the surface of a

landfill or pond and at selected locations adjacent . to the fill

or pond. The canisters are left in place, usually under a

protective housing slnilar to »n empty inverted tin can, opened

at one end, for several hours to several days, depending on the

specific *"~"Rn flux across th® interface. Upon completion of the

recorded Besaursaent period, the canisters are . put into thick

C-S. 83.
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plastic bags, the bags are sealed and stored for several hours &o
allow grow-ln of the short-lived gancaa-enitting radon daughter
products, <?24Pti and -1 Bi. The aceunulated ganios ray activity in
the canister ia measured directly uaing a calibrated ganraa ray
detector such as a NaI:T1 crystal. (See Reference 7. 24.)
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ABSTRACT

This report preseacs the results of radioactivity neasurenenta and
crace metal concentracions in extracts obtained using the EFA-Extraction
Procedure (EP) for wastes obtained fron coal-fixed utility planes.
Twency-three waste sanples (fly ash and flue gas desulfurtasation I FGD)
wastes) were subj ected to the extraction procedure. Thirtty-four eanples
(fly ash, bottom ash, FGD wastes and boiler slag) were analyzed for con-
centrationa of radiun-226 using gainna rav speetroscopy. Several sanples
were also analyzed for radiun-228, thoriuat-228, pocassiim-40, uraaiun-238,
total uraniua and for fractional radon emaaatioa.

In no case did the concentrations of the eight necals detemlned in
cbe EP extracts of these wastes exceed the one hundred tlaies Interta
Primary DrinkJ-ng Water Standards criteria (100 x) as published in the
Federal Register of May 19, 1980. The range of coacentratioas observed
in aU the extracts relative to the Interim Primary Drinking Uacer
Standards were As <0. 04-8. 2x, Ba <0. l-0. 7x, Cd <0. 2-19x, Cr <0. 2-l9x, Pb
<0. 1-0. 7x, Bg<Lc. Se<0. 2-34aE and Ag<0.02 clues the standard. For
none o f the samples analyzed did the 22 6Ba concentration exceed the
proposed Itnit of 5 pCi/g as given tn the Federal Register. of Dec 18,
1978. The range observed for 226Sa activity for the fly ash sanples
was 2. 0-4. 7 ; the bottom ash sanroles 1. 7 - 4. 5; boiler slag aaaples
2. 3 to 3. 5; and the FGD sanples <0.9-3. 1 pCi/g.

Concentrations of 228^a^ 228^, "OK, and 238U in the analyzed ash
saasples ranged from 2. A-3.6, 2. 4-3. 0, 8. 4 to 28. 5 and 4. 1-4. 5 pCi/g»
respectively.

Fractional radon enanation aeasurenents on four fly ash sanples and
two FGD samples showed no emanation within the accuracy of the ineasure-
aients, suggesting that the radium is not concentrated cm the surface of
the ash particles.
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1. INTRODUCTION

The U. S. Eavironnsctal Protection Agency (£PA) as part of its
harzardous waste and consolidated pemit regulations under the Resource
Consenration and Kecovery Act (RCRA) published in the May 19, 1980
Federal Register d'1 the EFA Escraccion Procedure (EP) which can be
used to detemlixe . -vaste exhibits tha characceriseic described os
EP-toxiclty. Under this regulacion a waste eshlbics this eharaetes-Asit&
if the extract obtained fran a saa^le of waste using the described
procedbre contains concentratioiis of one or Bare of eight desigaatsd
netals or of one or Bore of six designs. ted orgaaies equal to or higbsr
tnanprescribed llaits. In &ddition. She EPA published proposed regula-
tion's in the Deceaber 18, 1978 Fedsral Regiscer i8hich would ae. flne the
levels of rsdiun-226 In a vast® at isfcich it i.iay be considered -s having
radioactive: hazard poteEtial under kCX&. :(2., : Arthur:::'.. Lit^*.i», ; Inc.
under:SPA:coazy. . t 68-Q2-^167, : i:s: : c'mcuctin.s ^ scndy: to: eva-. >tfite the

overall enviroma. Aital sf£f=£s: ;:. : .. a^.-, :disyc: :.;.X ^:- utility wa.Xs. (fly
ash, bottoa ash, and flue gas desulfuri.eation wastes) produced by fuU
scale coal fired utility pleats. As pert of tS>±s etudy grab easples
of »sste fran eighteen plant s hews baea subjected to the E?A»Excractioa
Procedure and radto&ctivity tescs to obtaia prelim .inary d&ea on ehese
wastes (3). This data if ran the large number of plants is asepeeted to
be useful in providing p»«.lininar':--:iai±catie"-. :.-"£ the relative Is-sa'^t
of wastes fron this laduscry.
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2. EXPERIMENTAL PROCEDURES

2. 1 V/asteS les

Most of the waste samplss studied ware obtained during site visits
to the plants by nenbers of the Arthur D. Little , Inc. proj ecfe teaa,
although in a limited nunber of cases, saiaples were provided by utility
personnel. All saaples uere single grab saatptes of a partiCtilar waste
strean, and thus the experimental results are not necessarily represen-
tative of the average wastes produced by a plant over an extended period
of tine.

Sanples were collected in cleaned glass or plastic containers.
The samples collected included: twenty fly ash ssBylesCfroa slacteea
plants); seven bottom ash saaiples (fron seven plaiits); four flue gas
desulfurtaatioa (FGD) waste samples (fron four plants); tuo boiler
slag sanples (fFon two plants) and two eonbined fly attd botcon ash sanples
(from two plants). A sunnary of the waste naterials studied ai»d the
type of tests perfonned oa then is provided in Table 1. The nanes
of the plants and the location of the utility are not identified pur-
suaat to EPA1s desire to naintaln the generic nature of t analytical
'efforts. :; ::. ;::: :, :::::, 1:1;::::

The E?A-EP procedure was perfomed only on the fly i-sh and FGD
naterials. Itadtun-226 measureneats were perforaed on nost of the saaples .
Other radioactivity measurements (radiua-228, thoriun-228, potassiun-40
uraaiua-238, total uraniim and fractional radon enaaation) were performed
on three flyashsanples froactiree plants, cuo FGD saaiplea froa two
plants and one coabtaed ash ssnple.

2.2 Extraction Procedure (EF

Samples of fly ash and FGD waste were subjected to the EPA-EPas
described in the Federal Register, May 19, 1980 (1). AU of the sanples
had small particle sizes such that the sanples passed, the 9. 5 tn sieve
requirenent and thus were no C subjected to any cutting or grindtiig.

A scifematic of the E? setup is given in Figure 1. The extraction
chaaiber is a one gallon glass jsr fitted with a, pleaEiglass cover having
various ports for the stirrer, pH electrodes, and a tube for the additioa
of acetic acid. The pS conttoller (Horizon Ecology Model 5997-20) was
used co control a peristaltic puaq» (Cole ParnMsr Masterflex) for the
addition of 0. 5N acetic acid. The pH control points were setso that
acid addition uas initiated at pH ̂  5.2 and stopped at pH < 5. 0. The
addition rate of the acetic acid using the punp was approrijaately 1 id./nia.
The acid reservoir was filled vlth the aaatlnua axaoimt of acid aUowed
under the EP procedure (e. g., 400 nL of 0. 5 N acetic acid for 100 g
of solid) so that an eaccess could not be added evea when the eentroller
Jcept Che puinp numlag. Stirring was set at a race sufficieat to suspend
all the solid aacerial. The extraction process was carried out for &
^4 hnT pa l-Sn<i ^p ttpact<;-»Bi4 Jp fhp v uljBf<naa ^1).

D-2

- Doc. Ex. 9068 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



S
 

y 
S

 
K

K
 

S
; 

C
C

 
K

K
 

P
P

 
S

g
C

O
 t
»
 
.

«<
 <

4
 

C
t 
0

' 
U

tl
n

w
 

t 
46

> 
td

lr
f 

M
M

M
 

^
 

»
-«

>
-.

Ie

t*
>

£
9

9
 

?.
9 

9
 

9
9

 
S

9
 

S
'

6
 

^
 

^
 

K
i^

 
^
 

?
^
 

K
?

 
P

iS
 

5
;

s
 

s, I
:e

 
e
 

&
c
 
^
K

 
^
p
 

g
s

£
y
 

y 
y
y
 

£
y
 

s
y
 

ss
-

\^
 

-(
 

<
^r

 ̂
 

^B
f 

<
^
 

^
^

»
(
-
.

«
»

 
«
 

»
 
.

?
 

" 
?
'?

 
'?

 
?

 y
6 

&
&

 
fe

 
^
 s

y
 

^
?
 

y
 

s
 

s*

3 
II
I3

!
E 

3 
6

|E
 t

II
 1

1
1

1
 I
I 
II
I 
I!

 ^
 

?
!g

 ?
?S

n
>

0
 

O
B

O
>

 .
-»

.
*<

 
n

O
t 

<
->

U
>

»
,
n

 
n
*
-
 
t
d
 
.

»
>

»
* 

1
-»

-1
-

v
t 
^
 

-'.
>

<
*»

 
cr

*»
-\ 

O
^-

^-
s 

o
^
s
.

^-
s 

C
T

'^
N

 ^
<

>
-'1

>
 

0
-l
k
 

u
»
 

s
^
|»

 
.
w

o
'l
 

'.
-.
t
i
 
.

>»
 

o
-
»
 

n
c
r
ii

<
S

^ 
V

-»
 »

-*
. 

<W
» 

<
^
 

<
1

^<
»

»
 

<
w

' 
-(

!?
 

?
?
 

r 
T

 
'?

'?
 

T
 

~ 
y
v
 

y'?
1?

t
t
>

<
h
u
>

 
.

>»
 

*
 

in
u
*
 

*~
 

M
M

t
-
»
-
*
i-
*

?
 

?
?

 
?
 

?
 

?
?

 
?
 

?
?

 
?

?
?

E.?
 

?.
?
 

?.
?
 

?.
?
 

r?
.?

".
< 

2
<

<
 

S
';<

 
2<

<
 

S
t'
:<

1 
|E

 |i
 |s

 ||
t

s
 s

'5 I

t

^ I

?
3

 
8'

.?
^
 

p
M

r p
i3

a
?1

£
r

?.
?

^ r*
?

?
:^

 3 .I
t5

3
 3

3^
|S

E 
in

y

I E

t 
s'

 I
 

ff
 ^

 H
 
H

 H
-"

 8
 

8 
P

P
 P

 ?
S!

 {
ip

 g
g

f 
_ 

_
_

.
*
.
»

»
- 

f
 

>
-
.
 
.
-'
h
*
 

H
 
t-

S
 

S
S

 
S

 
S

$
 
|S

 
s
s
 

s
s

5 
g
g
 

5 
o

8
 

8
5

 
g
g
 

g
j

»
* 

r>
 

«
t 
it

*
d
^

.
^
IMH
 

^
 
H

 §
j 
II
 ̂

 
H

 |
$
 ^

^
 J

gJ
«
tr

t 
»
t 

r»
rt

 
r
tr

t 
*
4
*
<

'<
| 

n
n
 

n
t
 

*4
<

.<
<

4
 

<
.<

«
<

<
<

p
p

IN
 U

>

>
-.

 >
-

^
* 

h
* 

<
0
 «

s
| 
jl

0.
0.

 
g
g
g
 

y
y
, 

g
g

 
g
g
g
 

g
g
g

»?
>.

?

0
0
 

0
0 t 

II
 I

II
0

K
!»

C
O

 O
B

0
 0

»-
.

10 s
f <0 §

>
?>

.?
<

s
'»

g
s

8
8

8

N

W
 X

M
M

 
X

N
M

M
 

M
M

M
M

M
 M

M
M

 
M

W
M

N

M
M

 
M

 
M

M
 

M
M

 
M

M
 

M
M

 
?<

 W
 

M
M

 
M

M
 

M
M

 
M

X
X

 
M

M
 

-^
 M

 
M

W
M

 
M

X
 I

IF

I'
!

- Doc. Ex. 9069 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



STIRRING MOTOR

GLASS SHAFT.

PLASTIC
COVER"

ACID DELIVERY
TUBE,

"\,!

PK ELECTRODE

TEFLON
STIRRER-

^ I:

,

*<^s0

PERISTALTIC
PUMP

i

0.5 N ACETIC
ACID RESERVOIR

(Graduated Cytinder)

PH
CONTROLLER

FIQUflE 1. EPA-EP APPARATUS.

^-«

- Doc. Ex. 9070 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



Dry solid samples were used as received. Approximately 100 g
(weighed accurately) of sample vas used. S lurry samples were separated
using a teflon coated pressure filtration apparatus (Millipore niodel
TT30142HW) and 0. 45 lan polycarbonate fUtars (MllliporeBAW). Pure
tank aicrogen ires used as the source of pressure. The liquidportion
of the filtered slurry was retained and the solid portion extracted.
After extraction the slurry was separated using the pressure filtration
apparatus. The estract and liqtiid portion were reconblned as specified
la the procedure. This Btlxture was stabilized for aetal analysis by
addition of 5 nL of eoncencrated reagent-grade nicric acid. The ex-
tracts were analyzed only for the Betal Species listed la the EP proce-
dure since occurre.ice of the organic species listed in the prescribed
protocol in these stility wastes was considered to be extremely iislikely.
More couplete details of tbi estraetioa precedura can be found in
'References 1 and 5.

Metals Anal sis

A sunnary of the aa&lysis ttethods used to neasure the eight trace
netals (Ag, As, Se, Hg, Cr, Cd, Pb, Sa) is given in Table 2. Arsenic
and seleaiua were neasured usicg the gaseous hydride evolution in&chods.
For arsenic a 10 aL volume of sanple was introduced into the hydride
generating apparatus sad then 5 nL of HC1 and 2 nL of 25Z aqueous
potassiun iodide solucion were added. The hydride was generated by
injection of 2. 5 nL of a solution of 5Z sodium borohydride in 102
sodium hydroxide solution. Selenium was analyzed similarly to arsenic
in that 10 mL vol-ae of samp1& was introduced into the apparatus followed
by 10 aL of BCland the hydride generated by injection of 2. 5 aL of 42
sodium borohydride in 102 sodiun hydroxide solution. Mercury was ana-
lyzed using the cold vapor technique as described in EPAaethod 245. 1 (5).
All of the other elenents (silver, chroiaiun, lead, cadniua, bariun) were
aiialyzed using graphite furnace ato&ic absorption teehniques using the
operating conditions reconnended by the instrunent aumufacturer and
guidelines given in the EPA Itethods (6). The graphite furnace atonic
absorption neasurene&ts were carried out on an lastruaentation Laboratories
551 AASpectrophotoaeter. Hydride evolution and the nercury cold-vapor
analysis nethods were performed on a Perkia Elaier 503 AA spectroneter.

2. 4 Itadioactlvit Anal sls Methods

The aiutlysis nethod used for l^asareiaent of radiua-226 (226Sa) in
the sanqiles and the lltBited studies performed for radoa-222 (222Rn) ss
veil as detemiaatioa of other radioactive species in the ssiqtles was
gsnais-ray spectroscopy (7). Measurenents were nade of the 0. 352 MeV
ganna ray of lead-214(214Pb) and the 0.609 MeV and 1. 12 MeV g^nat& rays
of bisnuth-23. 4 (211*Bi) vhich are daughter products ia the decay of 222to
which itBelf is produced by decay of 226Bs. The ne&surenent apparatus
consisted of a calibrated high-resolution 102 Ge (Li) detector, (Ortec
Inc., Oak Ridge, TN. ) a signal anplifier (Ortec 560) and 1024-chsanel
pulss analyzer (Tracer Horthera Scientific NS-700).
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TABLE 2

Stanuity of Metal Analyala Mathods

Rteaent

Aa

So

As

Ba

Cd

Cr

Vb

ttethod

Hydride Bvolution

Hydrtd» Bvolutioa

Cold Vapor

Craphlf Irum«ca Atoaic
Abaorptlon

Graphlta yunrce Atiwilc
Atforptton

Craphltc Punmc* Atodc
Ab»orption

Cnphtf ? 01 Atontc
AtrorptAon

GraphAf Itaraaca Atoaic
Abmrption

Wavelenath (an)

194

196.5

253.7

328.1

S53.5

228.8

357.7

3M.3

fi!X

150

150

150

ISO

ISO

Conditione
Pycolyze

300

1100

2000

900

600

^£)
Atqniie

1 00

2250

18SO

MOO

Calibration
Range
(ppb)

0-20

0-30

0-6

0-20

0-200

0-20

0-50

0-50
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Samples of fly ash, bottom ash, boiler slag and FGD waste (37 to
352 g) were dried at 86BC for 22 hours and sealed in flat taetal cans

(stallar to the faailiar tuna fish food can) of two different sizes
depeadiag oasanple size (8. 2 an dianeter x 4. 3 en deep and 6. 7 an
dianeter'x 2. 3 en deep). The can tops were sealed usiag a crlnpixig
can sealer and bees-wax was added around the seals of Che can to Jbn-
sure retention of radon gas. The end of the can was plaeed co-asially
with the flat end of ths the Ge(Li)g8ana ray detector housing. The
coBiplete systen of staple and detector was shielded with lead bricks
to give s uinimuffl of stray radiation backgroynd. For neasurenent of
226Ra, the sanples contsiACd in the r&don-tight cans were^stored for
30 days to allow re-equilibraCion of the natura'* ^<:-iRn/ ̂ -t ORa ratio which
was likely to have been perturbed by the saaple preparation steps if
222te loss occurred.

Ganma ray energies very Bcaaned fron 0 to about 2 MeV and othsr
enitting nuclides were ideatlfiad by the characteristic energies of
their enicted gaima-rays. (Calibration plots of ganna rsy energy 22.
cbasmel nxaber and, of the detector couutiae efficiency vs gaaaaa ray
energy are included In Appendix B). The ganna ray countiag tine
varied between 9, 000 fmd 429, 000 seconds (3 hrs to 5 days) but generaUy
was held in the range of 20, 000 to 60,000 seconds.

The activities of 2l4Fb and 214Bi produced by dscay of 222Sn (half
Ufe of 222Bn is 3. 8 days) are equal^considering the half lifes involved
and thus these ar a measure qf the 222Kn coateat of the sanple vhich
to turn is anea. re of the 226Ra content. The fractional'radon enanation
(Z) is defined as:

t22^1 30 d. s- I222BB] 0 d. s
Bn

s 100
30 days

Thus neasurenents of the activity of 214Pb and 214BJ. after 30 days and
after evacuation of the 30 d&y o^d e&aled ssaitple (0-daya) (Eives 6 auiEaati-
tative neaaure of the fractional r&don enaaation froa the sanple. The
0-day eanples were prepared from the 30 day samples by piercing holes
in the cefiS and plaelng the can la a vaeuun ehanber. The eaaple was
evacuated and re fiU'ed-wlth nitrogen twice, then the short lived Tf-®nittiaS
daughters were allowed to decay for 3 hours prior to making thaneesure-
©eot of the non-einanated radou.

The activities of 22BBat 228Tb and 238U .in the.saaples were estinated
froa neasurenents of the activity of fchair decay products. Thus, 228Ra
activity  8 deternlned as 22SAc' (0. 91 snd 0;969 MeV^ganaa rsys),
dsterninedas 20eTK6. 585 MeV ganna rGy)i, 23SU es 23SU (0. 186 MeV genna
«1nu<e 226^ contribution) end total U as Z3&U (0. 186 MeV gaBBns ray).

2?-?
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2.5 alit Control Procedures

A nimber of quality control tests aud checks were perfomed during
the course of the extraction procedure. These tests were designed to
monitor possible sources of contaaination In the varl. ous steps of the
extraction and to provide an iadication of reproducibility of the overall
extraction results. A total systen blank was run at least once each week.
This consisted of distiUed water acidified to pH 5. 0 vich acetic acid
which was carried as a sanple chrough the conplete excracttloa axid filtra-
tion procedure. In addition, contanination arising frwa the extract
storage beetles (bottle blank) and the filters (filter blanks) were also
monitored* The results of these "blank" cests are sininarized in Table
A-l. "Appendix A.

Duplicate extractions were perfonned on three aiaterials to check
repeatability t>f the overall extraction procedure. These results are
shown in Table A-3, Appendix A.

Ati sanples were subjected to an iniciat "survey" neasurenent for
each analyte. Those Sccnples which contained a detectable anouat of
analyce were subjected to further quaatitation using the aethod of
standard additions (8). Sanyles were spiked to contain an additl.onal
50Z, 100Z and 1502 of the analyte concentration detemined during
toitial survey analysis.

The reproducibility of the analytical Beasureaeata was estiaated fron
several replicate aeasurenents of standard solutions. Detection Units,
reported la Table A-3, Appendtx A were taken as two tines the atandard
deviation of the replicate standard neasurenents and assume that absolute
ifflprecision at the blank level is the sane as that at the neasured standard
level. It should be noted that the deteccabilities of interest in these
experiments range in the area of che proposed prinary drinking water
criteria (9).

The gannia ray spectroaeter was ealibratte<i using four National Bureau
of Standards (NBS)^reference standard sealed glass vtals each containing
0. 202 vCi of 226Sa placed in a saad matrix contained in a 8. 5 en dia-
neter x 4. 3 an deep inetal can. In addition, conparaclve neasurcneats of
a fly ash sample (R-l) by thi. s laboratory and by the Eavironmeatal Measure-
adit Laboratory of the Department of Energy (New ?ork City, NT) cpnfirned
the caltbracion (10). The NBS standard yielded values of 115xl0~6 Counts
per second per pCi of 226Ra using the 0. 352 MeV Y-ray^_ This coaq)ares wll
with the independent laboratory neasureaent of 110x10 6 counts per second
per pCi <£ 226Ba at the same energy for a sanple of ̂ -l. TheTespecttve
values for the0. 609MeV r-ray were67. 2atlO~S and 67. 7 x l0-6 ccwnta per
second per pCi of Z268a.

Background counts were nonicored weekly at the respective energies
used for quantitation aaad if required pproprlace corrac&ioas were de.
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Precision of the 226Ra ac.s'-sis ws. s deterained ty re lieete aeasure-
aent of three saniples as vsall as laeesuTeaents nade using both the 0. 352
HeV gassaa and the 0. 609 KeV gaBma (11). These data ?.re eumaarized in
Teble B-l, Appendix B.

The results of all the quality control procedures are sunaarized in
the experiinental results and discussion section and la Appendices A and
B.

D-?
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3. RESULTS AND DISCUSSIONS

3. 1 Extraction Procedure

The results obtained for the analysis of extracts of 20 flyash
saaptes from t6 plants and three flue gas desulfurisation (FGD) waste
sanples f ran three plaacs are sunnartzed in Table 3. Be&ause the single
"grab" sanples obtained in this study could noc be coiisidered representative
of the particiilar plant or facility, Che sanples were given coded identifi-
cation numbers. The sun total of the resulcs showing the range and dis-
tribution for a nunber of plants nay be taken 1.0 giveprelininary indi-
cations of the general properties and trends of these wastes for the
industry.

The range of concentrations obsenred for these sanples and their
relationship to the EPA Interim Prinary Drinking Water standards are
suiaaarLzed in Table A. Neither silver nor nercury was detected io any of
the fly ash or FGD eaetracts and very few sanples showed any detectable
levels of lead. Detectable levels of fhe other netals were observed but
none of chem exceeded the proposed RCRA EP Criteria of 100 times Interim
Primary Drinking Water Standards as published in the May 19, 1980 Federal
Register (1). The FGD sanples tended to fall in the lover end of the
concentration range found for fly ash saaples. The ranges of concentrations
observed for these netals in the EPjextracts fall within those reported
by other studies on utility wastes (12, 13).

»

The qiiality control data, given in Appendix A, include the data
obtained for che various blanks (Table A-l) and the relacive scandard
deviation values obtained for standards which were used to detemine
detection levels (Table A-2). The data on the various blanks indicate
that bariun contaninacioa from the filters occurred. Since the level of

barLua contamination however was about 0. 1 tiass the proposed Primary
Drinking Water Criceria (1, 000 ppb), no eorrectLw aetioa ia the test
procedure was taken. However , the detection linic and confidence level
of tfae barium data was adjusted upward to include this contribution of
bariun by the filters. No ccntaBiination from other inetals analyzed was
observed in any of the seeps in die procedure.

The necbod of standard addition which was used to quantify all
saniples where detectable levels were observed during preliininary
neasurenents, showed widely varying naccix effects for gone saaq»les during
neasurenents of barium and lead. For bariutt, the slope of the calibration/
response line for the standard addtcloaplots varied fron 0. 5 to 1.5
(vi th an averase of 0. 85) times the a lope of the iaideoendent calibra tion
plots using aqueous standards. Tor lead , the eorresgondiag ratio of slopes
was 0. 7 co 2.5 (average 0. 89). Other elenents (As, Sc, Cd) showed only
minor natri. x effects for the sanptes studied. The range for the ratio' of
slopes for these elenents was 0. 81-1. 02 (average 0. 92), 0. 78-0. 94
<awerage O. S6), wd 0. 7-A-1. 2 (av<erage0. 94) for As, S* <nd Cd, respeecively.
No staiidard addition was perfonned for the nerciiry snd silver analyses.
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<1
<1
<1

<l
<l

<l
<l
<I
<l
<1
<1
<1
<1
<1
<l
<l
<l
<l
<1
<1

<l
<l
<1

ff
(-K/D

<O.I6
0, 1610. 1B
0. 5110.J6

1. 210. 16
O. ttO.l

o. asto. is
<0.ll
<0. l5
®.17t0. 10
<0.3

c. sao.l
0. 410. 10
O. ltttO. lO
0. 7t0.3
0. 3340. 1S
<0.1
®.20t0.r
®.28£0. 1i
<®.s

O. I6t0.t
<0*1S
O.tltO. ll

SuHflw an Itefd .ccurdtog to B eoS« gtwn to the wrlof plant e

Bnec ltri. f .o well <. detect ton llBlf w*M calculgted uolnt ttitc* the atandwd dcvtatton ol repltcaf
. tin<lw4 taint ton* wrf dlluttcn ('.ctora (.ca text).
'r»rfonNd in dupllcaf. Valua wpwfd 1« htgheBt of tw ob-nr«d. S«» T«bl« A-3.
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TABLE 4

7
^

Hetal

d8

ba

td

tr

frb

kg
fee

Ag

Overall Ban e Observed(A)

<2 - 410 yg/1

<0.1-0. 7 mg/l

<2 - 193 yg/1

<8 - 930 yg/l

<3 " <36 yg/l

<2 yg/1

<3 - 340yg/l

<1 yg/1

Range of Concentrations of Metala In EP Extracts
of Fly Ash and FGD SampleB Compared to Interim

Primary Drinking Water Standards

Interim Primary Drinking
Water Standards(B)

50 ug/1 .

1.0 mg/l

10 Mg/l

SO yg/ia

50 yg/i

2 W8/1

10 yg/1

50 pg/l

Ratio of A to B

<0. 04 to 8.2

<0. l to 0.7

<0. 2 to 19.3

<0. 16 to 18. 6l

<0. 06 to 0. 72

<l

<0. 2 to 34

<0. 02

na Federal Baglater of Thursday Oct. 30. 1980 pp 72024-41contained an amendment to the
criteria for th® EPrevtsAoB It from total cbromiuin to Cr(VI).

^Ct»«- ^->-1 -.. -^^-_ "-, '^
'Sine® cotal chronlun values are measured by fcbe AA analyslB sietbod, these are upper Uailts
tor the t!r(VI) values.
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3. 2 Radioactiv- .urenents

Naturally occurring uranium (U) and thoriun (Th), the isotopes of
which are all radioactive, initiate a long decay series of radioactive
auclides. Among these nuclides are 226Ra-(frBn the^U series^and
(from the Th series). Typical concentratioDS of 226Ra and 228Ra in
sedimentary rocks (assuming equilibriua with parent nuclides) are
1 pCi/g and O. ApCi/8, respectively (14).

Goals also cootain concencrations of these radionuclides;, ^Following
conbuscion of coal, the naturaUy occurring U, %, 226Ka and 228Ba are
likely to befound in the non-volatlle coasbustion products (e. g., bottom
and fly as.-,. As a result of this ashing process the concentracion of
these species in the ash will be increased relative to those in the coal
since the conbuscion produc ts of these species are not likely to be
sufficiently volatile to be lost in the gaseous products. Such an io-
crease in concentration for other elenents has been reported. Three to
ten-fold increases in eoncentrations of these speeies in ash by-products
of a United number of coals were noted and in some cases anall particle
fractions of fly ash had concentratioas greater thanS pCi/g of 226Ra (15).

Another study which icvestigated a large nunber of ash ssnples (from
55 different coal sources) reported that about 362 of the national co?J
reserves were expected to produce leveis of 226Ra in excess of 5 pCi{'g
(16). It should be noted that these Investigators detemiaed rite 226RA
concentratio&s by extrapolation from the 238Uconcentracion (parent of
226Ra) and by assuming that the cwo auclides were In radioactive "secular
equilibriuni." This assunptioo nay not be accurate sl.nce the long half-
life of 226Ra (1, 600 yearsV and the period in ex c&. &of^ 109 years reqa'±re<i
fordecay from 238U to produce tBsasurable amounts of 226Ra coupled »ith
the very different geochemistry of radium (an alkaline earth) fron that
of uraniua (a iDenber of the &ctlaide series) nay weU ellow anple
opportunity for dislocation (e. g., leaching, Tecryetalization) of
from the host rock and coal ninerals.

The EPA in the Federal Begisterof December 18, 1978, has listed a
level of 5 pCi/g of 226Ba in the proposed guidelines for eyalusting radlo-
activity in- ao lid wastes. In sunanary these proposed guldeliaes ̂ state
that a solid waste (as defined in the proposed guidelines) would be
declared a hazardous waste if; 1) it is not a "source naterial,"
"special nuclear naterial, " or "by-product naterial" as defined by the
Atonic Energy Act of 195^ and if, 2) a repnsentative sanple of the uaste
has either an average concentration of 226R& exceeding S pCi/g in a solid
or 50 pCi/liter of 226Ita and 22BRa for liquids or a total 226lLs activity
equal to or exeeding 10 yd for any siaigle discrete source.

Other considerations with regard to the possible effects of radiun^
nuclides ta utility waBtes are: 1) the relative availability of the
for leaching from die ash md subsequent nigratti. on into groundvaters and;
2) the production of 222an gas which is often essoc, . ted with alevsted

D-13
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leTO^LO f. Ra'. Radon-222, the radioactive noble gas daughcer produce
itself decays^to produce a series of aon-gaseous alpha-enltciag

nuclides of poloaiun (Po), and beta-enitting auclides of bisuBth"
and lead (Pb).

For sone volatile elfenents (e. g., As, Se). volatiliaation-condensation
processes in the conbustion process have been invoked to account for^che"
relatively higher coneentracions of such species on the fiBer"fractions'
<snau particl&swith. hi?h surface areas) of fbe ash.""WiUe~such'proMsses
are speculative for the heavw nucli<ies* they cannot necessarily ber ruled'
out (1). Thus, higher concentrations of species ac the surface of the
^ticles would lead to greater leachability of theae species and for"
^Rn_(aproduct of the zz6Ra decay) . greater opportualcy"for leaving

ash particle as a gas. The process of separation of'the-radon~£nn
the^rad°n~bearln8 solids is tened "radott enanation. '1 A stud7of~the
radon emanation quanticy would aid in detennlaing whether"the' 226Ra
is concentrated on the surface of tAe particte or distributed ulthlA it
and.would*.. in addit:loa« provide additional InfoTnation'ofposeibie'gas'
enanatipa probleas. A previous study of sone a coal fly ash and
related-sanples has suggested a value of about 40X for the-radon~enaDation

\' Bowev®r > th® calculations upon which this value was based had~a'
fundattantal error iaassiuning that' the 0. 185 tieV y-ray of~235U~causes*
a <20X error in the detenniaatioa of Ba-226, uhereas'in'reality'the"
values nay nearly be 100Z error*.

^Th® data obtained in_this study for the 226RA coatent of 20 fly ash,
eight bottctt ash, four FGD, two eonbined fly and bottonash-aad~tuo'
^oi3"e^ ?las ?a?)le8. a?e-shovn i-n Table 5. The 226Sa activity "in'
ranged fron 1. 8 co 4. 7 for the fly ash sanples. aad l^7to-A'. 5~for'
Ae_bottOTl_ ash- Ihe conb ined botton and fiy ash and boiler s lag samples
were_ sinilarly within these ra°8es- The three FGD sanples had~a z26Ra'
activit}> iD the raage of °-9 to 3<1 PCi/8. A sunnnary of the'sanple
si2e* count-cinfi and ccTParison of the data obtaiaeduslitg the ̂ .atensities
^^»°. :3^ ̂ v 8^?na-ray. Jversus the °^609 MeV 8anna-ray'are-gtven~in'
Tabu., B''l-in_Appeadix ?. Maasurenent of both ganna^raysprovlles "greater

in the low level activities obserred. In general.
good ̂ agreement was observed for the repUcacesas well~as-de values'
obtained uslag the two different ganana'rays. -- -~- ;~

Both, 235u. and 226Raenit g8nna ra?rs ia the 185j;l KeV energy range. The
toul counts ̂ served at th.ts energy can be nearly-50Z~dur to~226&a and

.

" ^?1' Thus? if. on< assuaasno eoncrlbution iron 23SU, the"
calculated z^^ activicy based on the neasured"counts st'this
would be trice the activity of only the 226Ba in the'sanpleT"
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TABU S

a»dtia-226 CoactaCMCloaB la SMlwi S«Bpl«» of Ky A«k, »otcou A<ti,
lollar SUg ad TgD thrt-

Sa-aU' 226Ra CBne«ner*sicm« (sCi/"^

Fly A»h:
a-i<»)
l-Kb)
»-l(c)
?-l?d)
E-2(»)
a-2(i>).
»-3U>
&-*<£)
B-5(»)
R-SCb)
a?-6<*>
»-7(a>

»-9(a)
R-10(»)
B-ll(*)
l-12.(c)
l-U(a)
B-U
a-i5(»)

BoctcB Aahi
a-2 (c)
R-3 W
S-5 <c)
1-7 (b>
a-io(b)
a-u.(ii)
K-l2(»)
frt2(b)

toiler Slag*.
K-* (b)
K-6 (b)

CaeB>ta»d (Fly A»h - Bottai *«h)
B-9 (b)
l-l50>)

tCD (vicb/wlthouc -h)
-.w .o-te0*6
»-U<b) <i-^
Il-lfi'"' 3. U0.2
K-U 0. 3tp.l

a8Myl*« ar» liafd .ecardlag es cad* (iwa to cfae mriotf plaata

be«- Uy Sp.ctro.eepy - Enw quofd .». <». .Ma4Kd d«rt«^> »^"-
Ut^ to*ad oa prec^uw tiw la ifCme* U. S« t^S* »-t
for .ddl.Ciontl d*f.

3J
A.;
A.;
*.:
2.1
3.S
3.<
4.^
3.<
3.3
AJ
4.3
<l..l
3.S
2.'
3.1

5S0.3
210. <;
2a0.3

, 3SO.:
910.1
eso.s
*a0.l

, 7*0.5
, 620.3
ISO. I

, 7SO.S
, 120.2
, 1^. 3.
. SxO.5
, SS0.3
, S£0.3

A. Qt;
2.(
A.;
3.i

1.1
1.!
6.J
3.:
2.1
i.<
A.;
b.i

2.2
3.2

3.
3.3

, 0i.
>5si.1.,..
.fiso.s

. 7&0.2

. 9S0.2

. 120.6

. 2t0.3

.8£0.5

.SSQ.1

. 2*0.5

. SsO.2

. 3^0.4

. SSO.l

. StO.S

. U0.2
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Table 6 provides a listing of the gaaana ray energy spectrun observed
for most of the fly ash and botton ash samples. ' Included'in the cable are
the enittLng nuclide and relactve peak intensicy in the spectnm of a
representative sample. Essentially all of che photopeaks observed_nay
be^related to thfrnaturally occurring radioactive decay series of 235U,
238U, 232Th and 40K.

Table ^provides data on^nucUde coacencrations (pCi/g)of 228ga
(using the 228Ac product), 228Th (using 208n product), 40K, 23»0 (using

minus contribution from 226Ra at 0. 186 MeV) aad total uaranlua to ppn.
Three fly ash, one b i:ton ash and two FGDsanples were analyzed in
these exoerinents. Data for fractional radao-222 emanation in Bereent
are given in Table 8.

The three total uraaiun values (range of 12. 3 to 13^6 ppn) are very
similar to that reported by other investigators for a Biill Run sanple
of fly ash C20). The 40K data are in agreenent with che generally
observed tocal concentration of potassiun in chese sanples. _ fiacalling
that 7. 10 pCi/g of 40K represents I ppa and that 1 ppa^ of 40K represents
8, 400 ppm of total K, the total K content observed for the fly ash and
bottom ash sanples range fron 9, 900 to 32, 000 ppn (0. 99 to 3. 22) and
6, 600 ppa (0. 66) for one FGD saaple. These values are in the range
previously reported for these types of sanplea (21).

Sadiuin-228 concentra ciotts in the fly ash and bottom ash samples were
in the 2. 6 to 3. 6 pCi/g range. Thoriun-228 concentrations were in the 2.4
to 3. 0 pCi/g for*the ash samples and 0. 9 to 1. 9 for the cwo FCD sanples
studied. It Should be noted that one of the saaaples of FGD naterial
studied contained ash [sauple R-16] while the other didnot. Uraniiaa-
238 levels were in the 4. 1 to 4.5 pCi/g range for the ash saayles studied.

Fractional einaaation measurenents for all the sanples studied showed
no enanation within the accuracy of the aeasureneats (Negative values
in the table indicate chat the neasured 0-day sanple value exceeded the
measured 30-day sample value).

The low fracd-onal enanatioa for Ae ash particles suggests thac the
radium is not preferentially concentrated at the surface of the particle.
Assuning chat the 226Ra (radioactive parent of radon-222), is^ uaifornly
distributed throughouC the fly ash particles; enanaclon of radon fron
an average 30 ym diameter particle would be less (ban IX of the radon-222
(16, 22). This is because die recoil associated with the enission of a
4-6 to»4'8 Mev alPha Particle. uhich occurs triien 222Rn is forsed, causes
the A*'<lRa aeon co travel about 0. 06 vn. By contrast, radon eiaanstion
iron 1 un size parcicles would be expected to be 5 to 10X. The obseryed
radon enaBation data suggests thac preferential eoncencratioa of 226Ra
on surfaces of smaller particles does not occur duriag the coal caabustlon
process and that it is distributed throughout the particles.
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TABLE 6

TYPICAL GA11MA KAY ENERGY SPECTRUM OBSERVED FOR FLY ASII AND BOTTOM ASII SAMPLES"

u
I

^

Gamma rayc
Ener? HeV)

0. 08

0. 09

0. 14

0. 185

0. 185

0. 21

0. 21

0. 21

0. 24

0. 2«

0. 24

0. 24

0. 27

0. 27

0. 30

0. 30

0. 30

0. 30

0. 34

0. 34

0. 352

0. 3?2

Emlttln Nuclide

zll(Pb x-rays, etc.
211<Pb a-rays, etc.

235(,
235u

2"Ra
2 2 BAG

23»Np
227Th
2>"Pb
224Ra
Zl2p(,
227Th

2'^
2"Ra
2*-Pb

212pb
231pa
"7T|,
2"Ac
2"(ta
;l?jl. t,
2"B(

Gamma Abtindenc®

(S^ ganuna /deca^

12 Z

55 X

3 %

3. 5Z

3 X

<1 X

4 X

4 X

A7 X

15 X

9 X

10 Z

19 2

3 X

6 %

8 X

15 Z

f> 7>

3d Z
l/i 7.

Relative Peak Intenslt>
Observed In Spectra

M

H

s

i

d

s

M

s

H

1

M
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TABLE 6 (continued)

t»

GaM»» tayc
Energy (MeV)

t». '<63

0. HI

0. 511

tf. 583

0. 604

0. 665

<». ?2?
tt. 77

0. 83
0. 86

0. 9i
0. 93

<(. 96^
1. 120
1. 24
1. 38

1. 4-l. ^t

1. 46

t. 50

1. 51

Emit tin Nucllde

2^,\c
Annlhll. ition (?-3') p<?;il;

lOB.fi

108-j.^

2l«Bl
2l4Bl
2>2B1
21-Bi
2»»Pb
20CT1

""Ac
2I-B1
228Ac
21<4Bl
21-Bl
Zlt. Bl

214Bi
.*°K

? (possible random sum peak)
2"<Bl

Ganana Abundance
X aiama deca

3. 7%

2i ?.

86% T .>bundancc^x36Zu-0 branching
at ?(2B1 » 11%IB1

47

7

5

3.

12

25

3

20

17
6

5

4

11

a;

2

s:

X

4Z
X

X

x

x

x

X

I

X

x

2. 12

Relative Peak Intensity"
Ovserved In S ectra

1

A-M

H

H

H

s

s

s

s

s

1

s

i

i

s

s

s

M

s

s
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TABLE 7

s
0

COHCEHIRATIONS OF SEVERAL NATURALLY OCCURRING (UUtIOACTlVE HUCLIKES

IN SAMPLES OF FLY ASH, CUMBINEB ASH AMD roD WASTES

lucllde Concentraclow ( Ct/ ).
Sarpln Ca«ana
Conflnar S-pl* Aaalyta 22eRa" (.s 22«*c)

8tgl« Nuitwr Typ* Tl«e(SBc)0. 9lHeV 0. 96 HeV

R-tl (a)
K-ll (.)

«-IM»
a-t(d»
K-tW)

lt-<(ll)
a-»<W
»-<(b)

ii-ta
I'll

2

2

21

23
23

6

A

6

M

39

Ily ..h

lly ..h

fly »rh

fly ..h

65, 300

as,ooo

6B.700

7?, BOO
fly a«h 240. TOO

Cort>lnBdMh 58,»00

C«wbini!rf««h B6.S13

Conblned .. h 313, 000

roo

»CD

74. 000

77, 000

2.8

2.9

3.6

3.5

i.y
2.»

N. A.

». *.

»-i6 32 fCB Kith Mh 79. 3W N. A.
K-l* 32 TCD »lth .ah 7S,BOO N.A.

3.7

2. 1i

3.2

2.?

3.0

Jt.6

H. A.

N. A.

N. A.

H. A.

".Thu(a« "»Tl
0. 58 Hew

2.6
3.0

3.0

3.0

2.9

2.^

2.4

2.5

O. StO.6

0.210.3

1.9

1.7

»

8.

8.

2».

26.

21.

9.

9.
».

<5

0

s.i

"OK
if

4

*

&

7

3

2

2

1

6

U M IQ_
0. ( IteVTtBtnua ToflUCppa)

"(jr Gontributtunt <-"SU»

4.*

4.1

4.5

W. A.

N.*.

N.A.

N. A.

13.3

12.3

13.*

K.A.

K.*.

N. A.

H.A,

^^ur?cr *10^ (Mt*Mt*<( '»<>. calibration daf) except .. aotcd (or th< 8«apla R-lt rhlch h<d Vty low wttvtty
<hd. henc*. *nf»rloritfttBtlcale»rtjilntvto thudaf.

b^t . _
nuclldeii occur tn the dwy chatn InltUted by "tlh decay. 2"m *ctt<lty will b» ali»Uw to them . ctivlClm

.quillMn- Ml»f.

cl(»t ta»ly««d
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TABLE 8

FRACTIONAL KADON-222 EMANATION (X) W ASH AND FGD WASTE SAMPLSS

7
^

Sam Ie

h-11 (a)

R-Kd)

R-2(a)d

R-9(a)

R-18

R-16

Container
Number

2

23

11

6

39

32

Sample
T e

fly ash

fly ash

fly aah

Gamma

Analysis
TAraeCsec)

TractioRal Radon BraanatlonGX)'

0. 352 HeV

65. 300-85.000 5 i 15

68. 700-240, 700 (^ t 8)

50,000

combined fly and 58, 900 313, 000
bottom ash

FGD

FGO(with ash)

74. 000-77, 000

75, 800-79, 300

6 t 9

U t 23

13 t 69

7 t 1^

0,609 MeV

(8 ± 15)c

(2 t 6)

2 1 25

(66 ±178 )

12 t 18

"As changes In counts, at the respective energies, of 2<<IPb and 214B1 between 30 day eamplea and the
same sample (termed"zero" days) following flush of Interstitial gasee.

b

These aaraples had very low Initial activities and thus, large relative errors associated with each
neaBurement

Value In parentheals indicates value for"zero day" sample was larger than 30 day old sample. See note b,

I .
Perfonned by DOE laboratory (Ref 10) using Marlnelll flhsk. Sample showed no radon growCh w&thln experl-
mental error.
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The relative concentrations of 228Ra and 228Th (products of 232Th
decay) may be used to indicate whetherselectivepyrochemical separation
of Th and Ra occurs as coal is converted to the ash. If soae pyrocheaical
separation occurs che activity ratio of radium to thoriun in the ash
would be in disequittbriun (unequal) relative to the equilibriun stste
in the coal. This assumes that che entire decay chain of Th-232 is in
equilibriun (all have half-lives of less than 7 .ysaxs) and that no
leaching of thorium versus rsdiun occured in the coal over the last
35 years. Given these assunptions, the data in Table 7 suggest that
within che variations observed in the data the ratios in cbe ash are
similar to those that would have existed in coal*
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Ib. El. Ei£.«mbud, "Eaviroaseneal Eadio&c£iviey" &c&denic Preese S.Y. 1573o

15o Bo ^. Coless awis'oaaiea£al Seisacs aad SecfeaolQsyE ^ 1S7^« ?e ^.. Zs

16o J. gsoch aafi 5. Hcrtla "The Sosicity end B&dloectlvity of £>sh®e fsoa
g. §. Coals"o EJ-78-C-01-^3%, U. S. BepsrtBant e£ Easrsy, 1&7S,
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17* c'. J*.santhanaffi'_R;R*_I'uat*. c*S. Cooper, D.E. Kleinschnidt» I. Bodek.
W.A. Tuck» and C. R. lUrich, "Waste and Water Manageneat for Conven-
tional Coal Conbustion Assessment Report - l979, "voi 3. GeneratioO'and
Characterizacion of FGC Wastes pp. 4-22.

ls* ^s* Mooris aud G*_ ?°^1^1 nThe DeteEaiaaatioa of 226Ra, 21<<Pb and
:"<tBi -in Fly AshsfflBPlea£ronEi8hteen7Coai Fired FoireT Plants IA
the O. S. " EJ-78-C-01-639A U. S. Departnent of Energy, 1979 pp 7460-

19* .. L:s*. HUlett Jr* ueinbur8erA-J., Northcutt, K.J. and Fergurson. M.
"Shenical, spec^Lia-Fly, Ash f?on coal Bu"iag'Power~Pla^s"r~t
Science,^10. 1980, pp. ' 1356-58. - --- - -- --- >

20. C. J. Saochanaa. R. R. Lunt. C. B. Cooper, D. E. Kleinschnidt, I. Bodek,
W.A. Tucker and C.R. Illrich. "Waste and Water Manageaeat for Conven-
tional Coal ConbustioaAssessnenC Report - 1979."Vol 3. Geoeratioa
and Characterization of FGC Wastes pp. 4-5.

21. Draa, J.C. and Maurette, M. "Badioacttive Waste Storage Materials :
Their Y-Recoil Aging",Science 209> 1980, pp. 1518-1519
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ArPEHDZS A

Esctraetion Procedure Measuresseats SBpplesssct&l Sats

Table A-l: Suasary of Quality Control Vz.pezisev. tss
Dsta for Blaahs

Table A-2; Caleulatioa of Deteccios Linlts

Table A-3: Bsplics. ta Estraetion Detts
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TABLE A~l» Summary of Quality Control Experlnients Data for Blanks8

San Ie

g

Total SyB ten Blank

Total Extraction Blank

Filter Blank

Bottle Blank

Distilled Water Rlaae

Desert cion

pH 5 U20 carried
througE complete procedure

Total Syatcu Blank
without final filtration

0. 12S N Acetic Ac Id
panaed through ftltere

0.125 N Acetic Add
added to contalnera
used to Btore extfcta

Final Rinse of Extraction
Container prtor to inltlLatsiwi
of extraction

No of
Sam lea

6

2

3

3

_Aa Ba Cd Cr H^ Pb Se Ag_

<2 UO <2 <8 <2 <3 <2 <l

<2 00 <2 <8 <2 <3 <2 <l

<2 75 <2 <8 <2 <3 <1 <t

<2 <30 <2 <8 <2 <3 <2 <1

<2 <30 <2 <8 <2 0 <2 <1

"All conceotratloni In yg/l (ppb)-
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Element

Cr

As

Ag

Pb

Cd

TABLE A-2

Calciilations of Detection Limits

Concentration

(Wb)

200
200

25
75

20
20

6

6

6

10

6

10

6

8

20
6

of Standard
RSDa of

Sol
7.5

14.6
4.3

6.8
4.3

5.0
2.6

2.4
5.8

10.7
3.8

9.7
11

3.5
8.6

Detection Level'
Esttnate (ppb)

<AOC
<30

<8
<7

<3
<2

<1
<1

<3
<2

<2
<1

<2
<2

<2
<2

Se

6ESD .- Relative Scaadard Deviation of replicates (at lease 3)

Detection L'lnit " 2 s BSD s Coaeencratlon of Standard

CI>gtection Linit of 100 ppb ^as used due to filter blank vaXues.
See test.
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TABLE A-3: Replicate Eartraccioa Deec,

Sample
Concentration (-u /L)

Fly Ash;

EP-lc .

EP-l-c (replicate)

. EP-2a

E?-2a(replicate)

EP-17

EP-I7(repUcate)

<1

<1

<1

<1

<1

<1

98

98

<5

<5

6

6

510

240

750

1200

500

460

16

16

<2

<2

<2

<2

8

12

240

220

14

8

<2

<2

<2

<2

<2

<2

<3

<3

<3

<3

<3

<3

3S

52

20

20

5

9
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APPENDIX B

Eadioactivlty Messuriaasate

Supplemsctal Data

Table S-l: ^.a Concentrations based on
C. 352 Me7 and 0. 609 MeV gaaaaa rays

Figure B-lt GaaaBsa Ray BneFgy vs Cbsaael Nucber
Callbretioa

Pigurs B"2: Absolute Couatiag Efficiffincy ve
Gaams Ksy Eaaeygy G&libraeioa
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g

TABLE B-l

Ba<*tu»-2Z6 toncentratlnn In Sealed Fly Aeh, Bot Coin Ash and FGDSaiBplea Based oc
High Resolution Gaiana SpectroBcopy of the 6.152 MeV Ganuna Ray <211'' t'b) and ths

0.609 tfeVCeaBn Ray (21''Bi).

San^le
Typt

Fly Aaht

Container
Ifunber

2

5

7

7

a

9

10

II

12
20

20
21

21

21
22

21
24
25

26

Sanple

R-ll(«)
R-» (a)
R-5(b)
R-5(b)
R-a<a)
R-l5(.)
"-.> (a)
R-2(«)
R-2(b)
R-2(a)

»-2(a)
R-Z(a)
R-2(a>
»-2(»)
R-M .
R-Kd)

»-*(.)
R-5(«i
tt-lXa»

Sample
Nec Wt.

263.8

244.3

256.2

256.2

258.5

2M.4

24B.O

266.7
189.S

279.7

U9.7

2W.4
290.4
290.4

214.9
144.7

129.1
8S.5

140.7

Camna Ray
Analyala
Ttne(aec)

13, 400

77, 400

58, 503

251, 000
2<l, '»00

8.452

6,080
59,000

8,000 f

74. 300

57, 380

429, 195
57, 510

15.MO
24, 000

2?, 600

2(«, <00

57, 200

$4, 430

'Ra Concentration
Based on 0. 352
NeV anna

3.7
4.1
2.6

3.5
4.»

3.5
3.9
3.0

3.8

2.8
2.9

2.8
3.3
2.7
4.3

Vt.i

4.8
3.0
1.9

t 0.4

i 0.2

t 0.2

t 0.1

i 0.1

t 0.?

t 0.7

t 0.2

t 0.6

a 0.2

t 0.2

t 0.1
» 0.3

t 0.4
t 0.4
A.
t 0.4

t 0.1
t 0.3

( Cl/ aan Ie
Baaed on 0. 609
HeV gamma

3.8

4.0
2.9
3.6

4.8
4.0

3.8
2.8

3.9
3.2

1.9
2.6
3.2
2.3
4.6
4.3
4.5
3.7
x.y

t

s

t

t

t

s

t

*

*

*

*

t

t

*

t

t

a.

.»

s

0.^

0.3

0. 3(
o. i!

0.1

0.6
0.8

0.2

0.8

0.3

0. 2J

«:iS
0.^
0.4
0.5

0.3

0.3
0.^

0.3

Avera

3.8

4.1

1»

4.1

3.8
3.9

2.9
3.9

1.9

<.s
4.3

4.»

3.4
1.8

1

s

t

t

t

t

t

t

t

t

*

I

t

e

0.3

0.2

I*

0.1
o.s
o.s
0.1

0.5

0.1

0.3
0.3
0.3
0.3
0.2
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TABLB B-l (Continued)

*?
w
>-.

Saaple
Ty a

fly Ash
lUont^

Batter *ah

Container
Nuflibar

2»

28

29

30

31
38

15
u

16

1

3

M

18
IS
33

34
35

SwI<B

9r*W
R-l(a)
R-12(<!>
a-Kb)
R-KC)
R-13(a)
R-3 (.)
R-lO(a)

R-lOta)

R-7(b)

»-l<»(b)
R-5(c)
K-12(»)
K-12(b)

K-3 (b)
K-U (b)
1-2 (c)

Sample
Net Wt.

_(&!-

66.9

115.3
174.5
175.2

l»5.0

2*1.0
219.5
202.2

202.2

352.7
158.S
134.2

202.0

1W.9
203.0

195.0
lit. 7

Cairnia Ray
Analysis
Time(see

26, 900

e7, 800

56, 400

23, 400

62, 300

27, 550
57, 200

8, 000

16,000

59, 700

9, 300

t. 610

57,000

18, 600

58.700

2<1. 620

58, 500

t26Ra Concfntrattota (pCl/g BB 1®)
Baaed on 0. 352 Baaed on 0. 609
MeV^iaana . KteVjfBnMi

4.6 t 0.?

3. 2 t 0.3

3.9 1 0.3

^.4 t 0.5

*. 2 t 0.3

2. 2 t 0.3

3. 3 t 0.2

2. 6 t 0.8

2. 8 » 0.»

3.9 t 0.4

2. 4 t 0.7

3.9 t 0.8

4. 4 t 0.2
4. 1 t 0.5
1. 7 t 0.3
1.8 t 0.2

1, 7 t 0.3

<. 8 S 0.8

3. 8 t 0.5

<. l t O.t

(. 0 ± 0.5

*. <. t 0.4

1.8 * 0.3

3 4 t 0.2

3. 0 » O. fi

3.0 * 0.81

3. < t 0.3
3. 1 t 0.6

*.3 $ 1.0

4. 5 1 0.3

*. 2 t 0.9
2.0 1 0.3

2. 0 i 0.2

1.6 t 0.3

Averap®

^. 7 t O.S

3. 3 S 0.3
4.0 £ 0.3

^. 2 & 0.4

<i. 3 i 0.3

2.0 S 0.2

3.4 t 0.1

S. ft t 0.3

3. 2 t 0.3

2. 8 t 0.5

4. 1 t 0.6

4.5 * 0.2
4. 2 t 0.5
1.9 t 0.2
1.9 tU.l

1.7 1 0.2
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TABLE B-l (Continued)

0

u>
M

Sanpla
TVB*

Container
Hunber

Cotfblned Fly
.nd Bottoa Aah 4

6

Boiler Slag

rco

13

17

32

36

37

39

Sample"

R-15(b)
R-9 (b)

R-4 (b)
R-< (b)

S-lft

R-B (b)
1-t3(b)
B-18

Sanple
Net Wt.

(8)

168.5
231.9

298.4
2?5.S

73.2

37.5
42.2
*0.l

Caiina Ray
AnalyetB
Tiae(Bec

S<i, 500
8, 300

T. 20®

59, 500

M3. 230

K, 000
51. 660

?<i, 000

i26Ba Concentration pCt/ Baa Ie)
Baaed on 0. 352 Based on 0. 609
MeV attma lte!V_panraa

2. 9 £ 0.3
3. 7 t 0.6

2. 4 t 0.^

3. 6 t 9.2

2. 9 t 0.3

0.8 * 0.8

0. 6 t 1.6

0.4 10.2

3. St t 0.3
3.4 t 0.9

2. 1 t 0.8

3. 4 t 0.2

3. 3 t 0.3

1.0 t 1.0

0. * t 0.6

0. 2 t 0.1

8<taipl<» liated . ccocdlng to code given to varloua plants

'Btror (t I .ttndardldavtation) baMd on gfnary counting . fttatlca (See Mfer«nc« U)*

Average

3. 1 t 0.2
3. 6 t 0.5

2. 3 t 0.4

3. 5 S. 0.1

3. 1 t 0.2

0.9 t 0.6

<1.3

0. 3 * 0.1
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GM4MA BAY ENERGY
Ge(Li) GAMMA

TWNBL NUMBER FOR

2.0

r
214 Bi,

1.5
40 K^

60 Co,

214 Bl

60 Co
2»<BI

< w^

EqulpCTttnt Sntltng*
td
w

IS 1.0

44

+3000 V detector MM on Orfc 10% GB|U» datector
S70 Ortec .mpllHer: SO x 6SB gstn

2 »t *ec ritaplng <lm8
8LR auto
ncgatlwi Input

1024 Channel Northern pulw height analyter:
ADC High Lwel Input
Paislve Baselttic Rettorer

AC Couplmg
0.20 Zero levt.1
1024 convertton 8»ln
Digital lero olfn off
SCA/ADC: LLD 0.20

UtD 10.0

soo
Channel Number

1000

FIGURE D-l

- Doc. Ex. 9098 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



ABSOLUTE COJNTING EFFICIENCY AS A FUNCTION OF TilE GAM?4A mV
ANERGY FOR A FIXED SAMPLE/DETECTOR GEOMETRY

2.0

1.5

r
\

SiNTipla-Deleclor Gwmnatry:

Homogeneout tamp(< contalnad In . 8.5 cm.
dla.x4.3cm. dwpC »n. wlth(hB

end of thn can placed adjacent to and co-axiatly
with th® fat end of (h» Ge(U) detector houtlna.

^ 1.0 r

\

0.6

0.1
S 10 1B

Absolute Counting Efficiency (10~3 mt count* per ganims ray emit)

26

FIGU
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APPENDIX E

PHYSICAL SAMPLING AKD AI^ALYSIS D^*TA

FULL-SCALE FIELD EVALUATION OF WASTE DISPOSAL
FROM COAL-FIRED ELECTRIC GENERATING PLAINS

By

Chakra J. Santhanan
Amand &.. »alasco

Itanar Bodek
Ch&rles B. Cooper

John T. Hunphrey (Ealey & Aldrieh, Inc.)
and

Barry K. Thacker (Bovser-Moraer Testing Laboratories)

Arthur D. Little e 'lac*
Acorn Pa'"'

as.'rises- i.tissa -£r:ss C'1 '-0

EPA Contract 68-02-3167

EPA Project Officer: Julian K. Jones
Industrial EnviTonnental Research Laboratory*

Office of Environnental Engineering and Technology
Research Triangle Park, North Carolina .-27711

Prepered For

U. S. Enviroianental Protection Agency
Office of Research and Development

Washington, DC 20460

(*) Now* Air and SMergy Sngineeriag Hesearch lAborjatarj

E"l
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APPENDIX E

Physical Sampling and Analysis Data

This appendix provides the physical sanpling and analysis data as
discussed in the main body of the report. This appendis contains data in
the following areas for each site.

* site nap

. QA/QC resulcs

» permeab ill Cy data (ctmstant head)

void ratio vs pressure

extended perneability tests (llaited auabsr of sites)

unconsolidated - undrained triaxial tests (limited nunber of sices)
specific gravity

® soil classifications

e data sunanary sheets

These data are reported by site io the following sections.
"Pa^

* AUen E-T

-.> Elranaa E-43

Dave Johaston

Sherco

Smith

Powerton

E-U4
E-153
E-191

E-226

E-2
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All'-.s, Duke Power

&- 3
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EPA CONTRACT 68-02-3167

AJDL CASE 8AOOO

PHXSICAL TESTING RESULTS

1.0 ALLEN

2. 0 SLRAMA

3. 0 DAVE JOHKSTON

4. 0 SH2RCO

5. 0 PO^ffiSTON

S. O LASSIEG SMrfH

DUKE POWER

DUQUZSKE LIGHT £ CSI

PACIFIC POI'JES & LIGHT

NORr-r^' STATES POWS2

ROMMOCT^ALTE EDISON

GULP POWER

2-S
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>̂'7?*'''

UNIVh^ITYUFLOUlSVILLi:
LuuiSviujz. Ki.^rucKy 40292

Si'l LU S<.-U Mil-1C SCHOOL
JAMl-SIiK! CKf:^i<ltK.'E-^l U lOL-MMTION
UU-AKl.<U.N-i u, UVll. LNGINt.LRlNU*"""

Septeinber 23, 1981

MEMORANDUM TO: C. J. Santhanam, ADL

FROM.. ;...... : C. R. unrich, UL C^^UM^^
SUBJECT...... : QA/QC Physical Property Tests

,
P1 Mse-f3"d.. attached. a. summary of results of OA/QC tests perfen-'ed

at-the_universi ty of '-ouisvi 1 Ie on' samples -fros)'the"AHen^pfan^> 1 AlT'
samples rested consisted of ash^material s^ thus unco nfined" COTO
^sts coyldjlot be performed- Test resu1 ts. are reported~forw ^rnieab:i'1<i ty
tes^, perfor?;;ed on re!no1ded' conipactedssmples "repre senting' threecdS?th"

QA^QCPhystcal. pr°perty., testson she1by tube samples and jar sdi^les
%^SC O are under way- 'we win P''Qv^e'resufts-to'you~whert e;:'i'Sr?s

1w

E-6
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SUMMARY CF RESULTS

QA/QC PHYSICAL PROPERTY TESTS

ALLE;; FLA?;T

Boring ho. : 3-1

Sample ?jo. : 5C

Depth: 20'0" - 22'0"

Date of sar-pling: January .. Z, 1351

^-'Results of peniiesbility tesis^en reno'iusd, compacted samples:

D^pth
Intervsl

ft.

20'0"-20>£"

20'8". 21'2"

2. 2"-Z:, Q"

Maten s 1

ash

esh

c. -- n

Kate r
Content

(S)

5.0

6.0

35.8

KOlSt
Density
(oct)'

110.4

116.1

104.2

. Dry
Dens i ty
(oct)'

1C4.8

10S.2

'f r'
^' 4. w

Coefficient
of Pen'iesbi'lUy

fcm/sec^

4. 2" x 1 ""

2. 29 x 10'3

2. 00 x I;'3
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CO^ST.y^ :-2A3
PSXMZASILin SST

UAORATOR? COCTACTSD

Project:
Kasartal 3escri?tioa:
Method of Coc?ae;ios:

SPSCIiSX SA;A

Gospacclon:
Kaxioua Dry Usit yeight;
Opciaua Mo is sure Cor. sen ;
Test Method!

Siaeasioas:
Selghs;
Oiaseter:

Weighs:
Initial:

Moisture Conseas:
Initial:
Final:

Vet -Gelt Weight:
Initial:
Ttn&l:

Cry Uaj. ; Weighs:
laiti&l; .
Z Ceapaccioa:

Back Pressure Sacur&tion:
Pressures:

Pesaeability:
k .

Calculations;

Toraula:

tTnere for 1-oss ^eadiag:

Alien Disposal 5i;e
?lyash
Puddled iaso aold

63. 7 pcf
U. 5X
AS*K-BSSS~70-Me=hod -C*' Standard

4. 002"
4. 505"

3. 00 Ibs.

55. 6%
57. 5F

81. 3 pcf
82. 2 pcf .

52.2 pcf
81. &

5. 0 psi

2 x 10"4 ea/sec

k«9LC.
^552

Q«161 ec
1.-4. 505" ^
t"378 seconds
h*5. 0 psi
I>2"l6. bl6 icch&s2
C»0. 0071297
k-2 x 10-A ea/see

E-®

BO^S£K.MORN£n
Testisg Laiioraioris-s, k
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Constast Bead

Paraea. ^i-i^ . es^

Project:
Soring Vo.:
Ssaple 2;o.:
I>®?t;h Zr-se-vsl of Ss=?le:
Dapsh I-.tervsl of r&s= Specise-

SP2CIKSK DATA:

Alien Disposal Site
3-U
IS
&. 0' - 5. 5'
». 5' - 5. 0'

Diaensions, in&hes,
Beighc:
Dissever:

Weight, Ibs.,
Inicial:

Moisture Contea?». 2:
Iiiitial:
Tiaal:

T-?®t Cci; Keight, pcf,
Initial: .
Final:

Dry Unit Veight, pcf,
Isiti&l:

Back Pressure Sasuretion, psi,
Pressures:

Material Descripsion:
-safibility, ca/sec,

fc:

Calculations:

Forauls:

5. 960"
2<, °31"

1. 85

3S.6
^3.§

79.*
84.3

ss.$

10.0
Grey Tlyash

y x 10-6

^' OLC
thD-

inhere for last readiag:, ^. 53. 1 ec
1^5. 958"
t«2S^O sseoads
h"10. 0 psi
B2»8. 590ittshes2
C"0. 00712?^
I:"8 's. 10"^ ess/s £;

<£- 9

BW^t^y. o?^t?.
Tes::?g Lsfc3 's:c::ss, I-
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CoCSSfiSS 8£^;

Feraeabilisy Test

Project:
Boring No.:
Sacple No.:
Sepsh Ineer~&l o: Ssapla:
Depth Incerval o: Tes; Speeiaen:

SF2CZH2: DA^L:

Dineasions, inches,
Height:
Diaaecer:

Weight, Ibs.,
Initial;

Moisture Conteac, Z:
Inisial:
Finals

Wet Uais Weighs, pef,
Initial:
?iaal:

Dry Unit Keight, pcf,
Initial;

Back Pressure Sssuracioa, psl,
Pressures;

Kaserial Deseriptioa:
Peraeabilisy, cc/sec,

k:

Calculations:

?omula:

Vhere for Last Seading:

^llen Disposal Siee
3-ITPI
sc
1. 5' - 3. 0'
1. 5' - £. 0'

5. 953
2.85*

2. 20

36.3
35.4

59.8
99.1

73.2

10.0
Gray Fljssh

2 x 10~5

k-QLC_
tW^

7. 7 ec
L 5. 953"
fB1500 seconds

h-10. 0 psi
D2«8*145 Aaehes2
C-0. 0071297
k"2 s l0~5 cc/sec

E-10

30ff5£R. MORN£R
Testing Laborsioriss, 1-
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P£R^2A3ILZT'. 'r-:.
LA£0£ATO?.y CO^ACISD

set;

Ka^erisl Descripsior.:
Method o; Co=?e£;ior*:

SPECI.»2K SA^»

Ccap&csioc;
Maasiaua 3ry L'ais Weigh?:
Opsifflua Moisture Coosens:
Test Me shod:

Diaensions:
Sfeight;
Diaa&ter:

W&igbt:
Initial:

Moisture Coateas:
Initial:
Final:

Res C&it Weighs:
Initial:
Final:

Dry Usit Weighs:
Inlti&l:
5 Coapsction:

Back Pressure Sasuracie.
Pressures:

Peraeabilicy:
x

C&leulations:

consuls:

1?here at last reading;

Alter. Bisposal Sise
Tlyash
Ssasic

53. 7 pcf
14. 5Z
ASTy-D598-70-He=he>d "C" Stsndsrd

1. 978-
2. 68A"

0. 47 Ibs.

18. 22
42. 12

72. 6 pcf
87. 2 pcf

61^ psf
95

10. 0 psl

3, x 10"7 ea/sac

k"Ql.C '
£hCZ

Q"l7 ec
L-1.978"
t*c25200 seeoods
h-10. 0 psi
D2®7.20A iashas2
C"0. 0071297
k"l x 10"^ caa/aec

E- 11
30ffS2R. ?t!ORKSR
Testir. K Lafcsraic-ies. IT
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i th)

CONSOI. inATBD-UNURAINRD TIIIAXIAI. STRKSS PA111S

TEST NO. 1

l»rnj('cti Arthur R. Mttle, AllniiDJspORa.l Site

tl. itcrAnl. : Fllloftlnrkcray F^y"sl'» "ourcc; 1-m(-J, 5(:; 3-1A, 111

Q " Mnxinuim rrlnctpnl Kfl'cctlvc Strftflrt Ratio"
a RCfccLlve ;;t. icsn rnLh (|»' vi». <|)
. "T<» tnl. StrcRfl'oJiit - Static Pure rrc'5B«r<*" St rcnn I'nlli (p-", ( vs. q)

<a
p.

M

K

«^1

tl

.»

I "I

rtu

1>M

KFFF.CTIVK STRKNUTIt rARAMKrKHS

Imi B!' " fllR $* " R. ,1822

<f* " ZO. O"

f:' ^-^r " 0. 0 pnl
<'<»lt t

u*

<0

*-1
1»~
w-
b-

u>»

r
tr
0

a>

a.
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vs
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n

1C
0
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M
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^
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psl

in
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w /lt»
. ^/.

fi» no

» ^ OJJ<Ji
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":T
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100

fll-»<»3
1

17<1 l/i<>
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«'w . . «.

.

^-. -;. -; T^. : ^_._ ^£7 SU^iA^.

SA^^L; CC:C:TZO?:S

Sar.sle Pressrssicr.:
.v&:eri&l:
Soring Ko.:
Saaple Kc.:
5s?=h (f;):
Laserel Pressure (psi),

Sa:ur«zien phase:
C. cr.ss.^. a-iic^. Phase:

Bfick ?resE--re (psi),
Satiiretior. Phase:
C.onsolidfi^ion PIiase:

Er'fecsive Consslidstion
Pressure (psi):

SkecptonS-Velye as Isisi&sioa
Of Consolisasion Phase:

3eforese=ior. Rare.
(Inches Per Minute):

. Spesisen Ueighs (ibs):
SpeciaenSeight (In),

Initial;
Sonsolicsied:
2nd of Tes;:

S?. c-2£= Siess^e; Ciii;,
-^.^isl.
Consolidssec:

Moisture Ccr. ts-. s (2),
Inicial:
?ia&l:

Wes l-=i£ Vaight (?cf),
2ai£i&l:
Consolicsrec:

Dry Unit h6:. gh; (pcf),
Initial:
Coasclic£ted:

Specific G;avi;y:
Degree of Sasurasion (S),

Initial:
riasi: .

A£ MaxlsEus ?-i-. ei?al Efffecsive
Stress Tistic,

p.' ' (c.'^ 'k C"S)/2. (?s£):
q' - (:': - S'2)/2, (psil;

Neesyres S=?£-.grh Perasese-s:
2fi" -^r

c*

'. e. st
S£=^l rest. _ ':est ^=s:

s 1 Sarole 2 Ss=^:e 3 S£=rle ^ :es;

Undissu-bed -
st Gray riyssh

^--:?.

5=
.< '-t a
-. *.--.»

15.0
^c.c

10.0
10.0

30.0

0. 37

0. 01
2. 0A

5. ?30
5. 6S^
4. 532

2. £3£
2. 711

A3.6
^5.0

9<.0
1U.1

 

5.5
75.1

ss.o
1DO.O

55.5
2?.-

;'/ * 2£.^
l=>£<:) c C.O

F?
5C
1. 5-2

15.0
70.0

10.0
10.0

60.0

1. 00^

0. 01
2. 20

5. 95 3
5. S2S
^. 7^2

2. 85A
2. 842

36.3
38.7

99.S
102.9

73.2
7*.;
2.1i

S2.3
100.0

12A.6
55.3

3-1A
IS

. C -. 5-5.;

15. C
100.0

10.0
10.0

90.0

1. 00*

0. 01
1. 85

5. 966
5. &04
^. 723

2. 635
2. 806

35.6
AS. £

S*. 3
°5.6

62.2
6^.2

65.2
?5.3

*Sscu^£:e5 bafcre cor. seliss

130.5
6A.5

E-15

2AXS-S
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CO:;SOLZDATS3-L-::3?LG:;S3 TRL^XI T 7SS7

TS£I NC-. 1
SAV'-?-_I *::- 1

Project: Arzh-^r S. ^i=^le, Aller. Disposal Site
-ly£s^

soring :;c: 3-:T?I
Ssr.ple :^o: 5C
Bep^h (f;); 2. 0 - 2.5

100. 0 .

La;e;s: ?rftss--;e (?si):4C.C
SAsk pressure (?si, ): 1C. 0

Z:fes;ive C=r.s;l;. ca=i;r. ?;£ss--;fc (?si): 5C.O
20.0

.so. c'

60.0

c.n

i

K

g &0. 0,
<d
us <

--.. e j
u

a
u

c

a 20. 0,

u
hi

^2.0

. -i:-^:'::l-'. :' . :.

srATZC F02S ?^S£^2 . 13 ?si -

0.0

6.0

fc.O . ft. G 12.0
Axiel St-sin .. :^

1c.D

. o.c
2C.O

0
s;

IS

£ 6.0
-I
Cft

u <-^
> -n

0
-> *»-
fc. --
» 3

.w

:.c

o.r
E-16

30'x'SSR.MQRNER
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COKSC-1DAZ;;^L";3XA:.\23 TRlA.̂ AL ;ZS;

~ss? so. l

.-rojecc: Arzhur D. Little, . . --. Disposal-Sise
ws?eri£l: ?ill cf Gray nyssh

soring ?-c: S-ITPl
Sa=?le :;o: 5C
De?=h (;-. ): 1.5 - 2.0

150.0

Lazsra; Pressure (?sl):7C.C
Sack Pressure (psl):lC.C

2f;es^ve Cssselica:--^ ?ress--re (;!s;):6C.C
50.C

1-20. 0'. -5C.O

90. 0 .....

= E
s
S 60.'. 0
.<
u

Vt i

b

0

s )

.:1::>':^:"

30.0

0.0

6. 0 ...

^£y-^cj-awwW-f'--'Wf''

U. U ^. \J

e

u

e

IS : " , .

t 4. 0 ,.-'.. _'_...
u ^ I.. ;,.. -. <: . .

v. C~". ,...
--». ?~~~~ ' , :,
»«ft '^.. -rf-n-T-'-:'^^

1^F-
'- s" i^:' ' . \^~
£ :2. oS--«./

T 'S,i£___

-40.0

~:30. 0 s

STATIC ?0?^ ?S25S-L?>£ . 1C ?si

c
K
u
i.

v
to

-20.0
i

tW,, iu.... i]!aBiia
o. u. . : --^_-^-

Asrial S;-slr f7\

f

IB-FCt-I.ESSSE.i.- ^ . '.
*O. V ^.U.

,, -4

1gt-, ®.-.^S--L^^'-;^_- ^_- -...,.

»

?*»»

0.0
~WffSK<:!Mt!.wi:»f>K-,WW~''-.S'^ I
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>-UttSUl-UnAA. y-^rtUt\Al.. <_Lf *A.JLnA^AL> A-iiA

T2ST NO. 1
£.;W1Z :;3. 3

Project:
K&:e=-i£l:

Arthur ;. tiiz
Till =f Crs" T

5c;i-. g Nc; 3-lA
Sasple :<o: i5
Sepsh (::): -. 5 - 5.0

200.0

,1s. Aller. 2is?osal 5i=e
. l-ash

La;e;&l ?rftss--;e (?sl) :1^'?-^'
Sack ?;ess-.;re (;si); -^ . "

Sf;6s:i"e C£^s;lis&:^£^ ?re£5^e (ssi. ): c^.^
5 2. C

150.0

120.0

'^ 0.0

30.C

tB
s.

n
K

us

la

2
ft
1^
>

a 40.0

/ -I.

r :--f

..=0. 0 S

i i. i. ii. 11illii Slill I ti !

STATIC POSSP22SSUS2 . 10 ?si . .

a

v

u

0

to.o

0.0
0.0

6.0

4.0 8. 0 12.0
Axisl^S?-%in :^1,

16.0 20.0

r"""-"?

5
»
»
u
? 4.0

us

6) <-»
9 -m

.s ^
0

u: 2. 0 -
-.E2SS*. ^«^<Bfe

}

».
S-. 0. 0 " ^£-18

30VSZS.M. ORN£S
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SPECI.-IC G?JLV:7Y O? SOILS

Project: A-;hu- 3. Little, Alia-. tis-osss. 1 Site

Sasole *

13

5A-1

8A-1

1A-1

4A-1
*

5C

co&si;ic Sra-ity

2. 15

1. 96

2. 09

2. 20

2. 02

2.15

2^08

Average 2. 10

E-19
BOT;-5ER..MORN£H
Testing Labsra'. o'ies, In;
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77

APPENDIX F

Chemical Sampling and Analysis Data

This appendix provides the cheaiicalssiapXing aad analysis data reportad
ia che foraac described in che aain body of che report. This appendix concsiQS

che following sections:

Sice (3): Alien [PART I]

* sice map

o liquid samples daca

. boiler cleaning wasces daca

« 'solid samples data

Sice (D: Elraaa [PART L]

e> sits siap

. liquid saaioles data

® solid samples daca

Sice (S): Sherco [PART 21

c sice map

. liquid samples data

. solid sainplas data

Site (6); Powercon [PART 3]

c sice map

* liquid samples data

. solid samples daca

Sice (9): Smich [PART 3]

e sits map

® Liquid samples daca

» solid saauias data

Site (7): Dave Johns ton [PART 4]

® site map

. Liquid samples data

. solid samples daca

Soil Actenuation Xesulcs [PART 4]

271

373

441

196

545
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LLEN SITE

X Surface Uater Uaniple Locations

. Location of Geotechnicol Borings
and Monitoring Wells.

Arrows Point in Direction of
Ground Water Movement.

ASH POND

ACTIVE

ASH PONO\ /
RETIRED \ ^

\

y^
^ LAKE WY LIE
IMt^l
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Pl AN I fllKEE

Sample Numbers

SAMPLING POINT OESIGNATION

BACKGROUND WELLS
3-11 (AIL. )
3-'|A (FILI >
}-1|U (KES. /ROCK)
01>-1
UP-2
UP-8
OP-9

TRIPS

12881

65

71

22381

120
116
95

323BI

193
195
196

7I<<82

1265

1266
«za<»
1285
1286
I2fl9

RET I BCD ASII IIONO
3-1 (ASH. AIL.,RES. )

ACTIVE ASH POND WELLS
1-2 (All.)
3-2 (All. ) OIS. SOL.
3-<?A (ASK)
3-3 (RtS.(

ASII POND LIQUOKS
3-2 (16 (8 FT
3-2 (20-22 FT
3-2 (211-26 FT
3-2 (3B*«<o rr:
3-2A (Z'l. 5-26. *! FT)
3-3 (10-12 FT)
1-3 (22-21( fT)
3-3 (211-26 FT)

OOWNCRA01ENT WELLS (RES.1
3-5
3-6
3-6C
3-7A
3-8
3*9
3-9A

UOHNCRADICNr (ALL.)
i-6A

OOHNCRADIENT (FILL)
3-611
3-8A

OUWNURAOIENT (DIKE)

TOE DRAINS
3- IU
3-11
3-1?

ASH POND OISCIIAnci.
3-U

<l04

92 189 1261

6l|

1
2
3
5
7
9

11
12

<IOZ
67

<106
<108

69
<lll

80

93

91
94

90
99

102
104
106
115
117

190

191
192

197
201

208
209
211
213

1262
1298
<261
1264

1269
1270

12/7
1276
IZfll
1282

89 205 t271

<l05
<l10

<t07

100
110

103

toe
119

SP

206
210

207

214

12711
1279

1275

1290
1291
1292

12t 1291

(< valufri ary negative)
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n AMI IIIKK
LONCINIKAKON Ut I tLUOKIUE cm

SAMCtlNG 1*0 IN I UlSltiHATIOM

UA(;l«.l«t"Nlt Wt LI S
3 'I (All .»
3 '|A (11(1 )
3 'ill (KtS. /KOLKI
1)1'" I
IX* Z
Ill'
or

KtdKtH Ahll I'UNU
3-1 (Ablt, ALL.. Kt. S. )

AC11V1 ASII I'ONU Wtt-LS
a 2 (Aii.)
j <' (Alt. 1 UIS. SOL.
3 ZA
3-3 (RtS.)

Abll CONDI IQIIUItb
1 ? (16-18 FT)
3-.' [20-22 »T)
3-2 (2'1-26 tT|
3 2 (38-f»0 ff)
3-.?A(2'». 5-.-6. ll FT)
3-3 (10-12 FT)
3-3 (?<?-21t H)
3-3 (211-26 FT)

UOMNCHADICNT WELLS (RES.(
} .>
36
i-6C
3-7A
3 B
3-9
3-9A

UUWNUtAUItNf (ALI .1
3-6A

UOWNtiKAUItNI (ULt )
3-611
3-flA

DOWNLKAUIt-Nr (DIKl»
3-/

101 DKAINS
1 10
3-11
3-12

ASII f'UNU UISLtlAKLl.
3-13

TRIPS

12681

0.

0.

1

I

22181

0.
0.
0.

3
2
2

32381

<0.
<0.
<0.

2
2
2

7I482

0.4

O.i
O.t

<0.t
<0.1
0.2

a. 45

0.3

0.3

0.3

<0.2

<0.2

0. <t

0.3

0.3

0.7
0.1
0.2

0. 2S
2.5
0.9
0.9

0. I

0.1

0.1

0. 85
0.4

0.1
0. 25
0. 25
0.2
0.1

<0.2
0. 25

0.7
<0.2

<0.2
<0.2

<0.2
<0.2
<0.2
<0,2

0.5
0.2

»

<0.1
0.3

0.5
< 0.1
0.3
0.3

0.3

0. »
0.2

0.2

..

0. 25
0. 25

<0.2
<0.2

<0.2

<0.2

0,2
0.2

<0.1

0.2
0.2
0.2

0.4 0.3
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PIANt ItWCt
CONCCNUtAIION Of 2 CIILOHIOE PCM

SAMPLING POINT UESICNATIOM

BACKGROUND HELtS
3-4 (ALl.)
3-4A (FtLL»
3-1|U (RES. /ROCK)
DP-I
OP-2
or-a
OP-9

RETIRED ASII POND
3-1 (ASII. A(l., HES. »

ACTIVE ASK POND WELLS

TRIPS

12881

7

4

3-2 <A11 .
3-2 (AIL. ) BIS.
3-2A (ASII)
3-3 (RtS.»

SOL.

ASII POND LIQUORS
3-2 (16-18 FT)
3-2 (20-22 FI
3-2 (24-26 f[
3-2 (38-10 FT)

. 3-2A (21|. 5-26. 1 FT)
3-3 (10-12 FT)
3-3 (22-24 FT)
3-3 (211-26 FT)

OOWNGRAOII. NT Htl LS (KES.)
3-5
3-6
3-6C
3-7A
3-fl
39
3-9A

DOWNGKAUtENT (ALL.»
3-6A

OOMNGHADIEMT (FILL)
3-6U
3 8A

DOWNCnAOILNT (OIK£>
3-7

TOE CHAINS
3-1U
311
3-12

ASII POND DISCMAftGE
3-13

22381 32381

17.2
1t|.5
0.6

6.3

6.8

<0.5

<0,5
n.5

<0.5

0.6
't.7

Sl>

0.6

5.5
18.1
3.9

5.2

7.a

2.2

2.5
9.9

2.2

l(.i

7it<a2

10.6

'1.5
2.4
1.2
1.3
2.2

7.1

9.6

16

10
10.
a.

11
(0
8.
7
6.

6

a,

4

5
3

3

&

6.
<0.

<0.
0.
0.
0.
t.
5.
0.

8
5

5
7
7
6
7
4
6

6.
1.

0.
5.

<t.
.t.
4.
4.

3
5

9
3

If
6
8
5

6.
3.

t.
6.

6
5.
6.
5.

6
9

1
1

.>
3
9

3.3

3.3
9.9

3.7

5. l<
6

7.9
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1-1 AM I Illtlll
Ot 3 NtlltATE

SAMrtlNU COIN I UtSI GNAT ION

BACKUHOUNU WELLS
3-'t (Ati . »
3-*|A (fllL>
3-l<lt(HES. /KOCK»
or-1
ur-2
IH--8
or-9

T« I 1*8

12fl81

0.5

0.7

22381

0.
1.
0.

8
3
6

PPH

32381

<2
<2
<2

?I<»82

o.a

.1

.1

1.9
1.2

ItETIHtU ASII POND
3-1 (Al, U, Al. L., KES. »

ACllVt ASII POND WtLLS
3-2 (All .
3-2 (All.
3-2A (ASII
3-3 (RLS.

DIS. SOL.

<0.5

ASII POND DQUOIlS
3-2 <16-18 FT»
3-2(20-22 F7»
3-2 (2'1-26 FT;
3-2 (38-40 FT;
3-2A (2l|. 5-26. 4 FT)
3-3 (10-12 FT)
3-3 (22-21| FT)
3-3 (24-26 hT»

OOWNOKAOIENT UELIS (RES.)

3-6
3-6C
3-7A
3-8
3-9
3-9A

UOWNCKADIENT (ALL.t
3-6A

OOWNCHAUIENT (FILL)
3-68
3-8A

UOWNGHAUIE«r (UIKb)
3-7

TOE OKA INS
3-10
3-11
3-1Z

ASII rONU UiyUtAKUt.
3-13

r.3

0.6

0.6

1

o.a

1.3

<y.

<2

3
<2

<2

<Q.6

<0.6

<0.6
1

0.

\

0.

7

2

0.6
o.a
1.5
0.8

<0.5
<0.5
0.6

<2
<:s

<2
<2
<2
<2

0.8
1.2

<0.6
<0.6
<0.6
<0.6

<0.5
<0.5

4.5

<0. !>
<0.5
SP

<2
<2

4

<2

<0.6
<0.6

2.2

<0.6
<0.6
<0.6

<0.& <0.6
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PtANI KIKEt
CONCENfKATION Of

SAMPLING POINT UfcSIGNATION

BACKGROUND WELLS
3-lf (AIL.)
3-4A(ritt.>
3-«10 (HES. /ROCK)
DP-t
or-2
or-s
Dl>-9

Rt-TIREU ASH COND
3-1 (Ay, ALL.. R£S. )

ACTIVE AStl POND WELLS
3-2 (All .)
3-2 (AIL. ) UIS>. SOL.
3«2A (ASII)
3-3 (fttS.)

ASH POMD LIQUOnS
3-2 (16-16 FT]
3-2 (20-22 FT
3-2 (24-26 FI;

> 3-2 (38-<t0 fr
3 ~2A (2lt. 5-26. ls fT}
3-3 (10-12 FT»
3-3 (22-24 rrj
3-3 {211-26 FT)

UOWNGRAOIENT WEILS (ftES.
3-5 ~ ~~ '"""
3-6
3-6C
3-7A
3-8
3-9
3-9A

OOWNKXAOIENr (ALL.)
3-6A ~ "" " ~"

DOHNCRAUICNT (Fft-L(
3-61i
3-8A

DOWNCHAOtENI (DIKE)

TOE OKA INS
3-10
3-11
3-12

ASK PONO OISCIIAItGl
3-13

SULfATE

TION TRIPS

12881

2

22381

10
10
<<1

pm

32381

<'l
12
<'<

7l«t82

16.6

2.1
0.7
l. 'l
3.7
0.5

100

<r

<4

<4
8

<4

20
16
SP

62

92

<4

<4

«1
6

<1<

18

89.9

l.l

41

62
190
197
240
205

B2
12

108

5

..a

2

320
7

<4
«1
<4
13
7?
<lt
«1

320
«<

<4
<4

22
67
<>1
<4

169
2f

1.
5.

2fl.
76.
ll
3

.4

.3

7

If

5
2

i.r

7.7
6.5

1. <1

17.2
7.2
7.4

56
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CI Ati I IIIKIl
CUNCLNIKATION OF .» CIIUSPIIAIL

!iAH»'LIN<i POINT Dt-SICNAIION

UACKt.»<Ot)NI> Utl-LS
3-l|(Alt. }
a IIA (( ILL)
1 «IU (HES. /KUCKI
or i
w ?
Of U
W 9

(ii 11 KID AMI I'UNU
3-1 (ASII, AIL.. K£S.t

At-TIVt At>0 fUNIl WLLLS
3 i> I AIL.

fffM

lit I PS

12B81 223flt

<4
<>1
<4

a-iiai

«t
«1
<4

71'IB2

<0.3

<0.3
5.2

<o.a
<0.3

3-2 (All.
I t>A (Abll
3-1 (RlS.

OtS». SOL.

ASM CUNU LiyU OHS

3-e(
3-2 <
3-2 (
3-2 (

16-18 FT)
20-22 frT)
2l("26 FT)
38-110 FT»

}-2A(2't. 5 26. 4 (ti
' 3-3(10-12 FT»

3-3 (22-24 f1»
3-1 (2*1-26 FT)

UOWNCKAOIbNT WELLS (RES.)
3-5
3-6
3-6C
3-7A
3 a
3-9
3-9A

DOHNUKAUtENT (ALL.)
3-6A

OOWNGIIAUIENI (FILL)
3-6U
3-BA

UUWNUlAUIt-Nl <UIKl.)
3-/

FOL DKAINi*
3-IU
3-11
3-12

ASII CONU UI&CIIAKOL
3-13

<1<

<4

<4

<4

<1

<1<

<0.3

<U.3

<0.3

<4
<It

<:«.
«(
<t
<t
<t

<1
<1<

<>1
«1
<t
«1
«1
<4
<4

<ll
<tt

<1<
«1
<4
<t

3.
<0,

<0
<0

<u
<u
<0
<0

9
3

.3

.3

3

.3

.3

.3

S.6

<«1
<4

<4

<4
<4
SP

<«1
<4

<<<

<1

<0.3
<0.3

<0.3

<0.3
<0.3
<o.a

«1 <0.3
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PLAttT KIRIE
CONCENTKATION OF 6 BROMIDE PPH

SAMPLING POINf DESIGNATION

BACKGROUND
3-i>
3-'lA
3-4tt
or-1
DP-2
DP-8
01>-i»

(ALL.
(F*l
(HE5

WELLS
)
L»
. /ROCK(

TRIPS

12881

RETIRED ASH POND
i-l (ASII. ALL.. KES.)

ACTIVE ASK PONU WELLS
3-2 (AIL.
3-2 (ALI. ) UIS. SOL.
3-2A (ASII)
3-3 (KfcS. »

ASII POND I IQUOKS
3-2 (16-18 FT|
3-2 (20-22 F1)

, 3-2 (2*1-26 H»
1 3-2 (3tt-l»0 111

3-ZA (2'1. 5-26. 1 FT}
3-3 (10-12 F1)
3-3 (22-2<» FT)
3-3 (?4-26 FT)

UOWNCKAOIfcNT WELLS (RES.)
3-5
3-6
3-6C
3-7A
3-8
3-9
3-9A

DOWNUHAOIENT (ALL.)
3-6A

OOWNGRADIENr (FILL>
3-6U
3-8A

OOWNURAOIENT (DIKE)
3-7

TOl OKA INS
3-10
3-11
3-12

AStl PONU UISCIIAKGE
3-13

22381

<5
<5
<5

<5

<5

<5

<5
<5

<5

<5
<5
s**

<5

32381

<!»
<5
<5

71482

<5

<5

<5
<5

<5

<5

<0.3

<0.3
<0.1
<0.1
<0.3
<0.3

<0.3

0.7

<5
<5

<5
<5
<5
<5
<5

<5
<5

<5
<5
<5
<5
<5
<5
<5

<5
<5

. *&
<5
<5
<5

<0.3
<0.3

<0.3
<0.3

<0.3
<0.3
<0.3
<0.3

<0.3

<0.3
<0.3

<0.3

<0.3
<o.i
<U.3

<Q.3
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CIANI IIIIKt
COMCfcNIKAIIUN Ot / &IIVLK tm

bAMI'llNC; CO IN I ULSIGNAIIUN

KACKC. HUtlNI) Wit IS
3-4 (All .)
3-1|A (I III )
3-illt (Klb. /KOCK)
or t
UP-?
DP a
or-9

III. I IKlll ASII I'ONU
3-) (Ayi. ALL., ltLS. )

ACKVfc Abll CUNl* WELLb
32 (Ati . )
3 <. (All . ) UI&. SOL.
1-PA (AMI)
3"J(RLS. »

T« t PS

iaea i zzaai

<0
<0
<0

. uu5

. 005

. 005

3<;3ttl

<u
<0
<0

. UH5

. 005

. 005

7ll|fl2

<0. 00*>

<u. oa*>
<O. OU5
<0. 00'»
<0. 006
<0. 005

ASII rUNO 1 IQUORS
1-Z (16-18
3-2 (.>0-<?2
3-2 (2'1-26
3-2 (38-40

">
':[)
FI»
H;

3-2A (2tt. 5-26. tt 11}
3-3 ((U-12
3-3 (22-24
3-3 (211-26

OOHNtiKAUIENT
3-5
3-6
3-6U
3-7A
3-8
3-9
3-9A

UOWNCKAUIt-Nr
3-6A

UUWNl'KADIt-NI
3-61t
3 flA

DOWNOKAUIfcNI
3-7

101- OKA IN S
3-10
1-It
3-12

»T)
Ff»
Fit
Wtl-LS (RES.)

(ALL.)

(MIL)

(OIKt.)

Aiill CONU UISCKAKOk
3-13

<0. 00«» <o. uos

<U. 005

<o. ous
<0. 005

<o. ooii

. U. 0t)*>
*0. 00*>

<0. 005

0. 008

<U. 005
<0. 005

0. 01

<O. UU<)

<0. 006

<0.
<0.

<0.
<0.
<0.
<0.
<0.

005
005

005
005
005
005
005

<0.

<0..
<0.(

<Q.i
<0.(
<0.i
<0.i
<OJ

005

00&
005

005
005
005
005
005

<0. 006
<0.l005

<0.

<0.
<0.

<0.
<0.

<0.
<0.
<u.
<0.

005

uu->
005

005
005

005
005
005
005

<0
<0
<0
<0

<.

<0
<0

<0
<0
<0
<0

. uo*>

. 005

. 006

. OOb

. 005

. 005

. 005

. 005

. 005

. 005

<0. 005

<0. 005
<0. 005

<0. 005

<o. uu'»
<0. 005
<0. 005

<0. 00«>
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PtANl TIIREE
CONCENTRATION OF 8 ALUMINUM

SAMPLING POINT DESIGNATION

BACKGROUND WELLS
3-*1 (Alt. (
3-l»A (FILL)
3-48 (RES. /ROCK)
DP-1
DP-2
DP-fl
DP-9

RET IREU ASH POND
3-1 (ASII, ALL.. RES.)

ACTIVE ASH POND WELLS
3-2 (ALL.

IPFM.

TRIPS

12881 22381

<0.
<0.
<0.

3
3
3

32381

<0.
<0.
<0.

3
3
3

711(82

<0.3

<0.3
<0.3
<0.3
<0.3
<0.3

3-2 (ALL.
3-2A (ASH
3-3 {MS.

01 S. SOL.

ASM POND LIQUORS
3-2 (16-18 FT)
3-2 (20-22 FT)

,_. 3-2 (24-Z6 FT)
u 3-2 oa-ro FT]

3-2A (2lt. 5-26. lt fT|
3-3 (10-12 FT)
3-3 (22-2i» rr)
3-3 (24-26 FT)

OOWNCHADIENT WELLS (RES.)
3-5
3-6
3-6C
3-7A
3-8
3-9
3-9A

DOWNGRADIENT (ALL.)
3-6A

OOWNGftADIENT (FILL)
3-66
3-8A

OOWNGRAOIENT (DIKE)

TOE OKA INS
3-10
3-11
3-t2

ASII PONU UISCIIAIIUE
3-13

<0.3
0. 97

<0.3
0. 38

<0.3
<0.3
<0.3

8. 11

<0.3

0. 2S
<0.3

<0.
<0,
<0.
<0.
<0.
<0.3
<0.3

<0.3

<0.3
<0.3

<0.3

<0.3
<0.3

<(»,3

9. 28

<0.3

0.2
<0.3

<0.3
<0.3

<o.a
<0.3
<0.3
<0.3

<0.3

<0.1
<0.3

<0.3

<0.3

11.9

<0.1
<0.3
<0.3
<0.3

<0.3
<0.3

<0,
<0,
<0.
<0.3

<0.3

<0.3
<0.3

<0.3

<0.3
<0.3
<0.3

<0.3
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1'IANI IIIKtl
CONCINIKAIION 01 9 UOKOH

hAMI'LINI. POINI OL&ICNATIOH

UACK(;1(()"N» Ml-LLS
3 '( (All . »
I-IIA ( HI L)
3-l|U(«(.S. /HOCK)
or i
Uf-2
OC-8
Of 9

Itt. llHLU ASH FUNU
3. I (Al>ll, All.. Kt-S.)

Ati IVt ASII CONU Wt-tLS
3 2(Alt.l
12 (All. ) U»S. SOL.
3-S'A (AStl»
3-3 (RIS.»

ASII I'ONO i IQUOKS
32 (16-18 FT)
3-2 (2(1-22 n]
3 2 J.?'i-?6 fT)

. 3-2 (3tt-ll0 fT»
' 3-2A'(2*1^"26^< fi)

3-i(iu-i2 fT|
13 (22-24 M)
33 (24-26 ft)

UOHNUKAUIt-NT Uf-l-LS (HES.)
3-&
36
a-6c
3-7A
38
3-9
3-9A

UOWNC.KAUItNT (ALL. )
3-6A

OOWNCRAUtENT (f»LL»
3-6U
3. 8A

UOWNGKAUIENT (0110)
3-7

TOC UKAINS
3-10
3-tl
3-12

ASK 1>UNU UlbCIIAHGE
3-13

cni

1RIPS

12UB1 2<ij81

0
0

<0

. 015

. 03

. 005

32381

0.
0.

<0.

018
068
005

71'»B2

0. 06

0. 016
O. OOll

<.0. 001|
<0. 004
0. 005

1. B2

<0. 005

1. 71

<0. 00*>

1 . a /

0.

3.
0.

057

68
058

0

3

<0

. 058

. 6«t

. 005

0. 076
0. 055
1. 99
0. 119

1. 08
2. 11

3 'I
2. 16
2. &4
1. 39
1. 86

<u. oos
0. 007
0. 009
0. 05
0. 924
0. 06
0. 056

<0. 005
<0. 005

U 05
Q. y*»*>
0. 019

<o. oos

<o. uu'»
0. 005

0. 1<<8
0. 999
0. 116
0. 196

<o. out

0. 005.
0. 29't

0. 00i>

0. 02
0. 03

<0.
0.

<0.

<0.

uo*»
217

005

005

<0. 00>1
0. 1&8

0. DOS

0. 068
0. 059
O. S35

0. 238 0. 205
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Pl AMI Tll«tE
CONCENTHA11UN Of

SAMfllNU COINI Ot. SIGNATIOH

BACKGRUUNU WkLLS
3-f (ALL.»
3-'IA (FILL|
3-t|lt (RES. /ROCK)
OP-1
OP-2
DP-8
DP-9

RET IHfU ASM POND
3-1 (ASII, ALL., RES. (

ACTIVE ASK PONU MELLS
3-2 (ALL.)
3-2 (All. ) 01 S. SOL.
3-2A (ASK)
3-3 (RLS.)

ASH POND LIQUORS
3-2 (16-18 FT)
3-2 (20-22 FT)
3-2 (2l|-26 FT)

h-. 3-2 (38-40 FT)
L" 3-2A (211. 5-26. 4 FT»

10 BARIUM

3NATIOH TRIPS

12881 22381

0.
0.
0.

PfM

II
07
02

32381

0.
0.
0.

085
109
Oil

7TIB2

0. 101

0. 0f4
0. 02
0. 012
0. 016
0. 041

3-3 (
3-3 (
3-3

10-12 FT)
22-211 FT»
24-26 FT)

OOUNGRADlENr WELLS (KES.)
3-5
3-6
3-6C
3-7A
3-a
3-9
3-9A

DOWNGHAOIENT (ALL.»
3-6A

OOWNGRAOIENT (FILL)
3-6U
3-8A

OOWNGRADIENT (DIKE>
3-7

TOE UKAINS
3-10
}-11
3-12

ASK rONI) DISCIIAHGE
3-13

0. 06

0. 02

0. 061

0. 025

0. 155

0.
0.

0.
0.
0.
0.
0.

22
15

39
'5
Z5
23
25

I.!

0. 37
<0. 01

0. 02
0. 05
0. 06
0. 05
0. 05

<0. 01
0. 02

0.
<0.

0.
0.

0.
0.

<0.
0.

«23
005

013
037

061
061
005
013

I
I
0
0

0
0

0
0
0
0

. 07

. Ot

. 298

. 061

. 026

. 058

. 068

. 054

. 005

. 0211

0. 022

0. 02
0. 01

0. 02

0. 02
0. 01

0. 011
0. 012

0. 013

0. 037

0. 009
o. oat

0. 016

0. 031
0. 028
0. 01

®»1 0. 111
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ft AN I lllltll
CONUNIKA110N 0^ II UIUYLIIUH rm

bAMI'ltNtiCOINI Ut-KlfcHAIIUN

UACKUKUUNO WtLLii

3 << (Ati .)
3 <IA (I III »
l-*IU (KfS. /ttOUK}
ni> i
ur-^
»». a
or 9

l(t1 IKIIt A*»ll 1*ONI)
3-1 (Abll, AlL.. KES. )

AC I I Vt ASH I'ONI) WI-IIS
3-2 (Ati . I
3-S? (All I UIS. SOL.
3 2A (ASII)
3-1 (RtS. )

ASII ruNii i lyuoftb
3 ^ (16-10 FT|
3-2 {.'U 22 ( I)
3-2 (?l|-<i6 FT)
3-2 (3B. 40 Fl)
3-2A (.?<l'i 26. 4 f 11

o> 3-3 (to-12 rr|
3-3 (22-2<t »()
3-3 (2<l-26 FT>

UOWNCHAOIENf WtLLS (RLS.»
3-5
3-6
3-6C
3-7A
3-0
39
3-. 9A

UOWN(>llAU(tN( (AIL.)
3-6A

UOWNl-KAUIkNT (FILL)
3-6H
3-UA

OUWNt.HAUIkMf (BIKE)
3-7

TOt DKAtNh
3-IU
3-11
3-12

ASH I'UNU DISUIAKCfc
3-13

TK I CS

12U81

<0,
<0;

<0.
<0,
<0.
<0.
<0.

0005
0005

0005
0005
0005
0005
0005

22381

<O. OU05
<0. 0005
<0. 0005

<0. OU05

<0. 0005

<O. UUU5
<0. 0005

<0. 0005
<U. 0005
<0. 0005
<0. 0005
<0. 0005
<O. OOU5
<0. 0005

<0. 0005

<0. 0()0*>
<0. 0005

<U. QUO 5

<(>. OOUS»
*0. 000&

12381

<0. 0005
<0. 000»
<0. 0005

<0. <)UO&

<0. 0005

<o. uoo(>
<0. 0005

<U. OOU5
<O. OU05

O. OU09
<0. 0005
<O. OU05
<0. 0005

<0. 0005

0. 0009
<0. 0005

<U. OU05

<O. OU05

71182

<0. 0005

<0. 000'j
<0. 0005
<0. 0005
<0. 0005
<0. 0005

<0. 0005

<a. 0005
<0. 0005
<O. UU05
<0. 0005

<o. oous
<0. 0005

<0.<JOU5
<0. 0005
<0. 0005
<0. 000&

<o. ooos

<0. 0005
<0. 0005

<0. 0005

<0. 0006
<0. 0005
<0. 000&

<u iiros
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PlANr TIIKifc
CONCENIKATION OF

BACKGKOUNI) WELLS
3-4 (AIL.)
3-'IA(FILL|
3-W (RES. /ROCK)
DP-I
DP-2
DP-8
UP-9

KETIKED ASK PONU
3-1 (A511. ALI .. RES. )

ACTIVE ASH POND WILLS
3-2 (All.

12 CALCIUM

3NATION TK I PS

12681 22381

8.
9.
9.

pm

93
13
95

32381

6
12
9

. 5-

.3

. 99

71482

11.5

10.9
5.|l3
0. 7'f
6. 83
7.1

3-2 (All .
3-2A (ASH
3-3 (RtS.

D1S. SOL

ASIt POND I IQUUHS
3-2 (16-18 FT)
3-2 (20-22 fl
3-2 (24-26 FT]
3-2 (18-tO FT)
3-2A (2<t. 5-26. 4 FT»

I 3-3 (10-12 FT(
3-3 (22-211 FT»
3-3 (211-26 FT)

OOWNCRABIENT Wf-LLS (RES.)
3-5
1-6
3-6C
3-7A
3-8
3-9
3-9A

DOWNCRAUIENT (ALL.)
3-6A

UOWNCRADIENI (FILLf
3-6B
3-8A

DOWNUKADIENT (DIKE)
3-7

TOF DRAINS
3-<(t
1-11
1-12

ASII PUH» UISCIIAflUt
1-13

59. '. 60.7

t. 85 5. 08

64.1

.i9.
72.

89.
66.
55.
52.
59.

2
6

6
2
7
6
3

17

126
3. 77

0. 79
16. &
18. i»
29.5
18.1
12.5
4. 83

15.8

129
2. 56

0. 88
16.4

29.9
18.7
12.4
4, 55

16.2
14.6
63.7

3. 83

0. 57
ia

I/.9
20.4
11.2
5. 19

5. 57

2. 76
30

0. 1|1<

57. <l
66.9

2. 81
32.5

0. 32

57.6

0. 97
27.8

0. 34

56
70.8
51.2

21..^ 19.6
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1-1 AM I lllltlt
(ONUtNIKAIIOH Of

UA(.1«;IU»UNU WfcLIS
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PIANI TIIHEE
CUNCENIKATION OF 2*» PIIOSPItOKUS PFM

SAMPLING POINT DESICNAtlON
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Pl ANT tHREE
CONCrNIRATION Of 26 SILICON pm

SAMPLING POINT DESICKATIOF^
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pi AN r iiiRtL
CONCENIHATION OF 28 TIIUKIUM ftN,

SAMPLING POIMT DCSICMATION

BACKGROUND WfcLLS
3-4 (ALL.>
3-1<A (FILL)
3-4U (RFS. /ROCK)
Of-I
OP-Z
or-a
DC-9

RETIRED ASH POND
3-1 (AS(I. AIL., R£S.)

ACTIVE ASK POND WELLS
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3-'>
3-6
3-6C
3-/A
3-8
3-9
3-9A

DOWNMtAUIt. N) (ALL.)
3-6A

OOWNUItAUIENr (F ILL)
3-<;H
3-flA

OOWNGHAUI ENr (UIKE|
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NOTE: Vuliies above detection limit niay noc be real elnce blanks allowed levels of 0. 01 to 0. 03
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SAMfL I Nt; PU I n I Ut S I GNAII ON

UA(. K(. ltl»INll WILLS
3 .I (All .)
3 IIA (1111)
3 '|U (ItfcS. /ltOUK)
i) r i
i>r <f
Ill" B
ur 9

Rd IIILU AMI I'ONU
3-1 (ASK, All., HtS.)

A(-tlVt ASII I'ONU WELLS
1-2 (All. 1
A-? (Ati. ) UIS. SOL.
3«>A (ASII)
33 IRt-S.t
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1 M
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1-6A
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PI AN r iiinit
CONCtNIHAlION OF 10 VAMADIUH ipfrt

SAMPLING POINT Ol. SIGNATtON

BACKGHOUNO WELLS
3-1| (ALL. »
3-1(A (Flit)
}-'|B (HES. /nOCK)
or-1
DI'-Z
or-a
DP-9

HtdHkD ASII POND
3-1 (ASII,Alt.. RES.»

AUIIVE ASII I'ONU WELLS
3-2 (ALL.)
3-2 (AIL. » UIS. SOL.
3-2A (ASII)
3-3 (RfS.»

ASII PONU LIQUOHS

IBIPS

12881

3-2 (

w
tn

3-2
3-2 (

16-18 FT
3-2 (20-22 f)

24-26 FT
3B-lfO Ft

3-2A(2l». 5-26. 4 FT)
3-3 (10-12 FT)
3-3 (22-21| FT)
3-3 (Z4-26 FT

DOWNCRADIEN.T WELLS (RES.)

1-6
3-6C
3-7A
3-B
3-9
3-9A

OOWHCdADIEMT (ALL.)
3-AA

UOWNCKAOIEMT (flLL)
3-6U
3-flA

DOWNGHAOIENT (DIKE)
3-7

TUE DltAINS
3-1M
3-11
1-12

Ahll PONU DISCHAKGE
1-13

22381 32381

<O. UU5
<o. oos
<0. 005

0. 029

<0. 005
<0. 005
«). 00">

0. 018

71<t82

<0. 005

0. 016
o. ooa

<0. 005
<0. 005
0. 009

O. Ui'l

0.
0.

0.
0.

<0.
0.
0.

029
009

014
0*t2
005
313
112

0
<0

<0.
<0.
<0.
<0.
<0.
<0.
<0.

. 035

. 005

. 005
, 005
005
005
005
005
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0
<0

<0.
<0.

<0.
<0,
<0:
<0.

. 037

. 005

, 005
005

005
005
005
005

<0.
<0.
0.

<0.

0.
0.

0.
<0.
<0.
<0.

005
005
043
005

007
Ol«t

006
005
005
005

<0. 005 <0. 005 0. 007

<0. 005
<0. 0(»5

<0. 005

<0. 009
<0. 00>

<0.
<0.

<0.

<0.

005
U05

005

005

<0.
<a.

<0.

0.
0.

<0.

005
005

005

000
007
005

fl. Oi O. O'I?
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3-l| (All . 1
3 l|A (fllLt
1-III! (RES. /HOCK)
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ur y

»tt I I (ttlt ASII fOHU
3 ) (Ay|l, ALL., n£S. »
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3-2 (AIL.
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<0, 05
<0. 05
<0. 06

1-2 (AIL.
3-2A (ASII
3-3 (fil-S.

UIS. SOL.

l<:»
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ASII CONII IIQUOHS
3-^? (16-<a tl)
3-2 (20-22 K)
3-2 (24-26 M)
3-Z (38-'l0 tl)
3-2A (2t. (>-26:4 H»
3-3 (10-12 Ut
3-3 (22-2*1 K(
3-3 (.'11-26 FI)

UUWNCUADII-NI WtlLS (HES.)
a'*?
36
3-6C
3-/A
38
39
3-9A

UOWNGHAUItNI (ALL.|
3-6A

UOWNCKAUIfcNT (Fttl.)
3-611
3~8A

DUMNbKAUItNI (UIKE)
3 /

TOI tJKAINS
3-1U
3 1 1
31^

A&ll ruNU UISCIIAKGL
J-13
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<O. U2

<O. U2
<0. 02

<U. U2
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Pl AN ( IIHttC
CONI:tNritA110N Of 32 ZlltCONIUH cm

SAMCLING COIN! DESIGNATION

UACKt-IIOUNI) HLLLS
3-l|
3-»|A
1-'»U
l»p-1
UP 2
I))'-8
OP-9

(All.)
<nr »
(RCS. /ltOCK)

HE 11 KEU ASK I'ONtt
3-1

AC11VL
3-2
3-/
3'?A
3-3

(ASII. AI L.. RES.)

ASII I'OHD HELLS
(All. )
(All. ) UIS. SOL
(ASII)

(RFS.»

TRIPS

12881 22381

<0.
<0.
<0.

05
05
05

32381

<0.
<0,
<0.

02
02
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71<<82

<0. 05

<0. 05
<0. 05
<0. 05
<0. 05
<0. 06

Ul
^1

ASII POND LIQUOIIS
3-2 (16-18 FT»
3-2 (20-22 fl»
3-2 (2<|-26 FIJ
3-2 (38-40 FT»
3 ZA (2i|. S>-26. N !»|
3-1 (IU-12 FT)
3-3 (22-<>l< Fit
3-3 (24-26 fl)

DOWN(. RA()ltNT WtLLS (RES.)

3-6
3-6C
3-7A
1-8
39
3. 9A

DOWNCRAOICNT (ALL.)
3-6A

UUWN(;KADI(. HT (FILL)
J-60
3-8A

OOWNt. KADIENI (UIKE)
3-7

TOt UHAINS
}-t0
3-1)
3-12

AS!) I'ONU OISCKAHGE
3-13

<0. 05

<0. 05

<0. 02

<0. 02

<0. 05

<0. 05
<0. 05

<0. 05
<0. 05
<0. 05
<0. 05
<0. 05>

<0
<0

<0.
<0.
<0.
<0.
<0.
<0.
<0.

. 05

. 05

, 05
05
05
05
0&
05
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I.

<0.
<u.

<0.
<0.

<0.
<0.
<0.
<0.

(

02
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02
02
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<0,
<0,
<0.
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<».
<0.
<0.
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. 05

. 05

. 05

. 05

.05
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05
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<0. 05
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ft AN I lltltlt
UONCtNIKAtlON Ut 33 AHStNIC (LIQUIU) crn

SAHCIINC ruiNI UliilCNATION

BACKGMOUNU MttLS
3 't (All . )
3-4A (Flllt
3 l|U (HCS. /KOCK)
IH'-l
DP 2
Uf B
ur-9

KEI IKED ASK POND
3-1 (ASH. ALL., HES.)

ACFIVE ASH rOMU MELLS
32 (Ati.)
3-2 (ALL. » OIS. SOL.
3-2A (ASII)
3-3 (RfcS.)

ASII POND LIQUOItS
3-2 (16-18 FT)
3-2 (20-22 fT)
3-2 (24-26 FT)

^ 3-2 (36-40 IT»
^ 5-2A*if2l|75-26.'t< FT»

3-3 (10-t2 FT]
3-3 (22-24 FT]
i-3 (21-26 FT]

UOWNURAOIENT WELl-S (RES.)

3-6
3-6C
3-7A
3-fl
3-9
1-9A

DOWNGHADIENT (ALL.j
3-6A

DOWNCKADIENT (FILL)
3-6U
I-8A

OOMNUIIADIENr (DIKE)
3-7

TQl DKAINS
3-10
3-11
3-12

AS»1 rONU UISCIIARCE
3-13

TH 1 rs

izaai 221UI 3238)

S7.2

<0. 15
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56

1525

97&

<0.2
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<U.2
<0.2
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1550 2«l25
1 I

<0.2
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15 0. 78
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I
I

I
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PLANT IIIKEE
CONCEN1KAIIUN Of 3l< SELENIUM (LIQUIOl pre

SAMPLING POINT DESIGNATION

BACKRKOUNO WELLS
3-1« (Ati.)
3-KA (FILLl
3-1|U (HES. /KOCK»
DP-I
DP-2
UP-8
DP-9

RETIRED ASII POND
3-1 (ASII, ALL., RC$.>

ACTIVE AMI POND WELLS
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3-2 (All. » OIS. SOL.
S-2A(AS111
3-3 (Rt-S.)

TRIPS

128B1 223B1 32381 71482
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<0. 26
.(0. 26 0.7

<0.1
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3
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<2 6.6
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FT)
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3-3 (10-12
3-3 (22-2'1
3-3 (24-26

OOWNGRADIENT
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1-6
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i-7A
1-B
1-9
3-9A
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3-6A
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1-6B
3-8A

DOWNGHAOIENT
3-7
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3-U
3-12

FT)
FTI
FT»

WELLS (EIES.)

(ALL.1

(Fll-t.)

(DIKE)
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3
8
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a
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n AN 1 i »iii it
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SAMI'l INU CUINI UtSIGMAIIUN
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3-2 (3fl-l|0 »T»
3-2A(2i|. 5-26. t» fl)
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P(ANT IH«lt.
CONCENIHAIION Ot 38 HI FIELU

SAMfLINC POI MI UEStCMATjOM
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UI S. SOL.

ASII POND I IQUOHS
3-r <16-IB rT]
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7.6
7.6

III. 6

,.5

9.2
7,1

S. I
6.1
7.1
6.9
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n AM I IIIKtt
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3 9
3-9A
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3-13
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n AMI iiiniE
CONUEN111AI ION Of 1(1 CROUNOWATER LEVEL II (Mean Sea Level)

SAMPLING POINT DEStCNATIOM

BACKGROUND WELLS
l-t»(All.l
3-llA (Flt-L)
3-4U (RES. /ROCK)
OP-1
np-z
iip-a
or-9

RET IHEO ASK POKO
3-t (AS»l, ALL.. »(ES.t

ACdVE ASIt PONO MILLS
3-2 <AIL.»
3-2 (ALL. ( UIS. SOL.
1-2A (ASK;
i-1 (fttS.

ASH PONU LIQUOHS
1-2 (16-18 FT]
3-2 (2U-22 FI:
3-2 (24-26 n|

T 3-2 (3U-t<0 FT]
.' 3-2A(21<. 5-26:«1 fT;

3-3 (10-12 FT»
3-3 (22-24 FI»
1-3 (24-26 FT)

UOUNGRAOICMr WELLS (KES.j
1-5
1-6
3-60
3-7A
3-fl
3-9
3-9A

OOWNCRAOIEMI (Alt.)
3-6A

OOWNURAOIENT {fltLl
3 6U
3-BA

UOWNUHAltlENT (DIKE)
3-7

TOfc «»HAINS
3-tU
i-n
1-12

ASII rUNO DIS(:IIA«GE
3-13

TRIPS

izaai Z2S81 32101 ?fl82

627. 3 627.5
623. 7 627.?
627. 1 6'<i6. ft

A04.»

612.7
5M.I

578.3
5?B-S
569. fi
569. 11

571.6
S7I.5

S78.1

60'|. <|

613.1
573.6

5U2. 21
580. If
668. 9,
56B. 5i

570.6
563.5

609.5

623.

621.
621

4

5

623

62«|
623

.3

.7

.9

62!>
629
629
625

.6

. «.

.t

615.7
573.8

577.2
578.1
569. <<
568.5

S7I. 6 571. 3; 571.7

571.6
570. «t

577. 2 57,.5
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SUMMARY Ol-' CKOUNUWATER LEVELS -ALLIiN

(in fuet from top of casing)

ADI, Wulty

3 1
32
3-2A
3 J
t 4
3 'I A
3 Al\
3 .>
3-6
3 6A

3 6B
t. 3-7"

3~7A
3-8
3-8A
3-9
3 9A

POND I.EVEL

.roc

622.5
627.4
6<!5.5
627.7
628.8
628.6
628.6
635.2
578.5
579.9
580.2
5y7.0
596.9
592.5
582.5
581.3
581.0

1/28/81

18. 0(604. 5)
35. 2(5<»2. 2)
5. 4(620. 1)

40. 2(587. 5)
1. 9(628. 9)
7. 7(620. <<)
2. 5(626. 1)
23. 1(612. 1)
5. 0(573. 5)
9. 2(570. 7)
9. 8(570. 4)

19. 8(577.2)
19. 2(577. 7)
15. 4(577. 1)
12. 2(570. 3)
12. 6(568. 7)
12. 5(568. 4)

2/23/yi

17. 6(604. 9)
J. 6(623. 8)
1. 0(624. 5)
3. 7(624. 0)
1. 5(627. 3)
4. 9(A23. 7)
1. 5(627. 1)

22. 5(612. 7)
4. 4(574. 1)
8. 2(571. 7)
8. 6(571. 6)

18. 9(578. 1)
18. 6(578. 3)
14. 2(578. 3)
11. 0(571. 5)
11. 5(569. 8)
11. 6(569. 4)

3/23/81

18. 1(604. 4)
4. 1(623. 3)
0. 8(624, 7)
3. 9(623. 8)
1. 3(627. 5)
5. 8(627. 7)
3. 2(626. 9)

22. 1(613. 1)
4. 9(573. 6)
8. 6(571. 3)
9. 6(570. 6)

19. 8(577. 2)
14. 7(582.2)
12. 1(580.4)
19. 0(563. 5)
12. 4(568. 9)
12. 5(568. 5)

7/11/82

13. 0(609. 5)
1. 8(625. 6)
1. 7(629. 0)
2. 3(625.4)

19. 5(615. 7)
^. 7(573.8)
8. 2<S71. 7)
8. 6(571. 6)

19. 5(577. 5)
19. 7(577. 2)
14. 4(578. 1)
12. 1(570. ^)
11. 9(569. 4)
12. 5(568. 5)

Vdluuti In parenthesis are feet relative to mean sea level.

TOG -; Top of casing ulevation in feet relaclve co mean sea level.
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PLAN r IIIIHf
CONCENIKA110N OF '.2 OISSOIVEU OXYGEK CI'Hi

SAMPLING POtNI UESICHA1100

OAtK(;«OUNI» Wt 11 S
3-'l <AII .»
3-iiA(rir >
3-4B (ncs. /nocK)
UP»1
1»P-2
ur «
ur-«»

nEiiitii* ASII coNU
3-1 (ASH, AIL.,HES.>

ACIIVl ASII PONU WFLLS
3-? (Alt.

IRICS

12801 2Z3B» 3?3BI

3-? (Alt.
3-2A (ASH
3-3 <RCS.

DIS. SOL.

<?.
0>

ASK PUNI» LIQUORS
3-z (i6<ia n
3-2 (ZH-22 Ft
3-2 (Z'l-26 tl
1-2 (38'lfO K
>-2A (Z1. 5-26. tl FT»
(-3 (tO-12 IT|
1-3 (2?. 21< ri)
t-3 <2<1-2A ri»

UOWNURAUICMI WLILS (RES.)
3-5
3-6
3 6C
1-7A
3 fl
3-9
3 9A

DOWNGIIAIIICWI (AIL.)
3-6A

OOWKCIIAItlEHT (fltlj
3-6H
3-flA

OOWNtiltAUItMT (DIKE)
3-7

I Of DKAINS
3-10
311
31?

ASII PUMU 1»1;><. IIAIK;E
3-U

1.5
1. 'I
1.5

0.2

0.7
t.5

71«lfl2

2.1
}

2.9
2.8
3.2

0.1

0. 25
2. 25

1.9
(.6

1.3
0.7

0.6

2.9

0.8
0.6

0.4

a.2

I.S
2

1.5
0.3
a.7
o.»

2.2

0.8
2.9

0.7

2. f5
2.1
5.?

6.t
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9
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16
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zu
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21
2'1
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.ih
2,
<>8
Z9
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31
32
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5,
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AIUMINUM
UOdON
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(. AICIUH
CAIIMIUH
COIIA1 I
CIIKDMIUM
cum n
IKON
t'OIASSIUM
MA».N( S I UM
HAHI. ANtSt-
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^(M)IUM
NKSKtl
CIIUSfllOKUS
I IAU
Sit ILUN
SIKONIIUH
IIIUKIUH
IIIANIUM
VANADIUM
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/IIH.ONIUM
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11KUHATE
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prH
PPH
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PI'H
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crn
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fCH
PPH
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rpM
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P CM
PCH
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0. 05
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a-.? (Hf. -'n. 'j fi»
J-3 ( K1. -12. tl»
3-3 (2l|. -26. tl|

SUII S UNDllt ASII
3-2 ('l/. '»-lia. !> FT, Al. tUV, SS)
1-2 (llfl. 5-50. n. ALtUV. SS)
3-2 (.>0. -*il. f1. ALLUV. SS)
3-2 (SI. -52. K. ALLUV.SS)
3-2 (.j2. -5l|. Ft. AlLUV. SS)
}-I (?U. -30. M, POSSIBLE FILL. SS(
1-3 (30. -12. l:l, f<CSIDUA)., SS»
3-3 (32. -3»l. t1. RES 1 DUAL, SS)
3-3 (1*<. -3*1. '> f1, nCS)DUAL. SH)
1-i (17. 5-39.. » F1, RESIDUAL. Sll)
3-3 19. 5-41. 5 FI. RESIOUAL. SH)

UACKCIIOUMU SOILS
3-1< ( 16. "18.5 fI.AII.UVI
1-1 ( ia. 5-20. *> ft. All. UV)
3-'l (20. 5-22. 5 FT. WEATH. BtUKOC)
3-l|A(8. -l0. 5 FT. Ftl-LI
a-rit (16. 0-ia. o n. KESiuuAL)
3-tB (18. S-20. 5 FT, WEAT«. B£OROC>

12B81

<o. oa
)6
fl. 71
0. 64

17. 35
<0. 08

<0. 08
<0. 08
t. lll

<o. oa
<o. oa
<0. 08
<0. 08
<0. 08
<o. oa
<0. 06
<o. oa

t. 01
<o. oa
<o. oa
<o. oa
<o. oa
<o. oa

- Doc. Ex. 9199 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
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I'IANI irittl
SOl10 CONCLNI RATION Of 16 COfPER pm

SAHCLtNG POINT DESIGNATION

AStl SAHPIES
3-2 (16. -18. FT>
3-2 (20. -SO. 2 fT(
1-2 (3fl. -l|U. til
1-2 ('17. -11/. 5 ftl

u*
t0

TRIPS

12881

3-3 (10. -12.
3-3 (24. -26.

n!
FT)

soils uNorn ASM
3-2 (II/. &-IIB. & FT. AlLUV. SSj
32 (ra. 5--<U. fT. AUUV, SS»

n. Al. LUV. SS)
tt. AllUV. SS)
FI. AIIUV. SS)
II. rOSSIBIC MIL, SS)
fl. n(siniiAt, ss»

3?. -3'1. Fl. nrSIDUAl.SSI
3'i-3'i. & fi. nesiDUAi. sii)

;3/. t>-39. '> ri. nCSIDUAL.SH)
39. 5-'11. 5 rT, HES(UUAl., SII|

12 (50. -^1
1-2 (51.. '><'.
1-.; (52. -t>'l.

128. 30.
30.

3-1
3-3
1-3
33
1-}
1-3

. -3P.

BACM. KOUND SO 11 S
3-tt (16. -18. 5 FT. ALIUV)
}-.> (tU. '>-<-0. 5 fl. AlLUV)
}-1| (20. 5-22. 5 fT, WCATH. BEOROC)
3-l|A(B. -t(). 5 fI, riLL|
3-»tU (16. 0-IB. O Fl. RCSIUUALI
3-ltl» (18. 5-2U. 5 F1.WEATII. BEI)ROC»

40.9
39.6
28.3
27.5
45.1
20.fl

ti.r
12.2
4. 75

12.2
14.
14.1
18.3
29.5
29.9
11.5
10. It

17
t2.2
17.6
16.9
IS.3
9. 52

- Doc. Ex. 9200 -
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I'IANI limit
S01 tU CONCtNIKAIION 01 I/ IIION rrw.

!.<.
I'

KAMI'I INU I'UIHI ULSII.NADON

ASII t>AHt>ttS
3 ? (16. -18. IT»
3 / (t'U. -f'O. S' ft|
3 .' (3U. -1<0 111
3 <? ('i/. -ii/. b FI)
3 3 ( Kt. -IZ.
3 J (PII. -26.

?. *T!
>. II]

&OUS UNIHII ASH
1 / (i|?. '>-'l8.
3 ^ pi n. S-M,
32 (.»<». -'>).
3 ? (*»l. -ti.>
\ 2 ('*.*. -»>1|.
3-3 (:J«. -3l>.

30. -32.
32-3't,

33
3 .1
33
3 A
3-3

A-l»
}-«

.» t I. AIIUV. S^)
K.ALIUV. SS)
II. AllUV. SS)
( I. ALLUV. SS)
I I. AIIUV. SSJ
K. COSSIBLE tlLL. SS)
I r. ltl-SIDUAl. SS)
fl. KCyiOUAl. bS)

31|. -3'1 .> n. nCSIDUAI. SIIt
3/. !>-39. t> fl, ltlSIOUAl-, SHl
39. 5*')1. 5 FT, RESIDUAL, SH]

(1ACK<,»«)UNU SOIIS
)(i. -ia. 5 tT. AIIUV)
lfl. '>-20. '» FT. Alt. UV)

3 If (/.0. 5-22. 5 fT. WEAIH. BtUKOC(
3 '|A <a. -t0. 5 FT, Fill)
3 'ill (16. 0-18. 0 FI, RESIDUAL)
3-'IU (18. 5-20. 5 fT. WEAIII, BtDKOC)

1RIPS

12881

29«i y i
15U12
11700
23092
IB17U
17131

23iya
lasii'i
ns6i
19<t89
15'|U2
20'lOft
25669
Z37B9
22&24
23071
21«l22

izi'il
1)161|
16568
21<111
19&13
21fi73

- Doc. Ex. 9201 -
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PIANI ItlMFE
SOLID CONCENTBATION OF la roiAssiuM FPH

SAMflINC POINT DESIGNATION

ASII SAMPICS
3-2 (16. -16. FT|
3-2 (20. -20. 2 ft)
3-2(38. -lr0. fT»
3-2 ('17. -'17. 5 ft|
3-3 (t0. -12. FT»
3-3 (211. -26. FT»

SOILS UNDLK ASII

cr>
M

TRIPS

12881

AP
AP
AP
AP
AP
AP.

3-2 (
3-2 (
3-2 (
3-2 (

l|7. '>-«»a. 9 FT. ALI-UV. SSI
'. ft. 5-50. f1. ALlUV. SS)
W. -'si. FT, AtLUV, SS(
51. -5Z.

3-2 (.. 2. -511.
3-3 (2B. -30.
3-3 (30. -32.

FI,AUUV, SS(
Fl. AKUV. SS)
FT. POSSIBIE FILL, SS»
»T. RCSIDUAL. SS)

3-1 (12. -311. f (, RESIDUAL, SS»
3-3 (}<(. -34. 5 FT. RESIDUAL. SH)
3-3 (l/. t>-;<9. & fl. RESIDUAL.SII)
3-3 (19. 5-41. 5 FI.RESIDUAL.SH)

BACKCItOUNI) SO 11 S
3-*1 (16. -18. 5 fT. ALLUV)
3-'t (I8. «)-20. 5 FT. ALLUV)
3-'( (211. 5-22. 5 FT. WEATII. BEOROC)
3-*IA (O. -IO. 'i ft. fltL)
3-IKI (16. 0-18. 0 FT. RESIUUAtt
3-l|U (18. 5-20. 5 FT. WCATII. aEOROC)

AP
AC
AP
AP
AP
AP
AP
AP
Af
AP
AP

AP
AP
AP
AC
AP
AP

- Doc. Ex. 9202 -
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ft AN I 1111111
&UIID CtWCtNlKAIIUN 0? 19 MAUNtSIUH FI-N

<y<
1^>

i>AMI>LINC CUINl Dt. SIUNAI ION

Abll SAMI'I IS
j i (16. -IB. tT»
1 .? (/0. -20. 2 ft)
i <; (la. -'io. FI)
3 Z (l|/. -*l7. 5 fl»
} l (in. -)2. M)
3 3 (<"i. -.ii6. n»

fit I PS

128U1

1579
1 in i
Bfl2

1165
1500

768

SUILb UNIHH Ayi
3 2 ('t/. *>-l<a. i> FT. AllUV, SS»
32 (*ie. 5->»o. rr. Atiuv. ss)

»I. AtlUV. SS»
FI. AtlUV. SSl
tT. ALlUV. SS)
II. PObSlblE FILL. SS)
Fl. ltfSIOUAL. SS)

3 ^ (.>0. -t)l.
3 / . -52.<?'
3 / C>^-51|.
3 3 (L'B-30,
33 (JO. -32.
3 1(3^. -3'1. FI. KESIOUAl. SS)
3-J (.ilt. -3'l. *) rT. ftfSIDUAl. SH)
1-3 (37. *>-39. !> FT. KES1DUAL. SIQ
3-3 (39. 5-tl. S n, HCSIOUAL, SH)

UACKdltUUNU SO 11 S
3->1 |16. -ia. S tT. ALLUV)
3a't( IB. ')-20. l> fT. AlLUVt
3 ') (20. 5-22 .5(1. WEATH. UEDIIOC)
3-l|A (8. -10. 6 FT. FILL)
l-'IU (16. 0-18 0 fV. ftES<UUAL»
3-l|B 08. 5-20. 5 FT. HEAUI. eCUKOC)

660
674
181
575

1500
3250
6092
5507
*<62t<
5251
5930

2737
2392
3168

B56
5t81
6587
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riANf niKCt
SOLID CUNCENiRATION OF 20 HANCAMESE rrw

SAHPLING POINT DESIGNATION

ASII SAMPLES
3-2 (16. -18. FT)
3-2 (20-20. 2 »T)
3-2 (38. -1(0. FT)
1-2 ('l7. -lt/. 5 ft)
3-3 (10-12. FT(
1-3 (211. -26. FT)

cy
t*l

TRIPS

12881

171
81.3
69.2

144
83.>
84.

SOIIS UNDCH ASH
1-2 (<l7. "»-'(ft. 5 FT. ALLUV. SS)
3-2 (46. 5-50. fT. AltUV. SSt

FT. ALLUV. SS]
FI, ALLUV. SS]
FI.ALLUV. SSj
FT, POSSIBLE FILL, S3)
Fl, RESIDUAL,SS)

3-2 (SO. -51
3-2 (51. -52
3-2 <52. -5'1

Isa,
130,

3-3
1-3
1-3
3-1
3 3
3-3

-30.
-32.

J2. -3'!. tT. RESIDUAL, SS»
3't,
3,,

-311. 5 FT, RES I DUAL, Sit |
.>-39. 5 ft. RCSIUUAL. SH)

39. '5-41. 5 FT, KESIOUAL. SH)

BACK(;RUIINO SO I LS
3-t| (16. -18. 5 rr. ALlUV)
3-t (18. 5-20. 5 FT. AILUVI
3-»1 (20. 5-22. 5 FT, WEAIH. 6EDROG)
3-i|A (8. -10. 5 fT. fl(L>
3-<|B (16. 0-IB. O H, RESIDUAL)
3-l)B ( 18. 5-20. 5 Ft, WEAIIt. BEOROC)

136t
M?
189

6086
1726
512
621
551
451
727
698

155
303
(81
791
497
482
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n AN 1 i»i< i(
SOI ID (.ONCrNIKAIION 01 21 MUIY11DLNUM I'fM

SAMPIINO rO(Nf DtSICNAIIUN

ASII SAHI'ttS
3-2 (t6. -t6. fr|
3-2 (20. -20. 2 ft)
3-? (3B. -40. n\
3-2 ('. /. -47. & ft)
3-3 ( 1(1. -12. (I)
3-i (:>'1. -26. K»

SUIIS UNDIK ASH
?~'? ('i/. s'-'ta. s K. Aituv. ss)

n. Ai. iuv. ss)I-.* (<iu. 5-50.
1-2 (.>0-'jl. n. AILUV. SS)
1-? C>1-52. tT. ALIDV. SSi
3-? (.>/. -'>1|. ft. AltUV. SSi
3-3 (?t». -3U. M. POSSIBtE fltl., SS)
1-3 (30. -32. »T. t1£SIDUAL.SS»
3-3 (32. -3't. M. RESIBUAL.SS)
3-3 (3l). -3'l. !> fI. RCSIDUAL. SI'O
3-3 (37. i-39. '> fT. RESlUUAL. SIQ
3-3 (39. S-'<1. 5 FT. KESICUAL. SHi

UACKCHOUNU SOILS
3-'l (16. -18. 5 TT. AILUV)
3-'l (ia. 'i-20. *» fT. ALLUV)
3-i| (20. 5-22. 5 Ft, WEATH. BtORUC)
1-1<A (8. -10. 5 fT.
3-'IU (16. 0-18. 0 FT, R£SIOUAL»
3-1U (18. 5-20. 5 FT. WtAni. BEOROC)

1 HIPS

IZUBI

<3
<3
<3
<3
<3
<3

0
<3
<3
0
<1
<3
<}
<3
<3
0
<3

<3
<1
0
<1
0
<3
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PIANI tlUtCE
S0110 CUNCENTBATION Of 22 SODIUM ffH

SAMPLING POINT DtSIGNATIOM

0\
In

F;l>

TRIPS

12881

379
t>30
230
3«1»
179
209.

ASII SAMPIES
3-2 (16. -18,
3-2 (20. -20.Z
3-2 (18. -40. FT»
3*2 (47. -17. 5 ft|
3-3 (10. -12. fT(
3-1 (2<1. "26. K»

SOtl S UNUEIl ASK
3-2 (l|7. 5 l<8. & M, ALLUV, SS» 30.8
3-2 (118. 5-50. rT, A»LUV, SS) i0. 1»
3-2 (.>U. -'>1. fT. AlLUV, SS| 19.9
3-2 (51. -52. Fr, ALLUV, SSt 20
3-2 (52. -5'1. F1, A(IUV. SS» 29.4
3-3 (28. "30. FT. POSSIBLE FILL, SS) 40
1-3 (30. -32. tT. REStOUAL. SSl 29.8
3-3 (32. -31l. fT. nESIOUAL, SS» 20
}-3 (3l». -3'l, 5 Ft. RESIOUAl. SHI 29.9
3-3 (37. 5-39. 5 ft. RESIOUAL. SH) 20
3-1 (39. 5-1<1. 5 FT. RESIDUAL. SItj 29.9

BACKCROUNU SOILS
3-4 (16. -1B. 5 FT. AILUV) 89
3-1|( 10. 5-20. 5 FT. ALLUVl 69.6
3-4 (20. 5-22. 5 FT, WEA1H. BEDROC) 89.8
3-ttA (8. -10. S FT, Fll-L> 20
1-llB (16. 0-ia. O rT. ftESIDUAL) 89.7
3-40 (18. 5-20. 5 FT. WEAIH. BeOttOC) 99.4

- Doc. Ex. 9206 -
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.. I AN I IKKtt
iiUtlO CONCINIHAIION Of 23 NIUKtl. vm

SAMfLINi; POINI UI-&IGNATION

ASK SAMI'l IS
3-<? (16. -Id. )
32 iza. -zo.v
3 2 (31> <l0. |
3-2 ('. /. -.I?. ', (J)
13 ( KI. -12. t
3-3 (i?<(. -26. t

TRIPS

izaai

SO 11^ UNIItK ASII
? ? 1. 1</ . i>-l(8. . > IT. Al I UV, SS(

t. ALlUV. SSt
. ALl-UV. SS)
, ALtUV. SS|
. ALIUV. SSI
. POSSIBIE FILL,SS)
, »<CSIOUAL, SS»
, ltESIOUAL, SSJ

1 ^ ('(B. 5-50.
1 2('>0.. '>1. t
3 <'(51. -i>2. t
3-2 C»2. -5l<. tl
33 (^8. -30. f\
33 (30. -32. f
3-3 (3<'. -34. tlJtESIOUAL,
3-3 ( 3'l. -3t. 5 FT, RESIDUAL. Sl'l)
3-1 (3/.5-39.5 Ft. RCSKlUAL. SI'll
3-3 (19:5^11; 5 ff;nEsioUAL;SM|

OA(»<(;IIOUNU SOItS
3 't (16. -IB. & FT. ALLUV)
3-'l (lfl. S-20. 5 f1, Al.LUV|
3~'l. <20-5~22^-FTt M<:AT». BtOROCI
3"'|A (a. -10. 5 FT. FILLI
3-*tl>( 16. 0-18. 0 Fl. RESIDUAL)
3-<|U (18. 5-20. 5 fl. UCATII. flEOROC»

86
17.7
15.3
20.1
23.6
i6.a

6. 36
6. 99
2.69
a. 29
?-?5
6.6
7. 66
a.1
4. 68
3.6
3. 89

10.B
6. OB

10
8. 01
4. t8
7. t6

- Doc. Ex. 9207 -
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Pl AN r IIIHFE
SOLID CUNCENIRAriON OF 24 PKOSPDOHUS fm

<T>
-^

SAMPLING POINT OESIGNATION TH I PS

128BI
ASH SAMPIES

3-2 (16. -18. fit 179
3-2 (ZII. -20. 2 Ft | 166
3-2 (38. -'10. FT» t20
3-2 (»l7. -*<7. 5 Ft) 91.B
3-1 (10. -12. FT1 156
3-3 (2«t. -26. FT) »23.

SOILS UHDLft ASK
3-2 (ll7. 5-llfl. 5fT. ALLUV.SSI 82.1
3-2 (llB. S-50. II.ALIUV. SS) 96.2
3-2 {W. -'f\. tT. AtlUV. SS) 10.9
3-2 (51. -52. rr, A(LUV, SS) 69.9
1-2 C»2. -51|. FI,AtlUV, SS) 275
» 1 (28. -10. M. rOSSIBLE FILL.SS» 108
3-3 (30. -32. fT, nFSIDUAI,SS) 53.7
3-3 (3<'. -3't. fI, llESinUAL, SS( <6
3-3 (i'l. . 34. 5 FT. RES(D»AL, SH) <6
1-1 (I/. 5-39. 5 fT, RCSII)UAL, SH) <6
3-3 (39. 5-'<t. 5 FT, RESIDUAL, SII) <6

BACKGKOUNO SO It S
3~l| (16. 18. 5 FT. ALlUVt <6
3-lltl8. 5-20. 5fT.All. UV) <6
3-'t (20. 5-22. 5 FT, WEAtll. BEUROC) 209
3"<lA(a-10.5 FT, riLL) 23
3-itB «6.0-18.0 FT, RCSIUUAL) 382
3-t»B (18. 5-20. 5 FT. WCATH. BEDROC) 401

- Doc. Ex. 9208 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



I'l AN I IIIKIt
hUllU CONt. tNIKAOUN UK 25 LfAt) ffN

I\
0

SAMPIINU POINI UtSlfcNATION

Abll iiAHI'LtS
}-2 (i6. -la. ri}
1 <i (20. -20. 2 fT»
3-.' (3tt. -t»0. fll
32 (1/. -<i7. 5 fr»
3 3 (Id. -12. tT»
1 3(;'ii. -26. rri

SOIIS UNItlK ASM
3 ? (l|/. 5"->ta. '> FT. AILUV.SS)
3-<! Cl8. 5-'>0. tT. ALIUV,;
3-2 (.;<». -51. fr. ALLUV.SS»
32 (^1^-52; ft;AL[uv;SSt
32 (^;-5i|; fi^Ari'UV^SS)
3"? <28--30- II. POSSIBLC'fttL. SS)
3-3 (30. -32; tr;HCsioUAt, SS^'
33 (32. -3<1. I r, «ES(DUAL;SSJ
3'3 (3'». -3t. 5 FT. nESIDUAL. SH)
3-3 (3/. &-i9. 5 fr, RES)DUAL, SM>
3-3 (39. 5-41. 5 FT. RESIOUAL, S»l(

UACKUHOUNU SOIIS
3-'i (!6. -ta. s fr. ALLUvi
3-4 (18. 5-SO. S rt. AllUV)
3-'»<20. 5-22;5,FTt WCAni. BEDKOC)
3-<tA(e. -t0. 5 FT. flLL)
3-tB (16. 0-18. 0 FT. RESIDUAL)
3-4B (18. 5-20. 5 FT. WEATH. BEOROC)

11(1 PS

12U81

8
12,
6.
4,

10,
3.

5.
6.
0.
6

4.
3.
3.
3.
2.
3.
i.

3.
.I.
0.
6.
1.

, 01
t<»

, 62
21
1$

&<.
08
99

7)
a

70
2

59
a

99

38
59
79
ai
I*

1. 19
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Pt AN I 11MIFE
SOLID CONGENTRA1ION OF 26 SILICON PPM

SAMPLING COIHf DtSICNATION

0»
\0

TRIPS

12881
ASK SAHPtfcS

} Z (l6. -t8.
3-;' (20. -20,
3-2 (3a. -«>0,
i-2
3-i

("7
(10

-t7
12

3-3 (24. -26

.

FT1.
2 Ft)
.

FI>;
5 "I
'I!
FT|

S011S UNDER ASK
3-2 (l|7. '»~'l8. 5 fT. AtLUV. SSI
3-2 («<8. 5-*>0

1-2 (51
3-2 (.. 0. -51.

. -52-
[52. -5'l.
Z8. -3U.

-32.
-3f.

1-2
3-3
3-3
3-3
3-3
3-3
3-3

30.
52.

f1. ALLUV. SS»
rT, ALIUV, SS|
fr, ALLUV, SS)
rr. ALiuv. sst
ft, POSSIBLE FILL,SS»
n. RFStOUAL. SSI
Ft, RES I DUAL, SS)

31. -34. 5 ft. RESll)UAt, Sll>
37. 5-39. 5 l:t, RCSIOUAI.SII(
39. 5-41. 5 Fl, HESIOUAl, SII(

BACKGKOUNU SOILS
3-4 (16. -18. 5 FT. ALLUVI
3-0 (18. 5-20. 5 FT. ALLUVt
3-1) (20. 6-22. 5 FT, WIAIH. BEDKOC)
3-«IA'(8. -10. 5 rr. Klt)
3-'tB (16. 0-18. 0 rT, RES(DUAl-»
3-10 (18. 5-20. 5 FT, HEATH. BCDROC)

22.5
17.5
7. 09

<0.5
fi. 91

<0,5

26.5
13. 71
5. 58
7.9
8. 113
1.7

18
9.
2.

<0.6
3. 59

<0.5
<0.5

2. 89
3. 29

<0.5
U. 62
<0.5
<0.5

ft (partial digestion)
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11 AN I 1111(1 I
!>0l IP CUNCtNlttAI ION Ot 2, SIIIOHI IUM P11H

SAHI'tlNt. f>01 Nt Ut-SIUMAIIOK

AS*1) t>AMI>ltS
J <i (16. "IB. 1
1-? (?1>. -20,Z
3-<* (lU-'KJ. I
3 *. ('l/. -t(7 .*
3 3 ( IU. -1*', I
1-3 (<'<!. -26. f

SO lib UNDLK ASII

ij;
;!.

I (I I PS

12881

IB9
213
1l<0
160
239
112

3-:" (*l?
3 r*('til,
3",* (.»«,
1 -* (t>l
32 (.j;>

.>-*tc. '> n. Aiiuv. ss)
5-'»0. (l. AILUV. SSj
-.> I. tI. All.UV. SS)
-52. II.ALtUV. SS)
"»>1». It. AttUV. SS)

3 J (.'«. -30. 11, 1'OSSIUIE f)l.L, i>i>(
A3 (30. -32. N, RES I DUAL. SS)
3-.1 (}<>. -3't. I f. KtSIUUAt , SS)
3-3 (3'l. -3*1. 5 Fl, RCSII)UAt. S«>
3-3 (3/. ')-49. '> fI, KCSlUUAL,Sltl
33 (3!>. 5-'t1. 5 FT. ItESIOUAL. SKt

BA(-K(;KOUNI» SOIIS
3-4 (16-16. 5 K. ALLUV)
3 1| ()a. 5'20. '> fl, AL»UV»
3~*l (2(1. 5-22. 5 FT. WEAK). BCDKOC)
3 »|A (8. 10. 5 fT, Ft LI )
3-'1« (16. 0-18. 0 FT, RESIDUAL)
3-'|U (18. 5-20. 5 FT. HEATH. BCOROC)

13
8. 71

tl.2
tl.2
12.6
ia.5
9. 89
7. 01
9. 39
5 36
a. 89

19. t
16 1
29.3
a. as

31.9
3i.i
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flANt IIIHEE
SO I I D CONCfNTHAnON Of 28 TltoniUH pm

SAMPIING POI Nt UESICNATION

ASK SAMPLES
3-2 (16. -18. FT)
3-2 (20. -20. 2 Ft)
3-2 (38. -'10. FT)
3-2 (117. -47. 5 Ft»
3-3 (10. -12. FT)
3-3 J2«i. -26. FT)

SO I IS UNDER ASK
3-2 (l|7. 5-118. 5 FT. ALIUV. SS)

FT. AILUV. SS)

TRIPS

12881

3-2 (51. -52
3-2 (52. -54
3-1 (28. -30
3-3 (30-32

3-2 (48. 5-50.
3-2 (50. -->». FT. AILUV.SS)

FT, ALLUV, SS)
H, ALLUV. SS(
FT, POSSIBLE FILL,SS)
Ff. HESIDUAL.SSI

3-3 (32. -34. K. RESIOUAL.SSI
3-3 (34-34. & fT, RESIOUAt., SM»
3-3 (3,. 5-39. 5 FI. RESIDUAL. SMj
3-3 (39. 5-11. 5 FT. RESIDUAL.SMl

BACKCROUNO SOILS
3-1| (<6. -18. 5 FT. ALLUV>
3"4 (18. 5-20. 5 FT. ALLUV)
1-li (20. 5-22. 5 FT, HEATH. BEOROC)

! 3-liA '(8^lo75 FT. hLLj
1-ltU (16. 0-18. 0 FT. RESIOUAl.l
3-ttfl < 18. 5-20. 5 FT. WEATH. BEOROC)

<0.l
4.9

59
42
B9

2.-39

, 36
11
4

It.4
7. 06
7.8
7.06
5.1
s. za
7. 29
5. 96

z. aa
*1. 59
3. B9

II
69

2.9
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n AN 1 iititti
SOtlU CUNCINIKAI ION Ut 29 IIIANIUH CfH

SAMCtlNt. fOIMT llLiilGNADON

ASK bAHI'llS
3-;' ((A. -lfl. K)
3-? (<?(1. -.?0. 2 d |
3-1? (38. -tO. (I)
3-2 (1|/. -<|7. 5 flf
3-3 (10. -12. >U
3-3 (2<t. -26. FT|

TRIPS

12881

566
555
364
651
68,
364

>~I
.o

SOILS UNUEK ASII
3-2 ('l/. *>-it8. 5 FT. AIIUV, SS| 322
3-2 (1|U. 5-'»0. M. ALIUV, SS( 321
3-2 (.<(». -51. tl. ALLUV. SS) 320
i-a Cti. -52. fr. ALIUV, SS( 3511
3-Z (.i2. -5l|. ll. AIIUV. SS) <<75
3-3 (211. -3U. H. fOSSIBlE flLL. SS) 615
3-3 (30. -32. If. KESIOUAL. SS) 719
3-1 (32. -3'1. n. KESIOUAl. SSl . 635
1-3 04. -34. 5 FT. RESIOUAL. Stl) 699
1-3 (3/. 5-39. 5 fT. RCSIDUAL. SH) 6iB
3-3 (39. 5-11. 5 fT. R£SlDUAt.. SHJ 607

BACKKKOUND S011S
3-4«6. -ia. !> FT. AILUV) 366
.(-<> (18. 5-20.5 fl. ALt-UV) '179
3-l| (20. &-22. 5 fl, WFATH. UEOROC) 791
3-»IA(8. -10. 5 fT, FILL) '1<<6
3-l<lt«6.0-18.0 fT. RESIDUAL) 1335
3-fU (18. 5-20. 5 FT, WEATII. BEDBOC) 1352
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pi AN r IIIKCE
SOLID CONCtNTnATION OF 30 VANADIUM rm

SAMPLING POINT OESIGNATIOW IHIPS

ASII SAMPLES
3-2 (16. -IB. FT)
3-2 (20. -20. 2 fT)
32 (3B. -40. FT»
32 (117. -47. 5 fl»
3-3 (10. -12. FT)
3-3 (211. -26. FTJ

SOIIS UNUER ASK
3-2 (l|7. 5-'ie. 5 FT. ALI.UV. SSt
3-2 (lia. &-50. n. ALLUV, SSl
3-2 (50. -51. FT. AILUV. SS)
1-Z (51. "52. F1. ALtUV. SS)

FI. AtLUV. SS)
tT, POSSIBLE FILL,SS»
FT, RES I DUAL. SS»

(51. "52.
3-2 (52. -5'1.
3-3 (28. -30.

(30.3-3 , "32.

*»1
w

3-3 (32. -3t<. fT, RESIDUAL,SS»
3-1 (34. -34. 5 FT, RESIDUAL.SII)
3-3 (37. 5-19. 5 FT, RES I DUAL, SH)
3-3 (39. 5-11. 5 FT, HESIDUAL.SH)

BACKGItOUNO SOILS
1-r (16. "18. 6 fT. AtlUV)
3"1| (18. 5-20. 5 ft. ALLUVI
3-l< (20. 5-Z2. 5 FT. WEAIII. BEDROC)
1-1»A (8. -10. 5 FT. fKL)
3 1|» (16. 0-18. 0 fT. RESIUUALl
3-'l» ((8. 5-20. 5 FT. WEAr»l. eEOROC)

12881

34.9
33.5
2a. a
15.2
^1.5
22.2

37.2
34.3
2<1.3
aa.B
da.8
W.9
5t.3
38.1
31.6
28.3
35.7

39.5
ze.t
39.8
t»9.t
36-5
42.2
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I'l AN I IIIK1 t
bUI 111 U»NUlNlltAltON 0» 31 -CINC PI'H

SAHI'IIW; I'UINT UtSlt.NAIION

A&ll SAHfl tS
a-.; (i&. -ia. ri)
3-2 (.'It. -20. 2 fF|
3-;' (1B. -<|0. I I >
3-.? ('»/. »l</*'» FI)
1-3 (»0. <12. F1(
3-3 (24. -26. K)

&011S UNDIK ASM
I-? (l|/. '>-'lfi. t> FI. AIIUV. SS)
3-2 Clfl. 5-50. n. ALIUV. SS)
1-^ (1>0. -'>1. t1. ALlUV. SSl
1-2 (tit. -52. » r. At-lUV. SS)
3-r (>i2. -5l|. t (. AILUV. SS)
3-3 (?a, '3U. M. POSSIBIE flLL, SS»
3-3 (3U. -3Z. tr. ltfSIOUAL. SS)
3-1 (J2. -311. tI, ltrSIUUAL, SS)
3-3 (li|. -3t|. '> n. HESIOUAL.SH)
3-3 (37. !>»39. !) FT. RCSIOUAL, Stl>
3-3 (39. 5-'11. 5 FL«ESIBUAL, SH»

BACKUtOUNO SOILS
3-t (16. -18. 5 FT, AILUV|
1-1 (18. 5-20. 5 F1, AILUV»
3-t»(20. 5"22. S FT. UEAtH. BEUROC)
3-'IA (8. -10. 5 FT, FILL)
3-l|B (16. 0-18. 0 fT. RESlUUALI
3-1|B (18. 5-20. 5 fT. WEATK. BCDROC)

TRIPS

128BI

«»5.7
32.9
15.1
la.s
29.2
20.a

2t. l»
23.5
1. 26

25.7
27.9
30.3
40
16.1
za.i
12.6
41

16.2
32.1
22.8
24. <.
33.7
33.2

- Doc. Ex. 9215 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



PIANT IIIKFE
SOLID CONCENTRATION OF 12 ZIRCONIUM fm

SAMPLING rOINT UESICNATIOM

.»J
U1

ASII SAHPIES
3-2 (16. -18. FT(
i-2 (20. -20. 2 FT)
3-2 <3a. -'10. FT|
3-2 (l|/. -*l7. 5 Ft»
3-i (10. -12. fT»
3-3 <2l). -26. Fit

SOILS UNDER ASH
3-2 |l|7. '>-lt8. 5 FT. AtLUV. SS)
3-2 (llfl. 5-50. FT. ALIUV, SS»
3-2 CiU. -51. FT, AILUV. SS>
3-2 C>1. -52. FT. ALLUV. SSt
3-2 <52. -5'l. FT. ALtUV. SSf
3-3 (2fl. -i0. FT. roSSIBtE FILL, SS)
3-3 t3». -32. FI. BESIOUAL. SS)
3-3 (32. -34. FT, ftESIDUAL, SS»
3-3 (311. -34. 5 FT. RESIOUAt. SH)
3-3 (37. 5-39. 5 FI. RESIOUAL.SK)
3-3 (39. 5-41. 5 n, RES)DUAL,SII)

BACKUROUNU S011.S
3-*1 <16. -1B. 5 FT, ALLUV»
l-l|(ia. 5-20. 5 F1. ALIUV)
l-'l (20. 5-22. 5 FT. WEAIH. BEDROC(
}-l|A'(». -10. 5 FT. Hl-L)
3->|B (16. 0-18.0 rT, RESIOUAl.|
1-4B (18. 5-20.5 FT, WEATH. BEOROC)

T« I PS

12881

11.
II
5. 11
it. 16
7. ai
a. 03

9. 16
12
2. 36

11.9
a. 91
a. 86
l<. 14
1. 96
3. 77
4. 22
K. 23

2. 97
2. 98
2. 55
7. 1*1
'. 73
3. 02
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1'IANI 1111(1 (
hOIO (;()NUHI|(A(IUN Ot '13 AltStNIC (SOLIlt) t'm

bAM,

ASII
3
I
3
3
1
3

soil
a
3
3
»
3
1
3
3
3-
J
1-

n ING

SAHI'I
..
z

;'
. <'
}
}

5

.*
y

f
y
a

3
J
3
1
3
3

(If..
<''".
(in.
<"/.
<1<)
<Z'l.

fOINI UISK.NAI ION

IS
. -IB. I

.'(». <.
...10. »
. <. /..>

I)
rn
n
fi

I-?, tit
. 26. FI)

1»NI)IK Abll
Ci/.
('in,
<^-
(.Jl
('"*.
(-'?.
(JO.
(32.
'1'!-:
<1/-:
(19.;

. 'i-*lB.5

. 'j-w.
.Jl.

, ..<..
. -yi.
. -3U.
-3.'.
~3l|. t
-yi. 'f
'j'w. '>
5-1)1.5

1 11. AtlUV, SS|
I. AIIUV. SS)

i. AIIUV. SS)
. AtlUV, SS>
, AIlUV. SSJ
, rossii»i.t IIIL.SS)

[. KtSIOUAt. SSt
l, RCSII»UAl. SSJ
fl. DfSIUUAl. SKt
FT. nESlDUAl-. SIO
U. KtSIDUAL. SItl

I Klt'S

. ZUUI

32. /
3fl
36.1
19.5
57.1
16.2

IIAGKI.KOUND SOIt S
j-'l ( 16. -IU. 5 K. AllUV)
1 II (|<1. *>-20. *> (I. AIIUVI
3 'l(;>0. «> 22. *» I 1. UfAfll.
3-iiA (a. -iu. *> f). nil)
3-'IU ()6. (1-IB. O K, KI:S)1)UA11
I '|U (IB. *>-20. '> n, UCA(ll. flEUROCI

BtUKOG)

2.
I.
I.
I.
1.
s.

0.
1.
0.
0.

u.
0.
0.
1.
0.
0.

07
3
71
o/
13
.I
57
25
26
2S
3

06
27
61
<ll
<ll
«a
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ASSTEACl

This repoes »u ri2<if resuies of a 3»y^ar ecudy of cuFren.c eofll
esh snd flu« gas desulfuriiaclen (FGO) wast< disposal pracsiesa se
eoal-flr»d«l*ccric(»n«Tatlng plant*. Th* study waa eonduccad by
Arthur D. Litcla, Inc.. und*r EPA contract 63-02-3167, and involved
characterizing uaatea, gcthBrlng environtt«nCAl daca, aasesslng
environnencal ^fftcta, And .valuacins th< enginasring/costs of disposal
praeticss ac six stlactitd slcea in varioua locaclons around th® eouncry.
Results of th* etudy *T« providing technicfil bacltground data and
inforaacion to SPA, Scacii and local p<mi, CCtnsofficlals» and th®
utility induscry for ispleBcaclng snvlrota«ntfilly souod disposal
practices* : : :: . : : . : .

Dacs froache study sugsess chsc a® aaj or environmental effeccs
hav® occurred at any of cha six sites. For sxsnpla, daca fToa wells
dovngradienc of the disposal sites indicate that she eoncTibucioa of
vasce leachaca co the groundvacar has generally Tasulted in eoncentTa-
tions of chealeals less than che prinary drinking vacer scandards
escablished by E?A. Alchough occasl.onsl exceedsnces of che scandards
vcre obaervad» thasc vera not tiecessarlly actributable co coal ash and
FGD wasce. A gsnerie environBental evaluacton based on a ascris of four
vasce types, chree disposal nechods, and five snvironaental settings
(basad on cliaacs and hydrogeology) shovs chac technology exists for
envirotunencalty sound disposal of coal ash and FGD wasces for ponding,
inceria ponding/landftiling, and landftiling. For soue conbtnacions of
wasce types, disposal nschods, and envtronaencal secclngs, aeasures BBiSt
be caken co avoid adversa envlronaencal effaces. Hovever, site-specific
applicacion of good engineering design and pTactiees can aitigace nost

pocencially adverse effects of eosL ash and FGD vasce disposal. Costs
of vssce dispossl operE. Cions sre highly sysce®- and site-specific.

u
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APPENDIX G

ENGINEERING/COST DATA

FTJLL-SCALE FIELD EVALUATION OF WASTE 3ISPOSAL
FROM COAL-FIRED ELECTRIC GENERATING PLANTS

By

Chakra J. Sanchanaa
AmandA. Balaseo

Itanar Bodek
Charles B. Cooper

John T. Humphrey (Haley & Aldrich, lac.)
and

Barry K. Thacker (Bovser-Momer Testing Laboratories)

Arthur D. Little, Inc.
Acorn Park

Cambridge, Massachusetts 021&0

EPA Contract 68-02-3167

SPA Project Officer: Julian W. Jones
laduscrlal Enviroiuaental- Research Laboracory *

Office of Environmental Engineering and Technology
Resaarch Triangle Park, North Carolina 27711

Prepared For

U. S. Environmental Protection Agency
Office of Research and Development

Kashington, DC 20460

(<;) Now, Air and Energy Engineering Research Laboratory

G-l
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APPENDIX G

IABL£ OF CONTE3ITS

Plane Area Accouacs:

Plane Name

. Allan

® Elrana

Dave Johns ton

* Sherburne Couacy

w ?owercon

® Saslth

Plant Equipneac Lists:

Plant Name

Alien

» Elrams

. Dave Johns con

® Sherbume Councy

» Powertoa

<. Smith

Table No.

1

3

5

7

9

u

?e No. (G-)

4

7

14

17

20

24

Table No.

2

4

s

8

10

12

Page No. (G-^

5
.

8

15

18

21

25

u'
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TABLE OF CONTENTS (couttlaued)

Detailed Capital Cost Esclffl&ces:

.Plane Naae

* Allan

® Elrana

© Dave Johnston

< Sherbume County

* Powercon

® Smith

Detailed Operating Cose Estinaces:

Plant Name

® Alien

Elrana

s Dave Johns con

o Sherbume County

'» Powerron
.

© Smith

Table No.

13

14

15

16

17

IS

Table No.

19

2C

21

22

23

24

Pa e No. G-J.

28

29

30

Sl

32

33

Pa e No. (G-)

34

35

36

37

38

39

G-3
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TABLE 1

PLANT ALLSN AKEA ACCOUKTS

rhT,. llowlo.s sarieso£ equ^PB»<nc aunbers were assigned co che
solid wasce handling/disposat syscen at Plane Aliaa'and are'divided
among the area accouncs specified below:

1100 Series

1200 Series

1300 Series

1400 Series

1500 Series

1600 Sartes

Plane Alien fly ash handlins systen
Plane AXlen boccoa ash haadliag systea
PXaac Alien coal ash cransport syscen

Plane Allan coal pile runoff eransporc aysteffi
Plaac Alien miscellaneous plane wasces
cransport system

Plane Alien coal asfa/coal pile runoff/
niscellaaeoua plant was ces dj.sposaisystaa

Source: Arthur D. Liccle, Inc.

0-^
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TABLE 2

PLANT ALLEN EQUIPMENT LIST

AREA 1100 - PLANT ALLEN FLY ASH HANDLCTG SYSTEM

Iten No.

B - 1101 - A/C

Descri tion

BLOWERS

Units 3 and 4 Fly Ash Blowers

Ho. Re uired

S - 1101
E - 1102
E - 1103
E - 1104
E - 1105

- A/B
- A/B
- A/D

EDUCTORS

Unit X Fly Ash/Water Hydroveyor Exhauster
Unit 2 Fly Ash/Wacer Hydroveyor Exhauster
Unit 3 Fly Ash/Water Hydroveyor Exhauster
Unit A Fly Ash/Water Kydroveyor Exhauster
Unit 5 Fly Ash/Water Hydroveyor Exhauster

1

1
2

2

4

J

v

v

v

1101
1102
1103
L104 - A/B

VESSELS

Units 1 and 2 Air Separator Tank
Unit 3 Air Separator Tank
Unit 4 Air Separator Tank
Unic 5 Air Separator Tank

1
1

1

2

AS£A 1200 - PLANT ALLEN BOTTOM ASH HANDLING SYSTEM

E

E

E

E

E

1201
1202
L203
L20A
1205

EDUCTORS

Unit 1 Bottom Ash Jet Piaap
Unit 2 Bocton Ash Jec Puffip
Unit 3 Bocton Ash Jec Pump
Unit 4 Bcctoa Ash Jec Pump
Unit 5 Botton Ash Jet Pump

1

L

I

L

I

p

p

p

p

p

1201
1202
1203
1204
1205 - A/B

PUMPS

Uaic 1 Botton Ash Service Wacer Booster Pump
Unit 2 Bocton Ash Service Wacer Booster Punp
Unit 3 Bottoa Ash Service Water Booster Pump
Unic 4 Bottom Ash Service Wacer Booster Puap
Unit 5 Bottom Ash Service Water Booster Pump

I

1

1

1

2

G-5

- Doc. Ex. 9224 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



TABLE 2 (Coacinued)

PLAOT AIA£N EQUIPMENT LIST

AREA L300 - PLANT ALLES COAL ASH raANSPORT SYSTEM

I Eec No.

2 - 1301
2 - 1302
£ - 1303

Descri cion

EDUGTOBS

Sluice Line A Jet Booscer Pump
Sluice Liaa B Jet Booscer Puap
Sluice Line D J^c Booscer Punp

No. Re aired,

I

L
L

? -
? -
3 _

1301
L302
1303

- A/C
- A/B
- A/G

PUMPS

Sluice Lines^A^aadB Service Water Booscec ?ump 3
Sluice Line D Ser7ice Wacer Booster Puap 2
High Pressure Seryice Wacer Pump * 7

AIIEA 1400 - PLANT ALLEN COAL PILE RUNOFF TRANSPORT SYSTEM

PUM^

? - 1401 - A/C Coal Yard Sump Punp 3

AB£A 1500 - PLANT ALL£N HISCELLANEOUS PLANT WASTES TRANSPORT SYSTEM

PTBtPS

? - 150L - A/C Plane SuBtp Piap

?D - 1601
?D - L602
?D - L6Q3

ABEA 1600 - PLANT AI.LEN COAI. ASH/COAL PILE
RUNOF7/MISCELLANEOUS PLANT WASTES DISPOSAL"SYSTEM

PONDS

Disposal Pond A
Disposal Pond B
Disposal Pond C

Source: Arthur D. Little, lac.

I

I

I

G- 6
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TABLE 3

ELKAMA PLANT AREA ACCOUNTS

The following series of equipnent numbers were assigned to che
solid waste handling/disposal system ac che Elrana Plant and s.-ce
divided among the area accouncs specified below:

2100 Series ' Elraaa Plant fly ash handling syscen
2200 Series ' Elrana Plant Ely ash storage system

2300 Series " Elraaa Plant bottom ash handling system
2400 Series .» Elrama Plant bottom ash cransport systen
2500 Series Elraaa Plant bo ec on ash placefflent/iatertn disposal syscen
2600 Series ' CS stabilization process rawuacerials s cor age/handling
2700 Series CS FGC waste processing syscen

2800 Series ; CS stabilized FGC waste/botton ash cransport system
2900 Series CS scabilized FGC uasce/boccon ash placement and

disposal system

Source: Arthur D. Liccle, Inc.

G-'
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TABLE 4

ELSAM& PLANT EQUIPMESTT LIST

AREA 2100 - ELBAMA, PLAOT FLY ASH HANDLING

3

3

': tarn Mo.

210L
2102

Desert cion

BLOWESS

Fly Ash Conveying ftocary Air Caapressor
Fly Ash Convey g Rocary Air Conptessor

No. Se uired

I
i

3 - 210L
D - 2102

FEEDERS

Unics I, 2, and 3 Fly Ash nuidizing Chaaber
Unic 4 Fly Ash Fluidizing Chamber

1

L

& -

i :-

E -
s -
E -
E -

2101
2102
2103
2104
2105
2106

EDOCTOBS

Uaics 1 and 2 Fly Ash/Vacer Jec Ejector
Units 1 ami 2 Fly Ash Hydrovaccor
Unic 3 Fly Ash Hydrovactor
Unit 3 Fly Ash/Water Jet Ejeccor
Unic 4 Fly Ash Hydrovactor
Unit 4 Fly Ash/Wacer Jet Ejector

L

x
1
1

1
L

? - 2101
? - 2102

CYCLONES

Units 1, 2, and 3 Fly Ash Cyclone
Unic 4 ?ly Ash Cyclone

L

I

V - 2101
V - 2102
7 - 2103

VZSSELS

Uaics 1 and 2 Fly Ash/Air Separacor Tank
Unit 3 Fly Ash/Air Separacor Tank
Unic 4 Fly Ash/Air Separator Tank

I

1

1

Afi£A 2200 - ELRAMA PLANT FLY ASH STORAGE 3YSTSM

3 - 2201
3 - 2202

COMPRESSORS/FANS

Ash Silo Scrubber Exhausc Fan
Fly Ash Conveying Blower

G- 3
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TABLE 4 (Continued)

ELSAMA PLANT EQUIPMENT LIST

AREA 2200 - ELBAMA PLANT FLY ASH STORAGE SYSTEM (Continued)

Item No.

D - 2201
D - 2202 - A/B
D - 2203 - A/B

Descrl cion

FEEDERS

No. Re ui red

Fly Ash Silo Rotary Air Lock Feeder 1
Fly Ash Silo Rotary Air Lock Feeder (Manual Op. ) 2
Fly Ash Silo Unloader (Pugmill) 2

F - 2201

SCRUBBERS

Fly Ash Storage Silo Venturi Scrubber

P - 2201 - A/B

PUMPS

Fly Ash Storage Silo Sump Pump

S - 2201

STORAGE VESSELS

Fly Ash Storage Silo

V - 2201

SL1^_S_

Fly Ash Storage Silo Sunp

AREA 2300 - ELBAMA PLANT BOTTOM ASH HANDLING SYSTEM

A - 2301

AGITATORS

Bottom Ash Overflow Sunp Agicacor

c

c
2301
2302

SLUICE TRENCHES

Units 1 and 2 Bottom Ash Sluice Trench
Unics 3 and 4 Bottom Ash Sluice Trench

L

I

F -

2301
2302
2303

STRAINERS

Rocary Strainer
Twin Strainer

Rotary Strainer

i

1

1

<3- :S
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TABLE 4 (Conciaued)

ELSAMA PLANT EQUIPMENT LIST

AREA 2300 - SLSAKA PLANT BOTTOM ASH HAiTOLING SYSTEM (Concinued)

I=3S NO.

? - 2301 - A/B
? - 2302
? - 2303 - A/B

Descrl cion

POMPS

ITaics I and 2 Ash Sluice Water Pump
Unit 3 Ash Sluice Wacer Puap
Unit 4 Ash Sluice Wacer Punp

No. Re uired

2

1
2

y - 2301
7 - 2302
V - 2303

SUMPS

Botton Ash Siaap
Bocton Ash Overflow Sump
Surface Wacer Sunp

1
1

L

AfiEA 2400 - EL2AMA PLANT BOTTOM ASH TSANSPORT SYSTEM

p

?
3

2401 - A/B
2402 - A/8
2^03 - A/B

A3SA 2500

PUMPS

Bo ec on Ash Handling Pump
Hoc torn Ash Overflow Sump Puaip
Surface r-rater Suap Pump

2

2
2

- ELSAMA PLANT BOTTOM ASH PLACEMENT/INTERIM DISPOSAL SYSTSK

?D - 250L
?D - 2502
?D - 2503

PONDS

Incerla Boccon Ash Disposal Pond
IIlcerlffl Bot=con Ash Disposal Pond
Polishing Pond

1

I
I

? - 2501 - A/C

7 - 250 L

PIMPS

Sotton Ash Disposal Pond Overflow Sunp Pump

SUMPS

Bocton . ^sh Disposal Pond Overflow Sump

C- 10
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TABLE 4 (Continued)

ELRAMA PLANT EQUIPMENT LIST

AREA 2600 - CS STABFLIZATION PROCESS RAW MATERIALS STORAGE/HANDLING

B

B

3

Icem No.

2601
2602
2603

Descri tion

BLOWERS

Line Baghouse Exhaust Blower
Fly Ash Baghouse Exhaust Blower
Bag Cleaning Air Coiapressor

No. Re uired

1

1

1

C - 2601
C - 2602

CONVEYORS

Line Screw Conveyor
Fly Ash Screw Conveyor

1

1

D - 2601
2602
2503

FEFUERS

Line Storage Silo Screw Feeder
Fly Ash Storage Silo Rotary Air Lock Feeder
?ly Ash Storage Silo Screw Feeder

1
1
1

F

F

2601
2602

BAGHOUSES

Lisae Storage Silo Baghouse
Fly Ash Storage Silo Saghouse

1

L

H

H

2601
2602

SCALES

Line Scale
Fly Ash Scale

1

I

s

s

2601
2602

STORAGE BINS

Line Storage Silo with Live Bin
Fly Ash Storage Silo with Live Bin

1
1

G" LI
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TABLS 4 (Coaciaued)

ELSAMA. PLANT EQUIPMENT LIST

AB£A 2700 - CSFGC WASTE PROCESSraG SYSTEM

Scan So.

A - 2701
A - 2702

Descrl cion

AGITATORS

FGD Sludge Distribucion Tank Agicacor
FGD Sludga Surge Tank Agicacor

No. Re uired

1
L

3 - 2 701

BLOWERS

Pugmill Baghouse Exhausc Blower

c

c

c
r-

2701
2702
2703
2704
2705

- A/B

CONVEYORS

Filcar Cake Selc Conveyor (Drum Discharge)
Fitcer Cake Belt Conveyor (Mixer Feed)
Processed Wasce Bale. Conveyor (Mixer Discharge)
Processed Waste Belt Conveyor (Radial Scacker)
Pugaill Bypass Belc Conveyor

2

I
L
1

L

7 - 270L - A/3
? - 2702

FILTERS
»

Socary Drum Vacuua Filter
Pugnill Baghouse

M - 2-01

MIXERS

Pugaill

p

?

?
.D

?
3

p

2701 - A/C
2702 - A/C
2703
2704 - A/C
2705 - A/B
2'06 - A/B
2707 - A/B

PTOffS

Thickener Underflow Puap
Thickener Overflow Pump
Excesa'Ehickener Overflow Puap
FGD Sludge Surge Tank Punp
Ro cary Drun Filter Vacuun Pump
Filcrace Recycle Punp
Filcrace Punp

3

3
L

3

2

2
2

T - 2-01 - A/B

THICKENERS

FGD Sludge Thickener

.. - 12

- Doc. Ex. 9231 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



TABLE 4 (Coutiaued)

EUlftMA PLANT EQUIPMENT LIST

AREA 2700 - CS FGC WASTE PROCESSING SYSTSM (Continued)

Icea No.

V - 2701
V - 2702
V - 2703

Descrl tion

VESSELS

FGD Sludge Discribucion Tank
FGD Sludge Thickener Overflow Sunp
FGS Sludge Surge Tanli

No. 5a uired

1

1
1

AREA 2800 - CS STABILIZED i-GC WASTE/BOTTOM ASH TRANSPORT SYSTEM

MOBILE E UI?MENT

Fl
Tr

2801
2801 - A/T

Front End Loader
Diaap Truck

I

20

AREA 2900 - CS STABILIZED WASTE/BOTTOM ASH PLACEMENT
AN2 DISPOSAL SYSTEM

LF -
PD -
PD -
PD -

2901
2901
2902
2903

DISPOSAL OPERATION

Landfill
Runoff Settling Pond
Runoff Settling Pond
Runoff Sectliag Pond

1

1

1

1

MOBILE E UIPMEKT

Dz
Dz
Tr
Tr
Tr
Tr

2901 - A/B
2902
2901
2902
2903
2904

Dozer
Dozer

Watering Truck
Motor Grader
Coaipaccor
Road Sweeper

2

1
1

1

1

1

Source: Arthur D. Little, lac.
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TA£L£ 5

DATE JOHNSTON PLAOT AREA ACCOUNTS

The following series of equipaanc Quabers vers assigned co che dry
fly ash wasce handling/dispoaal syscen ac che Dave Johnscoa Plane'
and are divided among cha area accouacs specified below:

3100 Series ^ Dave Johnston Plane dry fly ash haadling syscen
3200 Series Dave Johascon Plane dry fly ash scorage syscea
3300 Series » Dave Johnscon Plant dry fly ash transport systea
3400 Series » Dave Johnscon Plane dry fly ash disposal syscen

Source: Arthur D. Lie de. Inc.
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TABLE 6

DAVE JOHNSTON PLANT EQUIPMENT LIST

AREA 3100 - DAVE JOHNSTON DRY FLY ASH HANDLCTG SYSTEM

Item So.

"> - 3101 - A/B
B - 3102
B - 3103 - A/B
B - 3104 - A/B
B - 3105
B - 3106 - A/B
B - 3107 - A/C
B - 3108 - A/B

Uaic
UniC
Unit
Unit
Unit
Unic
Unit
Unic

Descri cion

BLOWERS

1 ESP Hopper Fluidlzlng Blower
2 ESP Hopper Fluidlzlng Blower
3 ESP Hopper Fluiditing Blower
1 Fly Ash Conveying Blower
2 Fly Ash Conveying Blower
3 Fly Ash Conveying Blower
3 Economizer Ash Conveying Blower
4 Economizer Ash Cooveying Blower

No. Re uired

2

1
2

2

1

2
3
2

D -
D -

D -

3101 - A/X
3102 - A/X
3103 - A/W
3104 - A/H
3105 - A;F

Unit
Unit
Unit
Unit
Uni:

FEEDERS

1 ESP Hopper Feeder
2 ESP Hopper Feeder
3 ESP Hopper Feeder
3 Economizer Hopper Feeder
4 ^conoiBi*.er Hopper Feeder

24
24
48

8

6

ARZA 3200 - DAVE JOHNSTON PLANT DRY FLY ASH STORAGE SYSTE-I

BLOWERS

B - 3201 - A/B Fly Ash Scorage Bin Vent Fan
B - 3202 - A/B Fly Ash Storage Bin Vent Fan
B - 3203 Fly Ash Storage Bin Fluidizing Blower
B - 3204 Fly Ash Storage Bia Fluidiziag Blower

2

2
1

I

FEEDERS

D - 3201 - A/B Fly Ash Storage Bin Unloader
D - 3202 - A/B Fly Ash Storage Bin Unloader

2

2

s

s

3201
3202

STORAGE VESSELS

Fly Ash Storage Bin
Fly Ash Storage Bin

1

1
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TABLE 6 (Coaciausd)

OAVE JOHNSTON PLANT EqaTPMSOT LIST

ASEA 3300 - DAVE JOHNSTON PLANT DRY FL7 ASH TTtANSPORT SYSTSi

Item fo. Descri cion

MOBOE E UIPMENT

No. Re uired

Tr - 3301 - A/B Sauipab Truck

AREA 3&00 - DAVE JOHNSTOK PLANT DRY FLY ASH DISPOSAL SYSTEM

LANDFILL

L? -3401 0^7 Fly Ash LandfUl

MOBILE S UIPMENT

32 - 3401
Tr - 34Q1
Tr - 3402

Dozer

Wacer Wagon
Wacer Wagon

Source: Archur D. Lictle, Inc.

1

L

L
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TABLE 7

SRESBCRNE COUNTY PLANT AEE& ACCOUNTS

The following series of equipment
waste handling/disposal systen at
anong che area accounts specified

4100 Series

4200 Series

4300 Series

4400 Series

4500 Series

4600 Series

4700 Series

4800 Series

Sherco Plant

Sherco Plant

Sherco Plane

Sherco Plane

Sherco Plant

Shereo Plant

Sherco Plant

Sherco Plant
recycle

4900 Series - Sherco Plane

Sour=e: Arthur D. Little, Inc.

numbers were assigned to che solid
the Sherco sice and are divided
below:

fly ash/FGD waste processing sysceu

fly ash/FGD waste transport systea

fly ash/FGD waste disposal system

scrubber recycle water syscea

bottom ash/pyrlces handling system

bottom ash/pyrices cransport syscem

bottom ash/pyrites disposal system

bottom ash/pyrites sluice water systen

coal pile runoff/plant wastes transport

S-17
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TABLE 8

SHESBUSiIE COUOTY PUNT EQUIPMEST LIST

AS.EA 4100

Zcea No.

E-4101
£-4102

P-41Q1-A/L
P-4102-A/L
P-4103-A/D
P-4104-A/D
P-4105-A/D

T-4iOt-A/B

V-4101
7-4102
V-4103
V-4104

SHERBUB^E COOTm PLANT n.Y ASH/FCT WASTS PROCESSING SYST2N

Oascri cloa No. &e uired

EDUCTORS

Unic 1 Econonlzer Ash Jet Exhauscer
dttic 2 Seonoinizer Ash Jet Exhauseer

PDWPS

Unit 1 Scrubber Bleed Pumps
Unit 2 Scrubber Bleed Punps
CTaic 1 Scrubber Drain Punrpg
Unic 2 Scrubber Drain Pumps
Scrubber Sump Pumps

1
x

12
12

4

4

4

Thickener

THICKENERS

VESSELS

Unic 1 Slurry Traiiafer Tank
Unic 2 Slurry Transfer Tank
Unit I Boil Box
Unit 2 Boil Bos

1

1

1

1

AREA 4200 - 3HE2BOTNE COUNT? PLANT FLY .^SH/?GD WASTE TRANSPORT SYSTEM

P-4201-A/D Thickener Sludge Pumps 4

AREA 4300 - SHERBOSNE COUNT? PLANT FLY ASH/FGD WASTE DISPOSAL SYSTm
?!)-4301
PD-4302

Fly Asg/FGD Waste Disposat Pond
Scrubber Recycle Pond

.L
1

-WEA 4AOO - SHERBURNE COUNT? PLANT SCRUBBES RECTCLE VATZ3. SYSTEM

P-4401-A/B
?-4402-A/B
P-4403-A/B
P-4404-A/B
P-44Q5-A/B

PUMPS

Scrubber Makeup Wacer Pumps
Unic I Scrubber Recirculation Pumps
Unit 2 Scrubber Recirculation Pumps
Unit 1 Economizer Ash Water Pumps'
Uaic 2 Economizer Ash Water Punps

2

2

2

2

2

G-18
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TABLE 8 (concinued)

SHERBUBNE COUNTT PLANT EQUIPHENT LIST

AJtEA 4&00 - SHSBBURNZ COUNT? PLANT SCRUBBER H£C?CLE WATER SYSTEM (continued)

Item No. Descri Cion No. Reauired

VESSELS

V-4401
V-4402

Unit 1 Scrubber Recirculacian Water Tank
Unit 2 Scrubber Recirculacion Water Tank

1

1

AREA 4500 - SHERBU5NE COUNT? PLAOT BOTTOM ASH/PYRITES HANDLING SYSTEM

EDUCTORS

E--1501-A/G
E-4502-A/G
E-4503-A/F
E-4504-A/F

Unic 1 Pyrlte Jet Punps
Unit 2 Pyrice Jet Puaps
Unit 1 Bottcnn Ash Jet Pumps
Unit 2 Boctcnn Ash Jet Pinips

7

7
6
6

ASEA 4600 - SHE3USUSNE COUNT? PLANT BOTTOM ASH/PYRITES TRANSPORT SYSTEM

No processing equipoest is assigned to this accouTi':.

AREA &700 - SHESBUBNE COUNTY PLANT BOTTOM ASH/PYTIITES DISPOSAL SYSTEM

PD-A701
PD-4702

Bottom Ash Disposal Pond
Botton Ash Recycle Pond

1

1

AitEA 4800 - SHESBURNE COUNT? PLANT BOTTOM ASH/PYSITES SLUICE WATER RECYCLE SYSTEM

PUMPS

P-4801-A/C
P-4802-A/B
P-4803-A/B
P-480A-A/B

Recycle Water Puaps
Pyrice Sluice Water Puaps
Bottna Ash Sluica Water Puaps
Recycle Seal Water Pumps

3
2

2

2

AR &900 - EIBUBNE COUNT? PLANT COAL PILE RUNOFF PLANT WASTES TRANSPORT SYSTEM

No processing equipment is assigned to this account.

Source: Archur D. Little, Inc.
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TABLZ 9

POWELTON PLANT AREA ACCOUNTS

The following series of equipmeat aunbers were assigned to cha solid
waste handling/disposal systen at t&a Poverton Plant and are divided
aaong che area accouata apecified belov:

5100 Series

5200 Series -

5300 Series

3400 Series

5500 Series

5600 Series »

5700 Series "

5800 Series »

Powerton Plaat fly ash handling syscea

Povertoa Plaat fly aah storage syscea

Powerton Plant slag handling syscea

Powerton Plane econottlzer ash handling ayscea
Powerton Plane fly ash/slag/economizer ash
transport systen

Powerton Plant fly ash/boccoa ash/econoinizer ash
disposal sys tea

?overcoa Plant ash sluice vacer ttreacaenc sy st an
Powecton Plant niscellaaeous plant wastes
syscen

Source: Arthur D. Little, Inc.
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TABLE 10

POWERTON PLANT EQUIPMENT LIST

AREA 5100 - POMERTON PLANT FLY ASH HANDLING SYSTEM

Icen ?to. Descri tion No. Re uired

BLOWERS

3-510L-A/C
B-5102-A/C

B-5201-A/B
B-5202-A/B

D-5201-A/L
D-5202-Ai't

F-5201-A/C
F-5202-A/C
F-5203-A/C
r-5204-A/C

M-5201-A/B
M-5202-A/B

S-5201
S-5202
S-5203-A/B
S-5204-A/B

Vacuum Pump
Vacuum Punp

AREA 5200 - PO^-ERTON PLANT FLY ASH STORAGE SYSTEM

BLOWERS

Fly Ash Fluidizing Blower
Fly Ash Flutdizing Blower

FEEDERS

71y Ash DifPuser
Fly Ash ^--ff'jser

CYCLONES/BAGTILTERS

Cyclone
Bag Filter
Cyclone
Bag Filter

MIXERS

Mixer/Rotary Unloader
Mixer/Ttotary Unloader

STORAGE VESSELS

Unit 5 Fly Ash Storage Silo
Unic 6 Fly Ash Scorage Silo
Unloading Chute
Unloading Chute

AREA 5300 - POWERTON PLANT SLAG HANDLING SYSTEM

EDUCTORS

12

2

2

1

1

2

2

E-5301-A/D
E-5302-A/D

Jec Pump
Jet Punp

G- 21
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TABLE 10 (continued)

POWERTON PLANT EQUIPliETT LIST

AREA 5600 - POWERTON PUNT FLY ASH/SLAG/ECONOMIZER ASH DISPOSAL SYSTEM (continued)

Iten No. Bescri. cion No. Re uired

MOBILE E UIPMENT

1

1

1

1

Dz-5601

Fl-5602

PS-5601
PD-S602

Dozer
Front End

Settling
Auxiliary

Loader

SETTLING

Pond
Sectling

PONDS

Pond

AS£A 5700 - POWERTON PLANT SLUICE WATER TREATMENT SYSTEM

PUMPS

P-5701-A/C
P-5702-A/C

V-5701
.V-5 70 2

Settling Pond Overflow Suarp Pump
Service Uacer Supply Sunp Punp

VZSSELS rSUMPS*

Settling Pond Overflow Suap
Service Water Sump

3
3

AREA 5800 - POWERTON PLANT MISCELLANEOUS PLANT WASTES HANDLING SYSTEM

PTOCPS

?-5801-A;D
P-5802-A/D
P-5803-A/B
P-5804-A/B

7-5801-A/B
V-5802-A/B
V-5803-A/B
7-5804

Unic 5 Slag Overflow Sunp Pump
Unit 6 Slag Overflow Sudp Puaip
Denineralizer Filter Sump Pump
Ash Sluice Line Drain Suap Punp

VESSELS (SUHPS)

Unic 5 Slag Overflow Sunp
Unit 6 Slag Overflow Sump
Denineralizer Filter Backwash Sump
Bottom Ash Sluice Line Drain Sunp

4

&

2

2

2

2

2

1

Source: "Arthur D. LiCtie, Inc.
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TABLE 11

LANSINC SItITS PLANT AMA ACCOCNTS

Tha. foilwlaLseri__^9f equipneat mab®"i were assigned co th@ solid
wasce handling/disposal syscen ac I.ansiagSaich^iM C-and~are'di^d
anong che area accounts specified below?

6100 Series

6200 Series

6300 Series

6400 Series

6500 Series

6600 Series

Laasiag Saich Plant fly ash
syscen

LaMlng Snith Plane boccon ash/mill rejeccs
handling/craaaport syscen

Lanslag Saich Plane coal pile ruaoff
syscan

Lansing Smith Plane migeellaaeous plaac wasces
transport systea

Lans tag Snich Plaat coal ash/coal pile . runoff/
niscellaneous plant wastes disposal syscen'
Lansing Snith Plant coal ash aluice vater
systen

Source; Arthur D. Liccle, Inc.
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TABLE 12

LANSING SMITH PLANT EQUTPMENT LIST

AREA 6100

Iteu No.

E-6101
E-6102

LANSEIG SHITH FLY ASH HANDLING AND T5ANSPORT SYSTEM

Descri tion No. Re uired

EDUCTORS

Unit 1 "Fly Ash/Water Jet Ejector
Unit 2 Fly Ash/Water Jet Ejector

1

1

V-6101
V-6102

VESSELS

Unit 1 Air Separator Tank
Unit 2 Air Separator Tank

1

1

P-6101-A/B

PUMPS

Units 1 and 2 Fly Ash Service Water
Booster Punp

2 (one for
each unic)

AREA 6200 - LANSING SMITH PLANT BOTTOM ASn/MILL REJECTS HANDLING AND TRANSPORT SYSTEM

£-6201
E-6202
E-6203-A/D
E-6204-A/E

EDUCTORS

Unic I Bottom Ash Jet Pimp
Unit 2 Bottom Ash Jec Punp
Unit L Mill Rejects Jec Puap
Unit 2 Mill Rejects Jec Pump

1

1

&

5

V-6201-A/D
V-6202-A/E

VESSELS

Unit I Mill Rejects Storage/Transfer Hopper
Unit 2 Mill Rejects Storage/Traosfer Hopper

k

5

P-6201-A/B

P-6202

PUMPS

Units 1 and 2 Bottom Ash Service Water

Booster Punp
Units 1 and 2 Mill Rejects Service Water
Booster Punp

2 (one for
each unic)

1 (services
both units)
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TASLZ 12 (continued)

LANSINC SMITH PLANT EQUIPMENT LIST

AREA 6300

1c en So.

P-6301
P-6302
P-6303

LANS ING SKXTH PLANT COAI. PILe RUNOFF TRANSPORT SYSTEM

Desert don No. ae yired

PUMPS

Coal Yard Suaip Punp
Coal Yard Sunp Punp
Coal Yard Sunp Puap

1

I
L

7-6301
V-6302
V-6303

SUMPS

Coal Yard Sump
Coal Yard Sump
Coat Yard Sump

1
1

L

ASE& 6400 - LANSING SMITH PUNT HISCELLANEOUS PLANT WASTES TRANSPORT SYSTEM

PUMPS

P-6401-A/C
P-640Z-A/B
P-6403
?-6^0&

Plant Sunp Pump
Plane Suaip Puap
Demiaeralizer/Blowdown Waste ?uap
Clarified Deaiineralizer/Blowdown Waste Pump

3 (inside)
2 (outside)
I

1

V-6&01
V-6402

AREA 6500 -

PD-6501
PD-6502
PD-6S03

SUMPS/VESSELS

Plant Suap
DeniaeraUzer/Blowdovn Was ce Tank

I
1

UNSraG. SMTH_ PLANT COAL ASH/COAL PIIE XUNOFF/MISCELLANEOUS
PLANT WASTES DISPOSAL SYSTEM - --

PONDS

Boiler Cleaning Waste Disposal Pond
Deniaeralizer/Blovdown Vasta Oisposal Pond
Coal Ash/Coal Pile Runoff/Plaac Waste
Disposal Pond

1

I

G-26
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TABLE 12 (coaciaued)

LANSING SMITB PLANT EQUTPMEST LIST

AREA 6600 - LANS ING SMITH PLANT COAL ASH SLUICE WATER RECTCLE SYSTQ1

Item No. Descri. tion No. Re uired

PUMPS

P-6601-A/B Recycle Service Water Puiup 2
(recycles water fran cansl co plant)

Source: Arthur D. Little, Inc.

C-2?
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TABLE 15

OETAILeu CACITAL COST ESTIMATE

Man Nitiwe: D<«ue Juluiiloii
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23
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76
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t

43
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28
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73
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l.7fi8

6BS
1.070

36.479
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»6. 812
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$68B
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(»l43/kW»
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DETAILED CAPITAL COST ESTIMATE
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UETAttfcD UftRATING COST ESTIMSATt
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L Introduction

Table I, reproduced her® from the Bsia body of the reporc,
preseacs a nacrix of the sixty po?8ible, coabinatioas o£_wa^e_c^s'
disposal nethods and envlrotmental settings that ware considered^ic
thlsstudy. In che subsequent section of this Exhibic, each matrix
conbin. scion JLs discussed. The comblnaciona are organized for
discussion"ia~accordance with cbe five categories of environmencsl
settings.
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2 Cotttbiaations in Coastal Settings
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETriNG COMBINATIONS

Coabinaciou: Fly Ash Waste, Pond Dispossl. Coastal Sattiag
Sanaa of Effects I lieaclons:

* Apr®valenc conblnacion coda7' expected cy^anain iaportanc in
a. especially wich coal conversions ^/.

c . LeachTcequauc7-conpsrable ia ffla^r fO?C^?^o"oo^<-l. n co
r-influeaced background vacers ^V-^[-J}^'

19 Leachace can havl* sufficiencly elevaced levels of leachable crace
'(iTcSlfZ^?* se) co be of coccero. ia niaoric of

6 Heav7-precipicacioa aad p?f?^us sous Pro°oce rapid ieachace
geiieracion and novenenc '''"'' *'<<'/.

* Extensive adaixing wich tidally-iaflueneed surface wacers and
aear^surrac8 aquifers ttid-Satas agaiasc adverse'inpaccs'fTOT'
najor^dissolved species; secondary drinking vacer-scan^Fds'~are

liccle as no applicability in che receivi ng'wacers"WT'
. Chenical actenuatioa of trace necals ia soils can be

W?5!?y'case ia soae> buc noc all. of che'prevalenc'sotT^ypM
.

* Ia-ninoric7 o£cases vhe^slevaced concencrations of As or Se
nay prevail/ aitigation nay be achieved by seleccioa'or'a'sice
sec^in actenuacive soil, or placement of 3uch-3oil~as~a ^ite'

.
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MATRIX ASSESS11ENT O? WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Coubinatioa: Non-Fly Ash Waste (FGD. Botton Ash), Pond Disposal, Coascsl
Setting

Suannarv of Effects I lications:

* Linited/c^nbin&tion in practice today; sone possible in
future UJ

» Leachace quality conparabXe in naj or 9W^i^9, ^ynffffi. v. ion to
tidally-icflueneed background waters v" "'^-/^-/v/.

o Leachace can have suffietencly elevated levels of leac^^^g^crace
necals (As, Se) to be of concern in aiaoricy of cases ^)^}.

. Heavy precipication and pervious 99^, 9^^! soils promote rapid
leachace generation and Boveiaeat '-'''.

Extensive adnixing with cidally-iafluenced surface waters and
near-surface aquifers nittigates against adverse Inpacts fron
major dissolved species: secondary drinking water scaa^g^-ds are
of little or no applicabUicy in the receiving waters ' '..

® Chenical accenuacion of trace metals in soils can be expected
case-by-case in sone, but not all, of the prevalent soil

* cypes '"' ' '.

e la ninoricy of eases, where elevaced coacentrations of As or Se
nay prevail, nttigation nay be achieved by selectioc of a site
see in accenuacive soil, or placement of such soil as a site
liner.
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MATRIX ASSESSMENT OF WASTE/DISPOSAI. XODE/SETTING COMBINATIONS

Conbinatioa: Fly Ash Wast®. LandfiU Disposal, Coastal Sectiug
Suaana of Effects I llcatioos:

9 ^^8??ycl7prevalanc* exPeeced co b® BarepreTClsncitt

® Leachace quality coupsrable in najor SBeciea. cTi>o««.<^ eo
Cidally-iafluencad background vacers tE^JJ'^43

' S^t?ecMh?;e K£f^oc^ elevated, levela 0£ ̂ ^able trace
^^S(1?}?I.S)^S) se> c<> be of concern in ninortcy'of'

9 Heav7. precipil:acion and P^ious ??^?S^, ?oils pronoce
leachaca genera c ion and no v&aenc ^^^^7^

e Extensi^-adai^a8with. cidall7-iaflueoced surface waters and
;^s^a!e. aqu^er3-nicigacesa?ainsc~advers;''I°P^^^°^Jor
d^solved^ speciea; secondary driaking-wacer;^aa^^s^f^ic^;a
or no applicabiUcy in che reeeivlag'wacer'(!

* cllenicax acteauation of crace netals ia soila can be
&?T?t?T ia sone» buc not all, of che prevalent"soil'

* ^^^t7 OL!ases:.vhere elevaced conceatracioas of As or Se
^ p"!a^.. niflgacion aay be thieved by _selecticn~of"a sice"
^e^a accenuacive 30ilt or b7 Placeneac'ofsuch~3oU''as'aasi^
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MATRIX ASSESSMENT OF BASTS/DISPOSAL MODE/SETTING COMBINATIONS

Conbination: FlyAshWasce, Interim Pond-L&adf ill Disposal. Cofistal
Setting

Suanary of Effects In licacions:

<? An uaeonaaon but existing practice at py^seat expecced co be
possible but noc prevalent in future l J.

e Lcachate quality coaparabIe in aajor SRe^Us. conposition co
cidally-influeneed background waters v-/v'/v-tj.

o Leachate from pond and landfill can have sufficiently elevated
levels of teachable tn^, ^£^ls (e. g.. As, Se) to be of concern
in ninori of eases ^^.>^°-'.

o Heavy precipitacion and perrious soils promoce rapi4, U^?ti&Ce
genaracion and novenent for both pond and landfill v'. '"..*-'<OJ'.

. Extensive adnixiog with cidally-influesced surface waters and .
aear-surface aquifers nicigates against adverse impacts from
asjor dissolved species; Secondary drinking water stan^^ds are
of litl:e or no applicability ia che recaiviag vaters ^ }.

c Chenical attenuation of trace necals is soils can be expected
case-by^^fg^ in son®, but not all, of the prevalent soil
types "'*"'.

^ In niaoricy of eases where elevated eoncencrations of As or Se
nay prevail, nicigatioo nay be achieved by selection of sites see
in accenuative soil, or placenent of such soil as sice liners.
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HATSIX ASSESSMENT OF W&STE/DISPOSAL MODE/SETnNG COMBINATIONS

Conbinatiott; Noa-Fly Ash (Bocton Ash, FCD) Vasca, lateria Pood-Undfill
Dispos 1, Coaatal Sactiag

Sunaa of Effaces I lieatlons!

. An uaconnoy^^rsctica, sspected co be possible but noc prevalenc
ia future v*'.

® Leachaca qualicy conparable ia asJor ?B9?i9$, cosposition
r-influenced bacitRround wtara ^}^fw

to

* Leacbace can have sufficiently elevaced levels of leacii3blB, craee
aecals (As. Sa) co be of concern in niaoriCT of eases 'k->; l9; .

® 3aavy precipicacioa and peryious coastal soils pronoce rapid
leachace $^9^p4-<?a and aoveneac for boch pond and
landfill Al/l'*/A/-'.

9 Extaaalwe adaixiag wlch cidally-tnfl.ueaced surface vacers sad
aear-surfaee aquifars aicigaces against adverse ^inpacta fran
major dissolved species; secondary drinking wacer spwdards Of
iiccla or no applicability ia cha receiving waters ^'*;.

« Chenieal attenuation of crace aecals ia aoila can be expected
case-by^^ in sone, but aoc all, of .the prevalent soii
cypes v*/v'/.

<, In uiaoricy of cases, where elevaced conceacracions of As or Se
nay prevail, nitigacionnay be aehiaved by selection of a sit®
see in accenuacivesoil, or plaeeaenc of such goil as a site
liner.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

c°abl""°°: cp::^1.S,r"- IBC"ln F°°d-uadflu "-.
Suainar of Effects In Ucacions:

e ^tfS^;a^^prfictlcedt es:pected to be Possib^ but not likely

. '^S^^. :ro;S^.jt^Hm^wngK^, f^o)
«

* ^^tL!?. h?;e ̂ fn!^nt1^ elevacedlevels of l^chable trace
^sc^s(^^H8^^^^co be of concer» in .iaority'of"

?^p!"^acion and parviou3 coastal soiis Pr°"ota rapid
?o and

landfill^Sate ???t?T^?° and »ovene°c for^ch''ponS Snl

0 Eate°si^-adnixia8with. cidall7-inf Fenced surface waters
^ar;s?^::^u^:rs»niti8acesj:sai:;r^::sa ^^"^d
Ta:;Ld:!solved_spe^es; secon<ial^dr^i"S^er'"^^. ^r;f
little or no applicability ia~the receiving w^rsat§r''"s ;:

0 ^£^^L"e?^^^ °L!rac! necals. lc. soils caa be expected
^sl>?WT. ia sone' bu£ Bot all'-of"th;''P^a^nrs ^!e

.

0 ^a^icL°i:aL"^rh !re .elevace^concentrat10" °f As or Se

^ p"I&u:. nitigacion nay be achiev®d by selectionw of"I us±tl'e
11^. actenuaclve sout or by placenent'ofw s^hb ^Uuassas;IL
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HAT11IX ASSESSMENT OF WASTE/DISPOSAL MODE/S2TTING COMBINATIONS

Combiaacloa: Non-Fly Ash Vasts (Botconf Ash, FGD), Landfill Dispas&l»
Coastal Setcing

Suaiaa of Effaces I licaciona:

Soc presently prevalecc, nsy exist ia fucure
(D

ft Leaehate qualicy conpsrablft in najor $B$cte$,. ^9?99g4.y^.fi? co
cidalLy-taflueacad background vacers ^'^-'^'^^u''^w'.

® Leachace can have aufficiencly elevated levels of leachable crace
aecals^?^, y,^f^^^f^to be of coacara in ainoricy of
CAS'ftS ^^ -^ T_-^-^ . ^ ^-^- . .. : . :. ' . : '. . ' . . .

® Heavy preclpttacionand peryious yy^^p^^^oiXs pronoce rapid
leachace geoeracion and aoveoeat ''"' '' "" .

. Extensive adaixingvlch cldally-iiifluenced surface wacers and
aear-surfaca aquif&rs nitigaces agaiast adverse inpaces for aajor
dissolved species; secondary drinking vacer/^andards of liccie
or no applicabilicy in che receivla& vacar ^)

Chenicat aCt'eBuatiou of trace aatals in soils can be expeeced
case-by-^4?* on soae, buc not all, of che prevalent soil
types '-" '.

c la iiiaoricyof cases, uhers eLevated concaaCTacions of As or Se
siay prevail, nicigacion nay be achieved by seiectiou of a sice
sec in accenuacive soil, or by placenent of su&h soil as a sice
litter.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbtnationi Processed FGD Waste, LandfiU Disposal, Coast&l Setting

Suanaa of Effects I Ucacions:

» Not presently practiced, nay exist in future '".

© Leachace quality conpsrable in ffla-ior/ap^ci. ^s,
tidally-influeocedbackground water ^''-'/ <~'/ v'/ v>'/ """ '*" .

* Leachate can have sufficiently elevaced levels of leachable trace
netals/^, g,, a49a^??A^to be of concern in minorit of
CAS&S »

o Heavy precipitacion and pervious ^^^y^oils pronote rapid
leachate generation aud novenent *"'" * '.

® Extensive adnixiag vlch tidally-lnflueaced surface waters and
Bear-surface aquifers litigates against adverse inp&cts_for najor
dissolved species; secondary drinking wacer^g^andards of little
or ao applicability in the receiving water

e Chesisal af-snuatic" of trace Vi&'. s. ls i" soils can be ex?ec;^.d
case-by-cas? in sone, but not all, of the prevalent soil
types V1M//.

e In ninoricy of cases, where elevated concentrations o£ As or Se
nay prevail, nitigation Bay be schieved by selection of a site
see in atcenuative soil, or by placanent of such soil as a site
liner.
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HAISU ASSESSMENT OF VASTE/DISFOSAL MODE/SETnNG COMBIXATIONS

Coabtnacioa: Dry FGO Wast is. Landfill Disposal, Coescal Secciag
Suaaaa of Effects I lications :

* Not presently practicsd, nay essist ia fucura (l)<3).

* Leachtca .<luauc7 COBParabla la najor SBecies composicion
^-iafluaacsd background wac8?aTT'Ttwr.

co

. Le86hace_eaa have gufftcieacly elevacad level?, g< leachable crsce
aiecal. s co be of concera in ninoric of cases"1257.

* s!a^. p!ecipicacioB attd pervioua ????^7?ous P"'°°ce rapid
leachace generation and novenent {i!{tt]

® Extensive adnixiagwichcidally-taflueBced surface wacera and
naar~surface aqui£fi" aici8acas a8aiasc adverse-inpact3~for"na1or

.

species; 9«"ndary drlnkiag wicey^candards-of~l£iitT
or no applicabtlicy in cha reeaiving^atar'147"

. Chemical accemiacion of crace necals ia soils caa be
!ase?TO?T ia sone, buc noc Ail, of che prevalent "soil"

e Ia.IBinoris7 of. eases, where elevaced coneentracioas of As or Se
aay prevail, nicigacion m&y be achieved by seiecctoo'ofa site'
sec^in acceouative soil, or by placeneac o£'such~soil'aa~a''si^e

.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbiaation: Dry FGD Vasce, Zncerin Pond-Landfill Disposal, Coastal
Setting

Sunnarv of Effects I licatlons:

CocbiDStioa aoc presently applicable and act envisioned in future because
of incongruicy between productiOTi of dry FGD wastes and pond disposal.

Docunentacioti: Sot applicable.
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MATRIX ASSESSMEST OP WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combinacion: Dry FGO Wssca, Pond Disposal. Coastal Sescing

Suana ofEffeccs I licacions:

Caabiaacion noc presencly applicabls aad not envisioned ia future because
ot incongruity betveea production of dry FGD vasces and poad disposal^

DocumencatioB: Noc applicabls*
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MAT&IX ASSESSHETT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinatian: Processed FGD Wesca, Pond Disposal, Coascal Socting

Suaaaa of Effaces Inolications:

Conbination not presently applicable and aot envisioned in future because
of infeasibility'of Locating requirsd sise iapoundnents in eoascal zone.

Docunentacion: Not applicable.
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Coabinacions in Arid Sectings: Soc Highly Miaeralized
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MATRIX ASSESSMENT OF WASTI/DISPOSAL MODE/SETTING COMBINATIONS

CoBbiaacion: Fly Ash, Poad Dispossl, Arid Vescern Setting (not highly
nineralixed)

Sunna of Effects I lications:

s Practic?, ?nployed ac present, expec.ed to be less prevalent in
future ^/.

9 Leachate can be expected co have sufficiently elevated levels of
teachable najor species (e. g., sulface) to be of potential

^^^i^)^ne ^(i2)f5S?^?F drinking water

o Leachate can have sufficiencly elevated levels of le&chable trace

necals(^{SHi^(ilTh5^T)of coocenl in alaorit 0£

. Pond head can promote leaching, but aininal precipitation, high
net evaporation and general absence of significant near-surface
groundwacer generally re^y^yi ^e opportunities for Leachate

generation and aoveaenc '""-',

o Opportwl.ties for adnixing also generally reduced by lack of
water '. " .

. Chemical attenuation of trace netals in soils can be expected
case-by-M??vt?^90tt®> but not all, of the prevalent soil
types .

o In extreme ninority of cases, where elevated concencrations of
major and/orninor leachace species could reach a snail,
innedlacely adjacent, usable surface water body or drinking water
supply, nicigaclon nay be achieved by selaccion of alteraacive
disposal locacions or lining of the disposal pond.
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MATRIX ASSESSMENT OF WASTE/DESPOSAL MODE/SETCnT G COMSINATIONS

Conbtnacioa: Non-Fly Ash (Boctos Ash, FGD), Poad Disposal, Arid Wescers
SeCtiag (aoc highly aiaeralized)

Suaana of Effects I lieations:

* Praetics enpioyad ac pressnc and expected ia fucur® ̂ .

Laachacs caab<axpeccedto hava suffisienciy elevaced levels of
najor apeciss (e. g., sulfate. chloride) co be of

^^S f2mmYKhfesPect co secoadaEy driakiag water
1¥ LaachacecanhavesufficieacLyalevaced levels of Leachable crace

^^f) cob® of concern ta aiiiorit of

o Pondhead can pronoce leaching, buc niaiaai precipicacioa,
aec avaporacloa and geaeral absence of 3igni£icaat aear-surfaw
groundwacer generally reduce the opp^ypwieies for leachata'
generacioa, noveafinc and adnixing '. i'/*-l'&/.

* cheaical. aecenuatiotl of crace netala ^a soils can be expected
in??!T)^2?oae> but noc a11-. of cha prevalenc sod

® la che exttrene ninoricy of cases, where elevaced concentracions
.

najor-aod/or niaor leachace species could reach a"snail,"
ianediacely adjacent. usable surface wacer body or drinkihe wacer
supply^nicigaclon can^be achieved by seleccion of alt ernative'

locacioaa or liaing of che disposal pond.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTTNG COMBINATIONS

Cofiibination: Fly Ash Weste, lateriffi Pond-tandfill Disposal/Arid Western
Se'Cting (not highly nineralized)

Sauna of Effects I lications:

® ?ractic?, $aployed at presene, esspactsd co be less prevalent in
future '*'.

» Leachace can be axpecced to have sufficieacly elevated levels of
leachabienaj or species (e. g., sulface) to be of pocencial
con=e^wl^^?^^(i3)?TS^!Fdrinkingwacer
standards "' ": '"' ~~~' "" ~ ' .

o laterla pond head can pronote leaching, but nininal
pT ecipitacion, high nec evaporacton and Seaeral a^settce^of
significant near-surface groundwacer 8®n"allyreduc®the
oppo rtunities for leachate g^^^ou, novenent and admixing.

especially for che landfill v'/^"'.

e Chemical actenuacion of trace metals in soils can be expected
ease^by-<????^o. ?one. but not all of che prevalent soil
cypes '-' '-. . .

o In che extreme ainority of cases, where elevated concentracions
of naj'or and/or ninor leachate species could raach a small,
usable'surface'water body or drinking water supply inmedtacelv
ad''acentto-aa interin pond. aitigation nay be achieved by
selection'of alternative disposal location or liciag of the
disposal site.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinaciott: Soa-Fly AsbWasce (Bocco«Ash, FGD Waste), Incerla
poad~Laadfiu DtsP08a1' Arid We3tero-SeCting~(nor

Sucaa of Sffeccs I licaclonst

s «ractic l?aPloyed ac Preseac, especced co be less prevalent in

9 I'!acil"s-catt. be expecced. to havs sufficieacly el^aced Levels of
°aj" species (e. s., suXface, chloride) co-be~of'

^^^ ^?Tmi?f^lJesPacc "secondary drinking ̂ car

* Leachate_ca° have suf^cienciyelevaced levels of crace necals
^s!a* <^t3^h^2^T_of eoncera in niaoric ° of

. lacerlapoad head can promote leaching, buc mininal
precipicacion* hi8h nec evaporacioa and general'abseace of

war-surface groundwater geoeralXy reduce'the"
????^uniciea for leachace generatioaT movement "aod'adnixiag

.

0 chani^ax-actfittuacion of trace "cals in soils can be expecced
^;;b1rT?t??)^2ra et buc noc a11' of che'prevalenc'soil"

* S tlle_extl'eae ninoric _ of cases, where elevated Concencracioas
^eachace-specles. could "ach a saall, usable~surfaCe~^^r

°Ldrl&king vacer supply im»d^"iy-adjaceat'co''an~l^erlffl
1, aicigation can be_ achieved by 3eleccioa-o£~aicernaci^e*

locations, or lining of Che disposal sice7
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MATRIX ASSESSMENT OF WASTE-'DISPOSAL HODE/SETTISG COMBINATIONS

Coubination: Proceaoed FGO Waste. lacerin Poad-I.&ndf ill Disposal, Arid
Wastern Setting (not highly

Sanaa of Effects I lications:

^ Practice act enploye^^c present, possible but not expected co be
prevalent in future "'.

. Leachace can be expected^to have suffieieat^ ̂ ^^d, lCTels of
I^h^blft'najor apeclesfe. g., sulfate) to be of potencial

concern ^^^§^6^8TT§^tT 7^inkingwater

standards '---'-.-

o Leaehace can have sufflcientiy elevated lewis of trace netals
^:8::(^(^^g)^)^)^B?eTO in ainorit of
cases *

Interim pond head can proaoce teaching, buc niaiaal
i', -high nec evaporation and geaeral absence

^iCTificatit'near-surface groundvacer generally reduce co
^^epM bIe'levels'the o^^^icies for leachate generacion,

movement, and admixing -'. --.

. Cheaical attenuation of trace metals^in soils can_be_expected
ra^b^^^^?one''but n°c a11' of che prevalenc soil

cypes ' .

^ la the extrenely rare case. where elevated concentrst^on^o^
' Sa^^r;p^i ::uld^each~a~snall: ̂ ^le. surface, vat!Lb^.

;rd^n^g^ersupply-ia»ediately^djacent^o_an^iat^^^nd.
^tlg ^^6carb e achleved-by~ selection" of alternative disposal

locations, or lining of che disposal sice.
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MATRIX ASSESSHENT OF WASTE/DISPOSAL HODE/SETTING COKBINATIONS

Conbioacion: ^Ash_Va3te^landfill Disposal, Arid Western Secting (aoc
niaeralized)

Summa of Effects En tieacioas:

* p.res<at^?)lffiportant Praccice, espectBd co be prevalent is

* Leachace_cao. bs axPected^o have sufficiencly elevated levels of
^naj or species («. s., gulfaca) co be of potftacUl'

S^^i^^?H^(?2)fTS?ndarydriak^8vatet

Leschac&caa have sufficiently elevated levels of crace aecals
^8^' (^f (3?Th^lST(?S)c°':lce" ia lninorlc of;. s.,

cases

SOSina!io°-of_dr? disposal nechod vich nininal precipitacioa.
high aac®vaporacion, and general absence'ofsignificanc""""'
aear-surface groundwacer reduces opportuaicies'ig ^Uacbace
geaeracioa, laovenent aad adnixing to a nialnun

Chenical atcenuacion of crace mecals in soils can be
^asa^W?)^2rffle' but ttoc all, of the prevaleat'soil'

opportuail:iea for actve"® tapacc are extreaeiy rare, would be
"scrictad co. instaaces where tandfiU vaa actuaiiy'developed ta

proximicy^co^a usable drinking water supply^ This
!ircufflscaRca couid^ be fflicigaced by alternactverdisposars lte
seieccioa or sice lining.
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MAI»n ASSESSMCTT O? ̂ Tl/I. ISPOSAL XOM/SEITIXG CO^mTI08S
Conbination: Non-Fly Ash (Botto. Ash. FGD^as^^Land^^ Bisposal.

^?7 ;L^vie ttin8~(not' hishly Biaeralised)

Svcaaaa. of Effects I lications:

. Unco«o^ practice, ^ectad to a.ist but not be provaient in
future *~'.

0 luc^?. ":,b.: ̂ r»:^:%b"^^cl^^r^1^1'oili§f^iSn^ s^^s^s ^
standards ^-''-. ' . .

" i.«cb,.. ». ^. ^yl::^°ir^"^of"'" 
'*"1'

° ^"^i^ti)^?''"'""'ln . i°<>r" °f
cases ' '

^^"^^^^ Fixing to a Binisrua -/v""-' .

«c^^tt^°^ ̂ ^^.. ^"d
types ''

' u
ii^Ji;~.:^^^^^
selection or site lining.
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HATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Coabinacion: Procaasad ?GD Waata. LandftU Oisposal, Arid Wsstsra
Sectiag (aoc highly aitteralized)

Sanaa fo Effaces I lieations:

. Socpresencly practiced. possibLa la future.

'* Leachac?caab« ®»p<cted^o have sufflciencly elevacad levels of
Isachable^Bajor species (e. g., sulface)-co~be oFpocenciai'
^^^>^?m^^8!T§^8f?lWiakiaS water

Leachace can have sufficiently elevacedl. evelg of crace BBCals
^s!s'd?u^>^^>^)^?^)lalBiaorlcvo£

* coabinacio»o£tlr7 disposal nathod wich nininal preciptcaciMn,
Qec avaporati. oa, and general abaeaca of signiiicanc

aear-surface grouadwacer reduces opportuatcies ?<
seneracion. aovenaac, and aduixiag co a aininun

.

* ch!nl?al-acteauacioa of craee Tcals in soils can be expecced
^!?W??)^2f°ne> but aoc al3- oE che prevaieac'soil'

e Opportunicies for adverse impacc are excreaely rare, would be
!escTlcted co. iBstancea where laadfii;l- was actually'developed ia
dlrecc_-roxiaic . co ausable Linking water'supply^ "Thts*
circufflscaace couldbe nicigaced by alcernacivedispoaars ice
seleccion or sice liniog.
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MATSIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combination: Dry FGD Waste, Landfill Disposal, Arid Western Setting (noc
highly uiaeralized)

Suania of Effects In lications:

Practice achieving cpn??<?ializ£. cioii, erpected to bscone core
prevalent In future

liU-iJ

o Leachace can be expected to have sufficiently elevated levels of
leachable'cajor species (e. g.. sulfate) co be of potential
concern wi?!», ?^§pect to secondary drinking water
standards V-/VM/.

o Leachate can have sufficiencly elevated levels of cra^^^^ls
(e.g.. As, Se) to be of concern in ninorit of cases K--'.

. Conbinacionof dry disposal method with Biaimal precipitation.
high nec evaporation. and general absence;o£ siJnif^can^
nelr-surface'groundvacer reduces opportunicies £^
generation, moveaeac. and admixing co a aininua '-''--. . - .

*.

. Chemical acsenuacion of t-ace =e^-s_ia soils can be expected
case^ca$e^W. 9one, but noc all, of the prevalent soil
;;;;7<1TUT)TT27"

o Opportunities for adverse iapact are_extrenely rare, would-be
r^trict'ed'co instances where landfill was actually developed in
direct'roxinitv to a usable drinking water supply.
^ircunstance~eould'be aitigaced by alternative disposal site
selection or site lining.
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HAISIZ ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combination: Dry FGD Wasce, Incerin Poad-Landftll Disposal, Arid Wescern
Sactlng (aoc highly niaeralized)

Suana of Effects UcaCions;

CoubinacioB aoc preaencly applicable and aoc eavisiooed ia fucura becausfi
of incongruicy becwaen produccion of dry FGD wasces and pond digposaIT
Docunencation: Noc applicable.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING CO^aINATIONS

Coabiaecion: Dry FGD Vaste, Pond Disposal, Arid yestera Settins (noe
highly nineralized)

Suaaaa of Effects I licatioas:

Coabiaacion not presently spplicsble and aoc envlsioaed ia future^because
of~incoagruity between production of dry FGD wsstes and poad disposal.

Documentation: Noc applicable,
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MATRIX ASSESSKSNT OF WASTE/OISPOSAL MODE/SETTING COMBINATIONS

Conbinacioa: ProcMae^FGD^ste, Pond Disposal, Arid Wescem
niaaralized)

Sunns of Effects I UcaCions:

c^ab^natlon-ROC-prssentjL7. applicabla aad aoc swlsioned in fu cur a because
;tS^^ity'o£~^fuIIar;hre ^a::;i^^:::;^^^^^se

Documencacion: Noc applieabie.
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4 Coubiaations in Arid Sectings: Highly Mineralized
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itAIRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinacion: ^^s^WMta. Pond Disposal, Arid Western Seccins (hightr

Sunma of effects I licaced:

* ^ractic^)ac PT8seat* 6XPecced co becous Uss prevalent in

* Leachace quality coBparabla in mjor goe
highly atiaecalized backgrouud wacers rET^JJ'^11

Laachace can have sufficieacly elavaced levels o£ trace
^^'(ift3?Tlini lT(T!)CTe"^"»i»"it"'of

' po!d«head_can_pronoc8 leachins. buc minimal precipicacion,
Ret.. e^oracioa'_aad ^e"i absence of ̂ ignific^c^a;:su^^e
g!!uadvater 8enerall7aredu;a ^^P???FW^?9^^cl^S^r£ace
geaeracion, noveneat, and adnixiag"

* ^dnixins. wichhlghl7. aia8rali2ed ^ckground waters
^<:^^3. p^e!!i3L£OLadmfeinpaccs'o£^or"Ieacil a^^;e^es
on surf acs or grouadwacer ''*. '"''.

* cheni?aLa"enuacioa 0£ l:"ce °?ca. l3 ia soils can be expecced
^^b?mf?)^2T°ne' buc aoc all. of^he'pr;valeac''30il''

^ o!portu°iciea for advel"se iapact are extrenely rare, would be
?^c^t!d-50 -instaltce3 where disP"a.L 'area-wlch"ex£reae^ ^g
^h^^^"e-n!!al-c^encraciocs-<e:8:^'"^)^^^
dw!3'oped,, to. di"CLPrcxiaic7 "wacer~u^d for'ocher ^r?os^'1^:g;'. livestock' ^sheries^ nis'cir^ascaacau^IdpS?
aicigaced by alcernacive disposal site selecti'oa or'slcri iniag.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinationt Non-Fly Ash Waste (Botton Ash, FGD), Pond Disposal. Arid
Western Setting (highly niaeralized)

Sanaa of Effects I lications:

Sane as for Fly Ash West®. Pood Disposal, Arid Ve. ste-m Settiag (highly
mineralized), including sane docunentation.
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yj^TRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTINC COMBINATIONS

Coabinaeioa: Fly Ash Waste, lateriaPond-LsadfUl Disposal, Arid Westers
Saccing (highly aineralized)

Suaana of Effecca I licacioQS:

saae-aafor, Fl7 Ash. yasta*poadDiaP08al» Arid Western Setting
mineralized), including aans docuaencacioa.
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MATRIX ASSESSMENT OF WASTE/OISPOSAL MODE/SETFING COMBINATIONS

Combination: Noa-FlyAsh Waste. Interln Pond-Laadfill Disposal, Arid
Western Ssttiag (highly nineralized)

Sunna of Effects I lications:

o Practice possible buc unlikely
(D

Other points and references sane &s for Fly Ash Waste/Pond
Dlsposal/Arid Western Setting (highly nineralized) .
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MATRIX ASSESSMENT O? VASTE/DISPOSAL MODE/SETFING COMBINAIIONS

Conbinatioa: Processed FGDWasCe. Incerla Pond-Landfill Disposal, Arid
Wescera Seccing (highly aioeralized)

Sunna of effects In licacioas:

(D® Not practiced ac present, possible but uaiikely In fucure

e I-eachatalluauc7 co«pa"bla ia na or s ecies composicioa co
^?m5 m^)^^?^(ii)<i2)waters

* Leachace can have sufficieacly elevaced levels of trace netals
(e. g.,
cases^s!s'df t35^5 ̂ ) ̂ ) ̂ > ̂8Tm) ̂ 2 iaoric of

® Reaainiag poiacs and references sane as final four poincs for Fly
Ash Wasce, pond Disposal. Arid Wescera
nineralized).

H-36

- Doc. Ex. 9294 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SSTTING COMBINATIONS

Conbination; Fly Ash Waste. UndfiU Disposal, Arid Wescera Setting
(highly mineralized)

Sunns of Effects I lications:

e, inportaot^practicfe at present, ejected co be more prevalent io
future 'A/.

# Leachate quality eomparable in na-ior f5f^f^!?T???^^?n to
highly-nineralized background vacers '"' '-. -. - - - - .

. Leachace can have sufficiently elevated levels of trace necals
(e-8-dT(3^hni ^(?^cooce"1 ia ni110ric 0£

&&SGS ----- ^

Conbiaation of dry disposal method with nininal precipitation,
high nec evaporacion, and general absence of significant
near-surface groucdwacer reduces oppcrtustcies ^y^e^^^a
generation, noveneat and admixing co a ainiaun .

o Adnixing with highly aineralized background wate-s effectively
niciga. es remainlag potencial for adverse ^^ts of major
leachate species on surface as groundwater v~-'.

® Chemical attenuation of trace metals in soils can be expected
case-by-c$5^s^<$oue, but oot all, of the prevalent soil
types - - - - .

© Oooortunities for adverse lapact are extrenely rare, would be
restricted'co instances where a Landfill of wasces with extienely
high'ieveis'ofleachable crace necals (e. g^^As, se)_was_actuaily
developed in direct proxintcy co water used for qcher purposes
(e. g., ' livestock, fisheries). This cireunscance could^be
mitigated by slteraative disposal site selection or site lining.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODe/SETTING COMBINATIONS

Coabiaation: , »°n^7 Ash Waste ̂ Boccoa Ash, FGD). Landfill Dispos&l,
Arid Western Sectiag (highly ffiiaeralized)

Suma of Effects I licacions:

» Rare pracclce^ac prafgyt, eapected to be possibla but not
prevalent la future '. u/. ' --- -

* ?eaaiainspoiats. atld ref8Teoces saaa as for Fly Ash Wagte,
Landfill Dispos&l, Arid Westera SeCtiag (highly nineralized).
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MATRIX ASSESSMEST OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combtnscion: Processed FCT Waste, Landfill Disposal. Arid yeseem
Setting (highly sineralized)

Suaaar of Effects I lications;

o Roc practiced at present, possible in future
(D

o Leachate quality conparable in najor species conposition Co
highly ̂ 5?^^)H5^^^(ll) (12) ^
waters

- Leachate can have sufficiently elevated levels of craee netals
(el8r(^(3?^)^)^)^)W?Ti?)^2 ittoric of
cases - -. . - .

? Renaiaing points and references che sane as last & points for Fly
AslTwaste/Landfill Disposal, Arid Western Sectiag (highly
nineralized).
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SErTING COMBraATIONS

CosAiaacion: °r7^CO Waste, Landfill Diapos&l, Arid Westera
aiaeralizad)

Suaaaa of Effects I lieatioas:

' ^I":^^ £p^:w^?. conaercial practice' e^ecced co be
8 i:e^hace. qaaut7_cottFarabie ia »al££4miS2/5°'PP"^i°a co

highly nineralizad background vacers l;Jjl-I~J(ZJ^

8 I-aachace ca° have sufficiencly elevaced levels of craw, oecal3
le. g.. As, Se) co be of concera in ninoric of cases-(:z577

6 ReMin ^ag poiac3, an^refere?"s same as final 4 poincs for Fly
^?-!?^!:^andfiu DisPosai' Arid Westera~SecciagoiIghl7

.
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MATRIX ASSSSSMENT OF WASTE/DISPOSAL MODE/SETTING COtSINATIONS

Conbination: Dry FGD Waste, Intaria Pond-L&ndfill DisBosal, Arid Western
Setting (highly aiceralized)

Suaana of Effects I lications:

Conbi-.ation not presencly applicsble cad not envisioned in future because
of incongrulcy between produtcion of dry FGD wastes and pond disposal.

Docunencation: Noc appiieable.
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MATRLX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combinacioa: Oj7^GD^see. Pond Disposal. Arid Wescern Secttas (highly

Sumaarv of Effects I lieacions:

^1nb^aa^noc. pFes^tl7_appucable and ?°c envisioned in future because
of iacoagruicy betweaa produccion of dry FGD vastes'and p^idudls^o^dl
Docunencacion: Noc applicable.
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MATRIX ASSESSMENT OF UASTE/DISPOSAL WODE/SETTING COMBINATIONS

Conbination: Processed FGD Waste, Pond Disposal, Arid yestern Sstting
(highly nineralized)

Suaaia of Effects I lieations :

Conbinatioa n. c presently applicabla and ooc^envisioned ^£u^e, b^a"e
^f'"InpMCticaiit7~of~£ulfiiiing the eatraordiaary water requirenencs in

an arid setting.

Documentation: Not applicable.
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5 Confainacions in Typical Interior Settings
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MATRIX ASSESSMSNT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbination: Fly Ash Waste. Poud Disposal Ineerior SeCting (not highly
a&idie)

Suana of Effects I Xtcctions:

s Single nosy, grevalent esiscing prEctice, expected to renain
inportanc

11.7

e Leachace can be expected to have sufficiently elevated levels of
BajoT'species (e. g., sulfate) co be of potential conceni wich
respecLC O(ST^^T5T(^^y?iwT^i)(22)^

*

e Lea&hace can have sufficiently elevated levels of trace nacals
<eigr(if(3nuni iT(!^^^t%n2 %^zof
CS36S

Poad head can pronoce teaching; typical range of iaterlor
elimatic'sndhydrogeologicconditiOTis can provide opportunities
£o^ast^t§m5 Tl^(T^t§!)mTurabl^d^8radieotgr0^^
quality '-'*-'''-

o Adnixiag with even snail surface water^bodies can have najar
dllu'cio^ inpact. 'BitigaciDg po^5^^)^Trt55f iapaccs on surface
vacer and groundwacer qualicy

» Chenical attenuation of trace necals in soils can be expected
case:b^t!5)^m^(^(m au' of the Prevaleot soil
cypes

& Opporcunities for adverse inpacc would be expected in i&staaces
where"disposal sice is developed in pervious, aon-attenuative
soiiinproxinity to a useful grouodwater supply; this
cireunstance-could be nitigaced by selectioa of a site set in
relatively "inpemeable. chefflically attenuative soil, or placauenc
of such soil as a site linsr.
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MATRIXASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIOKS

Combination: Son-n7A<h_ffaste(BoccoiBAsh, FGD), Pond Dispo^l.
lacerior Seccing (nec liighly acidic) '"" ~~"1""^9

Sunnar of Effaces I lications:

8 Cocnoapracttca, especCttd co reaaiago in fucure (l)

e ^achac!. canbT. eiepec"dcohava s^ficiencly elevated levels of
!aj°Lspecies (a;8" 3ulfat8) co be °f-pocential~cn^nv^;
a"^':^"<«w(w««^)nE?;"p"'""1 "°cm "Ih

.

9 L^hace, CM,hara 9uf^^^lyelevaCad levels of craee metals

^s2s'(iTC3f^^§^To?^w^ri a niRoric7~o£
.

0 I^SS.POincs aBd refereaces sone ̂  fiaal 4 P°incs for Fly
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MATRIX ASSESSMENT OF WASTE/DISPQSAL MODE/SETTING COMBINATIONS

Combination: Processed FGD Waste, Pond Disposal, Interior Setting (noe
highly acidic)

Sunna of Effects I lications:

e> Existing but rare practice, expected eo reaain so in future
(D

o Leachate can be expected co have sufficiently elevaced levels of
naj or species (e. g., sulfate) to be of potenti^^g^g^^ch
respect to secondary drioking water standards '-'<-"-'»--'.

e Lea&hate can have sufficieacly elevaced levels of^tra^^§^^
(e. g.. As, Se). to be of concern in ninorit of cases "' "' '" .

o Size of ponds (can be greater than I, 000 acres) and high major
species concentrations requires largar nixiag volumes in
receiving vacers co achieve dilution by^adni^g^ coaparable co
that typical of other disposal conbinacions'' .

f Remaining points and references saffle as final 4 points for Flv
AstTwasce, '.Pond Disposal, Interior Setting (not highly acidic;).
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MATRIX ASSESSMENT OF WASTE/DESPOSAL MODE/SETriNG COMBINATIONS

ConbiQaclOB: Fly Ash Waato, Inceria Pond-Laadfitl Disposal, lacarlor
Sectiog(aoC highly acidic)

Sumnarv of Effeecs I licacions:

e Cannon y^ccice at present, eapected to be less prevaleac in
fucure "".

8 . ??a,^^?? PSin^s-Tad refereacas sans as flaal 6 poiacs for Fly
Ash Wast&. Pond Disposal, lacerior Secciag (noc highly acidic).
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MATRIX ASSESSMEST OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Coabioation: Non-Fly Ash Waste (Botton Ash, FGD Waste), Interin
Pond-Landfill Disposal, laterlor Seceing (cot highly
acidic)

Suanar of Effects I licatioTis:

 

> Coanon practice for botcoaash, if^s for FGD waste; espected to
become less prevalent in fucure "'.

» Leachace can be espected co have sufficiently elevated Levels of
major species (e. g., sulfate) to be of potteacial concern with
!e!!!!L!o(^^^§H6?n6 §)Y5nr

.

@ Leachate can have suffici&ntly elevated levels of trace cetals

(e:g:t(^(3^^^)^o?fim5Tr1 la ainorit of

eases .

® Elenaining points and references same as final 4 points far Fly
Ash Waste, 'Pond Disposal, Interior Seccing (not highly acidic).
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MATRIX ASSESSMDIT OF WASTE/DISFOSAL MODE/SETTING COMBINATIONS

Conbtnacioa: Pnceased^GD^ste, InterinPoad-Landf ill Disposal,
lacarlor Secciag (noc highly acidic)

Suana of Effecca I lieations:

. Not presantly practiced, unlikely hue possible is fucur® (1).

* Leachaca can b® expeccadto have suffieteacly elevated levels of
aajar species (e. g., sulfate) to be of potenci?^^?em~vi^h
respecc co secondary drinking wacer scandards

. Leachace can have sufficiencly elevaced levels of crac
;e.g.. As, Se) to be of concern tn ninoricv of eases"

o Remaiaing poincs and references same as poincs 4, 6 and 7 for
Wasce. Pond Disposal, Incerior Secting (ROC highly'acidic)'.'
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MATRIX ASSESSMEtFT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combination: Fly Ash Waste, L&adfill Disposal, Interior SeCtins (noe
highly acidic)

Sunma of Effects I Ucations:

® Inporta»t;^ practice £t present, expected to be more prevalent in
fu-ure "/.

® Leachcte cer. be e;.-?£cte<i to have sufficiently elevated levels of
maj or species (e. g'., sulfata) to be of pocential concern wich
respecL!o(5T^ 5?(fS^?hm^) (22)

o Leachate can have sufficiently elevated levels of tr&ce aecals

fe:!l>d!(35?i3^iST(?I)mTm}^i^^)of

e Dry disposal reduces voluae and rate of leachate gensration and
noveneat; however, field studies confira chas CTpical range of
interior cilnatic and geohydrologic conditions can provide
opportunities for landfill' l"cha^^^gy^5^§)^gS Yrgb^^
dovzgradient ground«£tec quality >-''-'"' .-----. . - -.

p Renaioing three points and references sane as for Fly Ash Waste,
Pond Disposal, Interior Setting (not highly acidic).
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MATRIX ASSESSMENT OF WASTE/DISPOSAI. ilODE/SETTING COMBINATIONS

ConbiaatioB: Non-Fly Ash Wasce (BotCon Ash, FGO). Landfill Disposal.
lacerior Seccing (noc highly acidic)

Sunna of Effaces I lieaclons:

9 ^^^nhyi ttoric7 Praccice> expected co become more prevalecC in

® Leachace cao be expected co have sufficieatty elevaced levBla of
major species (e. g., sulfaca) co be of potancial concern wich
respecc co
scaadarda sw^^m^)myt

. Leachaca can have sufficieacly elevated levels of crace uecais
^t(i?(3f?^f§)^o<?^Sm!r ia ainor^ '^

< Dry disposal reduces volune and rsca of I.eachace generation and
??TT???!;^?weT?r' £ield studifts confim chac cyplcai range of'
iaserior. cllaatic and ̂ geohydrologie conditions can provide
opportuaictes for laodfiil leachay
dovngradientt groundwater qualicy

* Renaiaia8 poiaca and references sane as last 3 points for Fly Ash
Wasce, Pond Disposal, Incerior Secciag (noc--highiy~acidic)'/
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Coabination: Processed FGD Waste. Landfill Disposal, Interior Seecine
(not highly acidic)

Suanary of Effects I lications:

c Practice recently initiated at saveral ^^es, axpected cp be
sigaificantly no re prevalent in future "'.

» Leachaca can be axpeeced to have sufficiently elevated levels of
na j or species (e. g'. > sulf ate) co be of potentialconcern with
respecLCO(^f3^^6^8^^1^ter

.

o Leachate can have sufficiencly elevated levels of trace necals

ce:g:>(^(3%5^)^)t^Wera in ninorit of
esses ' .

* Dry disposal reduces voluae and rateflf leaehate generation and
novenenc; however, fisld (Studies eonfiTnchac typical range ot
interior cllnacic and hydrogeologic eonditlons can provide
opportunities for landfill ^acha^^g^^^^^^^^H?}
dovngradient grouad'water quality '"' '" '" ~~" ' " ' ' ' ' .

e Remaining points and references sane as last 3 points for Fly Ash
Waste, Pond Disposal, Interior Setting (not highly acidic).
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Coabteaciott: D^rco_Wa«e^.md£Ul Disposal, Incerior Setting (noc
acidic)

Sumna of Effects I lleacions:

* praccic8-ia_ear17 stas8 8 ?^c???<»rctalizatioa. expectad to becon®
nora iaportanc in fucur®

Leachaca^can be axpecced_co havesufficiencly elevated Levels of
species (e. g., sulface) Co be of pocenci^. cweera'wich

respect Co secondary drinking wacer scandarda

necaisi Leachace can have sufficiencly elevated levels of, t:race
^. S., Se) co be of concera la ninortc of cases"(Z5J^

* Dr7_disposal Bechod st8nificaacly radueea voluae and rate of
_8eReratloo and aoveaenc; however, field scudy results

hav* shown chac cyptcal range of incerior cliBatie and
Lc^eondicloas provide opporcuaittes for landfill

co effect measurably dowogradieac
groundineer (l)(8)(9)(U)(l4)(L6) ~ .

.

0 ^T^s PSin"nand-re£erence3. 3att8 as fiaal 3 P^°" fo' Fly
Waste. Food Disposal, Incarior SectiQg~(aoc highly ItldlS.
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbiaacion: Dry FGD Waste, Pond Disposal, Interior Secting (use highly
acidic)

Sunaarv of Effects I lieations:

Conbinacion noc presently applicable and not envisioned in future because
of incongruity between production of dry FGD wastes and pond disposal.

Documentation; Not applicabla.
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MAISIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTINGCOMBINATIONS

Coabinaciott: Dry^FGD Waste^ Incerin Pond-Landfill Disposal, laterior
Setting (aot highly acidic) ~~-~ --«"-*.

Sumnarr of Effaces I lieatioas:

^Iab^a;^^\p!es<otl7-applieable aad aoc ̂ isioued in futur< because
becve<B productioa of dry FGD wastes aad pondiagdispoZaIT

Documentation: Soc applicable.
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6 Conbinatioos ia Interior Acid Mine Drainage Seccings
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MATRIX ASSESSMESTOF WASTE/DISPOSAL MODB/SETriNG COMBINATIONS

Conibinatlon: ^^h ̂ ts, Poiid Disposal, Incarior Setting (acid nia^
Suana of Effaces I Ueatioas:

* ^S^c^l^lacive17 uacolntton' v&7 "aciaue to esisc ia
0 !:^hate<q^lit7 conparablfi in aajor (and nany ninor) species

;cTd^°^, ; nKWti) ̂ K^wim^ws^'
*

^^c?acM. h^e ;"^ciMcly-elevacedLevelsof soue c""
^s(^C§K8tflo^iS?(?g)^^ff5^^^of

.»

po^. head-!^PJOnote, leachia8! t7Pical »°8e of interior
and-h7dro8<iologiecoadicloa3canP"^de~opportunicies

Si^^l^§^^^(^^S?)?^UNbl;"d^^
Adnixing, "lth-acidaine draina8e la background vacers
;Ki^±creaencal-adversei:BPact3frou°^J"^"oIv^';^;;L
ani^!rr^, "a", necals* secon^^ driak^''wa;:r^a^a^r^s

applicability ia receiving'vacer

Sda;Lcin8 w^h. even saall. surface wacer bodies c" have aajor
^^ssa c^on-leachate> furcheEaici8ac^r?°^i^i
^^e(SmSfflST(T S?[tfat""^dgro:ndwa:er
^^L"cenuacion 0£ £Taceneca13 i° soils can be expecced
^^bm??S)til 7mt?(^ aoc all of the'pre^alent^oir

?;p^^ f;^dv"se»?!act:.wuldbe rare- "da" ̂ "iced
_ia vhic^leachace from a disposal area'wich*

^r^L^gh. l^c?^e^cBTOCa[:w:?:^^^
"d.!onMncrace. ta_a. snauwater-bod7-^ilI~"^du^r^^i;
S?SS;a."Jls^sto-s!ice-ofprevauat'acid^"^^^ge.
^^cion. of chiscircufflstaace could be"achieved"by'*al^^tive
^T.'^:."^'" " u'e o(-'n''"'"p'-'"^""^^r
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combination: Non-Fly Ash Waste (Bottom Ash, FGD Waste), Pond Disposal,
Interior Setting (acid nine drainage)

Sunaaa of Effects la licatioiis:

Sane points and references as for Fly Ash W&sce, Pond Disposal, Interior
Setting (acid cine drainage).
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MATRH ASSESSitENT OF WASTE/DIS?OSAL HOSE/SETTING COKBZNATIONS

Coablnatioa: P^ss^FGD^Wasta. Fond Dispos&l. lacerior Seccins (acid
nine draiiiaga)

Sunna of Effects I Itcacions:

* .(?connou. practice presenttly rescrlcced to Appalachian Regioa,
.
s^?fl§?t ia acid "ioa drainage nay exisc now or i^~

* Leachaca. qualic7 conparabla in 'IIa.30r (aad l°a"7 ninor) species
^o^^e^?3^H^^^?back8Muodvacer3a£fectad^^

<> Leachaca can have sufficienclyelevaced levels of gone craca
aecals^^^. As, Se) co be of coacera in nioorit of
cases v~/x"/.

2 siz8. 0f ponds (caabe greacec chaa 1, 000 aerea) and high
species eo&eencracions requires larger aixing voluiBes-?a
receiving vacers co achieve dilution by adm^gg CoBparabLe co
chac cyplcal of ocher disposal comb inac ions- (:[87.

. Remaining poiacs aadreferenees sane as poincs 4, 5, 7 and 3 for
Fly^Aah Waste, Pond Disposal, laterior Seccing (acid nine'
drainage).
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinaclon: Fly Ash Waste, Interim Pond-Landfill Disposal, Interior
Setting (acid nine drainage)

Sunma of Effects I lications:

Sane poiats and references as for FLy Ash Waste, Pond Disposal, Interior
Setting (acid nine drainage).
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it&raix ASSESSMESTT OF WASTE/DISPOSAL MODE/SETTING COHBINATIONS

Combination: Sou-Ply Ash_Wast® (Boctton Aah, FGO Vasce), rccerla
poad~Landfllx DisP°sial* lacarior Sectiog (acid nine
drainage)

Sanaa of Effaces I licatiaasi

sane. points. aad. l'efe1:ences as for Fly Ash »aste. Pond Disposal, Incerior
Sectiag (acid aiae dr&iaagc).
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MATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbination: Processed FGO Vaste. InCerln Pond-Landfill Disposal,
Interior Setting (acid nine

Suanar» of Effects In lications:

e Not e present practice, possible but unlikely in future
(D

and references sane as Last seven poiat-s ̂ for
P^^l?GD~Waste; ?ond~ Disposal, Interior S<«i"8,4^dJ»^e
drainage^, 'including by references poincs 4; 5;, 7_and Lfor-
^s^^e; F^nd~Di?osal. Interior Setting (acid nine drainage),
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MAT&IX ASSESSMENT OF WASTC/DISPOSAL MODE/SETTING COMBINATIONS

Cocbinacion: Fly Ash Waste. Landfill Disposal, Interior Sectlng (acid
aiae drainage)

Sunana of Effects I lieacions:

19 ^^a?racclc8 ia Appalachian Region. expecced co couciaue ia
* Dry disposal aechodsignificaacly reduces voluaa and race of

Leachac»8an«cactoBaiidnovemenc; however, field scudy reaulcs
have shoya chac cypicai range of'iacerl. or'cliaattc'aad
geohydroLogie condicions provide opportuaieies^for iandfitl
is2^a(??(^^^lw8^ft^. dowlgradieat8roundwacer~

. Remaining poiacsand references same as for poincs 2, 3, 5, 6, 7
^?- . !o?_Fly^Ash wasce* pond Disposal, Interior Secting (acid
niaa draiaage).
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HATRIX ASSESSMENT OF yASTE/DISPOSAL MODE/SETriNG COMBINATIONS

Conbinatioo: Non-Fly^h ̂ ^"_<^"o»^sh:, FCT,w"SSl^dfi11
Disposal, Interior Setting (acid nine

Suina of Effects I lications:

@ Itey be practiced for bottoB ash_in Appalachian^Regi^^t present,
possible'for'bottoa ash aBd/or TGD waste in future '- .

. Leachata quality_coi»parabl^tn^a^^^ ^nL?^especles
^;;iti^3)^Myw^^^F?. affec"d by acidaine
drainage ' ' -- .

» Leachase can have Sufficiently elevated levels of sone traca
B:;:?dT(i?(5%)l§^To^2??ncera ia 1ainorit of

» Dry disposal nethodsignificantly reducaa volume 3n^"^e^^' ?2cS^r^^^r^e::n?iw eve!>.. £i^d^^results
h^r^^'that'CTplcal range ;of interior cliaa^^ and^
^^^Sirc ondl^ions'provideopportunities^^^^dfili
!::^;;7^s!fmi nw^i? ̂

 

d»"'rldi'nt s""""-""

quality *"' '''

o Reaaining points_and "f«!"«s,sa»e, as. finalJ^^:i;^^LF ly

^rWas^/Pond'Disposal. Interior Setting (acid nine drainage;.
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HATXIX ASSESSMETC OF WASTE/D ISPOSAL MODE/SEmNG COMBISATIONS

CoBbinstloa: Processed FCD Waste. LaadfiU Disposal, lacsrior
(acid nine draiaage)

Suasaa of Effects I licatioas:

* ^t^aLprac^ce<lnAppf^chiaa ReSioa* asy occur trtch iacreased
ia che fucura '. *"'.

8 Leachace. quauc7 conParable in aajor (and aiaay ataor) apeeies
^o^^e^H3^^rt8 ^^^rouadTOte"a"-<^^^^

* Leachacecaahavesufficienclyelevaced levels of gone crace
^;^3(iT(5?(5tt^?§)^)^o^ncera ^ "i^^cy of

* Relna^aing Poiacs and nferences sane aa final cvo points for
H9n^lLAail. wasc^ I-aQd£iu Disposal. IateriorSetting7acid nine

ILiMlud£n? by ref®""e® final four poidcsf^rFly'Ash"
Waace. Pond Oisposai, laterior Secciag-(acid niae'drainag^ /
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KATRIX ASSESSMENT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbinstion: Dry FGD Wasca, Laadfill Disposal. Interior Settins (eeid
aine drainage).

Sunaa of Effects la lications:

e Not s. present practice; as eech&ology is coanereializedi^ is
possible'thsc this conbinatioa night be realize^^^ snail
number of sites effected by acid nine drainage -~' "' .

Leachate quality comparable in najor (and nany ninor) species
wacers affected by acid mine

drainege "/'"/.

Leachate
netals
Leachate can have sufficiently elevated levels of soae t^^^^^

(e. g., Se) to be of coBcern in ainorit of cases ' .

® Renaining points and references sane as final two poincs for
No^FLy'Xsh'Waste^I. aQdfill Disposal, Icterior settin8_(^cid, nille
draiBage)';"including by reference final four points for Fly Ash
Waste Pond Disposal, Interior Seccing (acid nine drainage}.
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XATSIX ASSESSMSNT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Combiaacioa: D^JGD(?aste. Pond Disposal, Interior Secciag (highly

Sunaaa of Effects I Ucations:

^ub^^!n<n!t. presanely_appucable aad »oc ^Kioned in future because
of iacongruicybetveaa production of dry FGD wastasaod pond''dj[3posZl"
DocuBencacion: Not applicabls.

H-68

- Doc. Ex. 9326 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



MATRIX ASSESSMDTT OF WASTE/DISPOSAL MODE/SETTING COMBINATIONS

Conbination: Dry FGD Waste, laterln Pond-Landfill Disposal, Interior
Setting (highly acidic)

Stinnar of Effects In licacions:

Conbinacioo aoc presently applicable and not envisioned in future because
of incongruity between production of dry FGD westes and ponding disposal.

Docuaentation: Not &pplicable.
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1. 0 PHYSICAL TSSTING PROGRAM

1. 1 PREPARATION AND APPROVAL OF WORK FLANS

1. 1. 1 Prearstion of Procedures Manuals

Between Deeenber 1979 and July 1980. two procedures ^nanua3;8^weTe^preparel
for guidance In'conducting the field and laboratory portions of the^
cestlng'sspects o£"this~pngran. The "HydroLogic and ̂ technical^roced^rM
MaoualTn ~which~gave~guidAnee for field procedures, is de81Snated_a8_APPendix
BT''~The "Sanpliag and Analysis Procedures ̂ (anual" specified laboracory
procedures and is designated as Appendix C.

1. 1. 2 Ins eetioa and A rov&l of Laborato Faciiicies

testing for this progran was perforned at Bowser-Mo ruer Testing
Laboracories7 DaytonT Ohio. Oo Decenberl9, ^79^before progran. aaples w^e
iestedI~D7j^ Hagerty'of the Oniversicy of LouisvUle. »Quality _Assurance,
Advisor. ~condu£?ed-a 4etailed inspection of the Bowser-Storner^labpratories

and found chea suicable for the forthcoming tforfe.
testingprogran, periodic visits to the Bowser-Morner laboratories^were
conducted by BarryThacker of Geologic Associaces, Inc" as, Part
dav^o-day'QA" oversight of the physical testing aspects of che progran.

Additional testing of saaples fron the sices was^perforaed at the
Deparinent'of'Civii'EQgineertng of the ^^rsity_of_Louisyi U^to^8upp^aen^
^rBwser-Moraer~resul£s. "Thacker also visited these facilities periodically

during the progran.

1. 1. 3 Pre aration and Review of Sice Evaluation Plans

The physical sampling and analysis portions of che Site Evaluatio n^Plan^
for each ^ice~v@re~prepared-byBowser-Morner under che supervision of Geologic
Assodaces'and Arthur D. Liccle. The University of ̂ LouisviUe^ provider ̂ ^
?urche7QA review" of'chesedocuBents. to Arthur D. Little^. Each participacing
utility also reviewed and approved its sice evaluation plan.

1. 1. 4 Procurementof Contract Drillin Services

Bovser-Momer Tescing Labs conducted the drilling operations^ac the
Alien, Elraaa and Dave JohnstOtt si. tes and were^supervised by the Fro^ecc
Geologist ^/OT Project Manager frouHaley and Aldrich, Inc. At ^
Sherb^rne County site, Bovser-Morcer perforaed che drilling uoder

'of'Hickock Associaces, lac. The Haley and ̂ Aldrich PToject^
^'vorkingeieselyvich Arthur D. Little, secured contract drilling

services ac'che''Powerton and Snich sices and supervised che
activities in the field.
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1. 2 MEASUREMENT ?ROGB£M

1. 2. L San la Collection and Chain of Custod

A Hal y and Aldrieh staff geologist supe raised the coilaccion and
handling of sanples for physicai cescingac alt sites excapc Sherbume County
co confim chac che acctvtcies wra in accordaaee with che cvo Procedures
Manuals and any ocher spactel procedures in ch« individual Sice Evaluacioa
Ptaas. The Haley aad AIdrieh Projecc G*ologist/Frojecc Manager visited Che
sane five sites near ch« »ad of Ch« sica davelopneac activicy co verify
furcher chat the sanplaa w<re collecced and recorded properly. Ac cha
Sherburaa County sic*, cheaa fuactions war* perforned by che scaff of Bicfcock
Associaces.

SanpLes fron the Allan, Elrana, aad Sh tburae Couacy sitas'were dalivered
co che Bowser-Moraer laboTatoriea by the recurniBg Bawser-Morner field cean.
The Dave Johnston. Powsrcoti, and Saich sunplea vera shipped co Bovser-Morner
by che Haley and Aldrlch field personnel. Ac Bowser-Momer, sanpla cuscody
was che responsibilicy of Its. Judy Costello.

Addicional sampLea from che Allaa, Elcaaa, and Sherburae County sites
ware dalivered dtreccly to the Uaiversity a£ Louisville by the Scwser-Morner
field taaa. SanpLes fron theDava Johnston, Potnrton, and Smith sices were
shipped co che Uaiversicy of Louisville by che Haley and Aldrich field
represencattve. Ac the Uatversicy of Louisville, C. R. Ullricti was responsible
for the cuscbdy of chc sanples.

1. 2. 2 Assessnenc of Precision, Accuracv, Con leceness, Re resencactveness
and Con arablti

1. 2. 2. 1 Rouciae Measurectfincs

The following cypes af rouciae neasureaencs were perforaed ia che
physical casting aspeecs of che progran:

. fiald perneability cesta (various heads),
particle size cescs,
specific gravicy tests,
moiscurs conceac deteminaCioas,
unified soil classification cests,
compaeciou CesCS,

. unconfinedconpresaion tests, and
» constanc head permeability tests (laboratory).

The tests vera all conducced according to che procedures ouciined in Cha
cvo Procedures Manuals referenced abovg and also accordiag co che relevanc
prococola of che American Sociecy for Testiag and Macerials (ASTSt);

*

9

9

.

» D422
9 D854
. D2487
. D698

Particle Size Aaalysts,
Specific Gravicy of Sotl Solids,
Classification for Engineering Purposes,
Standard Coapaccioa Test,
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. D2166 Uncoafined Conpression Tesc, and
» D2A3A Constaac Head Peraeabilicy Test.

The assessnent of precision, accuracy, eoapleceness, representativeness,
and conparabllicy of ehe physical fstlag was conducted ta cvo phases. The
initial phase occurrad during the actual field or laboratery c<sc and involved
verifying that che test was coBdueted ia accordance vich the "Uydrogeologic
and Geocechnical Procedures Manual" and che "Satapliag and Analysis Procedures
Manual. " The second phase of assessaent consisted of coaparlng cbe results of
che individual tests vich the entire daca base.

During the first phase of assessaent, QA/QC field personnel fron Raley
and Aldrich, Hickock Associates, and Geologic Associates selected test
locations at each Sice that were represencativeof conditions across the sice.
They chen supervised the specifia field testing to verify that the tests were
being conducted as specified in the procedures iBanuals. As long as Che

correcc procedures were being foUoved, the cesting was continued co
conpletion. If a eonplicacion developed during a test, that cest was aborted
and a new test location was selecced. For example, during taany of the field
pemeabilicy tests, flow was neasured through an open hole formed within the
strata in question. In cases where the hole collapsed before the cost was
coTBpleced, che data were voided and a new test was initiated at an adjacenc
locacion.

Sifflilarly, in the laboratory, Bovser-Momer and Universicy of Louisville
personnel perforaed the physical testing under che supervision of their
appropriate QC personnel. As long as the tescs wereeoadueted according to
che procedures manuals, the cesclng was conciaued. Othervise, the cescs were
aborted. A sumnary of she laboratory tests perforced is shown in Table 1.

During the second phase of the assessnenC, the applicable data developed
at each sice was coupiled as shown in Figure I. Data froin tescing of nearly
identical saoples was generally accepted when the results fell wichin about 2
standard deviacions fron cheaean. For che field pemeability tests, Chis
correspocds co an aeeuracy of abouc !i ordsr of nagnitude. However, in nose
cases, chesanples were not identical and nore qualitative assessment was required

For exanple, ac che Alien sice, saaples recovered from Boring 3-1 were
visually classified. The ash became coarser grained and nore pervious with
increasing depth. These visual classifications were later verified by the
results of Unified Soil Classification Tests; As indicated in Figure 1, both
field and laboratory pemeabilicy test results shoved that the finer grained
fly ash near the^surfgce of the^asin had ajioefficienc of pemeability
ranging between 1x10" and 1x10 ' cn/^ec. The coefficlenc of pemeability of
the ash increased vtch depth co 9xl0-'' ca/sec. ac a depth of 20 feet beneath
the surface of the basin. Because of the excellent agreeaent of results from
classificacion casts and resulcs fron field and laboracory penneability tescs,
the data were considered accurate wichin che previously described bounds for
nearly identical samples.

As an independent assessaenc of che precision, accuracy, completeness,
representativeness, and comparability of data developed by che Bowser-Momer

1-3
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TABIE I

SUMmRY Of PHYSICAL ZAOURATORyTlSTS

I

<-.

Site

Proposed Model
fill (F)

Permeability
Tests

Proposed Model
Pond (P) 1

Alien (P) 5

Elrama (F) 12

Oave Johnston (F) 8

Powerton (F) 8

Sberco (P)

Snnthjpj_4

Total Planned* 18

Total Performed* 45

Classification
Tests

15

8

10

7

21

6

s

63

57

Proctor
Tests

18

4

Moisture
Content
Deternitnations

20

40

28

36

44

41

24

15

ISO

188

Shear
Strength
Tests

I

9

3

12

*Note: 282 total tests were planned and 306 total tests were actually perfonned.
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laboracories, che QA/QC personnel reviewed th regulcs of Bovser-UoTner's
?^cici?ac^on_^?.. ch* Aa*ricac Asaoct. atioa of Sc»ca Highway and Tracsportacioa
Officials(AASHTO) progran far soils ceacing. This prograB (kaova as
A. H-a. C. ) eoBsists of procedures generally tdeacical co thoa* approved by ch@
ASTM, and, by aareenenc bacw«a AASHTO and ASTlt, serves as che referttace'
prograa for boch organizacioaa. On a scala of 0 co 5 (5 being che highesc
scorehsows<r-Morner'3 3core3iachi3 Pro8ran averaged higher chaa 475 for
che 1980-83 period (i. e.. chelr dacawaslrt.chia 1.25~scandard deviations og
che aean).

As a regulc of this high score ia ch« A. M. It.C. prograa and che favorable
assesaauiac by ch* QA/QC persooael during the case ing' laboratory,
Sovser-Koroer's resulcs for che routine"laboracory aeasureneacs'perforaed la
chis prograa are considered within che generally accepced bounds' of precisioo ,
accuracy, compleceaess, represancaciveness and conparabtlicy.

1. 2. 2. 2 iton-S candard Measurenencs

, _ only one^iion-standard physical Laboracory cesc. che excanded penreabilicy
ce"^vas perforned t& t:his P"8ran. Ac eh® tine of ces cing, neicher ASTM nor
AASHTO had published a protocol or developed a refereed tescing progran for
.

neasuring che_extended peraeabilicy of fine-graiaed, undlscurbed'sampXes. In
lace l983, ASTM reportedly had such a prococol under developmenc, and ics
speci£icacions re^uired che usa of criaxial-cype equipment and constanc-head
condiciona, key feacuras tradicionaUy enployed ac 'Bowser-Horner thac were
also used la this progrMi. The Bowser-Morner procedure was reviewed and
approved by che QA Advisors from che Uaiversicy oe Louisville before ics use.
They concluded that tc represented a conbinacioa of che criaxial tesc
apparatus approved by ASTlt's standardized criaxial Coapression cesc and a
?arn?ab?'l. icy. :Beasu'"e?e?c Procedurs si,nilar co chac used in che ASTM-approved
conscaac-head pemeabilicy cesc.

The daca developed ac Bowser-Morner was compared co daca developed ac Che
rs:n^T!s-ic7 0£ Lou^ville. Asanexanple. Figure 2 shows a conparisoa of dry
densicy con cha Log of che coefficient or pemealtili. cy for sanpies of FGC vaste

recovered froa che s1lerburRe County alte. The eonparisoa sfaovs chat che
coefftciencof . perneabilicy o f, the. waste does'no c change :ac. dry:densic ies
greacer chaa abouc 78 pcf. ^However, the peraeabilicy drascicaiiy increases
vhen^its dry^density falls below abouc 74'pcf. Such'a relacionship'tscounon
for fine grained cobesionlsss soil and wouid be expected fronacFGCwasCB
vich slnilar grain size dtacribucl. on.

Basedon chis and siailar aasessnents, che QA/QC supervisors fTan Gteologic
Associaces (who reviewed che^resUXcs of each cest) and the URiverstty^of'
LouisYil]-e (yho. COIlduccedre£erenc®l:eat3 of tha sana type on samples £TOU ch&
s£?. si^?:? concluded chac che resulcs of Bovser-Worner' s peraeabitlcy tescs'
were^wichia che previously described bounds of precision, 'accuracy,
cociplecenesa, represencatl. veness and conparabilicy (i. e., wichin 2'scandard

of che neaa EOT idenctcal sanples).
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1. 3 LIMITATIONS ON USE OF THS DATA

There were nosigttifieant liaicationa oa chi use of tha field aad
iaboracory physical cescing cesulca. Questionabla valuas vers clearly flagged
and had no effect on the eoncinuing assesaneac. As previoualy described, che
QA/QC prograa identifiad the easts vfa<cs iaeorrecc daca vere being generated.
These cesca wara aborcad. Excalient agreeaeat beeweaa relaced daca froa
various cescs (l..a.« fteld perTaeabiltcy cests, laboratory peFBieabilicy tests,
eec. ) verified chat ch* initial QA/QC screening process was successful in
aliaiaacing pocential "oucUera."

The physical testing data war« considered along wich ocher l.cfora&Cion in
che overall assessnenc effort. Availabia iafonaation on vasts penaeability
derived fcon fiald Cesci&g. estensiva litaratura docuneacacion, and resulcs
from chelaboracory physical cescicg were used (along wich ocher data) in four
cypea of assessneoc accivicies;

Developueoc of site water balacces.

Evaiuatioa of site eause-effecc relationships .

® Projeccioas of fucure cottditioas ac the stCes.

® EvaluaCioa of che broader (iaduscry-vtde or generic iaplicacions of
cfaa disposal practices under study) .

The folloviag poiacs show how che laboratory physicai tasting daca were
used ia chese assessinenc accivicies:

. In each of che chrea sice-specific assessaenc accivities, che physical
cesting data supplenencad and supported both earlier field daca (e. g.,
field pemeab ill cy Cast resuics and wacar level measureaenEs) and ch&
evidence for leachate nigracioo already provided by chenical
correlacioas betveea in-waste and downgradienc vacer samples.

» Ac each sice where penBeabilitiea ac or greacer than about 10 ^ ca/sec
vereaeasured or anticipaced (Alien, Dave Johascoa, Povertoa, and
Smith), the cheaiieal oeasuremeacs appeared co provide early*
relacively precise, and important "boccon line" indicacions of che
history and iaportance of leaehacenovenenc over cine. Thua, the
chenicala&d physical testing resales corToboraced on® anocher for che
higher penaeabiticy wasca depoaics.

? When che race of water novementthrough a wasce deposi- vas inportanc
ia che assassmeac calculacions, che inhereac uncertainty in boch fieLd
and laboratory condicions was acknowledged by using boundary
asaunpcions la Che calculations. Invariably, chera wa.s less eertaiaty
and acre need for assunptions wich other paranecers (e. g., Liner
chickness or p<rmeabilicy and stratigraphy of unaeasured,
inhonageneous natural soils) than che comparacively vell-docuraented
field and laboracory-measured waste pemeabilicies.

I-S
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o The evaluation of the broader (iadustry-wide) iaplicaciens of che
disposal practices under study was partly based on the substantial
body of perneabilicy data froanore than 15 field studies of
full-scale sites and fron nany nore laboratory studies. As discussed
in Section 1. 2. 2. 2, cheBowser-Momer and Uaiversityof Louisville
pbyslcsl testing raaults were eoasisteBt wish those of ocher
invstigationsof 8 inilar wastes. The values for identical aanples
were within 2 standard dsviacions of the aean.

Exsnplcs of how tha physical cesting deta uers used in ehe assessment for
each sice are given below.

Alien Site

. The wscer balance was based on neasurenencs aade in che field before
laboratory data were generated. As laboratory daca became available,
che resulcs supported the assuapcions used in the water balance.

» Chemical data fran in-wasce and downgrsdieot veils provided che najor
basis for invcstigacioa of cause-effect relationships.

. The major assessnenc variables at this sice were chenical attenuation
of leaehate trace ffistals in surrounding soils and the inhouogeneous
nature of water novenent patcems in che surrounding soils, ooc the
waste deposic.

Elrana Site

® la the absence of field and laboratory data, the preliainary water
balance was basedon esciaaced hydraulic Conductivities. When che
laboratory pemeabtlity test data were available, they shoved values
within the expected range of variance .fran the original estimate.
These laboratory data were then used in the revised water balance.

* The assessnenc of cause-cffect relationships focused on the chenical
Interactions becveen coataninated acid-aiine drainage and waste
leachate at tne site.

Dave Johnston Site . .

© The water balance was based on neasurenents nade in the field before
the laboracory data were generated. As laboratory data became
available, the results supported the assunpcions used in the wacer
balance.

». Evaluation of cause-effect relationships focused on the axcensive
similarity of che leachate and che highly nineralizad natural
groundvacer and on che ainlnal facer novenenc in the relatively arid
western setting.

»

. ?ucure conditions were not projected for this sice because of the
nininal opportunicies for increnentai impacts.
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Sherbums Count Site

The pralininary vacer balaace was based on neasurenanes nade in che
field ba£orach< laboratory physical cescing daca were genaraced. Th®
laboracory dat* ware eooslsteac, within expectactoaa, aad provided a
basis for calibrating Che assessnanc wichouc resoLvin che Bore
iaportant uacsrtaiocies over liaer hoacgsnstcy (bocb eoBposicioo and
ta thielmeas).

Because of chtiahareac uacercaiaties I.a any accenpt to characteriz®
the tahonogenelcies ta che pond liner and cha near-downgradienc
groundwac*r flow pacteras at che sice, cha assessuenc of cause-<ffect
relacionahips and fucure condtciona raited prinarily oa chenieai data,
cogecfaarvlch boundary assunpcioas governing the range of reasocable
wacar e poadibilities ac che stca.

Povertoo Site

i? The wacsr balance v®s based oo aeasureaents nade in the field before
chelaboracory data had been geaerated. The laboratory phystcal
cestiag daca gave values la the expeeced range.

* The daca oa chenical quality of in-vaste versus dowigTadienc well
coaeencracions of several wasce-reiaced cheaicals pEovided early and

clear "boccoa-line" evidence of plune aoveBenc away frou the wasce
deposit.

Sraich Sice

« The vacer balance was based OB resulcs of field neasureineaca and
resulcs of cha laboracory physical eeseing, which were la good
agraeneoc.

The data oa chemical qualicy of ia-wasce versus dowagradient veil and
seep^concencraciona of cwo vasce-celaced ehemicals provided "boccoa-
line" evidanca of pl laoveaaac coasisteac wtch che wacer balance.

1. 4 RESULTS OF SYSTEMS AUDIT
.t

OaMarch II, 1982, Alvia Gaskill, Jr., an eavironnencal chenist froa
Research Triangla lascicuCe (RTI) and Roy H. Borden. a civil aagineer fron
Sorch Carolina Scaceiraiversicy, Raleigh, Srrth Carolina, who was sen'lng as a
consulcaac to RTI, visiced Bowser-Morner Tescing Laboracorles co perfom'aa
audtc of the physical cescing accivicies under chis progran. The' audit ceaiE
and Bovser-Morner personnel parcicipaced in che audic visxc.
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The audlcor's report contained three suaiaary cBaclustons. The first
expressed a belief thac there was nc iaceraccion between the University of
Louisville and Bovser-Moraer Laboracories, and that chere were ao QA audits
during the prograin. The second was that field sanpliag. sanple custody and
shipping procedures, and laboratory facilities, equipnent and procedures were
acceptable wich the exception of certain aspects of che pemeabilicy cesc
apparacus. Thafi.nal conclusion related co che second, was that che nanner in
which che peme&bility tasts wcsre conducted by Bowser-Momer could have led to
arroneously low values.

After extensive investigaclon of the auditors' conclusions, cha teaa
responsibla for this project concluded that;

1. The auditors had not accuracely reflscted tha history of tnceTEcciea
becveen Bovser-Morner and che Uaiversity of Louisville, and the
exceosive role of Geologic Asaoeiaces in syscenatlc QA oversight of
the Bowser-Momer work.

2. The periseability tesc apparatus and its use reflected an appropriate
conbioacion of standardized cesc apparacus and procedures from other
ASTM-approved procedures.

3. The Bowser-Momer and Univarsity of Louisville laboratory pemeability
test results and che field pemeability tests results were gens.-ally
in excelleoc agreenuenc. Any differences accurately depi&ted che
variations chat were expected. See, for exanple, Figure 2 in Section
L. 2. 2.2.

4. Noas of the lower pemeability values reported by Bowser-Momer had
any inajor inporCance in che environmencal assessment work for chis
project. As discussed in Section 1. 3, chenical sampling and analysis
results were available co docunenc leachace aovenenc acd discribucion
downgradienc ac che sites where the lover permeabilities were
obtaiued.

1. 5 IDEITTIFICATION AND RESOLOTION OF ANY SIGNIFICANT QA/QC PROBLEMS

Nosignificant QA/QC problems renained unresolved in the physical testing
aspeccs of this project. One problen chought co have some potential
significance at the cine uas the discovery of some apparent corrosion of some
Shelby-cube saaples frota che Elrana site. Sufficient uncorroded macerial was
available to allow all the required analyses* and a protocol of frequent
inspection and rapid processing of sanples was initiated to avoid the
potencial for a similar problen at other sites. The problem did noc recur
with sanples fron any of tha other sites.

"Sysceas Audic of Physic.al Testing Activities Performed for EPA Under Prograia
for Characterizacioa and Monicoring of Full Scale Ucility Waste Disposal
Sites" by Alvia Gaskill, Jr., RTI and Roy H. Borden, NCSU, EPA Contract No.:
68-02-3146, Task 186, EPA Project officer G. L. Johnson, Prepared for Tachnical
Support Scaff, EPA/IERL-RT?. North Carolina 27711, August 1982.
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2. 0 CHEMICAL SAMPLING AND ANALYSIS TESTING PROGBAK

2. 1 OVE&VIEW

Cheniesi sanpling and analysis were eonducced to;

® characterizs eh.® chemical concencracions of species of iacereat ics
waste solids, background soils, grouadwacer and surrace uacer;

® identify potenctal waste-calaCttd Chenical "cracers, " i.e*, chos®
chenieals vhosa alevsted conceacratioua ia the vasce and relativa
absence in backgrouad saaiplea nada Chen candidaces for use in aappiag
the excenc of waace-relaC6d ceneaaAnacioo;

.

® asp ehenical cancaatracioo sradiencs to th® waste deposits;, aad

. provide daca co struccur» and test hypothesis co explaia phenonena
suspected co occur ac che sice (such as soil actenuacion of crace
necals).

2. 2 PROGIIAM PLANNING AND DOCUMENTATION

2. 2. 1 Pre aracion of Procedures Manual

Aa early acttvicy in this prograa was co prepare a cotaprehensive sec of
procedure nanuala chac racotmended and daflaed cechniques chat would be used
during subsequent work. Anong che dociaaents prepared was a chenical sampling
and analysis manual (Appendix C). This manual specified the cy?ea of
analycicalsaaplea chat would be collecced and recomnended procedures for how
chese samples would be eailecced aad analyzed. 1c was inteaded co serve as a
basis for all che ehenical saapiing and analysis activities.

2. 2. 2 Pre aracion and Review of Sa Lin Work Plans

Once the sanple colleccioa aetivictes began, che recomnended chemical
analysis procedures were found co be appropriace aad required ao modificacion.
However, cine CQngcTaincs and sice-spectfie eoadicions required chat several
or che recoBacendad saBpling procedures be aicered. To docuaenc theae changes
acd concrol the anouac of procedural variability chat was . iacroduced, a .
decailad sanpting accivicies work plan was prepared before each field crip.
This plan becan* tha basia of all sanpllug activlcies. It was distributed
aiaong ati neabers of cha sanpting erew» cha chenical aaalysis qualicy
assurance/quallty control (QA/QC) overgeer, chB ehen-'cal analysis accivicies
aanager. aadche overall progrannanager. This plan was also provided co the
SPA Proj eec Officer and co designated represeacactves of che participating
eleccric ucilicies for cheir ceview.

The naia purpose of chis docunenc was to staca che objectives of each
particular sanpling accivicy and define how each schedui. ed field sainp ling and
analysis accivicy was co be con.ducted. A second funccioa was to provide an
easy aechanisa by which all sanpliag procedures could be monicored and so give
program concinulcy becweeo consecucive saapling crips to &n iadivldual
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disposal sice as well as scheduled crips to all six disposal sices. This
docuueac also clearly identified and listed where and how nany QA/QC sanples
were to be collected during sach sainpling crip.

2. 2. 3 Overs! he of Concracc Laboratories

During the prograa, TRW, Inc., served as a subcontractor for soma facets
of che sanpllng>and analysis progran. raw perfomed 1C analyses on field
sanptes. Barrtager Magenta, Inc., Toronto , Canada, perfomed ICAP analyses
for netals ott the sainples obtained by boch TRW and Arthur D. Little. Arthur D.
LiCtle supervised TRW'a accivities by reviewing saapling and analysis plans
and by perfoming 1C check analyses of selected TRW field Samples.

The role of Barringer Magenta in th® progran was an iaportant one, since
they were responsible for generacing the bulk or the analytical data. Before
selection of Barrlnger Magenta, a set of qualification aaaples was subnltted
co chen and co a conpetitor. Subsequently, the Arthur D. Little personnel
responsible for chenical sampling and analysis and cheaicalQA/QC visiced both
organizations co inspect cheir laboratories and instrunencation and co
evaluate their knovledse, capabilities and experience in perfonning ICAP
analyses.

Blind QC sanples vera included with each lot of field samples subrltted
for ICAP analyses co monitor analytical perforBance. All sanples subnicced
were identified only by a sample code nunber. The order of sanples in each
lot was intencionally randonized co nake the identity of replicates less
obvious. Throughouc che progran, Arthur D. LiCtle personnel remained in close
contact with Barringer Magenta. Whenever a potential problem in the ICAP data
was discovered, Barringer Magenca was infonaed and Arthur D. Little per'soTinel
monitored cheir progress toward solving ic. Barringer Magenta's cooperation
throughout the program was excellenc.

2. 3 FIELD SAMPLING QUALITY ASSURANCE/QUALITT CONTROL

2. 3. 1 San lin Prococols

Wich one exception, all the field sanpiing and analysis prococols used
during this progran were those that were inicially defined in Appendix C. The
exception w&s the nanaer ia which samples of the groundvacer in Che saturaced
zone were obtained. The saiapllng nethods are described below.

A. Waste and Soil Sa les

Shelby tube and split-spoon sampling techniques were used during site
developnenc to obtain all waste and. soil saaples (including pond liner
sanples). TheShelby tube aanples were shipped "as is" in tubes to the
laboracory. The split-spoonsanples were transferred to precleaned glass
nason jars on-site and then shipped. Soae waste sanplfis were also collected
during the subsequent sampling and analysis trips. These sanples (mostly
liquids and slurries) were obtained using grab saiapling techniques. Wells
were thoroughly flushed wlch in-situ vaCer before grab sample collection, as
required by the Proce&ures Manual.

1-13

- Doc. Ex. 9347 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



3. Gcoundwacer and Surface Water Sanolea

SaaipLes vece coilacced fron groundwacar nonicoriog points aad several
cypes of surf aes wacer sourcaa. Saapl.* cypes included saturacad zone ground-
wacer, gaaplas Crom vella and plazonKters, unsacuracad zone grouadvacec
sanples fron lyslfflacars, and sanpLas of surfa&a wafr (i. e. » ponds. lakesi
rivers, scraans, svanpa aad tidal basins). Collected sanples w<ra splic into
cwo fraccioos* o&a foe necal analysis aad ons for anioa aaalysis. The necal®
fTaccions recovered vera prsserved wich nicrie acid aa p<c pitrcinenc DOT/EPA
regulacion^, while cha aoion fraccioaa wera preserved by packiag in ice.A
Goaprahenaiv chal.a of custody racord aystan adapcad fran NEIC (National
SaviFonaanCat laveatigacion Cencar) protocol was inposed on all ftatd sanpl-es
colleccad. Table I suiare&rtzes che sanpling <quipnaat used. Figure 3 is a
schenacic of the pneiuaaclc punping systaa usad co ganple groundwacer.

C. Groundwacer Well/Piezonecer Sam liRff (Sacuraced Zoaa)

The intended procedura ac chs beginning of chis project was co ceiaov®
chree co five well vol.uaes before sanple coLleccion, as described in Appendia
C. This proved tnpraccical because of time l. iaitacions durtag sanpling trips.
The following procedura was developed instead. Et saved cine and provided che
appropriate sainples . In addicion, che cotisisteacy of anaiysea resulcs from crip
co trip iadicaced cha validity of this approach.

Any vacar above cha screened seccion of a well was coasidered "stagnanc"
with respecc co the "fresh" wacer located in chescreeBedsectioa (see
Figure 3). This diatinecion is based on che fact chac wacar cait flow through
che screened seccion and eoastancly ceplace wacer coacaiaed chere. This new
water has been acre receatly exposed co che geological foCTnations oucside che.
'.ell casing. Wacer contained above the screened area is crapped, and ics
coaposiclon iaay change because of prolonged axposure co che acmosphere and co
veil easing naterlals. Therefora, the sampla was vichdrawn from below che
fresh/scagnaac vacer iacerface, wich care co prevent any scagnanc vacer fron
concaninacing che sanpie. The folloulng procedure was used:

1. Groundwacer depch was aeasurad co calculaca che overall well volune
and volume of scagaancwacer in cha veil (che well diaBiecer was
known). Sefpre che sanpLing locacion was assessed, data were gachered
as co che well diameter, screen volune (screen leRgchciaes well
cross-seetional area), screen/uprlser iocerface depch, and overall
veil depth.

2. One well voluae (overall well depth minus depch co water Cines well
cross-secciooal area) was renoved fron a locacion ip cha well chac was
as high above tha fresh/stagnanc vacer incerfaee aa posatbLa. The
fresh/acagaant wacer incerface was assunad co coincide wich che upper
elevation of che screened seecton of the welt. The point froa which
the initial well voluae was Fenoved was detenniaed by che iiidivldual
characteristics of each veil, including faccors such as weil depch,
groundwacer depch, and the race of wstl reeharse. If cha well did noc
recharge as quickiyas che vacer was removed, che locacion of che
saapling poinc was posicioned ac or juac below che fresh/scagnanc

1-14

- Doc. Ex. 9348 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 



TABLE 2

CHEMICAL SAMPLING EQUIPMENT

PUMPS:

Peristalcic Punp

Pneuaacic Punp

INSTRUMENTS:

pH Meters

Dissolved
Oxygen Mecer

Coaduccivity
Mecer

FILTER HOLDER:

FILTERS:

GRAB BUCKET:

SAMPLE CONTAINERS:

TUBING:

PNEUMATIC FLUID:

Master flex portable sampling puap
Horizon Ecology Co.

Designed and bulls ec Arthur D. Little, Inc. The
punp body consists of PVC pipe <l*s", schedule 80
PVC), a check valve on the bottom to allow water
to flow in, and a check valve at che cop co
prevent water from flowing back into che punp body
once the pressure is released. Figure I shows the
puinp body along with the ancillary equipment
needed for sample collection.

Horizon Ecology Co. (Type 5995) portable pH meter
and a. Beckaan portable field (Model Monitor II
Syscea).

YS1 Model 57 with built-in tenperacure probe.

Chantax, Inc., Type 70.

Millipore 316 stainless sanitary XY302&236

Millipore 0. 45 HAWP14250
Millipore prefilcer AW0614250

Polyechylene

Polyethylene

All sampling lines in che wells vere polyechylene
tubing.

« Surface water samples were collecced chrough
Tygon® cubing.

Nitrogen

Source: Arthur D. Lictle, Inc.
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water interface. Once the stagnant water was renoved, the sanpling
location was dropped co a point near the boccon of che screened
section.

3. Successive screen volumes of water were renoved froia the botton of che
veil and punpad through a flovchrough C6ll nade fron 2-inch acrylic
tubing and eittctTodestb neasure chenical paraaecers of the ̂ flowing
wacerT Conductivity, pH, dissolved oxygen (0. 0. )> and tenperacures
were neasured. Scabilizatioo of thesa nfiasurenencs indicated thac the
w@ll water Composiclon had reached equilibriun (aiainal changes with
Successive punping). When two consecutive parameter readings fell
within'the allowed'tolerances (the allowed tolerances were pH s0.3

units, conductivity tlOZrelacl. ve; 0. 0. readings relatively
consistent), the well was sanpled.

This type of nuitilevel sanpUng approach greatly reduced the, cine_re^uired co
sample each veil by decreasing the volume of vater that had to be renoved
before sample collection.

Two kinds of punps served to evacuate che wells, paeunatic punps and
psristalcic pumps. Tke pneunatic punp was ̂ used when the vater levelin the
veirv as'belov che suction Lift capacicy of the peristaltic pump. The punping

sequence and the volunes of water renoved were the sama for both cypes of
,. One difference in procedure berween the two puiaps was thac tvc

separate tubes were placed'in the well at the desired depths^vfaen the
peristaltic'pump was' used. The peristalcic puapwas concected_to_th^_ar?r0"'
priace'tube co-renove stagnant or fresh water. The poeyn atlc^punp, however,

was physically raised or lowered to locations^above or below the
screen/upriser incerface to remove the desired Cype of vacer fron che well.

Any exceptions co these procedures were fully documented in the field log
of the sampling team, which v&s reviewed by the assessment team.

D. L sineter Sa lin (Unsacurated Zone)

Lysinecers located in the unsaturated zone vere sanpled bya
pressure^vacuum hand'puap. The lyslaec®T wa5PressurizedaDd_evacuated,
accuaulaced standing vaser. A vacuum was applied co^ the lysimeter for six
hours~~The vater'Mllected in the lysineter afcer this period was punped inco
a'container, and chemical parameters (pH, conduccivicy) were ̂ aeasured on a
snail aliquot of the unfilcered sanple. The water was then
preserved.

E. Surface Water Sa lin

Surface wacer samples were cellecied with a peristaltic puiap or^a grab
bucket" ~Wich~che~puny'nechod, che punping sequence applied was^siaiiar^eo^che
o^e"used in'sanpl. ingthe groundwacer veils. A voluae_of water (approxinatel^
1000 nis) was puffipedfToiathe surface vac er source. Successive
mis) were chen renoved. Chenical paraueters were neasured (in thesanpling
stream)'on'each"successive volume. ' A sanple was caken after two consecucivs
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paranecer readings fell wichia the allowsd colerances. The sample vo Luna vs.s
removed, filcered. sptic tato snian and ttacal fraccions, aad preserved.

The grab bucks CM chad was uaed ac loeacioas where it, was tnpraccical co
collecc surf ac< u'acsr sanples with eh* punp. la chis approach, a~ voluna of
vacer waa collecced, and che sanpLa was fUcered, ap Lit and preserved. The
excess uafilcaMdsanple was used for aeasuring chenical paranecers.

2. 3. 2 Field ualtcv Coocrol San les

Six cypM of quality coBtrol sanples w r usu&lly coLlecced during eseh
f ield sanpling visit. These v re acid blanks, MiUi Q<» bUoks. fiaid blanks,
other blanlcs, field dupUeates, and aequencial well at surface vacer
duplicacas, as described below:

« Acid Blanks - distilled aad deioaized vacer (MilU Q® vacer)
concaiaiag the exact aaouac of ni.cric acid (aSO, ) used coacabilize
samples for necal analysis. Thesa sanples vere''usad for cvo
deterniaacions: (1) to provide a aeaos of assessl. cg vhecher
precleaned sanple bottles carried into the field becaae eoncaninaced
during cha scheduled sanpliagaccivicies; and (2) co de cemine if a
Particular loc of the Preservacio" reagenc used concalned inordiaace
Levels of undesirable concaaiaaots. Assesaiag che quality of
preservation reagent was coRSidered extrenely iaporcaac because many
Iocs of nicrie acid had to be purchased and iefc' ac visited raciliciea
due co shipping ragulacions Lnposed by. che Departnenc of
Transportacioa.

o Milli . Blanks - distilled and deionized water (MilliQ® vacer) vich
no addicives. These served as a blank for anion analyses and also
provided a mechaaisn by which sanple boccle coacaninacioa could ba
assessed iadepandencly of ocher posAbie field concaminanc sources.

© Field Blanks - distlllad vacer passed chrough tha sanpLing dev-Lces
(pneuiaacicpuBp. periscaXcicpuap, bailer and filcracion apparacus) co
check for equipnanc coocattinacioa. Aliquots were coliecced'for boch
heavy necal and aaion decenaiaacions.

* Ocher Blanks - samples of discilled water Obtained sc or near each of
the yisiced cast faciUciea. These saaples had been used co rinse '
saaplingequipawnc between succesgtvaapplicaciona. Aliquocs
collecced for heavy necal and anlon deterainacions were used co assess
vhecher rinse water could have concribuced aay conCaminacl. oa.

9 Field Dulteaces -split of a field sanpleob Gained fron a weLl or a
surface wacer Location after all field collectioa activicies Ce. g.,
prebailiag, paranecer neasurenaat, filcracion but aoc sample preser-
vatl'on and packaging) had been &onpUced. The splic was taken
imediacely after che£ilcractongcep, and each sample aXiquot was
recumed, preatrved, and packaged as a unique field sanple. These
samples were shipped co che laboracory as blind replicaces and used co
assess precision of repecicive analysis o£ equivalent samples.
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» Se uenciaX Well or Surface Water Du licates - equivalent but different
volumes of sample water obcained fron a noaicoring veil or a surface
water sanpling location. These samples vere collected after one
entire sanple'collectioo sequence had been conpleted at a sanpling
location aod were treaced as conplecely unique field sanples. The
data generated f ran the analysi-s <»f theaesanples were used co assess
whether removing additioaal volunes , of saaple vater caused any
variability in che coaeetttration of Species found in sanples. Table 2
lists all the field qualicy control samples obcaioed during this
program.

2. 3. 3 Field ualic Conerol Proeedures

In addition to cha nunerous quality control sanplss thae were coliectad
during each sanpliag trip, all field inscrumetttation used was roucinely
ealibraced. Details of the standards used to calibrace and nonitor the
perfomance of field instrunentation are described below.

® Dissolved 0 en. The response of the aeter co humid air and to a
sodium sulfitesolucion (D. O. " 0) vasneasured. This was perfomed
ac che beginning and end of each day's sanpling.

o Conductivicv. Standard potassium chloride (KC1) solutions (0. 1, 0. 029
and 0. 001 N) were neasured before and after sanpling each da;.

gH. Buffers (pH A, 7, 10) were checkedat the beginning, end, and at
Tiasc two ocher tines during each sampling day.

e Tenoerature. Checks were made of the instrunent with a mercury
Chermomecer at che beginning and end of each sampling day.

2. 3. & Sa Ie Documentation and Chain of Cuscod

A chain of cuscody record keeping syscsm was used to track and control
all sanples that vara collected during this prograa. ^ This chain of custody
system was based upon procedures reconnBended by Che National Enforcenent^
investigation"Center~(KEIC) of the U. S. E?A_which are outlined in the "OTIC
Policies and Procedures Manual" (EPA-330/9/78/001-R) .

Before any sanpLing was conducted, a field sauple custodian and a
laboratory sample custodian were identified. The role of this fieldsafflple
custodian was to ensure thac all sanples were Tiroperly labeled, packaged, and
maintained froa the tine of their collection until they t. ^re delivered to ̂ a
comon carrier for cransport back co the analytical laboracory. ^The field
saaple custodian was also responsible for initiating che chain of custody
record on all of che collected samples.

The laboratory custodian's role was to unpack samples upon receipt at chs
laboratory, inspect samples for obvious signs of canpering, and distribuce
samples for analysis. The laboratory custodian was also responsible for
naintaining the chain of custody record.
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When sanples vere collected, they were inaediately identified with a
sample label. Solid samples obtained during site development activlcies were
assigned numbers starting vich an F and followed by a sequential four-digit
auaber becireea 0000 and 9999. All groundvater, surface vacer, and solid
samples Obcained during subsequent sanpliag crips were idencified vlch a label
similar to the one shown tn Figure A.

As shown in Figurn 4, the labels used to identify field samples contain
five tines of pT ©printad iafomacion and space for the sampling personnel co

write saapling date, aaae of collectors and connencs. The key for che five
lines of preprinced labeling lafornacion is explained below.

Contractor: ADL . Arthur D. Little, Inc. ; TS.W . TRW Systens, Inc.;
Other - any other contraccor collecting saaples with nane
written in che conaenc section

Sice Descriptor:

Type of Sample:

01 Elrana
03 -Alien
05. - Sherbume County
06 Powerton
07 Dcve Johnston
09 Saich

GW ' Groundvacer;SW Surface Water; RO . Runoff;
WA . Waste; SO » Soil or Solid ocher than Wasce;
Ocher . All Others (with description wrictea)

Location Index: Sampling Location Nuaber

Analysis Index: M* " Metals; AN - Anionie Species, OR . Organic Species;
Other " All other analyses; BLK - Blank with appropriate
descriptor; DUP Duplicace with appropriate descriptor;
SPK - Spike

Once sample bottles had been filled and appropriately preserved, they
were closed andsealed with a band of vinyl tape around the bottle cap and
bottle neck. The sealed sanple bottles were then placed into polyethylene
bags which were sealed with signed chain of custody tags. These sealed bags
were then individually packed into ice chests. When an ice chest was filled/
the ice chest was closed, tagged with a signed and dated chain of custody tag,
and sealed vich fiberglass tape.

During the sample p&cking operation, label infoCTnacioa fron each boctle
placed into the ice chest was recorded into a bound duplicating notebook.
Entries made i&co the notebook included date of collection and packaging,
sample location details, and analysis requested. This entry page was then
signed snd dated by the field cuscodian. The duplicate page was removed and
attached co che sealed ice chesc. This duplicate page served as a packing
list for all shipments. When che packed samples were delivered co the comnon
carrier (cruck or air freighc agent) for transport, the field sanple custodian
obtained a signed and daced copy of the bill of lading which became part of
the chain of custody record.
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Arthur 0. Uttr, inc.
Acorn Park
Cambridge. Mass. 02140
817.884.5770

Collectors:

Oaf;

Sample N2 P 05019

AOL TRW QThen

St. BiinBwr. 01 (a u w os » w oe o» 10 20 » <o

TWISNWC! GW SW RQ «A SO OTHCT

9i aaoow at o» or o» o» 10 a aa oo

^ * a c o OTHEN

»*. *N on OTMCB BLK our sw

Ca-wNa:

FIGURS 4 EXAMPLE OF SHIPPING LABEL
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Upon receipt of the sample shipment in tha laboratory, the laboracory
sanple custodian recrieved the packing lists and inspeeced the integricy of
the chain of custody cag on each chest. The chases were then opened, and all
samples were recovered. Each polychylene bag was chen opeaed and the saaple
bottle was racovared and Inspected. The chain of custody tags attached co
individual saaple boctlss were iBspecead for evidence of tanpering.

Sanples were checked for: 1) incegrity of the seal placed oa sach bottle
cap; 2) the presence of solid precipicaces which sonetinesfonned during
sanple transport; and 3) pH (for the ecidified sanptes). If a sanple did no t
eonforn to the required condition, a renadial fiction was caken, such as adding
nitric add co dissolve solids or to lcwer the pH. Non-acidifled sanples
concaiaing particulates were filtered. Any nanipulacion of che aaaples was
noced. If problens had been encouaceredwich any field pH or conduccivicy
equipment, a value for cheseparanecers was obtained ia the lab ac this tine.

The acidified vacersaaples were then assigned "MF nuabers" (MF for
metals fraction), and the unacidifled fraction of the saBe sanple was assigned
an "ICF auaber" (ICF for ion chronacography fraction). The ICF sanples were
scored in the refrigeracor until analysis. Mecal samples were Stored at rooa
cenperature, as were soil samples and wastes. A list of sanple aunbera and a
descriptioa of each sample were prepared for each batch of sanples received
(generally representing a particular sampling period for a particular ?ite).

Ac chis point, laboracoryQC sanples were prepared. These included
laboracory splits, blind standards, and laboratory blanks. Liquid samples
were chen eliquoced iaco three plastic bottles (30 nl) and discribuced as
follows. A conpleceset of MF samples (including splits and blind standards)
was senc to Barringer Magenta, Ltd. (Toronco, Canada) for inductively-coupled
argon plasma (ICAP) analysis. These samples were prepared for shipaenc by che
laboratory custodian, and these samples were cransportedunder the Sane type
of chain of custody procedures as described above. Another sec was reserved
for in-house metals analysis (As snd Se) on selected sanples. The chird
complece see of ICF saffiples was provided for In-house 1C analysis.

Waste and soil sanples were discribuced after the site development boring
logs had been reviewed and che particular samples designated for further
chemical analysis had been identified.

2. 4 LABORATORY ANALYSIS QUALITf ASSURANCE/QUALITY CONTROL

2. ^. 1 Anal tical Protocols

All laboratory sample preparation and enalysis prococols used during chis
program are defined in Appendix C. Synopses of each cechaique are provided
below.
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2. ^. 1. 1 Laboratory Sanple Prepsrsciott

A. Li uid S les

Tbe ICAJP and 1C liquid sauplea required no preparacion (ocher t a
dilucion) befow ch«y vro iatroduced ce che ICAP spectrometer or IOQ chro-
aacosraph. ^ Analysas of As and S® baa<d oo hydrida evolucioa vere perfoTTaed oa
as-received and scabittzed vacer safflplsa. la caass whera che preseace of
organics was^suapeeced, a. g. * excTaccs of soilg, sanples were digesced vich
HN03 ̂ nd. HC104* ?s e?plate?d ia App*adix C. A ehack'on a erosa section of
grouadvacer sanpleafron cbtt various sice geoerally shoved snail differences
becweaa digested and undigeacad sflnplea*

B. Solid Sa les

Solid sanplea of wastes aad soils vere freeze-dried under vacuun before
chey we re shipped^for analysis. The analysis, pereonned by Barriager Magenta,
Lcd., involved a "cotal" digesttoo of che solids with a nixture of"
iiF/HNO^/HClO^ b8fore_ICAP acalysts. Soltd sanples for As aad Se analysis vere

HNO^/IiClO^ before cheAA/hydrideevoluc ion analysis of the
digesc.

C. Pore Li uid Sa les

Pora liquids were obtained fron noise or sacuraced waste solid and soil
sanples by che preasing technique describad in Appendix C. Wasce solids and
liner solid sanplas vere pressed under S, co obcain samp lea of che liquid
phase. Tha saaples were chaa passed chrSugh a 0. 45 yn filcer. Portionsof
che Liquid were chea acidified for necala analysis. aad a portloR was'cooied
for anion analysis.

D. Extracts

In cases where the pressing cechnlque did noc produce any liquid for
analysis, a vacer extract was obcainad by nixing discilled water-vich che
solid and agitaciagche slurry in a shaker for one hour. The extract was
separaced froin che slurry by filcracioa chrough a 0. 45 ua filcer.

2. 4. 1. 2 Laboracory Analyses

Table 3 lists che analyces Qf inceresc in chis prograa. Th®
analyses are described below.

A. Inductivel Cou led Ar on Plasma S ectroaco

,
Iaduccive17 coupled argoa_Plasna (ICA?) SPectro3COPy vas perfornfid by

Sacringer^Magenca, Lcd. The ICAP unlc wasa model QA-137 Applied"Research
Laboratories spectromeCer _vitti _a 1920 rulings/ma grating. Reciprocal-linear
dispersion dececcors (0. 48-0. 5 2/nn, firsc order R300) fron KanamatsuCorp7
vere^used. The plasiaa observacioa heighc was 16 (na above Load coU^ 4-mn'
vertical seccion. Sampla uptake was 2. 25 nl/nin by a cross-flov pneunacic
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TABLE 4

ANALYTES, ANALYTE m?MBES DESIGNATION, Am ALSRSVIATICKS

It uids Solids

1

2

3
4

5

6

7

8
9

10
11
12
13
IA
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
37
38
39
40
Al
A2
57
60

Fluoride
Chloride
Nitrace
Sulfate
Phosphace
Broaaide
Silver
Aluminum
Boron
Barium

Beryllium
Calcium
Cadaii-un
Cobalt
Chroffiiun

Copper
Iron
Pocassiua

Magnesium
Manganese
Molybdenum
Sodium
Nickel
Phosphorus
Lead

Silicon
Strontium
ThoriuB
Tttaniuc
Vanadiua

Zinc
Zirconium
Arsenic
Selenium
pH Lab
pH Field
Conductivity Lab
Conduccivity Field
Groundwacer Level
Dissolved Oxygen
Bronate

Lead Graphite Furnace

F

CL
NO,
so?
pos
BR"
AG
AL
B

BA
BE
CA
CD
co
CR
cu
FE
K

WG
MN
MO
SA
N1
p

PB
SI
SR
TH
TI
v

ZN
ZR
AS
SE
pH-L
pH-F
C-L
C-F
GRW
DO
BrO
PS-GR

7

8

II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
27
28
29
30
31
32
A3
44
45
46
47
48
49
50
51
52
53
54
55

Silver
Aluaninun
Berylliun
Calcium
Cfidniun
CobolC
Chroniun
Copper
Iron
Pocassiun
Magnesium
Manganese
Molybdenun
Sodiua
Nickel
Phosphorus
Lead
Strontium
Thorium
Ticaniun
Vanadium

Zinc
Zirconium
Arsenic
Selenium
TOS (Sulfice)
Sulface
pH-Slurry
Acid Insolubles
Solids W
F (Extractable)
CL ( " .)
NO, ( " )
sol( ". )
coz < ". __.)

(OH)

AG
AL
BE
CA
CT
co
CIt
cu
F5
K

MG
MM
MO
NA
N1
?

PB
Sit
TH
TI
v

ZN
ZR
AS
SE
TOS
S04
PH"
AI
? SOL
F

ex
ro3
s^^
c.^
OH"

Source: Arthur D. Lie de. Inc.
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nebulizer vlch Scoc chanber. A Jsrrel-Aah tBonoehronator (1/2 M Ebertt) and a
R787 Haaanacsu Corp. photottulcipliar were used. Gaaeracor output was 1600 W
ac 27. 12 MHz.

The ICA? analysts vaa perfonaed by aspiraclag Che undiluted sainple . This
analysis provides eniaaioa data for crac<a conpotteacs as veil as najor spscies
(up so 1000 ppn). A conpucer-based prograa» which correccs £or iacareleneac
spectral interfereoces, ta used to quancify crae<3 eleneocs. The major 3p®cies
(>l00 ppa) are quaacicatad by dilucins Cha original aanple and reanalyziag 1c.
Thsa» ceanalyzed .valuaa are chea used as input conceatratloos for aajor
species in cha lac raleaitnc cBiapucer progran*

The following elMiantsweTsaQalyzedaiaulcanaousLy for liquid sanples:
Ag, Al, S, BA, Be, Ca. Cd» Co, Cr, Cu, Fe, K, Mg, Ma> Mo, Na, Ni, P, Sl. Sr,
Th, Ti« 7, Za, Zr. la Checas* of golidsaaples chat had been digested irf.ch £
!nixcureeoTicai. aingBF, CheICAP reports did no c contain data for B and Si,
which are at least partially lose due to fonnacioa of voLacile fluorides.
Daca for 3a also were noc available because of erracic resulcs, probably due
co fornacion of iasolubLa sulface*

B. Ion ChroinacoK rayh

Ion chronacography (1C) was perforaedoa liquid samples with a Dioa&s
'.(odel 10 tonchronacograph equipped vtch a Variaaaucoinjector (Model 805500).
The anion analysis systen codsisced of a pracoluunt anloa separacor coluan,
and a suppressor cotiun foUoved by coaduccivity dececcor. CoadiEions for
perforaiag cha analysis wlch NaHCO,/Na,CO, elueac verB as specified in the
i.astnmeac operator aanual. Appeaaix C provides furcher decaijLs.

Analytes quancicaced were F , C^-, N0, -, and SO^
also reviewed for che presence of Br~ and ?0/~.

C. Acoaic Absor cion

Chroaiacograns wera

Acomic absorption (AA}aeasureffients vereperfonned for As, Se and Pb.
Arsenic and selenium ware analyzed by Arthur D. Little, Tac. The aechod was
co use che hydride evolucion cechntque on a Perkia Slaer Modal 303
specsroaecer equipped vich an Inscrunencation Laboratory Model <!t40 acomtc
vapor accessory. The dacailed procedure is described in Appendix C.

Atonic absorption was also used co quancicaca Pb in various atsples. This
analysisvas perfonaed by BarringerMageata, Lcd., aa parc of che "ICAP
analysis" suite. The nechodology was eicher flane AA (with a Varian TechCroo
Model AA£ under coodicions specified by EPAMechod 239. 1) or eiameleasAA
(vich a Varian Techcron Model 475 aad a Perkia Elaar Model HGA 2100 funaca
under condicions specified in EPA Me chad 239. 2).

D. Other Analvsas

Tocal Or anic Carbon - Total organic carbon in soils was decermined by
Sarringer Hageaca, Lcd., wich a LECO induccion furnace Hodel 521-000 used
according co naaufaccurer specificacioRs. Sulfurous acid was added Co remove
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inorganic carbonace, and the sanple was then dried. The dried sanple was
conbusted under 0^, and Che CO, produced was absorbed ia KOH. The change in
gas voluae was aeSsured voluneErically.

Silicon in Solids- Silicon in soils was detemiaed by LiBO, fusien,
dissolutioa of the solid residue in 1 OX HNO,, end decerniBacion oE Si in the
solucion by ICAP snalysis (pTfomed by Barfinger Mageaca, Ltd. ).

Bromace Anal sis- Bronate analysis of boiler cleaning saaples was
perfomed by adding an allquoc of the aanple (5-25 nl) to 10 nl of 2H hydro-
chloric acid (BCD and 5 al of 0. 5N potassiua iodide (KI)solucion, with a few
drops of anaoniiia paranolybdate solution to Catalyze the reaction. The iodine
(I, ) produced was titrated wich standardized sodium thiosulfate. Starch was
thS end point indicator.

Other Solid Waste Clieracterization - Measureuenc of total oxidizabIe
sulfur (S), sulfate (SO/ ~). acid insolubles, slurry pH, and X solids were
made on selected FGD solid wasce samples, as described in Appendix C. Solid
samples were freeZe-driad to constant weighc to 'decennine Z solids before
ocher analyses were carried out.

2. 5 SPECIAL LABORATORY STUDIES

2. 5. 1 SoilACtenuation Measurenents

Soil samples frou each sice were analyzed to decemine the extent of
accenuatioa of certain najor and trace elemencs. Two Leachace solutions (from
che Alien site and from the Sherburne County sice) were contacced with nine

soils j;ronrte various s ices. ^, Tbese two solucions were "spiked"
^ __ -. <^ _<^ ^vich Cd CrO, Cu Pb and SeO. (Spiking, the addition of a

substance in k&ovn concentrations co a'solution, is used when she original
coTicentracions laay be below detection linits. The procedure establishes
measurable baseline concentrations chaC can be observed for chaages when
samples are then added to the solution. ) A constant volune of spiked solution
(50 tBl) was nixed with various aaounts of as-reaeived soil (0. 05, 0. 5, 5 and
25 g). The resulcant slurries were nixed for 24 hours in a rotary shaker .
The slurry was then passed through a 0. 45-un filter, and che aqueous phase was
preserved by addicton of nitric acid and analyzed for pH, As, Se, and a suite
of netals via ICAP analysis. A few unacidified ex.tracts wers subjected co ion
chronatography Co detenniBe anioos present. Calculations of che amount of
analytesorbed (removed froa solution) onto che soil were based on Che
difference tnconcencratic is in the startingsolucion and che solution
equilibrated wich the soil. A t-cest (90X conftdence level) was psrforiBed to
decemine if this difference in solution coacentraciocs was significant. More
inforaation is given in Appendix F.

2. 5. 2 Excractioa Procedure and Radioactivit Measurements

Twenty-three waste samples (fly ash and FGD wastes) were obtained from 18
ucilicies and subjected to the EPA Extraction Procedure (EP). Samples were
used as-received, wlchouc drying or grinding. About 100 g of sample were
excractfid at pH 5. 0s 0. 2 for 24 hours. The separated aqueous phase -as
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stabilized wlch nicrte acid and analyzed for Ag, As, Se, Hg, Cr, Cd, Pb, and
3a. Aa and Sa were aaalyted by hydrlda-evolucioa AA< Hg analysis wa®
conduccsdwichche cold vapor acoalc absorpcion aechod. Graphice furnace AA
cechaiquea wars usad co aaaiyzi sll ocher <len«nta.

Radioaccivicy neasurenencs were made on 34 wasta saaples (fly aah, boctos
ash, FGD, and boiler sla wascea) from 18 ucil. l.cies. Gaamia-ray apectTQScopy
was applied^ co saatyit chttga aanplas for radiun-226. Ganna-ray energiea in
the 0 co 2 Me? wire screancd. and enitting nuelides wets ideocified by ch®
characceriscie anBrgica of the gaiaaa rays. Several saiaplea were analyzed foe
radiuia-228. thoriuua-228. pocassiuB-AO. uraniun-238, tocal uraniua aad'radoa
gmanacion.

Appendix D, Applieation of che SPA Extraccion Procedure and Radioactiv-tCT"
Measurenenta co Coal-Firsd EItilicy Vasces. provides further iafornacioa on
ches< experlnents, £neludlng QA/QC daca.

2. 6 LABORATORY QCALIT7 CONTROL PROCEDUR£S

Laboratory QC activities includad iosertiag "blind" qualicy concrol
sanplas icco each batch of sanples co be analyzed. Ea addicion co chis level
of QC, ICAP analyses performed by BarriagerMaganca, Lcd., were subject to
chac organizaciou's iacernal roucins laboracory QC progran.

The following qualicy eoncrol saaples (inaddictoa Co the fiaLd QC
sanples) were generated ia-house:

® Laboratory Duplieace - a split of ch® field duplicate saaple was aade
upon recei.pt of sanplea in the laboracory.

* Bliad Scaodards - a criplicace see of blind standards was inserted
rouciaeiy inco each bacchof saapLes. For Urger bacchas*, cvo
criplicace sees were tneludsd.

Dtsestion Blanks - for saaplas requiring ia-house digescion, a blaak
was carried along wich each bateh.

a Spiked Samples-known anouacs of standard solutioas were added co che
various liquid nacrlces obseryed during the project.

Quality coatTOI procedures war® also practiced by Barrlnger Kagenca,
Lcd., during their ICAP analyses. Every IOth sanpla in a bacch represented e
quality concrot check sanpla tn che fonn of a blank, repeat, or certified
standard. If chc sanpla was digested befora analysis (e. g., solids), reagent
blanks, repeacdigescions. aadapproprlacaeercified solid samples were rua.
la addicion, a drift standard was run after every lOth saupia co check
inscruaenc scabiiicy.

The refareoce staadarda used by Arthur 0. Little, Inc. chroughout chis
project for liquid samples wereEnvlronnental Resource Associaces~(SRA,
Chicago, Ij;liaois) water qualic;_concrol saaples fron various toC3'(MINERALS
rrasteWacR<-", HARDNESS WasteWacR'-31, DEMAND WastaWatRI:n, NUTRIENTS "yasteWac?".
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TRACE METALS WasceWacRa). In addition, Hacioaal Bureau of Scandards (NBS)
Trace Eleaencs in Water reference standard (1663a) was routinely used. High
concentTstion standards of certain elenents (e. g., Si) were prepared from
atonic absorpcioa standards (Fischer Sciencifie). Results are discussed in
Section 2. 7. 3. 2.

For solid samples, the reference standards were NBS fly ash (1633 and
l633e) as wall as River Sedinent (1645). Results are discussed in Section
2. 7. 3. 3.

Table 4 lists che laboracory quality control seaples analyzed during this
program. Tliase are not categorized according to each individual site since,
in most cases, samples from a variety of locations were analyzed
sinultaoeously by thefiDalytical technique.

2. 7 ANALYTICAL DATA REVIEW AND ASSESSMENT OF QUALITY

The quality of the analytical chenical data generated during the program
was assessed at chree points-innediaCely upon receipt, after incorporation
inco che on-line data base, and, finally, after all data had been received.

2. 7. 1 Icicial Review of Raw Data

When che analytical report for a batch of samples was received, the
results obtained for blind QCsanples were Inspected before the data were
encered into che data base. Reference standards were usually subnitted in
triplicate. Reproducible, but low or high recoveries for one or a few
particular analyces were occasionally observed, suggesting instruaent or
calculation problems which were then iRvestigated and corrected. The samples
were reanalyzed, if necessary. Occasionally results from one member of a see
differed substantially fron-she other members. These were discussed with the
ICAP services vendor. Problems with their computerized report generator were
identified and corrected.

2. 7. 2 Review of Data Base Suaanarv Re arts

After the problens decected in the initial review had been corrected, the
data were sneered inco che on-line data base developed for che program. A
site report concaining the new daca along with ail the daca from preceding
trips was chen printed out.

At the sane cine, an updated QC site report was prepared which suaninarized
che resulcs for all QC sanples-blank levels, recoveries of standards,
reproducibilicy of replicates, and recovery of spikes-analyzed up to that
cine. Reasons for high blanks [crltaria: greater than chree tines che
detection limit (DL)], bad standard or spike recoveries (outside che criteria
range of 100 s2SZ) or poor replicate precision (criteria: less than 75Z RSD)
were noted, investigated, and corrected. The nevast daca for each sznpling
location were compared co che data obtained during previous sampling trips.
Any substantial changes were noted and checked.
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TABLE S

SIMiAS? OF LABORATORY QUALIT? CONTROL P&OGRAM

ICA?

Blante
Duplicates
Scaudards
Spikes

70
137
117

30

1C

Blanks
Duplicacea
Standards
Spikes

70
137

78
12

AA (As, Se)

Blanks
Scaadards
Spikes

14
31
18

Solids

Standards
Duplicaces l:3

Source: Arthur D. Lictle, Inc.
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2. 7. 3 Recros ective Assessment of Overall Data ualit

^f^! a^anal7se5vece conPlete. che entire QC daca file
^ng Secp!!gran, va8-aaaly"d. for. -a" "tinace'of^hro Ceral; ^al^^f che

^^rJS;is ;^;Ly5 ^. vas. b!!.ed.00 the-criceriadescribed'Iaa^^^3^Sparagraph. Results are discussed below.

2. 7. 3. 1 Behavior of Blanks

ttI??L;?i7LblanksJe"-analyzed. by ICAP d"Fi°S.the progran. Only a
S^^^L^aiLP!!!M!ag!Jhovad-decectable"lt;elr^^^S^s %?.
T&bie^ showa forMchlttlenent che n«fflbeT-of~p0 8ic^e>'blan^s<>^r^in^'
JS?yri^i^|SfBS^r^
£Sjy^Ei!i^l1 "^^SSM e^:

g^^|y^:i^^S S-
^^^f8Lof ^e^rograadue to ^8»dation"or inpr^emenri r i,;s?ru^^n
GT ^n;£?e. ra chose cas<ss' che hz8hest-rePorted''dete;^on^l^»^^"hown

lwi^oniLa !!w.exc<spcions^thepercenca8e of .Positive blanks was very
^u:^nd. chesevere_at_ievelsve^_close~to°th®~<i"ect^ltaSa ^L^
^^^S^^^^T^Cep^!n^.. ?ey^ere_^i^~ub^u^ou^^^;^u?CAP

,
^!s were-lw', The blank levels°bserved~weM'n^'aI^if^cJ

^ "ffipared-!°. che actual l^^s^asured'in'fleirs attpL^k ^^^a^
h.:sh. c°balc-and iron. bxanks vere °^erved~priaarUy"du^g^he ?i^°^o0
"fflpuR8.v!sit!J!/iant^- (sherb""^' Co^^r'Th^;"^!^: ^Ct c^ che
^! d^a-va! notedfor che assessDlenc. c®^"Siailari?7high°siH^n ̂ ^;
zei^^^<!^aap!Kfronspla^T(s?;h)-!?:i^:;Iar^^i^i^^"^
^; i^^/T^U^. :;t::u!eico«rtnse_e2uipn;n;"'A8ain:a^a?^L^e
^r^Biin. ^L^^"!LMa^es-taken_£roaru p8radi:n^bac:k8r8^^:^^
^^<i^^Te^^^^;r^^^e^L^seb served^nr^e~fav'po^t^eu^n^i^

s; cnua there was ao effect on the assessnenc.

In only chreeThe behavior of 70 1C blanks is shown in Table 6.
inscances was a valuia greacer than 3 DL observed^

2. 7. 3. 2 Behavior of Repli&aces

/^, di^u^ed-earuer'-chree. t7pes of. "Plicate groundwacer samples were
^Td SS^ y.p;;8^a^se^ !lal~duplic"rs anpltsu^<lt?e ^l^^e

.
sputs. ofa-particular sanPle' "d labspiits'ofa'sLiple/^n^""'1"

;r^!^^i2. tsrj:oajhe^!mejaapll?8-poin^a"^^esc''^"""^!MU sanpl^g, a!lda"alysisprecision> the "suit s'of'an analyser
le!uencial-w u duplicaces in shown ia Table 7: -The-sufflmar7uin^ud^saaIl^^?£L^^1E:^?^^:W^^U^:^^"::^

.
liaics^-In. cases^he" °ne of the cwo-measurem^ncs~was"lTss"c^an

^L^ce^^;s^^i;^d;;;:;^^tia luewvar?:;:^^dw:rl^:. :^^"g
s:^Because_Barringer~Ma8enca te"ds to sec "oservacive'dece^ionB lIa^^

well above instrunenc noise levels, it'vas nore'appropriace ^^se^Se'
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TABLS 6

LEVELS OF POSITIVE ICAP BLANKS^

Element

Silver
Aluaiaus
Boron
Bariun
Sarylliua
Caicius
Cadaiua
Cobalc
Chroniun
Copper
Iron
Pocassiuac

Magnesiua
Manganese
Malybdeouffl
Sodiun
Nickel
Phosphorous
Lead
Silicon
Scrontiua
Thoriua
Ticaaiua
Vanadiun
Zinc
Zircoaiua

Dacectioc
Liait ( ps)

0. 01
0. 05
0. 02
0. 01
0. 0005
0. 05
1.1
>. OS
0. 05
0. 008
0. 01
1.0
0. 01
0. 01
0.3
2.0
0. 05

.6

. 05
0. 05
0. 001
0. 05
0.005
0.005
0.05
0. 05

Nunber of Blanks in Ranee
iflL-3DL >3DL-IODL ->IODL

0.
0.

0.
0.

5
0
Q

4

2

22
0

8
3
8
6

12
18

5

2
5
4

0

2
4

23
6
7

15
I
3

0
0

2

I

0

12
0

1

0

s

12
0

9

0

0

.I
0
0
0

3
5

2
0
4

2
0

0
0
0
0
0

5
0

3
0

I

7

0

6

I

0

L

0

0

0

5

3

0

0

0

0
0

"A tocal of 75 blanks wercs analyzed.

Sc irce: Arthur D. Little, Inc.
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TABLE 7

LEVELS OF POSITIVE 1C BLANKS3

Anion

Fluoride

Chloride

Nicrace

Sulface

Docectioa
Limit ( m)

0.1

0.5

0.5

2.0

Number of Blanks in Ran e
&DL-3DL >3DL-10DL >IODL

5

3

6

0

I

1

I

0

0

0

0

'A cocal of 70 blanks were analyzed.

Source: Arthur D. Little, Inc.
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TABLE 8

AKALYTXCAL PKECISIOH E'OR DCPLICATE WELI, SAMPLES

Eleaaent

Silver

Parcsnt Relative Scsndard Devlacioa
for Various Concsntracion Levels

0. 005 ^ 0. 009'

Aluniaua 1. 01-0. 22 Q. 22 - 0. 78 0. 78 - 42.8
25? 10^; 20Z

6 14 3

5oron 0.004 - 0. 068 0. 068-0. 854 0. 854-103
12Z 10% 2. 6^
16 1. 5 15

Bariua 0. 005 - 0. 22
7. 82
43

BeryLliun 0. 0003 - 0. 0075
o. sx

&

Calciua 0. 81 - 52
3. 5S

L4

52 - 118
1. 7S

18

lt8 - 1840
3. 13

24

Cadniuia 0. 007 - 0. 045 0. 045 - 0.2
17% 24?
15 I

Cob&ic 0. 05 - 0. 115
3. 6S

7

Chroniua 0. 008 - O. L5
2. 2X

9

[-3-
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TABLE 8 (continued)

ANALTTICAL PBECISION FOR DUPLICATE WELL SAMPLES

Element

Copper

Percent Relaciv® Standard Deviation
for Various Concentration Levels

0. 005 - 0. 041s
10. 5^

17'

Iron 0. 01 - 0. 105 0. 105 - 0. 94 0. 9& - 101
"S 192 20^
2* 6 U

Pot&ssiua 1. 0 - 1. 5 1. 5 - 67. 5 67. 5 - 596
7. 9S 4. 6Z 3. 92
6 30 3

Magnesiuxa 0. 79 - 9. 27 9. 27 - 191 191 - 20&0
5. 7Z 2. 1Z 10. 7?

17 36 3

Manganese 0. 01 - 0. 085
162
16

0. 085 - 0. 84 0. 84 - 30.4
11X 122
9 14

Molybdenun 1.2 - 2. 25
4. 92

2

Sodium 2 - 68 63 - 183 183 - 7280
3. 62: 2. 1% 2. 2S
3^ 6 13

Nickel 0. 01 - 0. 125
10. 5S;

15

0. 125 - 0. 28
5. 4Z
II

Phosphorous 0. 5 - 3.5
2. 6Z

19
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tABLI 8 (cioaeiaued)

AN^mC&L PBECISION FOE DOPUCATE WELL SAHFLES

Elenetie

Laad

Peree&c Rdlative Scandard Dsvi.seioc
for Various Concsntracion Levels

0. 05 - ^*

'Qf

Silicon 0. 05 -0. 82 0. 82 - 0 1. 8 1. 8 - 30
292 27? 4. 52
4 3 27

Scronciun

Thorium

Ticaniua

Vanadiuffi

Zinc

ZirconiiuE

0. 007
4,

- 63
. os
56

0. 01 - 0.
7. 4%
23

0. 005
8.
- 0
. 5?
6

0. 005 - 0
12. 4X
22

0. 02 -

L8

0. 02 -
12.;

2

s?
0.

?

0.
52

25

. 0205

. 0905

1@ 0. 19 - 0. 485
332

2

085

Fluoride 0. 1 - 0<5<E 0. 5 - 1. 45 L. 45 - 48
3:2il7c

143
7

IOS
7

1-3$
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TABLE 8 (continued)

ANALYIICAL ?BECISION FOR DUPLICATE WELL SAMPLES

Elenent

Chloride

Percent Selacive Scandard Deviation
for Various Concentration Levels

0. 5 - 2.5 2. 5 - 7 7 - U, 700
6. 72 14X 8. 92

4 15 35

Nicrace 0.5 - 2. 45 2. 45 - 6. 5 6. 5 - 1-. 580
8. 8X 14X 113

14 9 16

Sulfate 2 - 6. 45 6. 45 - 27. 5 27. 5 - 8, 370
7. 42 7. 8Z 8. 12

5 8 33

aConcentracioa ranges (ppn)
bRelacive Standard Deviation

'=Sund>er of sanple pairs compared

Source: Arthur D. LiCtle, Inc.
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dececcion. l'Lnic. v:llu* for a le8a-chaa value than co usa zero. In many of ths
encries shown in Tabla 7, reprodueibilicies have been Calculac8d~for"cwo-or~
chrea-rangM of concaacratioas encou"tered duri°8 cha P"g"n. "For'exanple,
six pairs of alualnua duplicacas ranging la coneaacraeion"fron 0. 01 to~0r22'
ppa were obsanrtl co have A CalacivB"standard devlacioa (aSD) of'25Z^
Fourteen aluninua aaaplei* ia cha range of 0. 22 co 0. 78 ppm had an'RSD of IOS
a^ chre* pairs ranging iacoacancraci. onfron0. 78Co 42. 8 ppn had aa RSO of

la^general, reproducibUicy was quica good. Excepc for silieoa and tvo
pairs of ziac sanples. all chs RSD's were 25Z or less. ^consisteac'vich*

1.

2. 7. 3. 3 Recoveries of Analytical S candards

Analycical scaadarda ac various ConceRtrations were subaicced blind wlcfa
eachset of sanP^s for ICAP and 1C. Tlie reeoveries ofanalytical staadards''

chroughouc the progran are sunnarized for one co three differenc'
conceacracioo ranges in Tab l.es 8 and 9. Listed beaeath each concencracion
ran8e is che average peccenc racovery followed by the standard devi.acion for

see of percent recoveries. Below che recovery dacais'sbown' che'nunber
or_3calldards which conprised the 3et- Maoy of the' resulcswere wichin'sloz'of
the expected value; wlch only a few excepcioas all vere within-s25ZrA luainua
Beasurenencs ai:_che^ reUcively low levels studied were scaccered and on'che'
average high.__Cobalc aBd nickel recoveries at che loweSc-Gonceacracioa

chaa 2 DL) were high and low, respectively. These obsecvations'eor'"
I, cejbaic, acd aickel were coBnuni. cacedco che assessaenc'ceam. "in aU

*:ases' -che. assassnenc ceaa. was abi< co conpl. ece Che required'analysis'wichouc'
usi118 quescionable data* L<a<l scandards ac conceacracions up to'about five""
ciaes che decectioa linicwe" "rsctc and low. To becter quaiicitace~lead\c

concentracl. ons. selecced sanples vere analyzed by graphice furaace'acoaic
SPeccroscopy. Sicrate scandards in che concentration range 0. 5-co .

:. ppnuere_a130 qulce ittprecise and etl® recoveries were high. " "Sicra^e
seasureneacsac chose eoncencracion levels were noc inportaac in-che-
assessneat procesa.

2. 7. 3. 4 Resulcs ofSpiking Experiaeats

^roughouc cha progran, selecced sanples were spiked. with known anouncs
of particular iacerest. Spiking scudies'were nose ifflportanc"In'

ehe^aaq>les obcaiaed froa Plane 9 (Snich), because-nany~contaiaedt 'conscicuencs
oc sea vacer ac relacively high coacaacrattons. Tha reaulcs of'tha
"ud^s_are cabulal:ed. in. Actarhnenc _ 1. For each eienent, -theinforaa^I^a"?a
che. firscJ°luanac the I-efc "encifies che nacure-of-che sanpir^uwa^
spiked-. _rae nexc ^ coil^s co che ri8hc idancify"che"concMcrac^ 0^
of-conc8ncracions added .to ch8 sanple. 'The-next~coluan concain3''^e"imnbe^"^
sanpus. 3piked'. fotlowed by ct'e average percencrBcovery~for~che splke^he
scanda!d devtacion of chose "coveries and fiaaily, ~che'percenc~re[acive>
standard deviseioa.

.MML!eco!!rles-lay vichia che 75Z co l2s2 ""v"7 range. Aluainum. as
noced above, was erracic and on the average high. "Barium'remo ve r7^^Qm"^fia
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TABLE 9

KECOVERIES OF ANALYTICAL B£?EKENCE STANDASDS
FOR WATER SAMPLES

Element

Silver

Percent Racovery S Standard Deviacion
for Various Concentration Levels

0. 05 - 0«lffi 0. 1 - 0.2
97 £.8° 100 t 3
l0c 2

Alunintna 0. 24 - 0. 96
166 ± 63

26

Boron 0. 1 - 0.9
93 2 17

35

0. 9 - 95
93 t 1.8

5

Bariun 0. 046 - 0. 141
83 t 12

21

0. 141 - 2. 64 2. 64 - 4.4
94 ± 12 102 £ 6.5
65 3

Berylliua 0. 019 - 0. 099
90 ± 7.6

30

0.099 - 0.6
91 ± 8.1

57

0. 6 - I
100 £ 3.6

3

Calclun 52 - 118
99 S 2.9

21

118 - 829
100 t 6

21

Csdaiua 0. 05 - 0.54 0. 54 - 0.9
101 S 62 89 ± 5
65 3

Cobalt 0. 082 - 0. 096 0. 096 - 1. 7 1. 7 - 2. 55
1. 31 S 23 91 t 39 101 s 3

2 65 3

Chromiun 0. 017 - 0. 08 0. 08 - 1. 5 1. 5 - 2.5
117 S 73 93 t 17 110 t 5.3

19 56 3

I-3:y
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TABLE 9(conciaued)

REC07SRIES O? ANALmCAL aEFESZNCS STANDABDS
FOR WATER SAMPLES

Elemeae

Copper

Psrceat Recovery ± Standard Devlatioa
for Various Cancentracioa Levelg

0.018-0.064 0. 064 - 1. 2 1.2 - 2.0
89 t 38 97 s 6. 6 100 t 2.0

25 65 3

Iron 0.078-0409*' 0. 109-2.0 2.0-3.4
78 t. 39D 106 t 22 103-s3^ 3

25C 65 " "~ 3

Pocassiua 1. 5 - 100
105 t 22

32

100 - 591
106 t 9.8

11

vagnesiun 10 - 200
102 S 7.2

39

200 - 500
99 t 4.0

3

Manganese 0.031 - 0. 0832 0. 0832 - L. 56 1. 56 - 26
94 t 6 101 s 12 120 t 4.2

22 65 3

Molybdenun 1. 14 - 1.9
99 t 4. 9 94. 7 t 0
3 3

Sodium

Nickel

Phosphorous

100
102 t

27

0. 055
35

5.
113 ±

2

210
: 3.

^

21

7

1,

.1

0. 096
51

,4

210 -
98 ±

14

0.096
L03

502
3,

*

65

.3

L. 08
22

1. 08 -
89 S

3

1

2

.3

.7

I- 4.0
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TABLE 9 (concinued)

EEC07ERIES OF ANALTTICAL BEFEBENCE STANDARDS
FOR WATER SAMPLES

Eleaffint

Lead

Percent Recovery ± Scandard Deviation
for Various Concencration Levels

0. 1 - 0. 2& 0. 24 - 0. 82 0. 82 - 1. 15
55 S 49 97 £ 5. 2 95. 7 t 0

5A 9 3

Silicon L - 2\i
90 £_ 9. 51

6C

2-5
81 S 2.1

2

Scrontiua

Thorium

0. 239
86 £ 5.5

20

No Standards

Ticanium 0. 032
106
i

0. 054 - 0.6
95 S 10

56

0. 6 - 1.0
105 ±3.8

3

Vanadiiin Q. 0384 - 0. 098 0. 098 -0. 72 0. 72 - 1.2
87 £ 20 99 S 8. 8 98 ± 2.9

33 42 3

Zinc 0. 072 - 0. 11 0. 11 - 2. 07 ?. 07 - 3. 45
80 t 31 97 £ 14 9" 2 5

21 65 3

Zirconiim

Fluoride

0

97

0.1
112

.2
^

3

^

II

2.9

0.6
17

0

102

0.4
97

.8
t I
2

*

6

.4

1.
4.

1

7

1. 1 -
LQ5 £

45

50
16

1-^1
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TABLE 9 (cocciaued)

E2COVESIES OF ANAI.YIICAL REFEBENCE STAOTASOS
FOR WATER SAMPLES

Elenene

Chloride

Nicrace:

Sulface

Phosphace

?®ccanc Recovery ± Scaadard Deviatioc
for Various Concencration Levels

0.5
107 S 31

3

0. 5 - 2
155 S 47

5

2.. - ^
122 S_l4c

5C

2.5
100 £ II

3

5 -
98 t

8

2 -
108 S

8

5

107 t
13

10. 1 -
108 S

9

6

17

7.5
15

25
; 21

17.5
8.7

6 - 10
107 t 27

63

.

7. 5 -
100 S

42

25
96 S

57

, 000

250
15

1, 400
II

^Concencracion Range (ppn)
^Percenc Recovery s Scandard Deviation

>er of samples in see

Source: Arthur D. Liccle, Inc.
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TABI.E 10

SUEffWRY OP MBS STAMRARnS KECOVERY (SOLIDS) SV ICAF
(ell In t>piKi)

*--
u»

..<
B<

Cd

Co

Cr

Cu

K

Mn

Nt
^
SF

Th

If

7.R

c«

r«

".

Ha

Na

Tl

*i

* Valuf
.. 1 V*IUB»

N»a

, ¥.!-

12

1. 4S

38

1*1

IM

IT200

4»1

».

10

1180

M

il«

210

1611 »1

»a««»««4a
. tl

11. ttl1.2

M. ltll.2

105tl»

IIBtM

lfe»»ott»M>

WitM

U. itll.t

S»t2S

10?9tll

!»H

IdttM

189t?8

Ifc I

MtM

.OOt»K

llttf

BOtll

.ttl9

KBtlfc

.2*1*

»*tl9

71*16

»B»2

Il?t29

n*!!6

soil?

.at. »«lu»

12

I

46

1»6

ItB

18800

t»u

lt»

72

.10

2S

100

220

lliao

94000

titfl

19

1700

.uoo

KOOOO

»ual»««4'
in. »t0.4

IB.tf.2

r»».s

12*tM

ll»tl

18470*301

IMtt

IIBtlt

60tt

MS* 16

litl.6

2ait».»

tIUtM

lOBOOtiia

9T60Ut3»90

4MUt»t

«lt2»

M10t*5il

.oroiiM

134»00»SIM

Eec I

< 111

KKOtBtO

. ittl

MtlS

»9t3

Mt2

e»*4

Sttll

»lt»

.4t2

I*QtI*

94tl

10itl»

»»»a>

KM M

»5t3

<14B

isttiy

101 tl

9tt4

BBS I Mi 8t»T ««i<ll«

Rsl .alu* *n«t»fd" SasA

10.1

2»600

IW

liOOO

»«i

*<.

»1<

l.t

». * .

IMO

ll. »t».t

<StO

t020Utl*8U

106t4

insot»i

»15t21

41.S1K.*

HBtli

<t*0

2». 2tl.«

IM$tW4

IISttf

«»1

fttt

t»t*

IBltl

tltl

90*12

8<M»<

<»3

llttll

»»>.

111000

iSBffl

»10«»t4»SO

SlMtlSt

Ml4

101 tt

y Value*
'/iiiolyl* unlna .l. nnlc abiioiptlom
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wacer was very poor; thes results wera noc usad ia the Plane 9 (Snich)
assessaeac. For several o( cha spl.kings, berylliua recoveries were sonewhat
low. Low level eobalc spikea iaco 1002 sea wacer vera iapraeisa, and, on che
average, low; cha asseaaaanc ceaa was appraised of cha problea. Recoveries of
chroniun in ch< fwa sanpiaa spiked froa Plaac I (Elrana) vere abouC 602;
chroniun was not laportane in ths aasessnknt for Plaot L. The low level iron
recoveries for th* Plane I (Elrana) and 6 (Poverton) sanples varu erratic and,
an the average» high. Tha assessniBnc cean was cautioned co avoid us lag daca
for iron in chts conceacratlon raas* * Recovrias of all che lead spikes were
low. As noted In cba preceding siibaacclon, salacted inportant sanples ves
rechecked by graphica fumaca acouic absorptioa spectroscopy. Silicon was
disregarded in che Plant 9 assassaenc. In all ca3aa» cha assassueat cean v&©
abla co conpleta cha required analysis vithouc using aay quesciooable daca.

2. 3 RfiSOLTS FOR PESFOaKANCe AUDIT SAMPLES

Two perfonaanee audit sanples. one a liquid and the ocher a solid, were
racetved from Mr* Alvia Gaskitl, Jr., of Resaarch Triangle Enscicuce, oa April
26, 1982. Portions of the sanples were subnicced to Barringer-Magenca for
ICA? analyses. MeasureiBencs of arsenic and seleniun were perforned to che ADL
Laboracories. The results of the analyses were cecurued co Mr. Gaskill on
August 2, 1982. Included wich Cha rasulcs was a discussioo of the analytical
procedures used and cha quaticy concrol sanples thac vere subnitted aiong with
che perfonnaace audit saiBpLes.

Tha rasulcs obtained for clie liquid and solid perfomance audlc sanpies
are shown InTables 10 and II, respaccively. Based oa che quality coacrol
saaples which vers submtcted as part of che loc, the ICAP resulcs for several
eleoeacs were doubcful and a value was nec reported. The aoces accoapanylng
Tables 9 and LO discuss the analytical probleus. The RTI audicor i&dicated
chac che resulca were satisfactory.

:. 9 IDENTIFICATION AND RESOLUTION OF SIGNIFICANT SAMPLING AND ANALYSIS
, PROBLE&!S

As aoced previously, a variecy of aBalytical probLens were eQcouncered
chroughouc che ongotag QA/QC progran. By far che mosc frequent problem which
raqutred corrective aecion vas chs appearan&a of a result which was grossly in
error. ?or exanple, one iBember of a criplicace set of stajadards aiighc have
zero recovery vhila the other cw? Benbersshowed good recovery. In ocher
l.nscanees, che resulcs for ttie analysis of cvo samples appeared incerchanged.
These problems weraconmuaicated to Barrlnger-Maseaca and resolved aicher by
exanination of che raw ICAP daca or by reanalyzing retained saaiples.

From tine to tine, iatee-eleaent incerfereaces and aatrls effects were
deceeced. While Barriager-Magencaattenpced to corTect for kaowa
iacer-eienenc incerfereaces, certain incer-eleneat effeccs vere observed in
she daca. Decalled QC analyses suffieienc for accuracenacheniacical
correcciona vere^bayoitd the scope of chis progran. The general nature of che
effects were connunicaced from ciae co cine co che assessmenc cean so chac
they would be aware of che liinicacions of daca valldtcy as chey were proceding
wich chetr asseasnenc. far dxaaple, on February I, 1982, a meaorandua was
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NOTSS FOB TABLE 11 DAI&

^oce 1:

^oce 2:

^oca 3:

Moce 4:

^oca 5:

Mot® 6:

Noes 7:

!Toce 8;

TTie pcrforaaacB for A@ recovery of LOO s 25Z acO. 050 ag/L
uaa aoc ittet. Barriaser teportcd a valua of <0.005 ag/I, £oc chs aTI
saapl«. K« ar» auace of ac least ana iaacauce of low raeovesy
on blind stautdards. Wa &FA iaveatigacing these values, alnc
Ag is a nlaciwly inporcaat alenaac wlch regard co the proposed
primary drinking water criteEia.

Throughout che pro gran, recovery of Al has been variablB in Ch®
raage of 0 co 2002 for 0. 2-1 ng/L concencracioa ransa. Secovee^
of blind gcaadaxdA for ciiis analysia sac shinired very poar
reeovaeySarrlager reported a value oc <0. 01 3ig/L. Siaca Al
is aoc ttt cha proposed prlaiary or secondary drinking vacer
:erlcari.a: aad^ £3; :tioc: exBecced. ico be a aajor:FGC: :wasca cracer,
ie has been viewedl as a law prloriey eleaenc aad no correcsiva
accion has been cakaa.

San-lager re?oytei a value of < 0. 3 ag/t for she RTI sanpls.
The referenca valuB for the blind scandard is below che ICA?
dececttoa tlait. Wa ara Invescigacias che behavior of ifo at
higher levels.

Sarrlagar reporcad & value of <0. 6 315/1.. T^iis elemeac JLs
sonatderad low pri.oricy because ie is aoc ia che peoposed
dclnklns wacer ericeria and ie is aoc axpecced co be a sood
7GC wwce cracer. la addicioa, phosphace is aeasurabla ia
che liquids asiag ioa chronacograohy.

The perfofaaaca cargec for ?b racovery of LOO 2 253 a.c 0. 1-
. 0. 3 ag/L was aoc aiftC car shi3 see oc aaapias. A recovery of
<50Z ac 0. 1 ag/L was obaarired. Sarrtager raporttad a value or
<0. 05 ag/L. Siacachig is an ianorsanc alaaenc wtch Tegard
co chtt proposed driaklag wacar crieerla, reaiialysiaof chis
particular set of aanplas has baea cequessed or 3arriager-Maseaca.

This is regarded as a low prlocicy aleneae. Soscaadards con-
caialngSt: vurs: aeac^wtch: che particular bacch of saatolaa.
Sarriager rapoFtad a value of <0. 05 ag/L. We are '.urreacly
ia chft process of invescigatias tacovery of blind standards.

This is regarded as a low prioricy eleneBC. No gcaadards
eoacaiaisig Tit have been aiialyaed durias she progran. aarriage^
reported a value of <0. 01 ag/L.

This is regarded as a low prioricy aieneac. So standards
coacalatng Zr have been analysed duriag che progran. 3&rrlagae
reported a value of <0. 05 ng/L.
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TABLE 12

Ca)

(b)
(0

(d)

STOfftAAY OF A.TALTTICAL RSSULTS
RTZ "SOLID" AUDIT SA2ffL£

Lan -Tem Mechod Pferfar-ianee'

Soce 1

Secovory of ZOO s 25? ac 14QOOO . g/g

Recovery of 100 ±25^ ai: 12 -s/g

Recovery of 100 t 252 ac 11000 -g/g

^oce 2

Recovery of 100 2 50S ac 50 -g/g

Recovery of 100 a 30? ac 200 -g/s
Secovery of 100 s 252 ac 100 -g/g

Recovery of 100 £ 251 ac 9&000 -3,5

Seeovery of 100 ; 25 ac 12000 -s.g

Reocvery of 100 s 25Z at &SOO -g/s

Recovery of 100 ; 252 ac 190 ug, 'g
Note 3

Noce 4

Recovery of 100 ; 507, at 45 -g/g

^oce 5

Recovery of 100. 2 507. ac 70 -g/g

Recovery of 100 s 25; ac SO 0 ^g.'g

Racovery or 100 ; 501 at 25 -g. 'g

'K.ecovery of 100 = 25S ac 8000 . grg

Recovery of 100 = 253 ac 25 -g/'s

Recovery or 100 ; 25S at 220 -s, g
Noca 5 .

Recovery of 100 s 252 ac 70 -g.'g

Recovery of 100 t 3Q7. at 10 . §;g-

Based on analyses of blind scandards seat w-S.zh each LOG or samples co be
analyzed. (Seecover leccsr.)
Hean and scandard devlacion for cri.plicace analyses.
Analysis prsblen. (See cover Leccer and series of exolaaasory aoces acsachad
co chis sable.)
These elecents were analyzed bv AA. The reaatader by ZCAj?.

li&^enc

AS
Al

3s

Ca

Cd

Co

Cr

;a

?a

:<

:.!§
Mn

Ho

^'a

Xi
.3

?bd
Sr

Th
.^.'
»> ^

v

2a

Zr

.̂ d
Sed

Concencracian (s'. /L)

A?c
85000 ; A200

1. 45-2 0. 04

24500 s 1100

AP

<5

2, <1, <1
90 2 3

51000 = 5000

21300 t 700

12SOO t 600

900 t 100

AP

AP

7 =1

A?

140 2 20

3&2 S 5

10 = 7

5200 s AGO

1&3 s 7

360 t 20

A?

106 s 7
0. 20 t 0. 05

sour=s: Ar;hu '';
. ;^-fi, :nc.
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-SOTZS ?OS TABLE 12 OATA

.Coce 1: Xa value for Ag is svaiiabLe for she'aliad scacdards ^a have used,
aad chus, recovery is noc kaowa. 3arrla§er reoorced a ./alue
of : <0.3us/3^ for chaSlTI check. :3anoLa.

^oca 2: Our racovary cargac of LOO s 253 ac 10 ug/g vas noc aee.
3arriagar reporsed a valua oc <1 .ig/s £oe cha XTI ciiecfc sainple.
Variabta Cd recoveri. are uoder iavQscisacioa.

-\'ota 3: ^ha raiareaca values availabia coc ciie biind scaadard ve have
used ara juss ac cha ICA? deseecioa liaic. Xeliabls racovery
daca is chus aoc available. Sarrlagec raoorcsd a value OE"
<30 -g/3 ;or che !tTZ check saao la. Ys r'acoveries ara under
tsvestisacJLon.

Sacs 4, : Our rscovery carsec of 100 £ 25^ ac 3500 -g/s was aac for rivar
sediseac blind scandacdsbuc aoc for flyas'a blind standards.
This problan is under review. SarTlasar reportad a value or
23200 i: 900 ag/s cor che 3JI check saiapLe.

Macs 5: aefersnce values for ? ia our bliad scandards are HOC available
aad thus recovery is unkaowa. 3arriassr reported a value OE
L380 s 50 -s/s.

;:oce 6: a.efarecce valuas cor Zr iaour bliad scandards are aoc avail-
able and chus recovery 1.3 unkaoun. 3arrla,ser rasor':ad a.
value of 121 2 7 -g/g for che RTI check sample.

:-*i
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subnicced which pointed out a nunber of probleas which had been observed.
They included:

* Values for vanadium were auch lower in the presence of high levels of
nagnesiun. la the presence of 80 ppn or less of Mg^ recoveries of V
were observed to be'84 £122. However, for levels of Mg higher than 80
ppn. V racoveries decreased, e. g., at 159 ppn Mg a recovery of 72 was
observed for V.

o Levels of Kg above 80 ppn vere also found to depress the recovery of
chroniua.

© Measured concentrations of aluninun in sanples containing calciun in
the vicinity of 800 ppn were found to be high by a factor of 1-3 when
Al was present in the 0. 2 - I ppa range. The enhancement of Al
resulted from the face that Al is neasured at an emission line locaced
between two Closely Spaced, intense calcium lines. It was recoicaended
that the assessnenc team request reanalysis of selected samples for
chroaiua or vanadium if che values for chose sanples were- deeced co be
tnporcant in the assessnent effort.

The resolution of other ICAP analysis problems was reported in a fflemo-
randua dated July 30, 1982.

High values of silver were observed io_certain sanpLes of an analyses
lot including several blanks. The analyses were repeated, and no
silver was found in any of the samples. The problem was traced to an
incorrecc value for a silver reference standard.

. Another interaction becveen chroniun and nagnesiua which had been
decected was finally attributed to a mechanical problen in the ICAF
opcies. Barringer-Hagenta corrected the program and reanalyzed the
sec of samples in question.

I-"S
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ArTACHMSOT 1

SUMMARY OF I CAP SPIKE RECOVESIES
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ICAP SPIKE KECOVSRIES

riLKI.Kf:
Uk I. LIM:8:

? SltVf3i
.tffl. itO'^ <O. St

T <i t>f Sample
t

RSO
t'KAU31»( (t: 100}
I. KA B3»1 (I: ||)0)
t"KA 8101 ( 1:1U»
lillll RU (
riAWf owe SI'IKI s
1*1 AW I SIX SflKtS
rt. Afd iiiKi. f ^r IKES

IN «»0 PC St A
IN )t» PC StA
in lu re SCA
(M luy PC s (.A

Spikd ?S«ia- Z
Cone. (p Ki) pies ReCOV. S_D^

0
0
c

U. 05 0. 1 S 711. 3 6. 03 8. T2
0
0

ll. tKtKl: B
I»LT. Drill:

AI.KHINUM
<0. 01 <0. t

!KA BJDt {l;llilj} tW lij;) )>G SE.A
iKA 8 jilt (1:1UO) IK Ut I'C Sfe'A
(KA BiUI (I; 101 IN 1C 1*C SfA
OllltltS )M iQO t'C SLA
I'lAHt (»KI: SI'lKt. b '~ 0. 2'i 0. 2*8
fI AM I SIX SPIhES
CLAKt THt(L£ &l*lftl.^

u
c
0
0
2
0
0

.i as in ».<

LI IHLKI:
os. ?. LiKn:

9 liOKON
o. ou's <u 02

1UU> IN 10U
1UU» IM 10
1U)

f'itA a3rl. ( l
lltA d3U1 { 1
iltA a3«1 { 1
UlltlKS
Pl Ati I UNL SI'IK! S

'. " S X ^P, :::$
K^A, ;I litht. ^ tet»ll. £S

!N 10
St; 1&U

PC S£A
re SCA
|>C SfA
I'e SEA 2 2

0

0
0
3 S. IlT 2. 7<|

i!IMLKS:
air. a ii-'. t i:

1(1 UAftIKK
<u. y0*»

1-ttA C.!t;i ; 1:1, 133) IK 1UO (*(: Si/<
I t<A BiKl ;!:)ilfi) i?( ll) PC SO,
FKA K3ttl U:'. (SS \K 10 i'r. c. fA
0 DIE 1{S 10 10y "C St A
i'tANI t»(5E hi-1 M S
['I API! litX SflKt?;
rt AMI IHitLt ili'jhL^

<i 1( 11, 1,

(;
0
1

0
0

!;
tj

2. 1>> ». 177 6. 23

1-51

- Doc. Ex. 9385 -
Docket No. E-7, Sub 1214 
Joint Exhibit 10
I/A 
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