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ABSTRACT

This report describes the progress made during the
initial phase (September 1974 - July 1975) of a field evaluation pro-
gram, conducted by the Environmental Protection Agency, to assess
techniques for the disposal of power plant flue gas desulfurization
(FGD) wastes. The site chosen for the evalﬁation was the Tennessee
Valley Authority Shawnee Power Station at Paducah, Kentucky. Two
10-MW prototype flue gas scrubber systems, one using lime and the
other limestone, produced wastes that were stored in five disposal
ponds on the plant site. Two of the ponds contain untreated wastes;
each of the remaining ponds contains wastes chemically treated by one
of three commercial contractors. Test samples of treated and un-
treated wastes, ground water, surface water, leachate, and soil cores
are being analyzed in order to evaluate the environmental acceptability
of current disposal technology. Based on this program, engineering
estimates of total costs (capital and operating) for FGD waste treat-

ment and disposal have been made.

This report was submitted in fulfillment of Contract
No. 68-02-1010 by The Aerospace Corporation under the sponsorship

of the Environmental Protection Agency.
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SECTION I

CONCLUSIONS

This evaluation program has been underway for less

than a year, and monitoring of treated sludge disposal for only a few

months. Although it is too early in the program to draw conclusions,

several significant results are evident from the information obtained

to date. These results are as follows:

The leachates from ponds containing treated sludge
show significantly lower concentrations of major solu-
ble species and trace metals than do leachates from
ponds containing untreated sludge.

The concentrations of major constituents in the leach-
ates from ponds containing untreated sludge are in-
creasing to levels approaching those in the input liquor.

The ground waters being monitored for all ponds show
no effect from either treated or untreated sludge
disposal.

The estimated total disposal cost for treated sludge of
the Shawnee type, including capital and operating costs,
is in the range of 0.9 to 1.4 mills/kW-hr. This esti-
mate is based on a 50% average annual power plant load
factor over a 30-yr service life. For a 65% average
annual load factor, these costs are reduced approxi-
mately 7%.



SECTION II

RECOMMENDA TIONS

At this point in the field evaluation program, no results
have been obtained that would indicate the need for any major change in
the program as currently planned. Further time is required to deter-
mine the long-term effects of the disposal of both treated and untreated
sludge. Therefore, it is recommended that the program be continued
as planned in order to produce sufficient field monitoring data and the
associated analyses necessary for an evaluation of sludge disposal
technology. Assessments of current data indicate that two to three
years of monitoring may be sufficient for correlation with laboratory-
accelerated test results such that knowledgable estimates of long-term
effects can be made.

Two techniques not now in the program have the poten-
tial for reducing sludge disposal costs: the use of oxidized sulfite
sludges and the removal of fly ash from the stack gases prior to scrub-
bing. Therefore, it is recommended that ponds be installed and moni-
tored to evaluate the following techniques:

) Use of oxidized sulfite sludge that has been dewatered

and compacted. During compaction, use would be
made of low-moisture -content fly ash as available.

° Use of sludge from a scrubber located downstream of
electrostatic precipitators. This sludge would be com-
pacted, covered with earth, contoured, and landscaped.
Low-moisture -content fly ash would be used during the
compaction process.



It is further recommended that an assessment be made of the effect of
these techniques on scrubber system make-up water requirements and

total operating costs.



SECTION III

INTRODUCTION

As the installation of power plant nonregenerable flue
gas desulfurization (FGD) systems and their resultant quantities of
scrubber wastes continue to increase, the need for evaluation of waste
disposal technology has become apparent. This need is based on the
potential impact on water quality posed by sludge disposal and the non-
structural quality of sludge in a landfill because of the high water re-
tention property of the sludge. Although several approaches to envi-
ronmentally sound disposal are offered commercially or are being
attempted by some power companies, the major sources of verifica-
tion of the environmental acceptability of the disposal approaches are
laboratory data or unpublished results of limited field demonstrations.
‘The Environmental Protection Agency (EPA) Industrial Environmental
Research Laboratory has, therefore, initiated a power plant site field
evaluation of the disposal and monitoring of untreated and treated
sludges for the purpose of verifying several disposal techniques and
scrubbing operations, soil interactions, and field operation procedures
on the environmental quality of the disposal site. The program began
in September 1974.

The Tennessee Valley Authority (TVA) Shawnee Power
Station at Paducah, Kentucky, was chosen as the site for the evalua-
tion. Two different scrubber systems operating in parallel upstream
of fly ash collection are being operated at this station as an EPA/TVA
test facility, with the Bechtel Corporation as the scrubber test director.

Each scrubber system is capable of independently treating up to 10 MW



(equivalent) of flue gas from one boiler. Sludges from these scrubbers
(i.e., a UOP Turbulent Contact Absorber and a Chemico venturi fol-
lowed by a spray tower, using limestone and lime, respectively, as
the SO2

These sludges are undergoing analysis in several laboratories under

absorbent) are being used in the disposal demonstration.

EPA sponsorship. This program will provide a broader data base for
the evaluation of flue gas SO2 control by combining evaluations of
scrubber performance and sludge disposal at the same site, while
analyses are conducted of the same materials in directly related
laboratory programs.

The initial plans for this program provide for five dis-
posal sites, each occupying approximately 0.1 acre. All have been
filled to a depth of approximately 3 feet, two sites with untreated sludge
and three with chemically treated sludge. Potential expansion of the
program includes adding several sites that will contain sludge condi=-
tioned by oxidation to gypsum, and possibly a site that will contain un-
treated sludge and be covered to simulate a retired pond throughout
as much of the program as possible. The disposal sites are being
monitored for leachate quality, ground water quality, soil chemistry
changes, and treated sludge chemical and physical qualities.

The program has been underway since September 1974
and, although insufficient data and analyses are available to arrive at
final conclusions, the findings and trends observed at this interim
point are reported in the following sections. The evaluation program
is scheduled to be completed by July 1976, and a final report issued
by December 1976.

The objectives of this program are as follows:

o Evaluate current disposal techniques under represen-
tative field operating conditions.

L] Evaluate the environmental acceptability of current
disposal technology through periodic sampling, anal-
ysis, and assessment of water, soil, and sludge cores.

° Develop engineering cost estimates for alternative dis-
posal methods on an operational basis.



SECTION IV

SUMMARY

The sludge disposal field evaluation program at the
Shawnee Steam Plant is being conducted in order to assess the pond-
ing of untreated sludge and the landfilling of chemically treated sludge
simulating two different disposal situations. Two of the five ponds
used in the program contain untreated sludge. Of the three treated
sludge ponds, one represents an impoundment behind a dam, and two
represent low spots (undrained) within a landfill. Sludges from two
10-MW (equivalent) scrubbers are used in the evaluations. A sum-
mary of the sludge types used in the program are shown in Table 1.
All sludges used contained approximately 40% fly ash on a dry weight
basis. The ponds are approximately 0.1 acre in size and 6 feet deep,
and are filled to a depth of approximately 3 feet. The surfaces of the
three treated ponds are sloped to create a wet section consisting of a
combination of liquor and rainwater, and a potential dry section (de-
pending on weather conditions) for the observation of physical condi-
tions of dry material.

The ponds were filled between 7 October 1974 and 23
April 1975. Data taken until 1 July 1975 are discussed in this docu-
ment; therefore, it will serve as a status report since the effects of
time on program results have not been realized. It is expected that
these disposal ponds will be monitored for at least another 18 months,
thereby providing a much-broader data base for evaluation.

All ponds are monitored for leachate, for supernate

and ground water quality, and for the characteristics of the soil and



Table 1.

SHAWNEE POND DATA

Scrubber

Pond Sludge Solids Treatment
Designation Type Absorbent/Source Content, wt% Contractor
A Venturi/Spray Lime/Filter Cake 46 Untreated
Tower
B Turbulent Contact Limestone/Clarifier 38 Dravo
Absorber Underflow
C Venturi/Spray Lime/Centrifuge 55 IU Conversion
Tower Cake Systems
D, Turbulent Contact Limestone/Clarifier 38 Untreated
Absorber Underflow
E Turbulent Contact | Limestone/Clarifier 38 Chemfix

Absorber

Underflow




fixed sludge cores. Even though the monitoring period to date has
been relatively short, the data obtained have provided some signifi-
cant results, correlations with laboratory data, and possibly some

trends. These are summarized briefly in the following paragraphs.

4.1 UNTREATED SLUDGE

In the ponds containing untreated sludge, the data ob-
tained from leachate samples to date show that the concentrations of
the major soluble species, i.e., calcium, sulfate, and chloride (and,
of course, total dissolved solids), progressively increase with time.
The data also indicate that the concentration levels are approaching
those measured in the input liquor. Simultaneously, the concentra-
tions of these same constituents in the pond supernate vary with time.
Neither the sludge nor the scrubber system liquor is replenished,
therefore, the supernate should become increasingly diluted with rain-
fall as the program progresses. Some fluctuation in this trend can be
expected as a result of evaporation during dry periods. The detection
of heavy metals in the leachate and supernate of the untreated ponds
shows trends similar to the major species, however, concentration
projections are not as easily made because of the relatively small
magnitude of the values. Continued monitoring is expected to clarify
this situation. Thus far, ground water quality shows no effect from
the constituents of the untreated ponds. A sample plot of water anal-
ysis from Pond A is given in Figure 1, and a presentation of all data

for the untreated ponds is given in Paragraph 8.2.3 and Appendix C.2.

4.2 TREATED SLUDGE

The data from the ponds containing treated sludge, al-
though sampled over a shorter period of time, show trends similar to
those of the ﬁntrea’ced sludge, except the reductions of concentrations
owing to chemical fixation are evident in the leachate analyses. Indi-
cations are that these concentrations either start at or quickly build up

to approximately 50% of the respective concentrations in the liquor of
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the untreated input sludge. These data correlate with a large body of
data from analyses of laboratory-prepared samples, and if these cor-
relations continue, the field evaluations should show a reduction of
concentrations to relatively insignificant values after the effects of
fixation have stabilized. (These correlations will be contained in an
Aerospace report prepared for EPA entitled '"Disposal of By-Products
from Non-Regenerable Flue Gas Desulfurization Systems," to be re-
leased early in 1976.) The time-dependent results of these evaluations
will be determined as this program progresses. As with the untreated
sludges, the supernates of the treated ponds are showing the effects of
change resulting from rainfall, evaporation, and seepage; thus far,
ground waters are unaffected. A sample analysis of Pond E is given
in Figure 2, and all data for the treated ponds are presented in Para-
graph 8.2.4 and Appendix C. 2.

Results of physical analyses of laboratory-prepared
samples indicate that sludges treated for solubility control attain uncon-
fined compressive strengths of 4.5 ton/ftZ or better, and permeability
coefficients are improved generally by one to two orders of magnitude

5 to 10"6 cm/sec, and in some cases to 10_7. Sam -

to the range of 10~
pling is being continued at Shawnee to confirm the laboratory results
and to assess compressive strength and permeability of field-treated
sludges with respect to time. Moreover, an attempt will be made to
assess percentage of additive in relation to strength and permeability,

as possible.

4.3 SOIL

As noted, the ground waters show no evidence of altered
quality resulting from the filling of any of the five ponds. This result
is in agreement with expectations based upon the very low permeabili-
ties of the clay soils from the floor of the ponds. Analyses conducted
by TVA show a typical permeability in the range of 10-8 cm/sec for
these soils. Thus, in one year, the sludge leachate constituents would

be expected to permeate to a depth of less than 0.5 inch. Laboratory

11
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analyses using an ion microprobe mass analyzer are underway at The
Aerospace Corporation to detect the progress of the constituents in suc-
cessive soil cores in order to verify long-range analytical predictions
over a relatively short time period, i.e., within the time span of the
evaluation program. Details of the analyses are described in Sec-

tion 8.2.5.2. Measurements have been completed on pond floor core
samples taken prior to filling the ponds in order to provide background

data for future tests. Results are shown in Appendix C. 7,

4.4 TOTAL DISPOSAL COSTS

Engineering cost estimates have been prepared for the
total costs associated with the disposal of treated Shawnee-type sludge
from a 1000-MW power station producing sludge at a rate of 125 ton/hr
on a dry basis. The costing was done for disposal at distances of 0.5
and 5.0 miles from the power plant. It was assumed that the service
life of the equipment involved was 10, 15, or 30 years, as appropriate.
Power plant average annual load factors of 50% and 65% were also
assumed over a 30-yr service life.

The results of the cost analysis, using fixation contrac-
tor inputs adjusted by The Aerospace Corporation to provide a common

base for capital and operating cost factors, are shown below.

Total Disposal Costs, 1975 Dollars

Per Ton of Sludge Per Ton of Coal .
(Dry Basis) (Eastern) Mills per kW -hr
$7.30 - 11.40 $2.07 - 3.24 0.9 -1.4

These costs were determined for an average annual operating load fac-
tor of 50% over a 30-yr lifetime. Locating the disposal site 0.5 mile
from the power plant rather than the 5 miles used as a baseline above
and increasing the annual operating load factor from 50 to 65% reduce

the disposal costs by approximately 9 and 7%, respectively.
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The sludge includes fly ash, which is collected along
with the SO2 waste. The estimates represent the total disposal cost
and do not reflect any credit for separate disposal of fly ash.

Total disposal costs are presented in Paragraph 9.4
for the three processes used under different conditions, as functions
of solids content in the sludge and of the percent of additive. In all
cases evaluated to date in this program, the higher the solids content
the lower the amount of fixation additive needed. As the cost of the
chemical additives is one of the major elements in the disposal cost,
an Aerospace analysis was made to determine the major parameter
associated with reducing additives, i.e., dewatering. This analysis
determined that a net saving in processing costs can be achieved by
dewatering, as the increased cost of dewatering is more than offset
by the corresponding reduction in additive and processing costs. In
addition, a reduction in sludge volume as a result of dewatering could
further reduce overall disposal costs. In this regard, comparative
economics achieved by separating the fly ash prior to treatment and
adding it to a clarifier underflow or to a filter or centrifuge cake will

be evaluated.

4.5 POTENTIAL PROGRAM EXPANSION

Since the inception of this program, technological devel-
opments and assessments by various organizations, including EPA
research laboratories, power companies, and commercial waste han-
dlers, have indicated an increased potential for sludge ponding without
fixation. This process involves methods by which the sludge is de-
watered and placed in a pond where underflow and supernate are col-
lected and recirculated to the scrubber. The dewatered sludge would
be compacted after placement. Techniques suggested include the fol-
lowing: (1) oxidation and dewatering of sulfite sludges with and without
fly ash, and (2) scrubbing downstream from electrostatic precipitators
and dewatering of the sludge. Compacting with available low-moisture-
content fly ash would occur at the disposal site. These methods have

not been validated from an environmental standpoint, but the Shawnee
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disposal evaluation site could accommodate chemical and structural
evaluations of these types of disposal to determine whether they would
be feasible. Monitoring and evaluation techniques now being conducted
for the current program could be used. Additionally, evaluations of
the effects of increased water recirculation to the scrubber, i.e.,
tightening the loop, should be made as well as economic studies. A
further advancement of disposal technology would include the retiring
of one of these ponds after filling. It would be capped with a clay
cover, contoured, and landscaped; the monitoring and evaluating of
well water samples would be continued; and the structural quality of

the site would be evaluated.
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SECTION V

ORGANIZATION AND MANAGEMENT

This program is managed by the EPA Industrial
Environmental Research Laboratory, Research Triangle Park,
North Carolina. The functional relationships of the other organiza-
tions participating in the program are shown in Figure 3.

The Aerospace Corporation is responsible for program
coordination, writing and maintaining the program plans, selected
analyses, evaluation and assessment of all analytical results includ-
ing costing, and reporting of program activities and analyses.

The Tennessee Valley Authority (TVA) is responsible
for all construction, filling of untreated ponds, supplying sludges to
fixation processors at the site, maintenance, sampling and analyses,
sample distribution, climatological and hydraulic data collection,
photographic documentation (still and motion picture), and contracting
with sludge fixation processors. TVA also provides analytical data,
climatological and hydraulic data, and photographic documentation to
The Aerospace Corporation for assessment and inclusion in formal
reporting to EPA.

The sludge fixation processors are Chemfix, Inc.,
Pittsburgh, Pennsylvania; Dravo Corporation, Pittsburgh,
Pennsylvania; and IU Conversion Systems, Inc., Philadelphia,
Pennsylvania.

The Bechtel Corporation provides the technical inter-

face relating the scrubber test facility to the disposal demonstration.
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SECTION VI

SITE AND FACILITY DESCRIPTION

6.1 GENERAL

The site on which the disposal evaluation is being
conducted is located approximately 0.5 miles from the TVA Shawnee
Steam Plant near Paducah, Kentucky (see Figure 4). The Shawnee
plant has ten generating units capable of producing a total of
1,750,000 kW of electric power. At its typical level of operation,
Shawnee consumes 4,500,000 ton/yr of bituminous coal from the coal
fields of western Kentucky and Illinois. ! This coal has an average

sulfur content of approximately 3.5%.

6.2 TEST FACILITIES

Two prototype wet lime/limestone scrubbers, each
capable of treating approximately 30,000 ft3/min (at 300°F) of flue
gas, are currently operating in parallel on Shawnee boiler no. 10
(see Figure 5).2 Gas is withdrawn from the boiler ahead of the
power plant particulate removal equipment so that entrained fly ash
is introduced into the scrubber. The two scrubbers, each of which
treats an equivalent of 10 MW of boiler capacity, produce an effluent
slurry containing sulfite, sulfate, chloride, and trace metals. The
effluent is pumped to a thickener area from which sludge can be
removed from a clarifier, centrifuge, or filter for placement in one
of five disposal areas. Both treated and untreated sludges are being

tested in the evaluation program.
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Figure 4. Shawnee steam plant
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Figure 5. Prototype scrubber installation at
Shawnee boiler no, 10
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6.3 PONDS

The five disposal areas identified as Ponds A, B, C,
D, and E are shown in relation to the power facility in Figure 6.
Pond A measures 85 by 105 feet, and the other ponds measure 37 by
133 feet. All ponds are 6 feet deep, have 2:1 side slopes, and have
bottom surfaces generally in the horizontal plane. All berms are
contoured to drain away from each pond. Sludge is placed in the pond
to a depth of approximately 3 feet. A wooden pier has been con-
structed at one end of each pond to serve as a support for a leachate
well and to provide a sampling station for obtaining leachate well
water., Pond A is filled with untreated lime sludge filter cake, and
Pond D with untreated limestone sludge clarifier underflow. Ponds B,
C, and E are filled with chemically fixed material by the Dravo
Corporation, IU Conversion Systems, Inc., and Chemfix, Inc.,
respectively. Pond well nomenclature and dimensions are shown in

Figure 7.

6.3.1 Ground Water Well Construction

A ground water well has been constructed at each pond
on the berm approximately opposite the leachate well to measure the
quality of ground water. The well is located downstream from the
pond, relative to the direction of ground water flow. The well shaft
extends 3 feet below the water table. A 4-in.-diameter plastic pipe,
anchored in concrete and packed with clay to prevent seepage down
the shaft, has been installed to extend below the ground water level.
This pipe is covered with a force-fit plastic dust cap.

A second ground water well has been constructed
approximately 100 feet from each pond in the ground water upstream
direction for background water quality measurements. These wells
are similar to those constructed on the berms. As an exception, the
background well for Pond B serves also as the background well for
Pond D.
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6.3.2 Leachate Well Construction

A leachate well has been constructed on the flat bottom
of each pond near a corner or one side and adjacent to the pier. The
purpose of these wells is to provide water samples that can be
analyzed to determine the quality of the water that seeps through the
sludge (either untreated or treated) and enters the soil of the pond
bottom.

The well is constructed using a 4-in.-diameter plastic
pipe implanted as shown in Figure 8. This configuration is arranged
to prevent solid material from blocking the entrance to the pipe. The
pipe extends approximately 5 feet above the base of the pond. Itis
anchored to the pier and is covered with a force-fit plastic cap to
prevent entry of foreign matter (including rainwater) into the well.
The installation is such that surface water cannot freely flow between

the sludge and the pipe, or through the upper end.

6.4 CLIMATOLOGICAL AND HYDRAULIC DATA STATION

A data-taking station, containing both recording and
nonrecording instrumentation, has been installed for the purpose of
determining weather conditions at the site that may affect the disposal
evaluations. Initially, this station was located in the vicinity of
Pond A; howevér, since February 1975, it has been located in the
vicinity of Pond D.

Measurements made at this station include the

following:
a. Air and water temperature
b. Precipitation
c. Evaporation
d. Wind movement

e. Relative humidity

f. Solar radiation
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SECTION VII

OPERATIONS AND SCHEDULES

Operations began on this field evaluation program in
September 1974 with the completion of construction of the five disposal
ponds, A through E, previously described in Paragraph 6.3. Pond
filling for all ponds, for both treated and untreated sludges, was com-
pleted by mid-April 1975, Analyses are being conducted on soils,

input sludge, treated sludge, ground water, leachate, and supernate.

7.1 POND FILLING AND FIXATION

The five disposal ponds were filled with sludges repre-
senting a cross section of scrubber effluent conditions. The two ponds
filled with untreated sludge were selected to evaluate both lime and
limestone scrubbing waste disposal as well as a variation in the degree
of sludge dewatering as shown previously in Table 1. The operations

associated with the ponding of untreated sludges were as follows.

7.1.1 Untreated Ponds
7.1.1.1 Pond A

Pond A was filled between 24 September and 8 October
1974 with untreated sludge from the venturi/spray tower scrubber in
which lime was used as the absorbent. The sludge had been dewatered
by filtering and had a solids content of 46 wt% when it was placed in the
pond. Ash constituted approximately 43 wt% of the solids. A rotary
drum mixing truck was used to haul the sludge to the pond in order to

maintain a homogenous mix during loading and transport. Dispersal
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of the sludge in the pond was achieved by dumping the sludge at various
locations in the pond from which it was allowed to settle and seek its
natural level. The condition of the sludge in Pond A one month after
filling is shown in Figure 9. Rain water accumulated on the pond over

the next few weeks, as shown in Figure 10.
7.1.1.2 Pond D

Pond D was filled twice, i.e., from 11 to 20 October
1974 and from 13 January to 5 February 1975. The material used in
the first filling was subsequently transferred to Pond E; during the
transfer the material was chemically treated by Chemfix. The sludge
used for both fillings was clarifier underflow from the Turbulent
Contact Absorber, with limestone as the absorbent and a solids con-
tent of 38 wt%. Likewise, on both occasions, ash represented approxi-
mately 38 wt% of the solids. For both fillings a rotary drum mixing
truck was used to transport the sludge to the pond, and dispersal was
as described for Pond A, The condition of Pond D two months after

the second filling is shown in Figure 11,

7.1.2 Treated Ponds

The materials used in the evaluation of chemical fixation
also represented various disposal operating conditions. Pond B was
filled using clarifier underflow chemically treated by Dravo and placed
in the pond under conditions approximating disposal behind a dam.
Pond C was filled using sludge that had been dewatered by centrifuging,
fixed by IUCS, and stored in the pond under conditions representing
a landfill. Pond E was filled with clarifier underflow chemically
treated by Chemfix and placed in the pond under conditions repre-
senting a landfill. Processor recommendations on additive quantities
for each of these processes are contained in Sections 7.1.2.1 through
7.1.2.3 and in the cost discussion in Section IX. Liquor on the sur-
face and rainwater were allowed to remain in these ponds to repre-

sent a low spot in a landfill from which water foes not readily drain.
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Figure 9.

Pond A one month after filling
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Figure 10.

Pond A two months after filling
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Figure 11,

Pond D two months after second filling



The operations associated with the filling of each of these three ponds

were as follows.

7.1.2.1 Pond B (Dravo)

Pond B was filled from 7 to 15 April 1975. The effluent
delivered to Dravo was limestone/clarifier underflow from the Turbu-
lent Contact Absorber. The sludge was 38 wt% solids and the solids
contained 40 wt% ash. Dravo received the effluent from the clarifier,
used a rotary drum mix truck for transportation, and added the Dravo
proprietary additive (Calcilox ®) to each truck load from 55-gal
drums through the use of a fork lift. The amount of Calcilox ® added
represented approximately 11 wt% of the dry solids being treated. In
the Dravo process, treated sludge is slurry transported to either an
interim pond or a permanent impoundment. The sludge settles to
approximately 45 wt% solids and stabilizes at a rate that is controlled
by Calcilox® content. Interim stabilization to permit excavation
and compaction as a landfill usually requires about ten days. If the
sludge is pumped directly to final disposal behind a dam, less
Calcilox @ is required because rapid stabilization is unnecessary.

Delivery to the disposal site can be made by pipeline
or by other transport modes. Because of the small scale and tempo-
rary nature of this project, the treated sludge was dumped directly
into Pond B and allowed to settle and cure under the supernate and
subsequent rainwater. Under normal field conditions the supernate
would be returned to the scrubber loop. Views of Pond B six days and
two months after filling are shown in Figures 12 and 13, respectively.
Solids can be seen in the foreground in Figure 12,

The purpose of this process is to treat sludges of
various solids content. It produces a material that resembles
cemented soil in consistency for use as a material for landfill, either
by mechanical compaction or by stabilization behind a dam. (Dravo
has recommended Reference 3 for further information on their

process.) Pond B at Shawnee simulates the latter condition, except
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Figure 12.

Pond B six days after filling
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Figure 13.

Pond B three months

after filling



there is no recirculation of the supernate in the Shawnee evaluation.

In this evaluation, Calcilox® with some lime (approximately 0. 1%)

for pH adjustment was prepackaged for 10 to 11 wt% additive based on
an expected sludge solids content of 35 wt% that was diluted further by
pump seal water. Based on the experience gained at Shawnee and
their laboratory data, Dravo recommended a 7.5 wt% additive level
for a full-scale operation using Shawnee-type sludge, with an assumed

average of 38 wt% solids.

7.1.2.2 Pond C (IU Conversion Systems)

Pond C was filled from 31 March to 23 April 1975. The
sludge delivered to IUCS was from the venturi/spray tower scrubber
(using lime as the absorbent) and was clarifier underflow dewatered
by centrifuge. The average solids content was 55 wt%, and the ash
comprised 45 wt% of the solids. The centrifuged sludge was conveyed
to an IUCS-operated rotary drum mixer truck and transported to the
pond site where additive was mixed with the sludge prior to discharge
into the pond.

The IUCS process produces a material identified as
Poz-0O-Tec®, which has applications as landfill, artificial aggre-
gate, and road base courses (see References 4 'through 8). In this
evaluation, IUCS used a lime additive premixed with fly ash. The
quantity of lime is dependent on the moisture content of the sludge and
the reactivity of the fly ash already contained in the sludge. In some
cases, dewatering of the sludge is necessary for the desired reactions
to take place using economical amounts of the additives. In the
Shawnee field evaluation, the sludge solids content ranged from 47.5
to 59 wt%, and the average additive quantity used was approximately
4.8 wt% lime of the dry solids being treated plus approximately an
equal amount of fly ash. Delivery of the treated sludge to the disposal
site by truck is generally the transport mode recommended by IUCS
for a full-scale disposal operation under conditions similar to those of

the Shawnee evaluation.
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A significant benefit claimed for this method of fixation
is low permeability. In this evaluation, the sludge was dispersed by
manual raking, and some degree of compaction was achieved by this
process. Dispersal and compacting methods appropriate to handling
large quantities would be required in a full-scale operation.

Figures 14 and 15 show Pond C three days and three months after
filling, respectively.

IUCS reported that a lime additive of 1 to 4 wt% (dry)
would be used operationally for Shawnee-type sludges and that the
addition of dry fly ash is not mandatory, nor is it planned for full-
scale operations, when a substantial quantity of fly ash is present in

the sludge as is the case at Shawnee.

7.1.2.3 Pond E (Chemfix)

Pond E was filled between 3 and 7 December 1974 using
the sludge stored in Pond D as input material., This sludge was clari-
fier underflow from the Turbulent Contact Absorber in which lime-
stone was used as the absorbent. The solids content was 38 wt%, and
ash constituted 38 wt% of the solids. The sludge stored in Pond D
was thoroughly mixed before it was pumped from the pond into a
Chemifix processing trailer and then pumped into Pond E (see
Figure 16). The Chemfix process used the reaction of sodium silicate
and portland cement with the sludge to stabilize it. After the material
had cured, it was contoured with a back hoe so that it would more
evenly cover the pond surface and so that an evaluation could be made
of a fixed material that had been fractured and moved by heavy equip-
ment (see Figures 17 and 18).

The Chemfix process is designed to handle sludge
fixation over a broad range of percent solids and produces a material
having a soil-like appearance. Furthermore, it is not designed to
prevent the percolation of water-but rather to bind the constituents
chemically in order to accomplish pollution control, while also pro-

viding structurally stable properties (see References 9 through 13).
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Figure 14.

Pond C three days after filling
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Figure 15. Pond C three months after filling
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Figure 16.

Pond E during filling, before contouring
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Figure 17.

Pond E

five months after filling and contouring
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Pond E five months after filling and contouring (close-up)

Figure 18,



In accordance with the specification provided Chemfix
for the Shawnee evaluation, they treated clarifier underflow. In their
process, the amount of additives is significantly affected by the
moisture content of the sludge and the degree of drainage of the land-
fill. For the Shawnee evaluation, with 38 to 40 wt% sludge solids and
the treated sludge in an undrained landfill, Chemfix reported that the
additives required were 46 wt% of the solids content. Chemfix also
reported the following: (1) If the water in the pond above the treated
material were removed, the additive required to achieve an equivalent
condition would be reduced to 38.8 wt%. (2) Dewatering of the sludge
to 50 wit% solids would reduce additive requirements to approximately
15 wt% of ti'le dry solids content. (3) Dewatering to 55 wt% solids
would further reduce the additive requirements to about 9 wt% of the

dry solids content.

7.2 SCHEDULES

A general program schedule and separate schedules
for the activities at each pond are shown in Tables 2 through 7. The

activities that have been completed are indicated by solid triangles.
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Table 2. GENERAIL SCHEDULE, EPA/TVA SHAWNEE SLUDGE DISPOSAL
FIELD DEMONSTRATION
cy 74 cY 75 CY 16
TASKS C;‘;:":‘;::ET%R 213 4] 51 6] 7] 89w nliz] 3| 14] 5] 16l 17| 18]19 ] 20] 21 | 22| 23| 24] 25] 26 ] 277 28 |
olnjolulr|mlalmisilolalslolniols!Fim|lalm|ololals]lolntp
PONDS FILLED 7
POND A TVA A 15
POND B DRAVO (D) A
POND C ves M 20 s 'Y
POND D TVA A 7 A
POND E CHEMFIX (C) A
PROGRAM REVJEW EPA/TVA/ > 21 6 29 24
MEETINGS AEROSPACE/ k A k A A JaN
== BECHTEL
FIXATION REVIEW EPA/TVA/
TMEETINGS AEROSPACE/
—_—— ) BECHTEL/ clr |oc D, ¢, D,1 D 1
(1 day for each fixation FIXATION 2516 34 91 18,19, 20 19 20
contractor) CONTRACTORS AA A A Ja\
CLIMATOLOGICAL/ -
S ORAULIC CATA TVA OLLECTION AND ANALYSIS
REPORTING
PHOTOGRAPHIC TVA
DOCUMENTATION
REPORTS
INTERIM
DRAFT AEROSPACE A
DISTRIBUTE AEROSPACE A
FINAL
DRAFT AEROSPACE % A
DISTRIBUTE AEROSPACE

A TASK COMPLETED
O TASK TO BE ACCOMPLISHED



Table 3. POND A, LIME SLUDGE FILTER CAKE—-UNTREATED, FILL CONTRACTOR: TVA
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cY 74 cY s cyY 76
TAsKs CONTRACTOR tJa s |af[s[e] 7 [e] o] [n]r2[ta]m]|s]16]tzr|t8]19] 22| 2]2]z]z]2]|e
S [o] N D J F M A M J J A s o N D J F M A M J J A 5 [¢] N
1. POND CONSTRUCTION R
AVAILABLE FOR FILLING TVA Ay,
FILLING TVA AlA
2. SOIL CORING
SOIL. CHARACTERIZATION
SAMPLE TVA A
ANALYZE TVA A
SOIL LEACHATE ANALYSIS 5
SAMPLE TVA A 1 ﬁ‘ A
ANALYZE AEROSPACE | A NN A i
3. INPUT SLUDGE ANALYSIS 23| 7
SAMPLE AND STORE FILTER TVA AlA
CAKE DAILY FIE;
SAMPLE FILTRATE DAILY VA 23%,
ANALYZE TVA MA%
ANALYZE COMPOSITE SAMPLE] AEROSPACE A
4. GROUND WATER WELLS
CONSTRUCTION (2 wells) TVA Al 7|42L
SAMPLE TVA A aaa] 7 § A 'y 7 AL i
ANALYZE TVA A A4 a A 4 A
ANALYZE AEROSPACE A 4 T
S. LEACHATE WELL
CONSTRUCTION TVA A
SAMPLE TVA A A y A r'y
ANALYZE TVA A 7 4 A 4
ANALYZE AEROSPACE 3 4
6. SUPERNATE ,
SAMPLE TVA A r § 'y 4 4
ANALYZE TVA A 7 4 A A
ANALYZE AEROSPACE A r'y

A TASK COMPLETED
ATASK TO BE ACCOMPLISHED
Note: Activity dates do not reflect shipping time
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Table 4. POND B, LIMESTONE SLUDGE CLARIFIER UNDERFLOW-TREATED,
FIXATION CONTRACTOR: DRAVO

cY T4 cY s cy 76
TASKS CONTRACTOR 2| 3| 4 3 slofoln]relmn|a]isJwlir wlwleo]a]2a]alaa]s]as|ar|2s
of N|DJJ]F aim| ]| als]{olN |l FiMmia|lm] sl alalsto|nN]oD

1. POND CONSTRUCTION
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SOIL LEACHATE ANALYSIS 15 |18

SAMPLE TVA 7 3 AlA

ANALYZE AEROSPACE A AL X
3. INPUT SLUDGE ANALYSIS 718

EAERE ST oo

710 15

ANALYZE SEPARATED LIGUOR TVA H

ANALYZE COMPOSITE % SOLIDS AEROSPACE A

ANALYZE COMPOSITE LIQUOR AEROSPACE A

ANALYZE COMPOSITE DRY SOLIDS | AEROSPACE A
4.GROUND WATER WELLS

CONSTRUCTION (2 wells} TVA A Tis2228

SAMPLE TVA - 'y 7 Y

ANALYZE TVA o 'y i i i

ANALYZE AEROSPACE a T a A
5. LEACHATE WELL

CONSTRUCTION TVA A n 5

SAMPLE TvA A A a

ANALYZE TVA A A 7 3

ANALYZE AEROSPACE A A A [y
6. SUPERNATE

SAMPLE TVA A & %

ANALYZE' TVA A A

ANALYZE AEROSPACE A
7. TREATED SLUDGE
INPUT MATERIAL 7 15

SAMPLE DAILY TVA

RETAIN FOR CONTINGENCY AEROSPACE A

ANALYSIS
CORES 5|0

SAMPLE TVA Al A

ANALYZE AEROSPACE AL

A TASK COMPLETED
A TASK TO BE ACCOMPLISHED

Note: Activity dates do not reflect shipping time
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Table 5.

POND C, LIME SLUDGE CENTRIFUGE CAKE-TREATED,

FIXATION CONTRACTOR: 1IUCS
cY 74 cY s cy s
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ANALYZE AEROSPACE A T
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ANALYZE AEROSPACE A
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Table 6. POND D, LIMESTONE CLARIFIER UNDERFLOW—UNTREATED,

FIXATION CONTRACTOR: TVA

cY 74 cY 75 cr 6
TASKS CONTRACTOR tl2]3]a]ls]s 8 w nji1iz]131afs]16| 7] 19]20]2a| 22] 23| 2¢]os]2s]2r] 28
slo| N[DJJU]|F|mMm|a sl als]lo{nltofJulFrim]alm|oluolalts|o|N]D
1. POND CONSTRUCTION.
AVAILABLE FOR FILLING TVA AP A
11 20! 1
FILLING TVA i
Ist FILLING |37 2nd FILLING|
SLUDGE REMOVAL CHEMFIX Iﬂ
2. SOIL CORING
SOIL CHARACTERIZATION
SAMPLE TVA A
ANALYZE / TVA A
SOIL LEACHATE ANALYSIS s s
SAMPLE (soil only) TVA A P i
ANALYZE AEROSPACE | A A A
3. INPUT SLUDGE ANALYSIS 11 20l 1
SAMPLE AND STORE CLARIFIER TVA L
UNDERFLOW DAILY 18t ';‘F n F=ING
ANALYZE SEPARATED LIQUOR TVA
FROM UNDERFLOW
ANALYZE COMPOSITE SAMPLE AEROSPACE A
4. GROUND WATER WELL
CONSTRUCTION TVA A
SaMPLE 112028 4 13 [81117 A A JL
L TVA
1stFILLS A . i
ANALYZE TVA A A A
ANALYZE AEROSPACE A A &
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SAMPLE TVA A A A ﬁ
ist FILLING 2nd FILLING
ANALYZE TVA k A r § 'y
ANALYZE AEROSPACE A A
6. SUPERNATE s
A
SAMPLE TVA 18t FILLING 2na M LilG A
ANALYZE TVA A A 7 A}
ANALYZE AEROSPACE A A h -

A TASK COMPLETED
ATASK TO BE ACCOMPLISHED

Note: Activity dates do not reflect shipping time
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Table 7. POND E, LIMESTONE CLARIFIER UNDERFLOW-TREATED,
FIXATION CONTRACTOR: CHEMFIX

cY 74 cY s cY 76
TASKS CONTRACTORE 1 T2 TaJ s sJeJr [ a[ofw]nlz][nm[uw]is[w]ir]|w]w|20]a]a|s|a|5| 26[a]a
sjfoln|ofu]rF AblMm]afada ol n| oD Flmlalmislaf[a]sfolnjo
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SOM. LEACHATE ANALYSIS v e |
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3. INPUT UNTREATED SLUDGES 37 ; ’
SR FISATiON e Bretes VA AL ‘ ' ,
minimum} 567 ; i
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ANALYZE COMPOSITE % SOLIDS | AEROSPACE | A i
ANALYZE COMPOSITE Liovor | aerospace L [
ANALYZE COMPOSITE DRY AEROSPACE A |
SOLIDS
4. GROUND WATER WELLS
CONSTRUCTION Tva A o
SAMPLE TVA &Al ) 4 LY 7
aNALYZE T™va VTV 4 4 A -3 i
ANALYZE AEROSPACE 4 'y | |
5. LEACHATE WELL
CONSTRUCTION T™va 4 . :
SAMPLE TVA a r'S 4 L 3
ANALYZE TVA s 3 a & i
AMALYZE AEROSPACE & 4
6. SUPERNATE
SAMPLE TVA A 4 'y a
ANALYZE TVA & '3 A » i
ANALYZE AEROSP ACE a 4

7. TREATED SLUDGE.
INPUT TREATED SLUDGE®

3

SAMPLE PERIODICALLY TVA
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7

:Hf'v';a sron CONTINGENCY AEROSPACE Iy
CORES 7 7
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ANALYZE AEROSPACE J s

l |

A TASK COMPLETED
A TASK TO BE ACCOMPLISHED
A INSUFFICIENT. SAMPLE AVAILABLE
Nota: Activity dates do not retisct shipping time
9. lf“.’u 10 Chemfix trailer PPing
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SECTION VIII

SAMPLING AND ANALYSIS

In order to make a quantitative assessment of the water
pollution poténtial arising from the storing of scrubber wastes in ponds,
periodic monitoring and analysis of pond liquors, soil, and ground
water are necessary. These analyses must be conducted frequently to
provide sufficient data within the time frame of the program to evalu-
ate the environmental acceptability of the disposal method. The pro-
gram schedule requires bimonthly sampling of ground water from two
wells associated with each pond: one to provide background data, and
the other to monitor the quality of the water table beneath the disposal
site. A leachate well in the base of each pond is used to monitor
sludge liquor major constituents (e.g., calcium, sulfate, sulfite,
chloride, and total dissolved solids) as well as pH and trace elements
previously identified in Shawnee liquors and considered potentially
objectionable in public water supplies. Pond supernate liquor is also
monitored for the same items. In addition, the soil from the bottom
of each pond is monitored semiannually for some of these constituents
to determine the rates of their permeation into the soil. All param-
eters for which water analyses are performed are given in Tables 8
and 9. As this report is being prepared, the monitoring program is in
its initial stages, especially regarding the ponds containing chemically
fixed sludge. Therefore, the resulting data are limited, and conclu-
sions drawn from these data are necessarily tentative, but definite

trends appear to be developing.
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Table 8. WATER ANALYSIS PARAMETERS?

Arsenic Sulfate

Boron Sulfiteb

Calcium Conductance, mmho/cm
Lead Total Dissolved Solids (TDS)
Magnesium Total Suspended Solids (TSS)
Mercury pH

Selenium Chemical O2 Demand (COD)
Total Alkalinity Sodium®

Chloride

%Concentration: mg/l unless otherwise indicated
bApplies to analyses of pond input liquors only

c . .
Applies to analyses of waters associated with fixed
sludge disposal sites where sodium is one of the
additive constituents
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Table 9. CHEMICAL CHARACTERIZATION PARAMETERS?

Aluminum
Antimony
Arsenic
Beryllium
Boron
Cadmium

Calcium

Total Chromium

Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium

Silicon

Silver

Sodium

Tin

Vanadium

Zinc

Total Carbonate
Chloride
Fluoride
Sulfite

Sulfate
Phosphate
Total Nitrogen

Chemical O, Demand (COD)

2
Total Dissolved Solids (TDS)
Total Suspended Solids (TSS)
Total Alkalinity
Conductance, mmho/cm

Turbidity, Jackson units

pH

aConcentra.’cion: mé/l unless otherwise indicated
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8.1 SAMPLING

8.1.1 Pond Input Materials

During the filling of Pond A and during both fillings of
Pond D, TVA collected and stored duplicate one-liter samples of input
untreated sludges once a day. One-liter bottles were completely filled
and capped in order to protect the samples from CO2 and OZ’ thus
preventing changes in pH and state of oxidation.

For Ponds B and C, TVA collected daily duplicate
samples as described for Ponds A and D except that these samples
were taken from untreated sludge suppiied to Dravo and IUCS. How-
ever, for Pond E, since the Chemfix operation was a relatively short-
term procedure (i.e., a total of 4 hours), the collection of input
untreated sludge transferred from Pond D was made so that six dupli-
cate samples were taken.

One complete set of daily samples of input untreated
materials was retained by TVA. The other daily samples were shipped
to The 'Aerospace Corporation by TVA,

TVA collected daily one-liter samples of treated mate-
rials as they were put into the respective ponds. These samples were
not mixed. In the case of the Chemfix operation at Pond E, six
samples were taken. All input treated samples were shipped to The
Aerospace Corporation by TVA,

During the fillings of Ponds A, B, C, and E, and during
both fillings of Pond D, TVA analyzed the liquid portion of the input
untreated material. After separation of the solids by filtration through
0.45-pm pore diameter Millipore filters, this liquor analysis included
the measurement of sulfite, sulfate, chloride, pH, and conductance.
A minimum of four samples was analyzed; these samples were col-
lected approximately at the beginniﬁg of, one-third of, two-thirds of,
and the end of the fillings of the ponds. Analyses were conducted
immediately after sampling. Unused samples were retained by TVA

as contingency samples.
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Each set of daily input sludge samples was mixed, and
Aerospace analyzed the composite for the percentage of total solids.
Aerospace also filtered this compo;ite through 0.45-pm Millipore
filters and performed water analyses in accordance with the test
parameter list given in Table 8, for the liquid portion of these samples.
The dried solids were analyzed for calcium sulfite, calcium sulfate,

calcium hydroxide, calcium carbonate, and fly ash.

8.1.2 Pond Supernate

For Pond A, sludge liquor and natural precipitation
were allowed to remain in the pond, and any overflow was controlled
by a weir such that a maximum depth of 2 feet of surface water could
accumulate. For Pond D, surface water requirements were the same
as for Pond A except that a minimum water depth of 4 inches was
maintained over at least 85% of the pond surface at all times. Over-
flow was controlled by pumping off excess water. For Pond B, the
curing water used in this operation was allowed to remain in the pond.
Natural precipitation was allowed to build up and was controlled by
pumping to keep the water level below the pier in order to provide
access to the leachate well. For Ponds C and E, natural precipitation
was controlled in the same way as for Pond B. All water removed
from these ponds was disposed of such that it would not drain or seep

back to the evaluation site.
8.1.3 Leachate

Sampling of leachate wells for each pond was performed
by TVA at two-month intervals after pond filling had been completed.
Additionally, a control sample was taken prior to filling. TVA and
Aerospace each received samples from all samplings, and the fixation
contractors each received a sample if available from each sampling
taken from their respective ponds.

Leachate §amples were analyzed by TVA and Aerospace
for the parameters given in Table 8. TVA analyzed all samples, while

Aerospace analyzed the initial sample (taken after filling), and one
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approximately every six months thereafter. As an exception,
Aerospace will analyze the sample taken in January 1976 for the

parameters given in Table 9.

8.2 RESULTS OF ANALYSES

Analyses of supernate, leachate, and ground water were
performed independently by TVA and The Aerospace Corporation. The
raw data are presented in Appendix C, and overall results of the analy-
ses are discussed below, followed by a discussion of the results for the
individual ponds. Likewise, the results to date of analyses on soils

and climatological and hydraulic data are also presented.

8.2.1 Supernate and Leachate

The quality of supernate and leachate associated with
each of the ponds was monitored by conducting analyses for the param-
eters in Table 8. TVA performed analyses on each of the samples
taken at approximately two-month intervals, while Aerospace analyzed
samples at six-month intervals. The combined data from both labora-
tories have been arranged according‘ to pond and well sources, and
tabulated chronologically by sampling dates in Appendix C.2 of this
report. The pH of initial samples of leachate and supernate from the
three ponds containing chemically fixed sludge ranged from 6 to 12,
and the pH of all other samples ranged between 6 and 9. The total
suspended solids ranged widely because the samples contained varying
amounts of soil sediments that were accumulated during sample col-
lection. Chemical oxygen demand was usually below 100 ppm, which
is normal for water containing only inorganic constituents. For solu-
tions of strong electrolytes, conductance measurements closely paral-
leled the measurements of total dissolved solids (TDS); only the results
of the latter measurements will be discussed here in detail. Sulfite
measurements were only conducted by The Aerospace Corporation.

As the sulfite found usually amounted to a few parts per million or a
few tenths of a part per million, the total alkalinity measured primar-

ily the carbonate content of the water. This alkalinity appeared to

54



vary among the samples in a random manner, although the samples
with higher pH values showed higher total alkalinities. Discussions
relating to the remaining parameters of Table 8 will be grouped

according to the water types and the ponds.

8.2.2 Ground Water

The ground water in the vicinity of each pond was moni-
tored by means of two wells. One well, immediately adjacent to each
pond, was labeled well number one (W1); the other, some distance
away in the upstream direction, was labeled well number two (W2),
Each well was sampled for some time prior to the filling of the pond
in order to obtain data representative of the water quality before intro-
duction of sludge to the pond. Because the ponds and wells were con-
structed at different times and because the fillings of several ponds
coincided with a particularly dry weather season, background water
quality data are not uniformly available for all wells. Although the
sampling of well number one for Pond A (GWA1) was begun as early as
February 1974, no other well was monitored prior to July 1974; there-
fore, only those data obtained subsequent to 1 July 1974 are being
reported. The six GWA1 samples taken between 1 July 1974 and the
beginning of Pond A filling on 24 September 1974 are adequate to estab-
lish the background quality.

The ground water samples from each of the five ponds
showed nearly identical composition with regard to the so-called minor
constituents: magnesium, boron, lead, arsenic, selenium, and mer-
cury. Thus far, in no case has there been a trend or even a fluctuation
that could be attributable to the filling of the pond with sludge. Although
a different range of concentrations was observed for each of the six
elements, in several the ground water from all five ponds showed the
same characteristic ranges. For four of the five ponds, the magne-
sium concentrations ranged from 3 to 24 ppm. For Pond A, the mag-
nesium content ranged from 4 to 74 ppm. For all five ponds, the boron
concentrations ranged from 2.5 ppm to below the detection limit of

0.1 ppm. For all ponds, the lead concentrations ranged from 0.5 ppm
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to below the detection limit of 0.01 ppm (see Appendix C.2). Except
for several samples from GWD1 taken before Pond D was filled, the
arsenic concentrations for all ground water samples was below the
detection limit of 0.005 ppm. The selenium concentrations for all
ponds ranged from 0.015 ppm to below the detection limit of 0.002 ppm.
The mercury concentration ranged from 0.05 ppm to below the detec-
tion limit, which varied from 0.0002 to 0.00005 ppm, depending on the
volume of sample available. '

The ranges of concentrations of major constituents (cal-
cium, sulfate, and chloride) and the ranges of TDS in the ground water
samples are similar for all five ponds. The discussion of these results
will accompany the presentation of results for leachate and supernate,

which have been grouped according to pond.

8.2.3 Untreated Sludge
8.2.3.1 Pond A

Pond A was filled with lime sludge filter cake during
the period of 23 September 1974 to 7 October 1974. Ground water,
leachate, and supernate were monitored at approximately two-month
intervals thereafter. Ground water results were compared with those
data taken prior to pond filling. The results for the three major con-
stituents and for TDS are plotted in Figures 19 through 22, Calcium,
sulfate, and chloride concentrations in the ground water samples
ranged between 10 and 280 ppm, and the TDS values ranged between
250 and 880 ppm, with no patterns that can be correlated with the time
of pond filling. In contrast, these same constituents of the leachate
and pond supernate showed significant changes after the pond was filled.
The concentrations in the supernate decreased and those in the leachate
increased with time. Although after six months the concentrations had
not leveled off in either case, from the shapes of the curves it appears
that the leachate values will leverl off at approximately the initial values
of the supernate (i.e., 2000 to 3000 ppm for calcium and sulfate, 3000
to 5000 ppm for chloride, and 8000 to 10, 000 ppm for TDS), while the
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Figure 19. Calcium in Pond A supernate, leachate, and ground water wells
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Figure 20, Sulfate in Pond A supernate, leachate, and ground water wells
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Figure 21, Chloride in Pond A supernate, leachate, and ground water wells
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supernate values may decrease to the levels of the ground water.
Slight upturns in the curves for pond supernate at the midsummer
sampling are probably the net result of water loss by evaporation.

. Somewhat similar patterns are observed for the six
minor constituents in the leachate and supernate, as shown by the
results plotted in Figure 23. However, because the levels of the con-
centrations of four of the elements are near the limits of detection,

only for magnesium and boron are the trends easily distinguished.

8.2.3.2 Pond D

Pond D was the second pond to be filled with untreated
sludge and was actually filled twice. It was initially filled from 11 to
20 October 1974 with clarifier underflow limestone sludge from the
Turbulent Contact Absorber. Most of this sludge was removed from
3 to 7 December 1974 for treatment and transfer to Pond E. Pond D
was refilled with clarifier underflow limestone sludge from 13 January
to 5 February 1975. The double filling schedule of Pond D has been
included in the plots shown in Figures 24 through 28. The monitored
data for the three major constituents and TDS of the ground water,
leachate, and supernate are shown in Figures 24 through 27, and the
minor constituents of the leachate and supernate are shown in Figure
28. No ground water well for background water quality data was con-
structed specifically for Pond D. However, both Ponds E and B are in
close proximity to Pond D. Prior to November 1974, background
water data were obtained from well GWE2. In November 1974, well
GWB2 was constructed, and subsequent background water data have
been obtained from it. The ground water from both wells, as well as
that from GWD1, showed uniform composition over the entire period of
monitoring. The concentrations of the three major constituents ranged
between 10 and 300 ppm, and the TDS ranged from 200 to 700 ppm.

In contrast, the compositions of the supernate and leach-
ate from Pond D changed during the monitoring period with a pattern
that can be related to the two fillings of the pond. The major constitu-

ents and the TDS of the supernate decreased with time between the first
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Figure 25, Sulfate in Pond D supernate, leachate, and ground water wells
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Figure 26, Chloride in Pond D supernate, leachate, and ground water wells
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Figure 28. Minor constituents of Pond D supernate and leachate well
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and second fillings and continued to decrease at a reduced rate from
approximately the same level following the second filling. In the leach-
ate, the concentrations of the major constituents increased with time
between the two fillings of Pond D and then increased slightly or re-
mained approximately constant following the second filling of the pond.
The TDS remained at a level of approximately 4000 ppm after the
second pond filling, or approximately equal to the input liquor TDS.
Similar patterns for the minor constituents of the leachate and super-
nate are apparent from the plots of Figure 28. However, the concen-
tration of mercury is below or near the limit of detection so that a

pattern cannot be distinguished.

8.2.4 Treated Sludge

For all three ponds containing the treated sludges, the
concentrations of the minor constituents in the leachates and supernate
were generally too low to establish trends with time. Therefore, these
results have not been plotted as were the data for Ponds A and D in
Figures 23 and 28; however, all the data are included in Appendix C.2.
The leachate wells of Ponds B and C were sampled once prior to the

filling of these ponds on 11 February 1975,
8.2,4.1 Pond B

Pond B was filled with limestone sludge chemically
fixed by Dravo during the period of 7 to 15 April 1975, Ground water
well GWB2 has been monitored since November 1974, and GWB1 has
been monitored since the pond was filled. Since data are only avail-
able for a three-month period following the filling of Pond B, only
tentative conclusions can be drawn with regard to the change in water
composition with time. The ground water composition was unchanged
during the post-filling period. The concentrations of the major con-
stituents ranged Between 10 and 200 ppm, and the TDS ranged between
200 and 600 ppm. As shown in the curves in Figures 29 through 32
and the tables in Appendix C.2, these constituents of the supernate

decreased significantly in concentration during the post-filling period
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as a result of dilution by rainfall. As was the case for the ponds
containing untreated sludge, the major constituents of the Pond B
leachate are increasing with time. However, it is difficult to compare
the current rates of increase, as they cannot easily be established from
the few data points ‘currently available. In the leachate of Pond B, the
levels of the concentrations of the major constituents and the TDS cur-
rently are appreciably lower than those obtained for the input liquor
prior to fixation. Additional data for Pond B must be obtained before

the significance of these data can be ascertained.
8.2.4.2 Pond C

Pond C was filled with lime sludge that had been chemi-
cally treated by IUCS during the period of 1 to 23 April 1975. Monitor-
ing data are therefore available only for a three-month period after
pond filling. The ground water wells, however, had been monitored
since July 1974. No significant changes in the ground water quality
were observed in the samples taken after pond filling. Data for the
major constituents and for TDS have been plotted in Figures 33 through
36 and are shewn in Appendix C.2. The concentration levels were
similar to those observed for the ground water of the other ponds. In
the pond supernate, the concentrations of the major constituents and
TDS were lower than in the input liquor as a result of rainfall dilution.
In the Pond C leachate, the TDS in the early samples was approximately
half that of the input liquor and then steadily dropped off with time.
Additional Pond C monitoring data must be examined before conclu-

sions can be reached with regard to the significance of these data.
8.2.4.3 Pond E

During the period of 3 to 7 December 1974, the sludge
from Pond D was chemically fixed by Chemfix and transferred to
Pond E. The ground water composition was unchanged during the
entire monitoring period. The concentrations of the three major con-
stituents in the ground water ranged between 10 and 120 ppm, and the

TDS ranged between 200 and 600 ppm. Curves of water analysis data
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Figure 33, Calcium in Pond C supernate, leachate, and ground water wells
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are shown in Figures 37 through 40, and tables of all data points are
given in Appendix C.2. In the leachate, calcium and chloride concen-
trations decreased while sulfate and TDS concentrations increased with
time to a value approximately half that in the input liquor; then they
appeared to begin dropping off. In the supernate, concentrations gen-
erally reflected the effect of rainfall dilution. It will be necessary to
obtain additional data from monitoring Pond E before definitive trends
can be established. However, presently available data for the concen-
trations of the major constituents and TDS are appreciably lower than

those from the input (untreated) sludge.

8.2.4.4 Physical Properties of Treated Sludge

Tests are being conducted at The Aerospace Corporation
to determine coefficients of permeability, unconfined compressive
strength, and triaxial shear strength of treated sludges from samples
obtained from each of the treated ponds at the time of treatment and
from pond core samples taken approximately every six months. These
tests are in progress and will be reported as the data are available
and verified.

A significant output of this effort will be the assessment
of the time-related properties of the field samples as compared to
analyses of laboratory-prepared samples that indicate the following:

unconfined compressive strength equal to greater than 4.5 ton/ftz, and

coefficients of permeability of 1073 to 1077 cm/sec.
8.2.5 Soil Characterization
8.2.5.1 Physical Properties

The soil cores taken from the pond bottoms prior to
filling and in the vicinity of the ponds when the ground water wells were
dug were analyzed by TVA to determine their physical characteristics.
The top soils are primarily lean clay, with some underlying layers of
sand. The lean clay that forms the bottom and walls of each pond has
a specific gravity of 2.6 to 2.7, a permeability of ~ 2 x 10_8 cm/sec,

and a natural moisture content ranging from 14 to 22 wt%.
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Figure 37. Calcium in Pond E supernate, leachate, and ground water wells
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Less than 5% of the soil has a grain size greater than about

0.1 mm. It is expected that permeation of sludge liquor constituents
will be exceedingly slow (i.e., less than 1 cm/yr) through the clay bed
that forms the bottom and walls of the ponds. The results of the TVA
analyses for the soils associated with each pond are tabulated in

Appendix C, 6.

8.2.5.2 Chemical Characterization

Using soil cores removed from the floor of each pond
prior to filling, The Aerospace Corporation has begun an analysis of
the chemical characterization of pond soils to serve as background for
subsequent sludge permeation analyses. An elemental analysis of the
soils is being conducted using the ion microprobe mass analyzer
(IMMA). The IMMA represents the newest and most powerful instru-
ment for microanalysis of solids. 14

Briefly, the instrument uses a focused beam of charged
ions impinging on the sample at high energy to create secondary ions
from the sample material. These ions are mass analyzed to obtain
characteristic elemental composition of the sample. For heteroge-
neous samples such as soil, the composition will vary with sample
location; therefore, an average (or median) composition must be ob-
tained. A limitation of the IMMA is that the analytical response and
sensitivity vary with element and with the sample matrix. Therefore,
an individual calibration for each element in the soil matrix must be
obtained so that the ion current obtained directly from the IMMA can
be correlated to concentration units.

Periodic IMMA analyses will be made at the sludge
interfaces of soil cores taken from the bottom of sludge ponds, and
increases in the relative amounts of specific elements present in the
soil will be determined. These elements will be analyzed at different
distances from the interface so as to obtain depth profiles of these

elements that will establish the depth penetration and the attenuation

of each element in the soil.
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Results for the first set of five pond soil cores have
been included in Appendix C.7 of this report. Analyses were made
for seven elements: boron, magnesium, calcium, arsenic, selenium,
sulfur, and chlorine.

Samples were cut from the tops of the soil cores. The
samples were oriented with a cross-sectional surface exposed for
elemental analysis with the IMMA. For each sample, analyses were
made at three positions, each approximately 0.1 mm away from the
top surface of the soil core. Because of the heterogeneous nature of
the clay soil, the probe was allowed to traverse a linear distance of
0.4 mm, and the integrated average current was recorded for each
ion. The median values for these integrated ion currents for each
of the seven elements are shown in Appendix C.7, together with the
standard deviations. These values of ion currents are proportional to
concentrations when compared with calibration standards. For all
elements, the data for the Pond A sample are significantly lower than
the corresponding data for the four other samples. This difference
may be due to the dilution of the clay soil at the Pond A site with an
inert ingredient such as sand. The median current values for the
samples from Ponds B, C, D, and E have been combined to obtain
elemental analytical data that are representative of the clay soil on the
bottoms of these four ponds.

Additional soil cores that were ta.kén prior to the filling
of Ponds B, C, and E have not yet been analyzed. With these additional
samples, somewhat better determinations of the confidence limits of
the data can be made. However, the combined results for Ponds B, C,
D, and E shown in Appendix C.7 should form an adequate basis for
comparison with analysis of soil samples taken after the ponds were
filled with sludge.

8.2.6 Climatological and Hydraulic Data

In order to correlate pond water storage observations

with local climatological conditions, a program of periodic monitoring
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of weather conditions, e.g., total wind movement, rainfall, evaporation,
and maximum and minimum temperatures, was established, and mea-
surements were taken daily at the pond site beginning early in 1974,
On a weekly basis, the depths of water in the ponds, leachate wells, and
ground water wells were monitored beginning early in 1974 for GWA1
and early in 1975 for the other ground water wells and for supernate
levels of Ponds A and D. Starting in mid 1975, supernate and sludge
levels for the other ponds were monitored, as were the water levels
and bottom elevations of all the leachate wells. These weekly data
have been compiled and are included in Appendix C.4.

Correlations between we'ekly precipitation and pond
water levels are demonstrated by the graphs of Figures 41 through 46.
Qualitativve‘ correlations of pond performance with weather effects will
be made during the coming year. In Figures 41 through 43, the depths
of Water in leachate wells and supernates of Ponds A, B, and D have
been plotted. Superimposed on the more gradual seasonal variation in
water levels, caused by imbalances of evaporation losses from the
ponds and rainfall replenishments, is a weekly fluctuation that in
almost every case can be associated with high (or low) precipitation
for that week. It should be noted that water level measurements,
although usually taken on Monday of each week, sometimes were taken
as late as Wednesday. Since rainfall data are cumulative for each
week, in some instances the rain might precede the water level mea-
surements and in others conversely, which would account for occa-
sional lags in the correlation. Similar curves have been plotted in
Figures 44 and 45 for Ponds C and E. However, comparable data for
pond supernate are not available for these two ponds because of little
or no supernate in the area of the leachate wells. In Figure 46, it is
apparent that the depths of water in the ground water wells associated
with Pond A also vary in step with the weekly precipitation. The sea-
sonal variation of water levels in these wells is distinctly different
from that of the remaining ground water wells. A possible explanation

is a perched water table in the adjoining ash storage dump.
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In Figures 47 through 50, the depths of water in the
ground water wells of Ponds B, C, D, and E are compared with the
weekly stages of the Ohio River at Shawnee. Although for these wells
weekly variations in water levels that correspond to the weekly precipi-
tation are apparent, the purpose of these four graphs is to call attention
to the seasonal variation in the water table that correlates with the
level of the nearby river.

Mention should be made of the data obtained from moni-
toring the well bottom elevations. For all wells, the spread of these
data is no greater than 1 foot. Therefore, over the monitoring period
there is no evidence of any substantial silting of the wells. Well water
depths appearing in this report have been obtained from the differences
between weekly water level measurements and the averages of the

weekly well bottom measurements.
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SECTION IX

TOTAL DISPOSAL COSTS

In order to assess the economics of the cross section
of disposal modes being evaluated (i.e., simulations of dam and land-
fill), including variations in effluent conditions such as ash and solids
content, engineering estimates were requested from each of the three
fixation contractors for the cost of full-scale operations. The
Shawnee field evaluation experience provided a basis to relate pro-
cessing variables to the costs of an operation treating 125 ton/hr
(dry basis) of sludge, including fly ash, from a 1000-MW power
plant. Typically the solids in the sludges supplied to the processors
were comprised of approximately 45 wt% fly ash, and 45 to 50 wt%
calcium sulfite and calcium sulfate (in a 3 to 1 ratio), with the re-
mainder beving unreacted limestone or precipitated calcium carbonate.

Capital and operating costs for the full-scale projections
were presented by the fixation contractors, including items such as
capital investment, additives, labor, processing, and transportation,
with disposal of the fixed material at sites both 0.5 and 5.0 miles
from the power plant. 15-17 Other pertinent cost elements were
identified and total costs in terms of dollars per ton of dry sludge
disposed were provided. Those costs were evaluated and adjusted
by The Aerospace Corporation to produce estimates of total disposal
costs on a common basis as much as possible. Steps taken were as

follows: (1) the same method of determining capital charges was
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used, (2) land and dewatering costs were added as appropriate,

(3) transport and site preparation costs were adjusted as appropriate,
and (4) all costs were adjusted for average annual load factors of

50 and 65%. Total disposal costs (Aerospace estimates) in 1975
dollars based on Shawnee test conditions scaled up for a 1000-MW
power plant are described for a 30-yr plant life and a 50% average
annual load factor, The effects on total disposal costs for operating
at a 65% average annual load factor were also evaluated and are
summarized. Corresponding costs, adjusted by Aerospace, for
fixation conditions proposed by the processors are also provided; the
latter generally relate to reduction in the additive requirements re-
sulting from the application of their process to projected full-scale
'operations as compared to the Shawnee test conditions.

Since the cost data presented in this report are based
on the conditions described above and may not be universally applicable,
they are not intended to be a ranking of the disposal costs for the
three processes being evaluated. As a result of this evaluation,
however, the data developed by Aerospace provides a range within
which the total cost of sludge fixation and disposal as represented by

these three processes may be expected.

9.1 GENERAL ASSESSMENT

Ground rules for fixation contractor costs projections
were specified in general rather than specific terms to allow origi-
nality by the contractors in defining variables and to minimize
artificial restrictions that might have resulted from the small-scale
field evaluations. As a result, full-scale cost projections were not
necessarily based on a direct scale-up of the Shawnee sludge treat-
ment conditions. The significant factors affecting the cost differences
are shown in Table 10. Flow diagrams of the various fixation pro-
cesses for an operational plant, based on the Shawnee evaluational
ground rules, are shown in Figures 51 through 53. The Aerospace-

derived cost for full-scale treatment and disposal are shown in
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Table 10.

SIGNIFICANT FACTORS AFFECTING FULL-SCALE COST PROJECTIONS,
AND CONDITIONS ASSESSED BY AEROSPACE BASED ON PROCESSOR DATA

Disposal Conditions

Conditions Assessed by

Process Shawnee Operations Costed by Aerospace Based
on Processor
Processors .
Information
Chemfix 38 to 40 wt% sludge solids 40 wt% solids 35 to 55 wt% solids,
(Figure 54) (50 wt% also reported) drained disposal site
40 wt% solids, disposal
site under water
Dravo 32 to 38 wt% sludge solids

(Figure 55)

38 wt% solids, disposal
site behind dam

Dam-site return
ratio = 20

32 to 38 wt% solids,
dam return ratios
of 10 and 20

35 wt% solids, dam
return ratio of 15

IUCs
(Figure 56)

47.5 to 59 wt% sludge
solids (weighted
average = 55%)

55 wt% solids

55 wt% solids (average),
varied percent
additive
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CLARIFIER UNDERFLOW:
38-40 wt% SOLIDS

PUMP 0 OR 4.5 mi
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Figure 51, Flow sheet for an operational plant used as a baseline for costing
the Chemfix process
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CLARIFIER UNDERFLOW:
32-38 wi% SOLIDS

>

TREAT WITH ADDITIVE

>

PUMP 0.5 OR 5 mi

PUMP SUPERNATE
TO SCRUBBER LOOP

v

DISPOSAL
SITE: DAM

Figure 52, Flow sheet for an operational plant used as a baseline for costing
the Dravo process
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CLARIFIER UNDERFLOW:
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AT DISPOSAL SITE

TREAT WITH.
ADDITIVE
TRUCK 0.5
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Figure 53. Flow sheet for an operational plant used as a baseline for costing
the IUCS process




Figures 54 through 56 for Shawnee-type conditions, procesor-proposed
conditions, and other conditions assessed by Aerospace based on

processor-furnished data.

Total disposal costs are summarized in Section 9. 4.
These are presented in 1975 dollars per ton of dry sludge and are
converted to dollars per ton of coal burned and mills per kilowatt

hour of electricity.

9.2 CAPITAL EQUIPMENT AND LAND

A number of different capitalization factors and basic
operating assumptions were made by the processors. These included
lifetimes of equipment in the range of 10 to 30 years and average
annual operating load factors of 70 to 100%. In the Aerospace analysis,
equipment and replacement costs were adjusted as appropriate for
30 years, assuming average 50 and 65% annual load factors; the latter
is a value projected for improved power plant designs and operation
whereas the 50% load factor represents approximately current condi-
tions in the power industry. The capital equipment cost of the fixation
equipment was determined on a 100% load factor basis to account for
the capacity to process maximum loads, but the sludge tonnage used
in the calculations of annualized costs were based on 30-yr averages
at the 50 and 65% annual load factors.

In all cases, the capital charges were annualized to
include depreciation, insurance, cost of capital, replacements, and
taxes., With a 50-50 debt-equity funding, and straight line depreciation
for 30 years, the average annual charge on capital investment is 18%.

As disposal site land costs were not requested, they were
not included in processor cost estimates. However, Aerospace ad-
justed the estimates by adding these land costs. Assumed were land
acquisition costs of an average of $1000/acre and requirements of
500 and 650 acres, based on an arbitrary depth of 30 feet, for the
50 and 65% annual power plant load factors, respectively. Based

upon these assumptions, a charge of $0. 13/ton of dry sludge was
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Figure 54.

Aerospace estimate of total disposal costs for
Chemfix process. 1975 dollars, 1000-MW
plant, 30-yr plant life, 50% average annual
load factor, 5 miles to disposal site.
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Figure 56. Aerospace estimate of total disposal costs for IUCS
process, 1975 dollars, 1000-MW plant, 30-yr plant
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posal site,
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estimated. The economic effect of land requirements (acre-feet) can
be approximated by prorating on a straight line basis and modifying
the total cost accordingly.

The cost of dewatering the clarifier underflow, if re-
commended by the processors to achieve a more favorable condition
for additive content or fixed sludge physical properties, was not in-
cluded in their estimates. The benefits derived from reducing water
content in the sludges are shown in Figures 54 and 55, and are due
primarily to a reduction in the amount of additives required.

Aerospace estimates for dewatering equipment capital
costs were based on information in Reference 18, The annualized
capital costs for dewatering clarifier underflow to 50 to 55 wt% solids
using vacuum drum filters is $0.66 and $0. 50 /ton (dry) for the 50 and
65% annual operating factors, respectively. [A charge of $0.12/ton
(dry) was estimated for labor and power, and was included in the costs

presented in Figures 54 and 56. |

9.3 OPERATING COSTS

The various factors considered in the Aerospace analysis
and adjustment of processor operating costs are discussed below.

The additive represents a significant fraction of the
annual operating costs. Considering the large quantities required for
a 1000-MW plant, the cost per ton of additive is unaffected by the
operating load factor. Therefore, no corrections were applied to the
unit cost of the additive when operating costs were computed for the
50 and 65% annual operating load factors.

In one case (see Figure 56 for IUCS), the cost of trans-
porting fly ash to the disposal operation was included for completeness
(see Section 7.1.2.2), although this procedure is not recommended by
the processor. With a cost of $8.00/ton of dry fly ash as delivered, 19
it was estimated that the disposal cost would be increased $0. 38/ton of

sludge (dry).
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Labor, maintenance, materials, spare parts, and power
costs were examined. The Aerospace-adjusted costs, based on pro-
cessor contractor inputs, were in the range of $1.00 to $1.50/ton of
sludge (dry), exclusive of additive costs.

An annual cost for disposal site maintenance and moni-
toring totaling $ 35,000 was added to the estimates. This total re-
presents $0.06/ton (dry) and $0.05/ton (dry) for the 50 and 65%
annual operating load factors, respecﬁvely.

One-way rates for truck hauling of $0. 12 /ton-mile were
used in the Aerospace evaluation. 20-26 Since '‘wet'' tons are being
transported, the corresponding rate when converted to ''dry'' tons is
$0.24 (assuming the wet sludge has 50 wt% solids). Therefore, a
10-mile round trip would cost $1.20/ton (dry). Handling costs are
included separately as processing and placement costs as appropriate.

Placement and compacting rates of $0. 30/ton (wet) were

included, %7+ 28

or estimates submitted by processors were adjusted to
that figure as appropriate. On a dry basis, the rate becomes $0.60/ton

(dry) for a sludge with 50 wt% solids.

9.4 TOTAL DISPOSAL COSTS

Total full-scale disposal costs estimated by The Aerospace
Corporation for each of the processes with the power plant operating at
an average annual load factor of 50% for 30 years and the disposal site
5 miles from the power plant are presented in Figures 54 through 56.
Values are given for two distinct cases, one based on Shawnee field
dispbsal treatment conditions and the others on conditions proposed by
the processors for full-scale operations.

The total cost for disposal of the sludge is in the range
of $7.30 to $11.40/ton of sludge (dry) in 1975 dollars. This cost is
based on an assessment of the options presented in Figures 54 through
56. Operating costs are in the range of 65 to 85% of the total disposal
costs; this variation is largely a function of the use of different quanti-
ties of additives by each of the three processors. The remaining 15 to

35% represents annual capital charges. If it is assumed that a coal
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with a thermal content of 12, 000 Btu/lb is burned at a rate of 0. 88
lb/kW-hr, the total disposal costs are $2.07 to $3.24/ton of coal
burned and 0.9 to 1.4 mills/kW-hr. If a 65% annual plant load factor
is assumed, the above 50% load factor disposal cost reduction is in the
range of 4 to 11%. Total disposal costs are reduced by 5 to 13% if the
sludge disposal site is 0.5 mile rather than 5 miles from the power
plant. Historical background related to these results is given in

References 29 and 30.

9.5 OTHER COST CONSIDERA TIONS

The engineering estimates provided are considered to
be representative of the cost of disposal by chemical fixation. Factors
that could affect disposal costs but are highly site-dependent were not
analyzed. These include access roads and rights-of-way whose costs
may be offset by the residual value of the land.

Credit for the cost of fly ash disposal was not applied in
this study. Consideration will be given to that factor in follow-on
assessments of the cost impact of sludge treatment over current
pollution control costs.

Another approach that may have merit in reducing dis-
posal costs is the removal of fly ash prior to scrubbing and, in some
cases, reintroducing it after the sludge is mechanically dewatered.
An appreciable increase in the percent solids would result, thereby
reducing the following: (1) fixation additive requirements, (2) the
total mass of material to be treated and handled, and (3) the acre-feet
of disposal site required. Cost trade-off studies to evaluate these

effects will be made.
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APPENDIX A

SHAWNEE FIELD SAMPLING PROCEDURES

Al GROUND WATER AND LEACHATE WELLS

The sampler is a cylindrical brass tube, 18 in. long
by 3-3/8 in. in outside diameter (Foerst Specialities Company,
Chicago). The bottom is sealed and has a spring-loaded valve for
transferring the sample. The sampler top is sealed with a loose-
fitting rubber stopper that allows the sampler to fill but falls into
sealed position when released. The device is lowered and raised by
means of a plastic rope held by the operator.

To sample, the device is lowered slowly slightly below
water level and allowed to fill. It is withdrawn and the samples are
drained through the spring-loaded bottom valve into appropriate bot-
tles, Filling the sampler is repeated as required to fill all sample
bottles. Samples are taken from standing water in the wells. After
the sampling of each leachate well is completed, any remaining water
is removed from the well. The sampler is washed carefully with

deionized water after taking each sample to avoid cross-contamination.

A.2 TRUCK SAMPLES FOR SLUDGE FIXATION

These samples are collected directly in one-liter wide-
mouth plastic bottles. A holder for the bottles was fabricated from
expanded metal and conduit, and is dipped into the top of the filled
concrete truck after the contents are mixed. Duplicate daily samples

of unfixed sludge are taken from a single filled truck.
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A.3 FIXED SLUDGE TO PONDS

When additives are mixed with sludge in the truck
(Dravo, IUCS), a fixed sample is taken midway during the discharge
of the truck contents into the storage pond. A single one-liter wide-

mouth plastic bottle is filled and capped.

A.4 POND SUPERNATE

Pond supernate is sampled by skimming into a one-
liter wide-mouth bottle. The sample is usually taken in the vicinity

of the pond leachate well.

A.5 GROUND WATER WELL DEPTH

Well depths are measured using a graduated cord (Soil-
test, Inc., Model DR 772 depth finder). The water surface is detected
by shorted electrical leads on contact. The operator observes this as

a meter deflection.

A.6 SLUDGE DEPTHS, SUPERNATE DEP THS

Sludge depths in untreated ponds (A and D) are measured
by sounding with a graduated stick. They are also measured by refer-
ence to a yardstick taped to the leachate well. The sludge-water and
the water -air interface distances from the top of the leachate well cas-

ing are reported.

A7 WEATHER STATION DATA

This information is taken as specified in '""Weather
Bureau Observing Hand Book No. 2, Substation Observations,' Govern-

ment Printing Office, Washington, D.C,
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APPENDIX B

DESCRIPTION OF CHEMICAL ANALYSIS TECHNIQUES

B.1 INTRODUCTION

This appendix describes the analytical techniques used
by Aerospace to determine the concentration of constituents in the pond
water and flue gas desulfurization (FGD) sludges. (The analytical
techniques used by TVA are contained in References B-1 and B-2.)
The constituents present in the liquor are divided into the following:
major chemical species (i.e., calcium, sulfate, and chloride), trace
metal species, and additional chemical species. Other water quality
tests are also described. '

Consideration was given to the constituent's range of
concentration and to the corresponding costs of the analyses to obtain
data having high precision and high accuracy. * Although the basis
for selecting the proper analytical technique was to minimize any
interference from other species, the presence of chemical species
interfering with a particular analysis was fully acknowledged. Only

when the interference was considered significant were corrections

applied.

"Precision is defined as the relationship between a measured value
and the statistical mean of measured values, and accuracy is the
relationship between the true value and the measured value.
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B.2 MAJOR CHEMICAL SPECIES

B.2.1 Calcium Determination

The method selected from among several has an
accuracy of 40% and was one in which calcium oxalate was precipitated
and filtered from the solution, the filter cake was redissolved in HCIl,
and the solution was titrated against KMnO4 to a characteristic purple
end point. Correction was then made for excess permanganate at the
characteristic end point.

Alternative techniques using a specific ion electrode
and atomic absorption spectrophotometry were eliminated because
they had lower accuracies resulting from interferences, primarily

from the sulfate ions.

B.2.2 Sulfate Determination

Standard nephelometry techniques were used for this
task. A barium sulfate precipitate was formed by the reaction of the
sulfate ion with a barium chloranilate reagent. The resulting tur-
bidity was determined by a spectrophotometer and compared to a
curve from standard sulfate solutions. Although multiple dilutions
are necessary to bring the concentration to a range of optimum reli-

ability, the resulting error is less than 10%.

B.2.3 Chloride Determination

A specific ion electrode was used to determine the
concentration of chloride ions. Comparisons were made with results
of titrations with silver nitrate. This method has a precision of about

1% and an accuracy of about 5%.

B.3 TRACE METAL SPECIES

Since most trace metal species are highly sensitive to
atomic absorption spectrophotometry, this technique was used for the
following elements: aluminum, antimony, beryllium, cadmium,

chromium, copper, cobalt, iron, manganese, molybdenum, nickel,
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lead, silicon, silver, tin, vanadium, and zinc. Results were verified
by analyzing stand.ards of the National Bureau of Standards and by
comparative analyses of elements present in relatively high concen-
trations through the use of gravimetric or volumetric methods. Pre-
cision and accuracy are dependent upon the means of activation, the
specific element, its relative concentration, and the extent of inter-
ference by other elements and matrix effects. The precision and
accuracy of the measurements of concentrations of all elements that
exceed water quality reuse criteria ranged between 5 and 20%. How-
ever, the precision, with furnace activation, of trace metals occur-
ring at very low levels is probably no better than 50%.

Mercury was also determined using this technique;
however, the mercury was reduced to the elemental state with
stannous chloride, and the absorption of the resulting mercury vapor
was measured. This method has a precision of about 20% and an
accuracy of about 20%.

Arsenic was determined by the Gutzeit method, which
reacts arsine with mercurous bromide to produce Hg3As; the un-
known was compared colorimetrically against standards. For this
application this technique has a precision of about 25% and an accu-
racy of about 25%.

A fluorimetric technique that has a sensitivity down to
micrograms per liter was used to determine selenium. It has a

precision of about 10% and is accurate to 60%.

B.4 ADDITIONAL CHEMICAL SPECIES

B.4.1 Sodium Determination

Atomic absorption spectrophotometry or flame photo-
metry was used to determine sodium ion concentrations, depending
on whether the concentrations were relatively low or high. Errors

are typically less than 10%.
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B.4.2 Sulfite Determination

Total sulfite was determined using a specific ion
electrode, and no significant interferences were observed. The
oxidation of the sulfite ion to sulfate in the scrubber liquor was found
to be a very rapid reaction. Liquor protected from the atmosphere
typically reveals concentrations of several hundred milligrams per
liter of the sulfite ion; however, a brief atmospheric exposure causes
oxidation and reduces these concentrations by one or more orders of
magnitude. The reported sulfite measurements were for samples
analyzed immediately upon arrival in the laboratory. No specific
action was taken to inhibit oxidation other than to ensure that the
samples were transported from the power plant scrubber to the ana-
lytical laboratory in sealed containers. The exposure to air during
sampling, filtering, and measuring, however, resulted in the sulfite
values reported. It is presumed that these concentrations would
probably more closely represent the oxidation state of liquors in the

event of their potential discharge.

B.4.3 Phosphate Determination

The phosphate analysis was determined by spectro-
photometry methods, using ammonium molybdate to form the
molybdenum blue complex. Total range of phosphate content varied
from 0.5 mg/l in an acid liquor (pH = 4.3) to 0.01 mg/l in a base
liquor (pH = 10.4).

B.4.4 Nitrogen Determination

Total nitrogen was determined by the Kjeldahl method,
which reduces all nitrogen to ammonia with sodium thiosulfate. The
ammonia was then distilled and the amount determined by titration.
This method has a precision of about 10%, and accuracy at the levels
of the concentrations determined is about 25%. It is assumed that
most nitrogen in the scrubber system will exist as the nitrate and
nitrite ions; the latter will oxidize under conditions similar to sulfite

oxidation.
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B.4.5 Fluroide Determination

The fluoride ion was determined by the specific ion
electrode using a Beckman Model 4500 digital pH meter. There were
no significant interferences in the scrubber liquors. This method has
a precision of about 5%; an accuracy of 20% is attainable at the low

levels measured.

B.4.6 Boron Determination

Boron was determined spectrophotometrically with the

Hack DR2 using the Carmine method.

B.4.7 Magnesium Determination

Magnesium was determined by atomic absorption

spectrophotometry in the same manner as were the trace metals.

B.5 OTHER WATER QUALITY TESTS

B.5.1 Chemical Oxygen Demand

Chemical oxygen demand was determined by reacting
the organics and sulfites present with potassium dichromate and
measuring the reduced chromium by spectrophotometry. While a
precision of 25% is attainable, accuracy depends on the same history
(i.e., degree of exposure to atmospheric oxygen) and is about 100%

for routine analysis.

B.5.2 Total Alkalinity

Total alkalinity was determined by titrating a 25-ml
sample with standard acid to a pH of 4.0. The Beckman Model 4500
digital pH meter was used as the indicating instrument. Total
alkalinity is expressed as milligrams per liter calcium carbonate,
but is actually a determination of the buffering capacity of the liquor
owing to a number of weak acid species (i.e., carbonate, sulfite,
borate, arsenite, selenite, and silicate). Precision is about 5%, and

accuracy is estimated to be 25%.
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B.5.3 Total Dissolved Solids Determination

The total dissolved solids were determined gravimetri-
cally by evaporating a 25-ml sample overnight in a tared weighing
bottle under vacuum at 120°F. Since two of the major constituents
(calcium and sodium sulfates) form stable hydrated salts and are very
hygroscopic in the anhydrous state, prolonged drying and minimal
exposure of the dried residue were mandatory. The precision is about

2%, and the accuracy is about 5%.

B.5.4 Total Conductance Determination

This measurement, which was made with a General
Radio Impedance Bridge Type 1650A, gave an estimate of the total
jonic strength of the liquor. Precision is about 1%, and accuracy is

estimated to be about 2%.

B.5.5 pH Determination

This parameter was measured with a Beckman Model
4500 digital pH meter to a precision of 0.002 pH units and an accuracy
of 0.005 pH units.

B.5.6 Turbidity Determination

Turbidity measurements were made by nephelometry
in which light absorption was compared to standards that were pre-
pared using a formazine mixture; this is a mixture of hydrazine sul-

fate and hexamethylene tetramine in a water solution.

B.6 ANALYTICAL METHODS APPLICABLE TO
SLUDGE SOLIDS

Sludge solids were analyzed for calcium, sulfate,
sulfite, and carbonate in addition to total solids and inert material
(fly ash).

Calcium was determined by a volumetric method
following an oxalate separation. The sample, commonly 1/4 grams,

was dissolved in hydrochloric and nitric acids, diluted and filtered,
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and calcium oxalate precipitated by ammonium oxalate from a slightly
alkaline solution. The precipitate was filtered off, redissolved in
sulfuric acid, and titrated with standard potassium permanganate.

Sulfate was determined gravimetrically using a 1/4-
gram sample that was dissolved in hydrochloric acid. The solution
was filtered, and barium chloride added to the hot filtrate to precip-
itate barium sulfate. This was filtered off through a tared Gooch
crucible with a glass filter pad. It was then dried and ignited at 800°C
cooled, and weighed.

Sulfite was determined volumetrically, A 2-gram
sample was placed in a three-necked flask fitted with a dropping
funnel for adding sulfuric acid, an entrance tube for nitrogen used
to sweep out the evolved gases, and an exit tube dipping into an absor-
bent solution of N/10 sodium hydroxide. After evolving SO2 and
collecting it as sodium sulfite, the excess sodium hydroxide was
neutralized and the sulfite titrated with standard iodine.

Carbonate was determined by a gravimetric method,
after evolution as CO,, along with SOZ’ by acidifying a 2-gram sample
in a tared flask. The flask was warmed gently to expel all gases,
cooled, and weighed. The weight decrease represents CO2 + SO2 and

must be corrected for the SO2 content as determined volumetrically.
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APPENDIX C

DATA RECORDS

This appendix contains the following information

regarding data taken during this program:
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Sample Designations . « . . . . . . .. 0oL,

Shawnee Input Sludge and Water
Analysis Records « s st vttt vt vt o vt o a0

PrecipitationData . . .. .. .o 0 v oo o 0. o e
Hydrological Records « . « . . . v . v 0 v 0 v v v v
Pond Water/Solids Level Records . . . . .. .. ..

Soil Characterization Records. . . . ... ... ...

Jon Microprobe Mass Analyzer Results. . . .. -

Shawnee Pond Core Sample Locations. . ... ...
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131
175
181
187
191
211
215
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C.1 SAMPLE DESIGNATIONS
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621

Sample Designation to be used for all Shawnee Disposal

Digit No. 1 l 2

Demonstration Test Samples

3 4 5 6 7 8 9
Sample Date Sample Type Pond Aux,
‘ Index Index Sample
Month Day Year Index
Pond Index Sample Type Index®
A Ground Water -- Well No. 1 Gw_1
B Ground Water -- Well No. 2 GwW_2
C Leachate Well Lw_
D Pond Supernate PS_
E Untreated Input Sludge IS U
Treated Input Sludge IS T
Composited Input Sludge Is C
Soil Core -- Pond Bottom SC_P
Soil Core -- Well No. 1 SC_1
Soil Core -- Well No. 2 SC_2
Fixed Sludge Core -- Section No. 1 FC_1

%Insert appropriate pond index, i.e., A, B,C,D or E, in space indicated by underscore. See

examples next page.



oc?

Matrix of Sample Type and Pond Indices

Ground Water |Leachate Pond Input Sludge Soil Core Fixed Sludge Core?
Pond {Well #1 |[Well #2 Well Supernate |Untreated | Treated |Composite | Well #1 Well #2 | Pond |Section #! | Section #2 |Section #3
A JGWAL | GWA2 LWA PSA ISAU ISAT ISAC SCA1 SCAZ2 |SCAP -- -- --
B |GWB1 | GWB2 LWB PSB ISBU ISBT ISBC SCBl SCB2 |SCBP| FCBI1 FCB2 FCB3
C |GWCt | GwCz2 LWC PsC IsCcu ISCT IsCcC SCC1 SCC2 |sCCP| FcCt FCC2 FCC3
D GWD1 -- LWD PSD ISDU ISDT ISDC SCD1 -- SCDP ~- -- --
E |GWE1l | GWE2 LWE PSE ISEU ISET ISEC SCE1 SCE2 |SCEP| FCEt FCE2 FCE3
Example No. 1| ——————e 12094GWA2

Sample from second ground water well of Pond A taken 12/9/74.

Example No,. 2 @ ———— _, 02275FCE3
Third section of fixed sludge core from Pond E taken 2/27/75

aIf a vertical core sample is taken in sections,
the sections shall be numbered sequentially
starting with the uppermost sample.
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APPENDIX C

C.2 SHAWNEE INPUT SLUDGE AND WATER
ANALYSIS RECORDS

Aerospace analyses are indicated by a sequential
number, Sequential numbers of TVA analyses are prefixed by the
letter N. All of the analytical data obtained are included in these
records and on the pertinent plots. Blank spaces denote that no
analyses were made, usually because of insufficient amounts of
sample from the test wells, or occasionally from losses in handling,
Additionally, sulfite analyses were required of Aerospace only, and

analyses for sodium were required only for leachates from Pond E.
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/l1)

Pond Designation A _
Sample Type ____(apoving  IUDEIER.
Test Organization
Sequential Number N-BIQ M- [N-.33 (N85 w-tao | o
Designation Sample 1094 Gunikhang Gweilniagd cavailesosy Guwp 09034 GwAloTouY Gua
Date Collected 1-9-14 | 11-20-74]9-29-14 | &-5-74 | 9279 | §-4-7
Time Collected )
pH L9 (2.9 (2B L8 | 6.9 .18
Tot'al Alkalinity Q90 L0 410 430 270 \19
Chloride oy e .4 20, a5 24
Chemical O, Demand 40
Conductivity 'Y 0.29 1.l oAl
Drssolved Solids 730 | 120 [ aso 840 | 9390 | 420
Suspended Solids 10 [Wla) 25 e ®)
Sulfa.tt‘a 140 240 240 D.EO 210 S
Arsenic 0.005 | {ooos | {o.005 [Keoos | {o.005 [{aoos
Boron 0020 10,230 O3S0 | ©.270 0-4

" Calcium e 120 180 190 (V3o 40
Lead : 0.240 loose |0.095 |0.06R Q.08
Magnesium L. 8 0o 47 i L8 19
Mercury {aoooa |aweio |oodq] ooz [ooeed a0
Selenium {o.ooa [{owma l{o.ona | Locoa a.004
Sulfite [aygn|
Sodium
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Shawnee'Disposa.l Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation A
Sample Type _Geaonn  WAIWTER.
Test Organization
Sequential Number N-R4d {ns-an -9 2R M-1129 1 -8
Designation S 1 ' '

coignation S2mMP®  losa cwerhoisd oweiloned aae foosd Gwailinod euslenns cuwe
Date Collected 10-1-74 ho-15-14[1n-28-74 100874 |1n-a74 _|2-(1-7
Time Collected
pH 1.0 1.0 2.0 134 .S -1
Total Alkalinity a0 L0 290 H40 220
Chloride 27 3l 30 Blo a5 28
Chemical O, Demand ™ (ala
Conductivity L2 1e 2, O 1ol LO
Dissolved Solids 8nO 820 770 S88 100 10
Suspended Solids 22 1 SO 249 \A0O
Sulfate 21,0 220 | 180 \S O 140
Arsenic L.oos 005 ooes [{ood [ooos |{a.00
Boron ©.3320 [|0.380 |©.250 | o.d0__|0.480 | 0.280
Calcium Te) 1.0 1\ 2.0 40 1O \SO
Lead <o.o0 | Looio|{o.on |o.e53 [ <n.00] ©.040
Magnesium uq oo <}\ 4.9 230 6
Mercury oo0ad lo.ooiq [o.ocoa |{ocmes ooood | o,003%
Selenium oooa ldaooa [{ooma lowooaoldacaa |{a.00
Sulfite Lo\
Sodium
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Shawnee Disposal Demonst;ation Water Analysis Record

(All concentrations in mg/1)

Pond Designation P
Sample Type _(v@oonn  AMPTER.
Test Organization
Sequential Number o d AN-01d |- 0RS
Designation Sample 288 auwallodaes cuwakaas guen
Date Collected u-na<la-ag-1gly-1-15
Time Collected
pH .92 | S
Total Alkalinity NA(, N0 200
Chloride 8 gy 2,
Chemical O, Demand Qs 19 <y
Conductivity .91 QX 0.98

N Ml A
Dissolved Solids [WPiTe) —~O0 LSO
Suspended Solids =\ 400
Sulfate A0 | 1SO LSO
Arsenic <0.00S loons | ooex
Boron ©.3 | 04300 460
Calcium laf } {taOD 110
Lead 0o .04 OodS
Magnesium aa 20, Rp
Mercury OLOOES [Q.OOAR 0170
Selenium 0.0 5 L0002 L0009,
Sulfite P
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation A

Sample Type _ (oroonn  WWRTER

Test Organization

Sequential Number NN [o~e34 | n~esse | py-741 A n -8Y45
Designation Sample 224 cwedloagd Gundloecsd Gurtiogad GuAscapHd GOANIOTY GLAQ
Date Collected 1-02-74|1-0a-9d | g-5-74 | -394 [a-4-7u [1o-3-74
Time Collected

PH 2> | 7. 22 172 |83 | 3.3
Tot.al Alkalinity I la L4O s 90 e} 229 4960
Chloride n 1 (p ¢, ] 4 20
Chemical O, Demand ' no

Conductivity 1.\ .27 o117
vDissolved Solids -q0 150 170 (RO R L\0O
Suspended Solids 100 29 2\ ey, .
Sulfate N 20 NS N\ a9 | 49,
Arsenic <{ooas |4do.ocos | {o.cos [£o.00S <O Falary <OOOS'
Boron o440 ool ouwe oo | od  |onao
Calcium 100 130 120 LOO 1S Q4
Lead 0n.085 |lo.o5aloc.o8l |lootd | aed (Kooio
Magnesium oS lala o < o 14 s\
Mercury {oocoa] ©.190 [ ocoiSacood lnoces Kn.oooa
Selenium {oool [{o.oon |{oboallooca 0008 ool
Sulfite 0.9

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

{All concentrations in mg/1)

&

Sample Type __(~@OOND  AAETER

Test Organization

Is)eq‘fe“ﬁtfl N;mbe; N-AS |w-977) Q\ W-120 (-0 | 130
esignation campie
DategCollected P Jo2a4 Gunaloasd awanlinasd GuwAd) L5 euwndousscun
10 -22-7410-2874 [in-2 87411 2-9-74 | 2~1\-15 | 4-2&"
Time Collected : .
PH wie 7.1 72 | ao | 9.4 | 7.490
Total Alkalinity 100 lueo | 230 | goo | 14 55
Chloride 2y an 12 20 LR 43
Chemical O2 Demand L0 \ i n\ =
Conductivity 099 | 0.97 | 0.8 |o8s |aso | aad
Dissolved Solids 110 580 | ugd | ss0 | mac | nue
Suspended Solids u Ho |8
Sulfate 40 i S| w4 20 | \15
Arsenic Locos [ocos |{ocos [{oees {aces [ o008
Boron oo oo | ©.a o030 |a.acoldoal
Calcium 1O "y 4us 59 le) 8
Lead ' {ooio ldamio ]l aoz [Ko.oolon.oa8 |l o.oa
Magnesium 59 46| 1o 28 '8 =
Mercury o.cod | {a.000Q <o ool aocod | O-000d
Selenium {oooa [<nooa | ooea lda.c0a Koaal (0004
Sulfite ’ 0.9 o2
Sodium
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Shawnce Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation A

Sample Type _Creounty  LAYAIER

Test Organization

Sequential Number N- oS - 286
Designation Sample RPN
Date Collected u-na-1sl9-3-1s
Time Collected

PH 2.4 7.1
Total Alkalinity SR S
Chloride 1w no
Chemical 0, Demand 8 u3
Conductivity o449 o a4
Dissolved Solids 2Ane 520
Spspended Solids 29 19000
Sulfate as Q0
Arsenic c.oes |[{oooS
Boron a.340 o330
Calcium 2 VLS
Lead OO\ | O, D00
Magnesium 12 4.0
Mercury a.00ll [0ools
Selenium {o.00a {{o.coma.
Sulfite

Sodium
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Shawnece Disposal Demonstration Water Analysis Record

Pond Designation __

(All concentrations in mg/1)

5N

Sample Type _ \EQCWATE.

Test Organization

Sequential Number

N-DR |20 8002 fwn-20 | \R33 [ n-o3

Designation Sample 159 LWA 10149 Lue o9 LwWALaans Lk jod 285 LufoHa3s [ wA
Date Collected 1o -15-74l10-194-74 {12-9-79 | 2-11-75 | 4-28-75| «/-28-78
Time Collected '
pH oo | 283 | L& | 7.0 2.1 2.L
Total A_lkalinity L{9O 4q 210 IS0 7 b}
Chloride 590 | 840 [i18co | 2900 |n100 | A300
Cheinical O2 Demand 110 Q0 100 SO

| Conductivity %1 2.3 | R a.s Qe | 9.8
Pissolved Solids 2000 (2460 | 54900 |wLoo (7232 |7700
Suspended Solids "o 70 170 20
Sulfate SO0 200|790 lwoo 1428 | 1000
Arsenic Loos £0.005 | Co.00s |[Ko.00s [{a.cos
Boro.n .8 (0.8 n.n AR Qs 31 J
Calcium 50 LS 1200 2100 2O40 | \Wwo O

| Lead . L0010 | 0.027 Ko 010 |00.048 |~ 44 | 0.032
Magnesium e 4a.R 1 2.0 Q8 14.8 T2
Mercury P .00 [O0.0 | dooeD] c.omi8
Selenium L som Lo.02 [o.oona | ©0.008 | c.ova
Sulfite <"
Sodium
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Shawnce Disposal Demonstration Water Analysis Record

(All concentrations in mg/l)

Pond Designation A
Sample Type __ |_g AC hATE

Test Organization

Scquential Number N-ART 1 __J
Designation Sample ~ons LA

Date Collected 4-9-75

Time Collected ____j
pH 1.5

Total Alkalinity (o

Chloride 2S00

Chemical O, Demand l4Ooo _—
Conductivity 0.0 I
Dissolved Solids SLOO ]
Suspended Solids (OO ]
Sulfate QO

Arsenic 0.0

Boron 49 i
Calcium 200

Lead 0.0

Magnesium 89

Mercury O.00Y)

Selenium .01

Sulfite

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation _

(All concentrations in mg/1)

A

Sample Type  SUDERMATE

Test Organization

Scquential Number N-91 o WN-13a | wo-a0 \AY I N-ob
Designation Sarnple o224 POAlicasy PSA hooay PSA fanias PSP | odaRs Ofeya8s ©
Date Collected 10-227410-08~79112-9-74_12~/2-75 | y-28-25| 4-28-75
Time Collected
pH o winl .3 |.5 WNPY-) .0
Total Alkalinity L oS =q LO 49 w3 A
Chloride rooo | 1woo | 980 L3O 390 280
Chemical O, Demand e 0 50 14
_Coxmductivity RO .8 . 3.2 1.8 1.8
Dissolved Solids <100 SRRSO 4300 NRoo | 1S40 1LOO |
Suspended Solids 1=y \Q 7 Lo 1
Sulfate 1900 (1500 [11o00 11100 | LSO | 570
Arsenic 0.020 0.o15 [£0.005 [Looos |£0.005
Boron 1o nN2.8 N2 8.8 1.9
Calcium nooe | 1480 | 1100 B8R0 | 5§40 480
bead (oo |o.0an [Llo.c0 |o.0i0 | ol |a.01w
Magnesium 140 €O inl i a8 . \p 20
Mercury 0.0005 £0.0002.|0.0003 |0, 00 |L0.000
Selenium {vooma {oyvood 40_0(33. 0,007 K6.00
Sulfite le 3 0.20
Sodium
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Shawnce Disposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

)

Sample Type SS T AERT

Test Organization

Sequential Number N-1 84 ]
Designation Sample NS 05
Date Collected —1-1-15
Time Collected
pH
Total Alkalinity
Chloride noo
Chemical O2 Demand &O
Conductivity NS
Dissolved Solids 2200
Suspended Solids 14
Sulfate 810
A :
rsenic 6.0 ) .
Boron P
Calcium e __J
Lead {o.010 o
Magnesium 21
Mercury Aol I
Selenium . N )
Sulfite
Sodium
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Shawnee Disposal Demonstration Input Sludge Analysis Record
(All liquor concentrations in mg/1)

(All solids analyses in wt %)

Pond Designation:

A

Sample Type _Ja)DuUT !SSESEESB!

Test Organization

*

Sequential Number s
Sample Designation 1234 Tsav| TS0, hvosdToe
Sample Date - =274 =574
Liquor Analysis: '
pH A0 1835 }9.as
Total Alkalinity e
Chloride , 2Lod |40 | 4833
Chemical O, Demand
Conductivity Tl ®) 1D 1.4
Dissolved Solids O R (0N AL,0
Suspended Solids
Sulfate 934 1IS2S [\48R]
Arsenic J e 1Y
Boron 4.0
Calcium QAR O AOO |26 S
Lead 0.49
Magnesium 2\ 2 290 2V
Mercury <p.ooot
Selenium 0,005
Sulfite 1ad 4.2 D
Sodium
Solids Analysis: = 19
Total Solids 157 4.3
Calcium Sulfite JATI 3.0
Calcium Sulfate WY 141
Calcium hydroxide
Calcium carbonate 2, 0 e
Fly Ash ya = 4.9

*
The data presented reflect the analyses conducted as of July 1975.
The complete analysis will be included in the next report.
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation ey

Sample Type _ (n@oonQ \AIBIER

Test Organization

Sequential Number qi, N~OLL | n-oLs IN-098 | w -189

Designation Sample 1SS Guiedpuiss gmmmzs_em#asmi@ml coas ewol .
 Date Collected a-15-251 u-1895lu-pa-1S w-neas[1-a-Is

Time Collected

PH Tuta® ©.9 .9 L9 (2.9

To'fal Alkalinity LI 240 .40 240 240

Chloride Q5 LR L4 lalo 83,

Chemical O, Demand 15 40 O V400

Conductivity 0.1 Oeled 0.7 (OGN L]

Dissolved Solids 2400 400 4190 300 S10

Suspended Solids \ 20 \q 2 1000

Sulfate NI ny e o3 a4

Arsenic {o.ons [<acoS 1Lones [(o.cos 1{o.0u5

Boron .9 NaBO 160340 10130 | OI4Q

Calcium Yo 2\ u3

Lead 0.0 A ©.180 |0, 05

Magnesium 158 \ \ Lo

Mercury 000e] 1o.o0s59 [0.0007] |0.0008 o, oS

Selenium ook Koo [<o.o0a .00 [Koona

Sulfite 52

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

Y

Sample Type _ (yeoun  UUDETER

Test Organization

Sequential Number N- 100 L [ n-uwad [ny-nn 3 j'q wWi-As3 1wy-ns7
Designation Sample wid Cantalinemid Gt : ‘
Date Collected n-n-74 ha-a-74f 2-1-9s [ 9-1-335 | n~13-15| 2-04-7
Time Collected

pH MY 12,9 -8 2.54 (o.] (o]
TOtfll Alkalinity T} = 110 A7) L L9 1O
Chloride 14 a4 s 80 sO s
Chemical O2 Demand = 25 1= q
Conductivity o) ol 057 | 053 | ©.571 0.0
Dissolved Solids NG =20 240 2300 330 2330
Suspended Solids Ho L ono {al
Sulfate? T Qs 20 183 18 4
Arsenic {aoos [{o.cas [<lo.oes (do.oos <0,00S <o.005'
Boron oo |n.as0lowso | a |Lonoo [Kaneo
Calcium Y= Ny =14 o 2\ D
Lead 0120 [<0.010 ] 0.oiS | 005 [oaio [0.o78
Magnesium & Q.9 .M L9 9.0 \)
Mercury <a.ocod 0. xx2 |00 |0.0008 |0.0008
Selenium {oooa Kowooa Lomea |o.oold [Kaoon [Lo.cca
Sulfite 0.2 -

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

'Pond Desi gnation

(All concentrations in mg/1)

10

Sample Type _ (Beonnn  LUISTER,

Test Organization

Sequential Numbe r

W-011%

S IwW-0oL2 | w-oul W= A0
Designation Sample 5 Gaaloa
Date Collected N -15-1S 1IN -15 75w -n a9 -0 295 | 9-8 1
Time Collected
PH L5 |t -] (a9
Total Alkalinity \SH ™e) LLO nle]
Chloride -2 s 53 Bete)
Chemical O, Demand s 8 14 1 10
Conductivity Oty .54 OSA O34
Dissolved Solids ano 300 210 4720
Suspended Solids a7 o 23500
Sulfate = 19Q \S 24
Arsenic {uoes |<aoos [£o.008 |{a.0os [{a.coS
Boron .8 2420 1o 20 [ 0,160 | 0.as0
Calcium 1A nQq 29 <.
Lead O 0.0dbL [0.030 [o.o010
Magnesium 2 1\ 1\ 1o
Mercury n.ocod 10,0002 o oS |o.oa1? [Kaoood
Selenium 0.007 |0.00d |c.ood [0.003 [Ka.oo
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation P)

Sample Type | epChETE.

Test Organization

Sequential Number n-awd |1 At |n-063 [N-0e IN-oT
Designation Sample AAS LWRNANS LWAISS LLB foriss Ludd|edaas LuwRjoddess LUl
Date Collected 2o 1215 |9-1-1S [ enS I8 [UsS-)S [u-nas [u- 9
Time Collected

pH ax | 533 | .33 Lo w9
Total Alkalinity 2as0 ) N [ 28
Chléride e 0 [E=L®) 2O Hed
Chemical o, Demand U 1< o L Y qQa ua
Conductivity - o028 0.0

Dissolved Solids 1o 500 290 IBO0
Suspended Solids 182
Sulfate 85 150 1S0 440 S0
Arsenic 0.007 looid Ko.cos [o.00s [0.010 (0,050
Boron T REoR | 1L.O {oaon| S0

Calcium tatd {no ne 290 200 530
Lead cos8]| ooy | 0.02 [0.0900.cad 0028
Magnesium = &= 0D 4 Dl 35
Mercury {ooonaloeco |o.cocd lo.cotit] <0.00810.0038
Selenium {onB oo |0.008 .00 | 600620120
Sulfite O .10

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation N

Sample Type __L g ochaTe
Test Organization

Sequential N.umbe r N-2Ql
Designation Sample. s LB
Date Collected 1-7-15
Time Collected
PH 1O,
Total Alkalinity NS0
Chloride Quo
Chemical O2 Demand 1\ LOO
Conductivity a ol
Dissolved Solids 200
Suspended Solids 12060
Sulfate 190
Arsenic o.0dd
Boron 2.0
Calcium 1200
_Lead 0©.049
Magnesium =
Mercury ~. _]
Selenium . OO
Sulfite
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

{All concentrations in mg/1)

Pond Designation &)

Sample Type SOCERMSI T

Test Organization

Sequential Number 8 |n-owd [N-oLs [w-oxo [n-nee
Designation Sample 55 POB |adiss PoBlodans Psladnas Padoro8s @
Date Collected A-15-35]4-1515 |u-na-35lu-eaas]| -89
Time Collected

pPH 1215 .S S =) R4
Tot.a.l Alkalinity 1294 | 300 190 -9 A0
Chloride 2400 | 1500 |vsoo | weo | 330
Chemical O, Demand LaO 1LO ns 25
Conductivity 7.9 8 L ole -
Dissolved Solids 50O | sSeoo nA00 1200
Suspended Solids o) o) 4
Sulfate’ 1215 JO 150 H230 900
Arsenic £0.004 | {0.008 Ko.cos5 o005 | 0.010
Boron Blo  [63000}] LO a4 10
Calcium {740 n2A00 1200 8|40 s10
Lead 0.23 Kowoio |o.cao lo.ouo Keoo
Magnesium 0.0 0.9 . Q 4.2 2.
Mercury envaoonl o oo [{o conil|doocoal0.0003
Selenium {oagd le.cad lo.ca1 k.oaa |lonoS
Sulfite 10

Sodium 2 L
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Shawnee Disposal Demonstration Input Sludge Analysis Record
(All liquor concentrations in mg/1)

(All solids analyses in wt %)

Pond Designation 2
- Sample Type v *
Test Organization
Sequential Number
Sample Designation S TS (&5 T
Sample Date W-12 s fu-185-18
Liquor Analysis: ’
pH .00 ALY
Total Alkalinity
Chloride ass2 | 2198
Chemical O, Demand
Conductivity e W.R5
Dissolved Solids L0 5L70
Suspended Solids
Sulfate 1985 1519
Arsenic
Boron
Calcium 1525 V210
Lead
Magnesium 248 a9
Mercury
Selenium
Sulfite Ko, TN
SfToiglsuKlnalysis: HS 2|
Total Solids 29.] Ay
Calcium Sulfite N 2n.Q
Calcium Sulfate 1 a 1.5
Calcium hydroxide
Calcium carbonate \9.% na.4
Fly Ash 255 24.0

The data presented reflect the analyses conducted as of .Tuly 1975.
The complete analysis will be included in the next report.
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ShawneeiDisposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

C

Sample Type __ (o0 LADETTR

Test Organization

Sequential Number =2 d [W-bas {o-es] w49 ] 9 | w-8qy
Designation Sample 1824 Gulen a4 eudlosord Gudloa o Guxd lododd Gl seld Gu
Date Collected 2-22-74d[729:-74 e -S4 | a-d94 | a-agliea-74
Time Collected ' .
pH 7.7 1.4 2.4 1.5 8.08 1.0
Total Alkalinity L 20O 12O 120 a Lo 7
Chloride ) q () 1 (O L2
Chemical O2 Demand -

Conductivity e AT .59

Dissolved Solids nexo NS 23D 450 4D L A0
Suspended Solids Y £y 0Ly 100D
Sulfate =i, a5 @] 180 S0 18
Arsenic {a.oes [a.oos ({npoS Kooaes 10005 Ko.cos
Boron {01100 |<mao00 auoo  baod L1000 <o 100
Calcium nQ X . ]8> ~H80 Yal
Lead ©-120 [0.040 o3 l<oe10 | 0.05 [<o.01D
Magnesium Lo \ 5.9 =1 12 \8R 7.3
Mercury .0293 la.ccox <o e I.0007) <000
Selenium Ooonl{ocon Kaooa Kooos lo.ood [{laooa ]
Sulfite : Ca

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

C

Sample Type Goeoon  WAVIERER

Test Organization

Sequential Number

V.0

NS -8 W) ~oLq WrO8 | &-043
Designation Sample hnoed-ouwd |oans cuxilndass cucilen2rs uxilsaans quocilesoes cux
Date Collected 12-9-34 1 g-11-735 | a-2295] a-285] u-2895] 5-5-73]
Time Collected
PH loolo Tale .27 TJato loa")
Total Alkalinity L A0 29 QA SE HO
Chloride 14 11 85S 1\ ‘2
Chemical O2 Demand L - 1R = &
Conductivity 4T 24 £22 D3 S
Dissolved Solids 220 n 40 N B30 0T 4 97T
Suspended Solids Vo ) 28
Sulfate 55 =0 15 420 \EX
Arsenic dooos I<ooos |Looos 1Ko.005 [<anooS |05
Boron nod Lo, _ 110 1 Lo {onoo Lo
Calcium fo¥et 15 \2 19 229,
Lead o5 looao |0.020 | 0020 |looan
Magnesium Y- N .} 2.1 Hela
Mercury 00004 ool [M.0o0edlo.ocoalo0oSa,
Selenium Lo Koo Koocon [owoia. [<o.00a [Ko.oaX
Sulfite O.\9
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

{All concentrations in mg/1)

C

Sample Type _ Geount \AIATER

Test Organization

Sequential Number n-aaa e -egala-gaa | as w847 | 43
Designation Sample I o G oy Guidizeaa cuxd
Date Collected 7-875 | 8 5749]9-2949 | 9-9-34 | j0-7-39]12-9-7
Time Collected

pH 1.0 1.2 | 7.3 l7.88 | 7.3

Total Alkalinity ™ L& £ £ 3 a9

Chloride uo m \& 4 N,

Chemical o, Demand =

Conductivity | Rkl

Dissolved Solids w50 2230 o 1S4 20

Suspended Solids [N 510 \ Oy

Sulfate a'e) Hg 20 2 o

Arsenic Lo cos Ko.oos [Laces Ka.ooF |<o.coS ] {o.cos
Boron <o\ <o\ <o. 1 .4 <ol {o.1\
Calcium 40 7 a2 Bl e

Lead _ 0450 |o.ond 0.0 Koo
Magnesium Q.2 ol 8.4 L3 .4

Mercury Q.9 [O.enea. [{o ool |O.conte Koo

Selenium <ouxon [<o.ooa Ko.eoa lowoes Kaoca lKaooa
Sulfite {0y

Sodium
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Shawnee Disposal Demenstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation C.

Sample Type _(~@onQ A METIER,

Test Organization

Sequential Number -9 fw-mo liow  |w-cas lw-cay |w-294
Designation Sample cans eurd oaaasewalnuass cuclodaes Gadalosess cuadmos s wa
Date Collected 2-11-25| 9-23-75] 4-2895|9-0895] 5-5-25 | 2-8-2F
Time Collected

pH 1.3 2.2 [ 2.35 | 2.2 | 90 1.0
Tot'al Alkalinity 190 ST 119 L ST 1O L3O
Chloride 3 825 a9 ol 100 e]
Chemical O2 Demand |2 q =< 9 T \
Conductivity (ol LS RN 57 oS NINY
Dissolved Solids 290 2470 240 ) LoD 540
Suspended Solids HR NG 27 Do
Sulfate‘ 09 \7 ns 0> S5 no
Arsenic lonoos o005 <ooos5]40.005(£0.005 [<0.00
Boron <o 100 [/ o200 Laso | 2.8
Calcium LS B 23 e | 44

Lead . ooud locaa loos [ oo |lo.os8
Magnesium Q. VoL 12,4 \S \ 3

Mercury 0000 0 e |0.0002 |[0.o00oR {0.0008 10,0009
Selenium {ownaldooonla.oio [Koona | <o.00q |{o.aoa
Sulfite o.ng

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation C

Sample Type LERCHATE

Test Organization

Sequential Number NS - N1 a0 s V\)’YOB\ wa-on b | ny-can
Designation Sample nE L 1S cundodaes curloaass voelonnas L uclesoss e
Date Collected 2-1-315 | 2-0-15 | 4-089s) 8-0875] 4-29-75] 5-535
Time Collected

pH 1.1 Zedla {1040l [lod | 108 11.9
Total Alkalinity S, S = Qq L OO 120
Chloride 5 42 b swa. l2400 | 2100 {2100
Chemical O, Demand \1 2.0 40O 140 \ 20O
Conductivity 0.S0 .47 1.5 -5 -5 8.4
Dissolved Solids PO NGO la120 [Lnoo [4woo |40
Suspended Solids 172, Sl 0
Sulfate o |nas |15 150 44 2D
Arsenic {ocas Kaans [{acas Ko.cos [ Looos [{dooos
Boron oW {0 {o.\ 190 o0 [ 0.0
Calcium X oY) 1980|2000 | 2000 1300
Lead oo load |00 |lo.osa |lc.nd (0420
Magnesium \= L4 2.8 S.4 0.4 Oel
Mercury < o000l coa Koo t ool l<o.cond (OO0 1O
Selenium 4o |l o ona ool O.Of L .01 (aYaile)
Sulfite S

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation ¢,

Sample Type _ | £AC WhTE
Test Organization

Sequential Number &-nQ<
Designation Sample - L_-
Date Collected e
Time Collected :
PH 1.4
Total Alkalinity oo
Chloride 12A0
Chemical O2 Demand 200
Conductivity AR
Dissolved Solids nn OO
Suspended Solids naOO
Sulfate 190
Arsenic £0.005
Boron A2
Calcium (LSO
Lead 0.000
Magnesium o 2
Mercury PSS
.Selenium O R
Sulfite
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

{All concentrations in mg /i)

Pond Designation C.
Sample Type _ S LOCTTORTE
Test Organization
Sequential Number L ny w1l o-0as | wa-s300
Designation Sample ouans PsCluass PeClososs Pclacas pec
Date Collected 9-0895[n-0895 -5 |9-8-95
Time Collected
pH LAd s [1o.a 2.3
Total Alkalinity .l 22 le) g 2.4
Chlorfde O =00 Ny 440
Chemical 02 Demand 9 no 173 \&
Conductivity .4 n.4 0.3 n.7}
Dissolved Solids {5 LO H-00 SO0 n 100
Suspended Solids qQ 21 s
Sulfate 115 NOO OO (OO
A :

rsenic {0.005 [0.008 [ oocos |0.00T
Doron Ol €240 |o.o60 | 1.5
Calcium 200 =90 RO Hs0
Lead . Ot Qo _|oolde oo
Magnesium LR .7 O.d - e
Mercury oo aldonaon Kaooea oo
Selenium T A3 loa.ocoa 1 o.co
Sulfite OB
Sodium
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Shawnee Digposal Demonstration Input Sludge Analysis Record
(All liquor concentrations in mg/1)

(All solids analyses in wt %)

Pond Designation ,

. *
Sample Type T rnpur YOSTERL. (Clarifier underflow to centrifuge)

Test Organization

Sequential Number

Sample Designation Taco lonas Tecn

Sample Date H-p-1S fu-23715

Liquor Analysis:

pH a3 | 1.5

Total Alkalinity-

Chloride 287 (55606

Chemical 02 Demand

Conductivity 1ot 10.0

Dissolved Solids LABO 1 olo

Suspended Solids ’

Sulfate Lela 1578

Arsenic

Boron _

Calcium 19as_ | 23S

Lead

Magnesium LS 59

Mercury

Selenium

Sulfite ‘Ja =ty
Sflc;glsuznnalysis: 54 al

Total Solids RAS .\ 22.9

Calcium Sulfite Lo e AR =

Calcium Sulfate | o= s, o

Calcium hydroxide

Calcium carbonate 2.l 2.8

Fly Ash TP 5

_*The data presented reflect the analyses comducted as of July 1975.
The complete analysis will be included in the next report.
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Shawnee.Disposa.l Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

AW}

Sample Type _ (seovanoyy AUV ATER

Test Organization

Sequential Number

N lo fay-™T e LB e -J44d [w-8 S0
Designation Sample
o274 - 08054 GO 030246wni] 10014 cwnlioose e ol ]
t 11 ,
Date Collected 1-aa-14]h-nead [ e-s-94 la-3qalio-1-14119-3-7
Time Collected
pH el LB e 2.0 L8 | 1,70
tal ini
Total Alkalinity 12 no 140 140 (20 Vo
Chloride
20 50 .- no 29 10
Chemicej.l .OZ Demand NS
Conductivity Lan a9, a8
Dissolved Solids A U A0 410 A0 LaSlo
Suspended Solids 160 , s Ly
Sulfate ™ na | Ly L a0y nq
Arsenic
Q.ovE 0,008 10,00k |£0.005 [£0.00S {[{o.qox
Boron .

: LOU0D <0190 [Loaoo [{O.100 [Koaoo
Calcium a9 .0 n9 \8 10
Lead .01 |o.0u4q9 {0,010 | 0.0
M -

agnesium 1 1\ 12 o8 .4
Mercury doacan loocio Kooosa [€owosa |{aowa] 0.001
Toni
Se e'nlum {o.ooa Kooon [{Q.ooa. | 0002 [{ocna] Q002
Sulfite e N
Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation \D)

Sample Type _(Geowno  AATIER

Test Organization

Sequential Number 43 w9 fw-aa3 loacas|o-uaalw-an
Designation Sample 19284 Guioorad Gwollioad euoiiing GuO 12094 GuoloanS Gu
Date Collected 10-AR-34bo~2- 74l -9 -24 Tu-nw-)d9 liee-9-74 | a-Wh-as
Time Collected

pH .48 L9 1.3 7.8 (a-Q
Total Alkalinity 57 { oy 53 IES1)
Chloride 210 170 1 12 1SO
Chemical O, Demand A4
Conductivity Lt (57 ) ) 10
.Dissolved Solids Dad 2.0 3O “30
Suspended Solids 510 olaOC) PN

Sulfate 29 A (KPYe) YO 2.4
Arsenic <o.00d K 0.005 [Ko.cns |[Ko.cos [{o.cos [KoceS
Boron 000 Koued |o.nsd [<oion [<oneoo | aon
Calcium NS 17 \alp
Lead Lo Koo Q.O0lio
Magnesium ™S, Y I
Mercury ooot? |{oc.onen L9.000
Selenium acond |{oonl o.ona | tocaalo.0an {0 00
Sulfite (ot

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

D

Sample Type _ CiconnDd (AOITER

Test Organization

Sequential Number 98 N-1257 |wi-ase | oo -ocaw LS50 N-29
Designation Sample AL GO e 156Dl 245 GOl A428S (Lo S GUIOI QIORS GuOY
Date Collected 2-11-15 |a-11-15 {0 -04-95] w-ne-5]2-9-35 |2-85
Time Collected :

pPH 149 o] L] a.q A% .9
Tot'él Alkalinity e \SO \a 0 \es O A\ NA V40
Chloride | B LOD) VOO pXole) 22O 1O
Chemical O, Demand Lo e o \ O N2,
Conductivity alald it O AR 1aQ ©.79 089
Dissolved Solids 2 1-e) 220 00 R0 140
Suspended Solids 190 (N 120
Sulfate.a Bte) ) Q 28 1\ a4
Arsenic {a.005 {ooos |{ooos [(o.cos 1{o.004 [{0.005
B°f°f‘ LQ ldadno laamna oo oo lo.ag
Calcium e 28 <% 20 sS3
Lead ‘ cod: | oo loaqo O} Q.2
Magnesium 13 [ ¥ ™ A a9
Mercury O.0aAlo.acoa la.coanlo.occes | 40.0000S] ©.001)
Selenium a.ons [ {nena ldo.o0a [{a.00%]L000aS1K0.000
Sulfite O ia Q.4

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation D

Sample Type L COCRERT

Test Organization

Sequential Number NS | w-9ao lw-nas [ w-oae | 77 n-asd
Designation Sample o honeu 1100 lacsa LD lcans L0 loans bubles s L
Date Collected o= etdlio-28:7402-9-74 [ 2-11-15 [2-nw-15{2-11 )
Time Collected

PH Tl Tt 8.8 Q.0 .90 Q.1
Total Alkalinity Lo .00 Oy =2 | O
Chloride 28T 24O (L9 O0 LSO © 100 | 2O
Chemical O, Demand - s W) D \S
Conductivity \ il e . S S .0 5.0 .3
Dissolved Solids 2O 12300 572700 | 4o 29 (O 23700
Suspended Solids —~ a0 20O 220

Sulfate WS 590 SR30 PR 1H42S

Arsenic {o.cod | O.c0x 0. 020 O, OR3 ©. 9D S0
Boron 7.80 .4 &q o8 52.0 96
Calcium | SO 240 | SO0 1200 ooy | 990
Lead oo [Lo.o1o (Lo oS o2k [o.ox7
Magnesium 8_05— nq T olo w3 S8
Mercury {aoeee T [daoea | {ooeea | o.coo)  |[Ko.ooeS o003
Selenium L ootew {£0.000 [{aour [donwa Jooiu 10,00
Sulfite = oo )

Sodium
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Shawnee Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation D

Sample Type _\ € acnhenc

Test Organization

Sequential Number -1 <8 | ny-0as S | V-39
Designation Sample caats tubiouass Lule075 LNDIOIOTS WO
Date Collected 2-nr-15lu-n2951 9-7-95 [ 9-7-7§
Time Collected

PH _ A0 8,1 | &oa 8.3
TOth _Alkahmty 120 (2O 120 no
Chloride 560 IS0 | Q40 810
Chemical O2 Demand 3 qc no
Conductivity 2.9 oo 4.7 4.1
Dissolved Solids 2500 IS 0240 45050
Suspended Solids a2 2o | 4o
S“Hat‘f 1100 hwoo | lwoo [1ieo
Arsenic OO0 oo 1 o.al o ool
Boroen 29 ! S8 55
Calcium 1200 oo STo1s) Q40
Lead e lo.ene | oas | 0B
Magnesium a4 40 = 8O
Mercury aceld ool [oocea [O.oon S
Selenium ooiia Jo.coR [oess locoas
Sulfite O.

Sodium ‘
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Shawnee Disposal Demonstration Water Analysis Record

Pond Designation

{All concentrations in mg/1)

D

Sample Type Suoeeewvete

Test Organization

Sequential Number by w-ael [w-nzae | so-2a1 1, N-ASH
Designation Sample 10284 B0 licagn PoD]imord Popkons 090 laang P50 eanns B9
Date Collected ia-2 834 10-28-9413 -9-74 1} n-11-235] n-n-35) 2-13-78
Time Collected

pH 8.0 .9 Q.2 | a5 .21 8-3
Total Alkalinity 200 0 Q1 W& \2.0
Chloride 20cny 2400 llope | ast llea juon
Chemical O, Demand 10 \ | 1L
Conductivity o\, 9,0 5.2 4.0 2eo\o S.l
Dissolved Solids 20 |1%00 | a4on | 3400 | 3020 | 4400
Suspended Solids no 9L alee) n.aos

Sulfate 1550 oo [ 980 | iioo 4SO 2000
Arsenic S.0ns | ouka o.onG | ool a8 O.DSO
Boron Qe Ho g 4Q gy w4
Calcium led0 1 1Soo | 110 830 |sea 160
Lead @040 Koo [{ooin|aoal ool Kool
Magnesium o i ] 1 a0 40 170 LS RIS
Mercury {nocenS | lammor, | o.omna 1 owsead | doccoe S| Lo cxoea |
Selenium 0.0 |6 matO O o2 |loold oo, Q,OféSQ
Sulfite 0.8 le S

Sodium
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Shawnee.Disposa.l Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation D

Sample Type SIOCP MRS

Test Organization

Sequential Number - 159 | nu-oga 1S N -2
Designation Sample | ~a085 o015 PO lenois O5D
Date Collected 2-24-35]4-08-95] 7-1-15 [9-8-35
Time Collected

PH 8. fo | 7a8 | 8.4
Total Alkalinity 1 - 2 us 40
Chloride IO | 2wd | aas QOO
Chemical O, Demand L4 ™ as S
Conductivity 2 7 V.9 Q.44 n.7)
Dissolved Solids 000 100 2210 N Qoo
Suspended Solids YO R .|
Sulfate 4SO =0 100 1200
Arsenic A0 |ooeS 009 |o.03S
Boron S 1 2 O
Calcium QA7 20 o 8350
Lead Ooa Koo | ool [Looin
Magnesium 1RO 24 \S. S iin)]
Mercury <oy oo 1 camea | oS | owvriiwe
Selenium oo loois lo.oqa. 14do.c0n
Sulfite 2,

Sodium '
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Shawnee Disposal Demonstration Input Sludge Analysis Record

Pond Designation

(All liquor concentrations in mg/1)

(All solids analyses in wt %)

D

Sample Type _ T nieutT (YIRTE 1AL

Test Organization

*

. Sequential Number

Sample Designation

10034 TsDULoFd TSSO Jonsgs 3500191 THOC, 10205535
Sample Date 10-»-34ho-a-7dlv - 1g-75 ]~ 2-5-15
Liquor Analysis:
pH ' -
.05 8.0 1.80 .21 VS
Total Alkalinity
Chloride 2,94 nLs  seo  faso  liauna
Chemical OZ Demand
Conductivity U q ) 0 S = 7 S as
Dissolved Solids LHoO (oS 2010 |lsas9 2700
Suspended Solids
Sulfate 14991 1700 nnsz  |asoo  |auey
Arsenic ny
Boron Qo
Calcium V1RO lano | 917 oo | 1230
Lead e ln
Magnesium 253 | a0 29S| nes Yo
Mercury {(o.0an L
Selenium Q.OH0
Sulfite “e 13 D iy " |
Sodium
Solids Analysis: Slo S8 =8 Ha.
Total Solids De.-B M. 22D
Calcium Sulfite a4 | . Q
Calcium Sulfate VL= 7.3 Vo . lo
Calcium hydroxide
Calcium carbonate 2.8 1q (.9
Fly Ash 20.9 jano 12382

*
The data presented reflect the analyses conducted as of July 1975,

The complete analysis will be included in the next report.
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Sha\vnce‘Disposal Demonstration Water Analysis Record

Pond Dcsignatibn

(All conccntrations in mg/1)

E

Sample Type Ground  LVATER

Test Organization

|_ Seauential Number N-2e1] IS fw-ess | isa | w-zeo —
| Designation Sample S e ik s et lowaas cak oo eaweilaoss euwe

Date Collected 2-1-18 | 2-0-15 | 9-28-75]9-7-15 [1-8-1S

Time Collected :

pH B 7034 | 9.0 |3.05 | 00

Total Alkalinity ave N2 o 817 nar

Chloride Ss s 2 2t S5 .

Chemical O2 Demand ns 56 O o q 1

_Conductivity Q.8 ]O.Ld | owd [0.585 ol [ |
[ Dissalved Solids 220 | 4 | 290 440 (Seo )

Suspended Solids q0 OO ]

Sulfate > e 2 ale)] 8

Arsenic {ocos laoos [{o.cos Ko.ood l0.00S ]

Boron a.ad Kooy [Kouoo | o2 load

Calcium %9 20 N 2 4q ]
| Lead 0-0ns ooy locaa loos |o.s)

Magnesium ad s Q8 L ao

Mercury {o.0008 |0.000310.00d |n.0004d |O.001R

Selenium Lo l0.0os |0.000 Ka,ooeSlo.oo3

Sulfite .2 ASulad

Sodium
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Shawnee Disposal Demonstlration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

=

Sample Type eound VALATER

Test Organization

Scquential Number M- L0 [ N-74S [ 0d-849 [yo-9a9 e Yo T BN RSESY P
Designation Sample - bmﬂrmﬂ 104 GWEA289 e olonsd Gweal oYY GUIED
Date Collected £-5-7d | @ -39 |10-7:34 {10-08741h0-28-74} 11 -4 -74 ]
Time Collected ]
pH L0 L 1-2 8.2 ] 7.0 |
Total Alkalinity e a4 0 11 OO0
Chloride S0 LR ol &4 23
Chemical O, Demand 50 .
Conductivity O. o} OH. 49 _|
Dissolved Solids Lo0 N N0 270 A28d | RO ]
Suspended Solids =400 1RO 120 |
Sulfate 4 N 40 ] L9
Arsenic o.0a2 Kooos |[{o.0os |[{o.cos [Ko.0os Ko.cog
Boron (o100 Kouoo |00 Kauco | ©3 (L0100 |
Calcium 2\ no 3 2.0 S |
Lcad 0.095 [o.o1e KoDlo 0.3 Koo |
Magnesium nd.0 oL Q. _lis.0o 1 88 ]
Mercury {oooon Kowood Kooona, {o.cco, |
Selenium o.con Ko.ooa Ko.ood {ooon lo.ood Koo
Sulfite O S
Sodium
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) Shawnee'Disposal Demonstration Water Analysis Record

Pond Designation

(All concentrations in mg/1)

'

Sample Type ___ (hRo0UND Q}gxgg

Test Organization

“Seqnenﬁal Number nN-gosl 14 W00 \éq N 3014 ]
Designation Sample oS oW s . welenos cuwed cross ew
Date Collected a-\-154-08-15 |3-7-75 [5-8-75
Time Collected
pH e | Tebed | (0B | 089 | L.® i
Tota_l Alkalinity N2 e \ 70 =0
Chioride L3y 125 Yip ol =0
Chemical O2 Demand S 2\ 'S 19 O
Conductivity LO  Jokd o058 |oso |owoe
Dissolved Solids 4,0 5 44 250 40O RO
Suspended Solids ns : <00
Sulfate 52 St SO no £29 ]
Arsenic {a.0os |{owoes [{o.00s [Ko.eod Ke.oos
Boron 0.50 | 0L |o.150 |00 loaa
Calcium 12 no 24 2 L
Lead . 0,290 | ©.09 |Looio |0.0850 [o.as
Magnesium Vo (.o les |as Lo
Mercury O.000S (@) ocOD. {o cmog_ﬁg,ma_,____,___
__Sclenium {oooalo.ced [{oowa ool [Ko.con
Sulfite o.1 .44
Sodium
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ShawneelDisposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation =

Sample Type | £6C METE.

Test Organization

Sequential Number  In-nol | Qn |womsal\ss | wao
Designation Sample oS Luwsalonias Lies Lealarons U

Date Collected 0-11-95] 298 4-n8-25]2-7-75 11718
Time Collected

PH 1.9 8282 | 1.\ 199% | .o
Total Alkalinity Ao 1ed | 490 | s6a 100
Chloride | LA \R_50 7140 LSO
Chemical O, Demand Sip 0 290 n < \ QO
Conductivity .0 2.9 A 4.6
Dissolved Solids N UAS 2110 HA0n | 3o 2900
Susperided Solids vd Q200
Sulfate 200 | 250 | 10 | soo | 370
Arsenic o.007 | 6.0 [QATITe) Q.08 [©\O
Boron O R lote. 0440 | Gt [doui00
Calcium Qe <\s ) RO s Yo
Lead 0.0dR | OAD |a.0a0lo0s |o.085S
Magnesium =\ e S5 0.5 232
Mercury . 000S [{0p0oS |0.0013 10,0003 |o.c033
Selenium <o.o0zloocnolo.ode |0.043 [{o.00n
Sulfite O, 0. O A

Sodium Qo Q10
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Shawnee.Disposal Demonstration Water Analysis Record

(All concentrations in mg/1)

Pond Designation .

Sample Type _ SUOPERNNNTE

Test Organization

Sequenﬁa:I Number 12 -noS | wy-ony \ S o D - Y
Designation Sample s DS loans Patlyinas PIE s PoElsioas B
Date Collected A-i-78 | 2-1-75 {4285 9-7-75 | 378
Time Collected

pH 11,29 1.9 0.8 | LIS | 1.8
Total Alkalinity 52 410y 2 ne .
Chloride NS ]e) Hwo 243 100
Chemical O2 Demand NS a Qq KA ]
Conductivity .9 0.8 1l \ lala 2.0
Dissolved Solids 1440 1200 | \2.00 17120 1700
Suspended Solids o 12 19
Sulfate NS0 200 | 290 1000 | &40
Arsgnlc £ovaood [£0.c05 |[<o.oas | Lo.co4d ] .o
Boro.n Ay Y et O (@] O-L
Calcium | 1 9 \ 10 AT o 20
Lead _ 0.0 oo .06 | oS | ooy
Magnesium ey o2y 1.0 . 2 R 3.7)
Mercury {00t 00008 Iacoon | .ol <acoaa
Selenium 0.0013 Ko.oon (0,003 ool | {o.con
Sulfite N 1R

Sodium A90
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Shawnee Disposal Demonstration Input Sludge Analysis Record
(All liquor concentrations in mg/1)

{All solids analyses. in wt %)

Pond Designation |

Sample Type _ T\ yOUOT { V\ESIE R 1O *

Test Organization

Sequential Nufnber

o g

Sample Designation Sy

Sample Date

Liquor Analysis:

pH q.u3

Total Alkalinity

Chloride LS50y

Chemical O2 Demand

Conductivity

Dissolved Solids =,

Suspended Solids

Sulfate LS

Arsenic

Boron

Calcium

Lead

Magnesium

Mercury

Selenium

Sulfite

Solids Analysis:

Total Solids

Calcium Sulfite

Calcium Sulfate

Calcium hydroxide

Calcium carbonate

Fly Ash

*
The data presented reflect the analyses conducted as of July 1975.
The complete analysis will be included in the next report.
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APPENDIX C

C.3 PRECIPITATION DATA
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Net )
BT R b vitroety
Se;;i:jn- Date itation |(Precipitation
No. (nches) | & oo ration |
{Inches)
| S At L | I PP a4
D138 o4 - .0S
3 23 1,08
H -1 0.59
> 4-8 L4 o)
Lo 419 028 — B0
1 i 1A 1,28 anl>
& 4-29 o oY) Z o)
= SL Dalalo ~ 2l
10 S £.98, il B |
inl 2-20 Lella i B
i S92 OI3 R
13 a2 foRATS) — .89
14 10 .83 =18
1S lo=t] 0.4a0 ~ a3
o -4l 1.8 — .29
1] | .00 .59
18 -8 (oG T 1L2d
19 24 [N T=Y i P e
20 {7723 | oot ~ lalalo
Q 229 1.0 — a4t
LYY -5 ol ~ 128
‘_n_}__*ﬁji Laletd 5SS
24 I8-\9 1DS 08
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Net
Increase in

Week Precip- Moisture
Se?it:lm- Date itation [(Precipitation
(inches) | g o creeion):
(Inches)
s R-2 | o4 Y
2L la3 | 28 2,10
27 Q-9 [ IATIY T alol
a2 19-1k oW P O\
|29 i e 1) .01

20 9-20 Nalgl 2 Ola
A\ o] .00 i 1G.
20 ho-ld QOO

23 _1\oal Q9L ]
A4 NoDIR Q.00

25 Ly 0.27 1,29
2 N-i Q.8

3 LS oo

28 Ni-ds | .23 .39
29  ha-2 0MH2

40  Nha-9 Q.53

o) Dol | 0,04

L9 Q-0 [oRIaY

43 12=30 1S

g4 N-1e-75] 1,18

ds 113 | 1)

He Ni-00 O.tll

470 (=07 o)

48 J0-2 LS

% .
Evaporation data are not available after week
nimber 38 because of equipment difficulties
at the evaluation site.

Alternative data

sources are being sought to complete this
information.
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n Net )
Week | “Moisture
seg‘;jn' Date l:::t?ol;- (Precipita'tion
No. (Inches) Ev:;i:r“:t i?);z"
] :—- (Inches)
H9 2-\0 0.0
S0 R-11 M5
24 n-qd 204
=2 1=x-3 0.00
=3 2-10 0.85
534 2-17 .59
SS_13-0d 1.4
S | 23\ 4.2
57 4-1 S0
58 ja-d Q.50
59 4-24 o808
(PYe) HOR 2.79
Lol S-S5 o032
w2 s 1S
A 1519 OO0
Ld S-20 .Ul
LS | i) 2.58
tola L9 .30
Joo) [Pl (P Q.53
LB V(D3 faya
9 1120 008
ie) J-1 .43
14 7-14 et
I 17123 O80

*
Evaporation data are not available after week
number 38 because of equipment difficulties
at the evaluation site.

Alternative data

sources are being sought to complete this
information.

179




Net

Increase i
Week . Moistur,e2
Sequen- Precip-
tial D itation |(Precipitation
ate minus =& 7%
No. (Inches) Evaporation)

. (Inches)

13 =29 oHIRY

14 24 1.94
Y 2-1\ 088
iR SR Ol
21 ]-05 .00
28 -1 1,19

29 9q-2 .00

20 S-S 1,09

% .
Evaporation data are not available after week
mumber 38 because of equipment difficulties

at the evaluation site. Alternative data
sources are being sought to complete this

information.
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APPENDIX C

C.4 HYDROLOGICAL RECORDS
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Shawnee Disposal Demonstration Hydrological Data Weekly Record

Depth of Water (Inches)

Date

Ground Water Wells

Al

A2 Bi

B2 Ci1 C2

Dt

El

E2

o-10-71S]84.80

11|

"
014 99,5

£3.09.042.9( | De.0q”

4493

nN-0d-750 . 82"

oS4 Qa5

23021159 | ks.s9

SENY S

Yo, 89 .84

1"

1Q.09

i

"
15 184.20,

- 10553

¥/ M
azpa 17390 |Hesy

4.3

59.84

G493

210751392 ’

= 12

2o 8savlss.sq’

Q.22

o034

1093

2\ F5l9s.07]

Qa4 [129.40|

na.sa'hosae [98.09

NS.32 [joen8d

17.805

2-ASTIS

1048

"

95,99 1 49.59

"

i i
3.0 122..96107.84

19, 29,

12884

AB YD

4-1-71shos.sT

93.24 hss.a7

s s qeins.ed

US.32 42849

99,68

4-8-75 o757

£9.09 115952

4| 13 "
| SONL123.46 20,59

1230 \ B84

199.93

4157501

1OLS

lega9 hsgs

1 agoalne.gehis,oq

/,

N8

Lo

SRUTRY

1 -09-75 3.0

849 154,53

\\8.52{

nad”

SIEN

4-79-735lie as’

9s.04'[ 128,50

125,08 (14 .4k [1w.09
150 1089k l1og.ad

ALY

10,04

g3

5-1-25 200

as.24d T12esy

S0 e 098" hoy.oa”

OLSD.
1/

Q9.59

BQ SSS

=-12-95 hna. 28

9599 " h=as.07

" 4

123,49 104 Lllo( 10159

¥
100519884

Y

s-01-5 2200’

as.3 [\ 3ys.s7

s hosae lioaoy

Q930 \\0.5‘4”

2693

5-28-75

o210

iz

9ua’ s

uso ' lasde ladea

1032 [, s9”

1243

o e |\

518

/i

sa.ad e

/

11052 [9oa6’ |pa.sd

87,83

Q4.09"

©4.43"

-1-Is llaaso]

an~q {1103

"

Do 896" [Boca

80,29

.59

9. 43"

o | (0—75 l’b&%_o_:

as-15h»4.88"

Sa2d NS0,

H ,

ns.oalenve 788y

~9.82" |89.84"

LS.4>

fa14d lioasa

aa.sal1ae | 7s.08

13,627 8334

.93

1-8-715 i35S T

(2.2 28.09

S&.93"

1-8-75]1ax.07'

N 17
2224 104.02
" P
8a04]99sn

”"

92,77 5096 |La.ad
Q0,55 | L34 (e | a0k

[T oY o]

1284

SL6S.

2475 120 an

29,74 | 92.s8

s " 4
147259 1 Lodls | S9.09

5730

foYeNom

=033

1235

24,43

76849 19037

8107 s34 15624

S0

$S.3Y

4368

12995

‘%QL

q

12304 | 8.5

2077 15371 sagd’

50.07

wopd

4093
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Shawnee Disposal Demonstration Hydrological Data Weekly Record

Depth of Water (Inches)

Date

Ground Water Wells

Al

A2

Bi

B2 Ci1

Di

Et

E2

83271

13,02 (496

' g&b'&.’l

=2.3¢"

%
bi.93

7] Yy
R-4-713 [ 1358211574

# ,
- 1713128011504 '

1
21,09,

/ "
1052 |G

44.57

Sa.aql

o
L8

p "
K- BliaG.on 7S,Q¢L’_

¥s.27"

o
(o0 147.9¢"

0.33

q7.3q//

%'430

7377"

" i
@4.52 12a.de

41.07"

44.84

24.93"

R-0535100.80 ] 71.74
y
9Q-1-135 {122.07" | oR.99

117

" "
(2.7 | 2746

25.30"

”

43.89

N.93"

Q8IS w82l Ltad

oS’

"

SO 1 31.46"

32,33

”

37.84

1783

" 1
Q-ISHns20 o474

Lo

Ui 7
S35 {2046

o8

"
27,09

| 468"
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Shawnee Disposal Demonstration Hydrological Data Weekly Record

Depth of Water (Inches)

Week
Segik:lm- Date Leachate Wells
C D E
4-22-75|
4-2915
5-6-15
S-13-318
5-21-718
5-2875
L39S
(o=l
alle=2S 55.0“ m.&au ;53@2)." ol | 2539
25251 5305 53.&5: 72" | see | 2009
1-2-25 Las lssosnlian” 51\3; 2354
1-825 15525 Lo\.oa:' 2227 leoae [24.04"
2-1475150225 le3g [2107" HB-I")” 20 sy’
723929505 |ea salibsa s | 20.097]
7-29-1514835 1520811427 " | 5528 Q'
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Shawnee Disposal Demonstration Hydrological Data Weekly Record

Depth of Water (Inches)
Week

Sequen- Leachate Wells

tial Date
A B C D E
. R
7} { P "
.00 B3B8 128579
A

No.

U1 52051 (a0 332"
enaslsias e 1O | SSRE"] 2954
R-18-)S| 5\.Lp’J_S” Laonsé 1q.:11” 55.38" 03, n,q:’
g 05 15lgns |sass SN ECELY \Lod
g1-75 Jaas ssessliosa 5328 |0 s
Q-8-15 4).15" DH.SB” | 27 S2.0a3 “ \2.04

gasgueasianss | - |sewa’ln.ng”
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APPENDIX C

C.5 POND WATER/SOLIDS LEVEL RECORDS
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Shawnee Disposal Demonstration Pond Water/Solids Level

Weekly Record

Week Supernate Water Level (Inches)* Solids Level (Inches)*
Sequen- Pond Pond
tial )
No. Date A B C D E A B C D E
D-17-75 ok sk '
2-14-35
-3 -75
iR -13
2-172-75
3-25-75
-1 -IS
-85 125.5 QoD 4.8 24.9
H-IS-75 12 QoS 4.l DS
Y4-22 75121 .8 _ 208 419 25,5
429-75123.9 3.3 HeQ 233
S--75 | 23,1 ' 4.\ Y 25.8
5-13-7S5134.5 [BeY H.9 5.8
S 21-75129. 2300 43,4 25.9
S-2R7751233.8 21.9 4.5 23.8
- 3-75 |34.> 22.0 4.5 S .S
o 1{-15 240 0o.8 Hi.8 235
(a=ll=25]|3S. 5 0.5 Hl.5 TS
(DS I0136.8 24.3 Ha-& o SRSY
-2 ~75 138.8 N> .8 2R
-8 775 |28.5 A L. S 258
74725 121.Q DU,S 1S N5
1-23-251232.8 & |25 oss 1243 [dlb 210031255 153
2-29-75129.0 1193 1233 [29.3 [04,0 [4HLS 1210 |nke.> 5.8 | 14.8 ]
24725 |22.0 LD 20.5ns.\ a0 WIS 210 10631355 | \5.0
31725 1208 10.8 208 [ns.819.8 4.8 1210 |26 ISE [15.0
88-715 1383 8.8 P o lRe.s|al.g jd.y 210 |9kl (25,51 15.0
30578 |2AS |no.S ad.s DR S 1248 [HLA 01010 6A3SS | 1S3
9-1-75 1593 208 [24.0 ha siods 4.8 [nio a3 |zsS [ 1S5.0
I-L8-735 1403 a:.’;.c’; Dlo 5* 20.0 '1\,,5*‘ .8 20O Dol |BSS | 5.0
9-1S75 | 2.8 . Slaw 09.8|h O* 4,8 2L 2631283 | 1S.0

*

*
Measurements taken from top of leachate well casing.

* .
There was insufficient supernate at the point of measurement in Ponds C

and E to obtain a valid water level reading.
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APPENDIX C

C.6 SOIL CHARACTERIZATION RECORDS
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation A

Sample Type _ Sow. C.oE
Test Qrganization TV A

Sequential Number

\ n | 3 ‘ 1

Sample
Designation
N2 (33SCA MBIt NUIISCl SCAP

Sample
Date
121213 hd-I3 -3y

Sample
Depth _ ’ /
{from surface) 0.9 5.0 ~ 9

Permeability
Coefficient -8
(cm/sec) : 2.3x 1D

Natural Moisture
Content
(wt%) 15.1 V.0 QD .4, 20.0

Liquid
Limit

(wt%) 9.4 207 2.9 8.5

Plasticity

Index
V3.1 2.4 2 18.0

P}a s.ti c
%‘:/TOS 19,3

Specific
Gravity
D.9

Mechanical
Analysis

1) Sand (%)

- 2) Silt (%) _ ,
4 12

3) Clay (%)
N4 n<

Soil
Classification
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation

3

Sample Type S0 Cort.. '

Test Organization

TNA

Sequential Number

\

2

>

“

Y

\o

Sample
Designation

OS4SR

NOSYSe Rl

l\\O'S dsimi

LOsY Sc b

NOSY Sep)

1054 Sehl

1108Y ¢

Sample
Date

N-5-74

1-5-74

-5-74

1-5-74

1=-5-74

1-5-74

“Sample
Depth
(from surface)

1=5-74

/

3.3

5.4’

/

1.7

/

Nolo

’

15.0

1

~ a0

~21.8

Permeability
Coefficient
)

Natural Moisture
Content

(wt%)

1810

181

18.9

18,9

20,5

160:3

14,0

Liquid

(30

31.8

H2.0

30,4

09,3

2,4

4.8

2s.4

Plasticity
Index

10.S

219

Q.9

\4.8

V1.2

134

| (wt%)

Plastic
Limit

19.9.

Specific
Gravity

Mechanical
Analysis

1) Sand (%)

kq

2) Silt (%)

ko)

3) Clay (%)

20

Soil
Clasgification

LEAN Gl

L-C.

L.C..

SAno
LeAn
C._Lﬂ\{

SANOY
LeEAn
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation 3
Sample Type SolL. CORE
Test Organization TV A
Sequential Number .
K a | 1
Sample '
Designation
UnsYscolhiosqdseaiosqySedl
Sample '
Date
W-5-94 [1h-8-24 1 11-5-74
Sample
Depth / ’
(from surface} | ~3a.5’'{~23.5" [~aa&
Permeability :
Coefficient
(cm/sec)
Natural Moisture
Content
(wt%) 14,1 -4 4.4
Liquid ‘
Limit .
(wt%) i A9, A1 23.9
Plasticity :
Index
I\aalo 7.5 19,8
Plastic
Limit :
(wt%) 1x.lo
Specific
Gravity
Mechanical
Analysis
GRAVE 2la
1) Sand (%)
_3 2
2) Silt (%)
2l
3) Clay (%)
1ie .
Soil Groaneny| SRN0Y | EeNEU
Classification CrAvyey Leaw e ey
Sann  lovew Son0
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation

C

Sample Type

oy Cope

Test Organization

ITNA

Sequential Number

A

o)

~

=

o

Sample
Designation

VAN SCC

LRAARSCOL

12D SCCL

LIRS SCCY

12D agrc)

A2 [CC

See P

Sample
Date

11213

12-\2-13

V-3

12-12-73

12-12.7)

-2-13

Sample
Depth |
(from surface)

/

R

/
10,89,

/
4.2

/

~ 1]

~nn.95

‘
~ 20

Permeability
Coefficient

| (cm/sec)

-8
19 xio

Natural Moisture

Content
wt%

22.0

19.7

14.9

AT P

Liquid

Gt}

1.0

22.9

2.4

0.9

V4.6

)

24,0

Plasticity
Index

1000

L 4.4

14.4

\2.0

Vel

Plastic
Limit

10,1

Specific
Gravity

Mechanical
Analysis

1) Sand (%)

43

2) Silt (%)

20

1

3) Clay (%)

Yo

oy

Soil
Classification

Lead

LG

DAY
LEAW

S

QAJ\\.AY

CLAyEY
SAND

e QAaw
|
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Shawnee Disposal Demonstration Soil Characterizatinn Record

Pond Designation

D

Soie

Core.

Sample Type

Test Organization

aIVA

Sequential Number

AY

)

Sample
Designation

12123 1Pl

12423 5C0O; 12123 5C 0]

" Sam ple
Date

12 12°73

121273 |

Sample
Depth
__(from surface)

2.3

/
10.3

12-42-23

. W

12123 5Co}i2123 o1l 122301

12-12-23

5

1212713

| B P

12-1/2 23

1 2.3

N

ﬂ/

Permecability
Cocfficient

| _(cm/sec) . .
Nataral Moisture

ontent
| A\Wlje)

—_——

18,2

-4

1.0

liquid

I.imit
Awth)_

Plasticity

Index

Plastic
Limit
| (wt%) _

35. b

20,0

-

VDo

Specific
Gravity

Mechanical
Analysis
QRABVE

-

I~a1s |

@i o o

3

J212.3 K404

L2 12 13 ]

1) Sand (%)

2) Silt (%)

A4

3) Clay (%)

N )

Soil
Classification

LERW

Ly

e

O

[

L-_;\ZA\:E.gL\.'
ALAayey

STy
LA

SEWO
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation D
Sample Type <o Coxe
Test Organization TNV

Sequential Number

Sample
Designation

SCDP

Sample
Date

Sample
Depth
(from surface)

Permeability
Coefficient W "
(cm/sec) TRPCE

Natural Moisture
Content
(wt%) 0.\

Liquid
Limit
(wt%) 29,4

Plasticity
Index

Plastic

(LA

Specific
Gravity

Mechanical
Analysis

1) Sand (%)

2) Silt (%)
1S

3) Clay (%)
' u

Soil
Classification LEaw
Q,LAL
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation

E.

Sample Type ol Coee

Test Organization T VB
Sequential Number
\ A > 4 = Lo 1
Sample
Designation
HOLY SCEL 10t SCEL 11064 SCE| NOLY SCE! [ HOWY SCEI 1119 SCEHOLY SCE
Sample
Date
Ubo=79 {417 1t o2y | 11-0-24 | 1i- =74 | 1=¢o-74) | 1i~G2TH
Sample
Depth / / , / ; / ’
(from surface) 3.0 lo-9 0.4 1 3. 1401 S ~D98.8
Permeability
Coefficient
{(cm/sec)
Natural Moisture
Content
(wt%) 0.2 190 19.7 19.7 21,7 Ro.y |117.9
Liquid
Limit
(wt%) “40.9, 2.4 22.4 A0 B3 | Db 38.8
Plasticity
Index
Plastic
Limit
(wt%) AD.0O
Specific
Gravity
Q.14
Mechanical
Analysis
1) Sand (%)
5
2) Silt (%)
Lolo
3) Clay (%)
o]
Soil L am
1
Classification AN Lo vy Lo e - -y
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Shawnee Disposal Demonstration Soil Characterization Record

Pond Designation

=

SO

Cove

Sample Type

Test Organization

T VA

Sequential Number

8

Q

10

Sample
Designation

NHOLY SCEL

10LY SCE.|

1OeY SCE

Sample
Date

- lo-74

-b~T14

=674

o ——

Sample

Depth
(from surface)

~ —_—
27-5

J

/
~3AS

/
~31.9

Permecability
Coefficient
(cm/sec)

Niatural Moisture
Content

(wt%)

14,

Liquid
Limis
_(w

A0

At N |

Plasticity
Index

1.4

1.8

8.9,

PR

Plastic
I.imit

(wt%)

\S.9

Specific
Gravity

Mechanical
Analysis

1) Sand (%)

2) Silt (%)

AV W T

58

3) Clay (%)

24

Soil
Classification

QLAqEeY
SAND

LC.

LEAN
LAy
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
~ - 6 4 3 2% 1 % B K% 3 4 & 8101416 20 30 40 SO 70 100 140 200 a
1001 T 7T TR R T " 0
;
0 10
[ 1] 20
70 30
£ - §
2 \ ;3
[.]
§ 0 40 :
»
= \ -]
£ 50 08
£ \ 3
g 40 \\ 60 E
- .
-
r N £
30 70
N,
N
20 i 80
10 0
0 100
300 100 50 10 0.5 0.1 0.05 001 0005 - 0.00t
. GRAIN SI1I2E MILLIMETERS
T CuaviL sSanp 7 &% 1
[ cosuts 1 coarst : e | coanse | MLOm T nnt 1 7 4‘ dé" Ot Qay 24' 7’

Soil Symbol

Liquid Limit, % | 22

Voisture Content, 7

r ~| Plastic Limit, % /9.3

Remarks:

Sgecific Gravity | 7,

gPlasticity Inles, 4,2 |

E;-: irkaze Limit, %

Project SHAWNEE S.pP.

Feature Popp ‘4"
Boring Wo. ¢/ S -/ | Sample No. /
Station Offset

Date [/2-2/-732

Elevaticn

GRAIN SIZE ANALYSIS
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U5, STANDARD S'EVE OPIINING IN INCHES U.5. STANDARD SIEVE NUMSERS HYDROMETER
e 6 4.3 2 Va1l U %% 3 4 4 8101418 20 30 40_50 70 100140 200 X .
e T [- S B L L TTT T7yp 1 T - o
i )
?CJ 10
— L N\
o L] \ ’
| .
|
10— L] =
% 80 40
5 - : \ |z
5 AN g
v 82 t 50 &
£ \ 3
T i \ =
v e ! 60 &
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N
29 l - 80
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10 L 20
0 I ' : 100
360 160 50 10 L 0.5 0.1 0.05 0.01 0.003 0.00)
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N I cravet I SAND Tt T < 7
L coeues | Y T Pt { coarse [ DM 1 Finet 1 7."—) /. sarotaar ZO %

a : R s s oyss o B Remarks: 2eily 7’ - ; — - .
S~2i1 Swmbol v Liquid Linit, % i )G :D"_’ LA P:’oject,c‘*f') N Es o S ~
Moisture Conmnt,?ﬁ‘u\’ Plastic Limit, % L=/ 7
- - et Lt — ~s Feature
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U.S. STANDARD SIEVE GFEN.NG IN INCHES U.S. STANDARD SIEVE NUMS3ERS HYDROMETER
= S 4 3 2 W4 Y %% 3 4 & 3101416 20 30 40 50 70 'Q0 140 200
163 f 1 T 3T (7T @i Ts T vy 3T VI T 1*7-_;_\ [}
[ N 10
8o - A 20
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C.7 ION MICROPROBE MASS ANALYZER RESULTS
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1A X4

Median Values of Integrated Ion Currents (nanoamps) Measured by IMMA with Associated

Standard Deviations for Pond Soil Samples Taken Before Introduction of Sludge

Pond 11B+ 24Mg+ 40Ca 75As+ 805e+ 34S- 35Cl-
A Median 0.150 90 79 0.049 0.132 0.077 9.1
Std. Dev. (0.15) (96) (67) (0.122) (0.115) (0.066) (16.5)
B Median 1.73 498 426 0.52 0.65 0.102 48
Std. Dev. (0. 45) (87) (55) (0.32) (0.55) (0.31) (75)
C Median 0.54 336 321 0.307 0.52 0.168 29.7
Std. Dev. (0.080) (85) (42) (0.046) (0.43) (0.065) (6.3)
D Median 0.69 650 314 0.228 2.16 0.135 28.0
Std. Dev. (0. 30) (245) (89) (0.065) (0.41) (0.128) (19)
E Median 1.54 510 357 0.68 1.16 0.066 56.4
Std. Dev. (0.69) (119) (67) (0.29) (0.98) (0.025) (8.3)
B,C,D, Median 1.11 504 339 0.41 0.91 0.118 38.8
and E Std. Dev. (0.58) (154) (55) (0.22) (0. 80) (0.050) (13.9)
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