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EXECUTIVE SUMMARY

The Rocky Flats Plant (RFP) 1s located in northern Jefferson County, Colorado,
approximately 16 miles northwest of downtown Denver The Plant buildings are located
within an area of approximately 400 acres, known as the RFP secunty area. The secunty
area 1s surrounded by a buffer zone of approximately 6,150 acres

In the past, both storage and disposal of hazardous and radioactive wastes occurred at
on-site locations  Prelmnary assessments conducted under Phase I of the
Environmental Restoration (ER) Program identified some of the past on-site storage and
disposal locations as potential sources of environmental contamination

The Department of Energy (DOE) wishes to pursue an internm remedial action for
surface water at the 903 Pad, Mound, and East Trenches Area, now termed Operable
Unmt No 2 (OU2), at the RFP An Internm Measure/Internm Remedial Action
(IM/IRA) Plan has been prepared to 1dentify, screen, and evaluate appropriate interim
remedial action alternatives, and select the preferred intennm remedial action for the
contaminated surface water The purpose of this project 1s to provide technical support
to the IM/IRA 1n the form of bench-scale treatability tests

The OU2 Treatabihity Study Plan (EG&G 1990a), dated October 16, 1990, identified six
mdividual bench-scale tests that were to be performed
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o Granular activated carbon (GAC) for removal of volatile orgamc

compounds

o GAC for removal of radionuchides

o Ion exchange for removal of radionuchdes

o Adsorbents for removal of radionuchdes

o Chemucal coagulation/microfiltration for removal of radionuchdes

o Coagulation/prectpitation/filtration for removal of suspended sohds

Due to the unavailability of radionuchde-contaminated surface waters at the site, only
the GAC tests for removal of volatie orgamc compounds and coagulation/
precipitation/filtration tests for removal of suspended sohids were performed This
document reports on the results of those tests

The evaluation of GAC treatment for removal of volatile orgamic compounds was
hampered by the low levels of volatile organic compounds (VOCs) present in the surface
water tested and the imited volumes treated in the bench-scale GAC columns GAC
was effective 1n removing 100 percent of the VOCs present 1n the surface water tested
The third round of tests provided information on the breakthrough behavior However,
the conclusions regarding breakthrough capacity are uncertain due to the test conditions

The evaluation of coagulation/precipitation/filtration for removal of suspended sohds
was hampered by the low levels of suspended solids present 1n the surface water tested
The coagulants ferrous sulfate and alumunum sulfate were not as effective as fernc
sulfate and ferric chlonde, and pH adjustment did not improve performance Filtration
without addition of coagulants was as effective as filtration after coagulant addition.

This report 1s orgamized imnto six volumes Volume I contains the report on the
treatability testing conducted Volume II contains the data reports from the radionuchde
analyses Volume III contains the data reports from the water qualhity parameters

22558/R7 BS 05-18-92/RPT/2 ES-2
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analyses Volumes IV and V contain the data reports from the metals analyses Volume
VI contains the data reports from the volatile orgamc compound analyses
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1.0
INTRODUCTION

This report presents the results of the bench-scale treatability study for surface waters
at Operable Unit No 2 (OU2) at the Rocky Flats Plant The purpose of this project was
to provide techmcal support in the form of bench-scale treatability tests to the RFP
Environmental Restoration Program. These tests were intended to support the Surface
Water Interim Measure/Interim Remedial Action (IM/IRA)

A plan for the test program entitled Treatability Study Plan, 903 Pad, Mound, and East
Trench Area, Operable Umt Number 2 was issued on October 16, 1990 This
Treatability Study Plan (TSP) defined a program of treatability tests for removing
volatile organic compounds, suspended solids, and radionuchides from surface waters
within OU2 The plan included testing of granular activated carbon for removal of
volatile organic compounds and radionuclides, precipitation and filtration for removal
of radionuchdes and suspended solids, 10n exchange for removal of radionuchdes, and
adsorbents for removal of radionuchides

The treatability study program was conducted :n November and December, 1990
Considerable difficulties were encountered during the field sampling program in
obtaiming sufficient volumes of surface water from the sampling locations specified 1n the
TSP In addition, the levels of radionuchdes 1n the surface water collected were too low
to conduct the tests for radionuchde removal The tests for removal of volatile organic

22558/R7 1 05-18-92/RPT/2 1-1
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compounds using granular activated carbon and suspended sohds removal using
coagulation/precipitation and filtration were completed

Treatability tests involving radionuchdes were planned to be re-imtiated in the spring of
1991, when surface water would be more available It turned out, however, that
sufficient supplies of radionuchde-contaminated surface water were still not available
Additionally, by that time, design of the full size surface water treatment system was
being finalized Since the results from the treatability study tests would not be available
m time to support the design effort, emphasis was shifted to the field-scale treatability
tests, and the bench-scale tests for radionuchde removal were not completed for this
report
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TREATABILITY TEST PROGRAM OBJECTIVES

The treatability program defined 1n the TSP included the following tests

o GAC for removal of volatile organic compounds

. GAC for removal of radionuchdes

o Ion exchange for removal of radionuchides

. Adsorbents for removal of radionuchdes

o Chemucal coagulation/microfiltration for removal of radionuchdes

o Coagulation/precipitation/filtration for removal of suspended solids

As stated previously, no tests for removing radionuchides were performed due to the low
levels of radionuchides measured 1n the surface water collected for testing The following
tests were performed

o GAC for removal of volatile orgamic compounds
. Coagulation/precipitation/filtration for removal of suspended sohds

The objective of the GAC treatability test was to evaluate the removal efficiencies of
various types of GAC for the treatment of orgamic contaminants in the surface water at
the RFP The organics of interest include vinyl chlonde, methylene chlonde, 1,1-
dichloroethene, 1,1-dichloroethane, 1,2-dichloroethene (total), carbon tetrachloride,
trichloroethene, and tetrachloroethane
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The primary objective of the coagulation/precipitation/filtration test was to determine
the most effective coagulant and 1ts corresponding optimum dosage and operating pH
The effectiveness of filtration for further reduction of suspended solids was also
evaluated
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3.0

FIELD SAMPLING PROGRAM

The following subsections reference the Samphing and Analysis Plan (SAP), which 1s
Appendix B to the TSP, and the Field Sampling Plan (FSP) and the Laboratory Analysis
Plan (LLAP), which are Appendixes B-1 and B-2, respectively, to the TSP Surface water
samples were collected for use in the treatability tests The sampling was performed 1n
accordance with the SAP and Rocky Flats Standard Operating Procedures (SOP) The
SAP was wntten specifically for this program and included all field and laboratory
studies An FSP was prepared to guide field water sample collection efforts The FSP
set forth gmdehnes to evaluate site-specific conditions, meteorologic and hydrologic
characteristics and contaminant distribution data 1n order to obtamn water samples that
could be used for treatability testing The following subsections discuss constituents
proposed for analysis, the number and volume of samples that were to be taken,
proposed sampling locations, proposed sampling dates, and deviations from the FSP

3.1 LOCATIONS SAMPLED

Figure 3-1 1illustrates the proposed locations of the sampling sites, as designated n
Figure B-1-1 of the FSP The proposed sites included the following
SW-50 SW-55 SW-61

SW-51 SW-57 SW-63

22558/R7 3 05-18-92/RPT/2 3-1
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SW-52 SW-58 SW-64
SW-53 SW-59 SW-77

Details concerning the locations of the proposed sampling sites relative to the 903 Pad,
Mound, and East Trenches Areas of Operable Umt No 2 are provided in Subsection 1 1
of the FSP and 1 Section 3 4 of this report

The objective of the field samphing program was to obtain water samples that were to
be used 1n assessing the performance of various treatment alternatives A primary
requirement for water samples used 1n the treatability study was that the samples contain
contaminant concentrattons which were within the average to high range of
concentrations historically exhubited at the site This requirement and the hydrogeologic
factors which iimited the number of sites available for sampling during the sampling
period were the primary factors which determined sample location selection and
sampling procedures However, fire safety restrictions prevented sampling at site SW-53
on November 29, 1990 and December 5, 1990 No vehicle traffic was permutted m the
buffer zone area on these dates because of dry conditions, which produced a high fire
risk

3.2 SAMPLE COLLECTION METHODS

Sample collection methods were described 1 Section 34 of the FSP The precise
volumes of water taken from a given site on a given date depended on the flow
conditions at the time of the samphng event Depending upon the number of sites
contaiming water at the time of the sampling, approximately equal volumes were to be
collected at each site, if each site produced sufficient water to permut this
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In the FSP, the water samples were to be placed in polyethylene carboys of
approximately S gallons capacity each Due to the handling ease and improved cooling
ability to be gamned by using 1-gallon polyethylene bottles and 4-liter containers, these
containers were substituted for the carboys Also, in order to mmmmize volatihzation of
volatile organic compounds (VOCs), one-liter glass containers with hds fitted with septa
were used to collect samples to be used in VOC treatability tests No chemical
preservatives were used in the treatability samples The samples were cooled as
described 1n Rocky Flats Plant Surface Water Data Collection Program Standard
Operating Procedure No 3, Sample Containers, Preservation, Handling, Packaging, and
Shipping The surface water samples were not composited 1n the field

Samphing activities were performed and documented 1n accordance with the following
Rocky Flats Plant Surface Water Data Collecion Program Standard Operating
Procedures

o SOP No 2 Sample Control and Documentation
o SOP No 4 General Equipment Decontamination
. SOP No 5 Level D Personnel Decontamination

. SOP No 9 Waste Management
o SOP No 13 Chain of Custody Procedures
o SOP No 14 Logbook Protocol

Prior to the scheduled sampling event, existing hydrologic conditions were assessed to
determune the presence of water available for sampling at the samphing locations Based
on this imnformation, the greatest volumes of water were to be collected from sites
producing the highest discharge of water
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3.2.1 Sampling Events, Dates, and Quantities

Four weekly sampling events were anticipated The events were scheduled to occur on
or about the dates listed in Section 5 0 of the TSP Quantities proposed to be collected
are also listed in Section 50 of the TSP As described 1 Section 34 of the FSP,
approximately 250 gallons of water samples were to be obtamned for use mn the
treatabihity studies The volumes to be obtained each week for use 1n the treatability
tests vaned, depending upon the types of tests being performed during a given week
Table B-1-1 of the TSP Lsts the approximate volumes of surface water required for use
m the treatability tests The volumes of water listed in Table B-1-1 would include
sufficient sample to provide (1) sample for the characterization of source matenal, as
discussed 1n the TSP, Appendix B, Section 2 0, (2) samples for treatabihty tests, as listed
1n Table B-1-1, and (3) sufficient residual for testing of end products

3.3 DEVIATIONS FROM ORIGINAL FIELD SAMPLING PLAN

The IM/IRA Plan (IM/IRAP document), September, 1990 describes the suspected
contaminant sources mm OU2  Section 25 of the TSP details the contaminant
distnbution. Surface water contaminant distribution 1s described 1 Section 2.5 2 of the
TSP Section 2 5 2 of the TSP presents five tables from the IM/IRAP document to list
chemical-specific ARARs and flow-weighted maximum concentrations of the
contaminants of concern. Table 2-5 of the TSP presents flow-weighted maximum
concentrations at various groups of stations The data presented in the table include the
average and maximum concentrations at the group of stations, the estimated flow at the
group of stations based on wet season flow measurement, the flow-weighted average
concentration, and the flow-weighted maximum concentrations Flow-weighted averaging
1s intended to define the probable influent average and maximum concentrations for
these constituents for the IM/IRA treatment system. Therefore, when selecting sites for
sampling during the field activities, the data in Table 2-5 were used to select sites

22558/R7 3 05-13-92/RPT/2 3-5
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containing the average to maxumum concentrations found 1n the surface water locations
The data contained in the TSP were used to determune which of the surface water sites
contaiming water at the time of the scheduled sampling event possessed the maximum
historic concentrations of VOCs and/or radionuclides The sampling effort concentrated
on collecting as much water as was possible from such sites

The IM/IRAP document contains water quality data for samples obtained from several
surface water locations downslope to the southeast of the 903 Pad The surface water
stations described 1n the IM/IRAP document which, if flowing, would be sampled under
the treatability test program were SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and
SW-77 In addition to these stations, samples for treatability testing purposes would also
be taken from the following stations SW-53, SW-63, and SW-64, if flowing

Station SW-50 1s closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50
SW-51 and SW-58 are located in a ditch along the road east of SW-50, however,
overland flow from SW-50, SW-52, and SW-57 may also enter the ditch Water in the
ditch passes under the road south of these locations through a culvert The discharge
of the culvert 1s SW-55 SW-77 1s another surface water location on the east side of the
road, immediately northeast of SW-55 The IM/IRAP document notes that SW-51, SW-
58, and SW-535 are physically connected and they likely receive flow from SW-50, SW-52,
and SW-57 Farther downgradient stations include surface water locations at SW-53,
SW-63, and SW-64

Surface water stations associated with Upper South Walnut Creek which were to be
sampled during this program include SW-59 and SW-61 The flow ;n South Walnut
Creek upstream of Pond B-4 1s primarnly the combined flow from the discharge of
culverts and a spring (SW-59) located at the base of the hill to the south and
downstream of the culverts SW-61 1s located at the confluence, providing a point for
sampling combined flow

22558/R7 3 05-18-92/RPT/2 3-6
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As noted 1 Section 2 52 1 of the TSP, data for surface water locations 1n the vicimity of
the 903 Pad Lip Site indicate that trichloroethene (TCE) 1s occasionally present at SW-
53, and low concentrations of TCE occur at SW-63 (<0020 ug/L) and at SW-64 Data
for stations SW-59 and SW-61 indicate the presence of TCE 1n concentrations 1n excess
of 200 ug/L

As also noted 1n Section 2 5 2 1 of the TSP, surface water locations 1n the vicimity of the
903 Pad Lip Site, particularly SW-50 and SW-53, contained detectable plutomum and/or
americlum during one event i 1989, with two such events for SW-53 The samples
contained substantial suspended solids and were not filtered at the time of collection
Surface soils mn the vicomty of the surface water locations are contaminated with
radionuchdes Further, total radiochemmstry indicated notable higher plutomum and
americlum concentrations mn unfiltered samples than in filtered samples, which the
IM/IRAP document interprets to mean that most of the radionuchdes are present 1n a
particulate form

The TSP reported that analytical results for a sampling program which involved
collection and incremental filtration of samples obtained at the 903 Pad Lip Area
appeared to support the hypothesis that plutomum and americium were primarly
associated with particles 1n excess of 045 um 1n size These data indicated that the
highest concentrations of total radionuchides were found in water samples obtained from
SW-53, SW-55, SW-58, and SW-77 None of these sites were expected to contain water
for sampling purposes during the months of October or November, however, site SW-53
contained small amounts of water in November

A primary requirement for surface water samples to be used 1n the treatability study was
that the samples contain contaminant concentrations within the average to high range
of concentrations historically exhibited at the site The hydrologic factors associated with
the site affected sampling activities by limiting the number of sites contaimng water at
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the time of scheduled sampling events Sites were presurveyed for the presence of water
available at the site for sampling prior to the sampling dates

Table 3-1 presents the status of the surface water stations as surveyed prior to the
sampling events With the exceptions of sites SW-53, SW-55, SW-59, SW-61 and SW-64,
the sites were dry for the duration of the samphng and treatability testing efforts Of
these sites, SW-33 and SW-59 were selected as best representing the water quahity and
source areas needed for treatability testing, therefore, sites SW-53 and SW-59 were used
to obtain samples SW-53 (903 Lip Area), located 1n a zone of americium contamination
was a small hole containing extremely turbid water, but 1t was possible to obtain small
amounts for the treatability tests on removal of TSS Due to the water quality
considerations and flow availability restrictions discussed above, only sites SW-53 and
SW-59 were used to obtain samples for use in treatability testing

Table 3-2 hists the dates on which samples were collected, the sample collection site used
for obtaining the samples, the total volume of the samples, sample containers used, and
the dates on which the samples arrived at the treatability laboratory As previously
noted, glass bottles, one-gallon polyethylene bottles, and 4-liter polyethylene cubitainers
were substituted for the large, polyethylene carboys onginally proposed as sample
containers m the FSP To mimmize the loss of volatiles during the filing of sample
containers, 1-hter glass bottles were substituted for the large, polyethylene carboys
discussed 1n Subsection 32 The bottle caps were fitted with a septum to permut the
bottle to be filled with no headspace For ease of handling, samples collected for use
in total suspended sohds treatability tests were collected into 4-hter cubitainers, rather
than the polyethylene carboys Some samples were also collected in 1-gallon
polyethylene bottles
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34 CHEMICAL CHARACTERIZATION OF SAMPLES

The constituents analyzed are discussed in Appendix A-2 of the TSP, the Laboratory
Sampling Plan, Section 2 1, Laboratories and Analytes

3.4.1 Radiation Screening

Samples collected 1n the field required radiation screening before they could be shipped
offsite from RFP to the laboratory This process required from one to two days The
samples were hand-delivered to the 881 Lab at RFP by the field samphng team, and
were kept cool while at the 881 Lab and during shipment to the treatability test
laboratory Additional gross alpha/beta screemng of some field water samples was
performed at the treatability test laboratory using alpha-beta counting methods

3.4.2 Analysis for VOCs, Metals, Radionuclides

The composited water samples from the field were characterized before their use in the
treatability tests The samples were analyzed for the volatiles suite, metals suite,
radionuchde suite, and water quality parameters listed in Tables B-2-2 and B-2-3 of
Appendix B-2 to the TSP

Analytical results for composited water characterization (CWC) samples are contained
in Extubit A. The laboratory data reports for these analyses are contained in Volumes II
through VI of this report

3.4.3 Data Validation

The data were evaluated at the levels specified in Section 3 4 of Appendix C of the
Treatabihity Study Plan in accordance with the gwdelines stated in EG&G Data
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Vahdation Functional Guidelines (EG&G 1990b) This mcluded a review of the
analytical laboratory data package for completeness and acceptabihty of the information
listed 1n Table C-3 of Appendix C of the TSP The chains of custody, holding times,
results of method blanks, laboratory control samples, and other laboratory quality control
(QC) samples, results of calibration, and results of QC samples submutted from the
bench scale treatabihity studies were reviewed

The overall data quality was considered excellent, with very few sample results requiring
quabfication The thalhum results 1n several samples and the iron result 1n one sample
were flagged as estimated, meamng that the letter "J" appears to the nght of the
analytical result to indicate that the value 1s estimated due to poor matrix spike recovery
All data results were vahd so that completeness was 100 percent
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TABLE 3-1

CHRONOLOGY OF FIELD SAMPLING

Survey Water Conditions/
Date Station Observations
9/19/90 SW-61 Sampled for site-wide surface water program
Approximately 18 8 liters collected on 9/19/90
9/20/90 SW-77 Dry
9/20/90 SW-50 Dry
SW-51 Dry
SW-52 Dry
SW-53 Dry
SW-55 Dry
SW-57 Dry
SW-58 Dry
9/25/90 SW-59 Sampled for surface water momtoring site-wide
program Approximately 18 8 hters collected on
9/25/90
11/6/90 SW-59 Collected 47 liters for Treatability Testing
11/12/90 SW-59 Collected 57 Iiters for treatability testing
SW-53 Collected 19 Liters for treatability testing
11/19/92 SW-50 Dry
SW-51 Dry
SW-52 Dry
SW-53 Contains approximately 12 Iiters of very silty
water
SW-55 No apparent flow, contains approximately 1 liter
of standing water
SW-57 Dry
SW-58 Dry
SW-59 Flow less than 1 liter/munute
SW-61 Flow approximately 10 liters/minute
SW-63 Dry
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TABLE 3-1
(Concluded)

Survey Water Conditions/
Date Station Observations
11/19/92 SW-64 Site 15 a depression resembhing a large tire rut,

contamns 2 to 3 gallons of water, which may be
either surface runoff or snowmelt

SW-77 Dry
11/26/90 SW-59 Collected 111 Iiters for treatability testing
12/5/90 SW-59 Collected 80 Iiters for treatability testing

22558/R73 05-18-92/RPT/2 3-12




TABLE 3-2

SURFACE WATER SAMPLING DATES, COLLECTION
SITES, VOLUMES, AND CONTAINERS

Date Samples  Collection Sample Contamer Type and Number

Date Samples

| Were Collected Site Volume of Containers Arnived at the
Lab
\ 11/6/90 SW-59 ‘47 hiters 1-liter glass bottles/47 11/8/90
11/12/90 SW-59 57 hters 1-gallon polyethylene 11/14/90
bottles/15
11/12/90 SW-53 19 liters 1-gallon polyethylene 11/14/90
bottles/5
11/26/90 SW-59 *51 liters 1-hter glass bottles/51 11/27/90
11/26/90 SW-59 60 hters 4-liter cubitainers/15 11/27/90
12/5/90 SW-59 80 hters 4-Liter cubitainers/20 12/6/90

Used for VOA treatability tests
. " Used for suspended solds treatability tests
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Name Date

4.0
BENCH TEST PROGRAM

4.1 COAGULATION/PRECIPITATION/FILTRATION TESTS
4.1.1 Objective

As stated 1n the TSP these tests were to evaluate the method to remove suspended sohds
from OU2 surface water Removal of suspended solids was considered essential to
prevent fouling or plugging of subsequent treatment operations in the OU2 IRA. The
objective of these tests was to evaluate the effectiveness of various coagulants for
removing suspended solids from OU2 surface waters Optimum dosages and operating
pH levels were also evaluated The benefits of using a polymer as a coagulant were also
investigated Finally, the effectiveness of filtration for further reduction of suspended
solids was studied The evaluation of suspended solids removal was the only objective
of these tests A separate test program to evaluate coagulation/filtration for
radionuchde removal was included 1mn the TSP These tests were not conducted because
of low radionuchide levels in the surface water samples, as discussed previously

The tests were conducted 1n three rounds The first round of tests was to screen the
coagulants to establish those which were most effective and to determine the optimum
dosages and pH values The second round of tests provided further evaluation of these

vanables and also included testing of polymer coagulants The third round of testing
added filtration tests
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4.12 Test Method and Equipment

Coagulation/precipitation was evaluated using jar tests A multiple jar testing apparatus
with paddle stirrers was used One-liter samples were used duning the first two rounds
of tests, and five-liter samples were used for the third round

The first step in the jar test procedure was adjustment of the pH as necessary with the
addition of hydrochlonc acid or sodium hydroxide Sufficient reagent was added to
achieve the target pH, the amount added was not recorded The coagulants were added
to each jar at the desired dosage and the solution was rapidly mixed for one minute
The solution was than mixed at slow speed for 20 minutes Then the solids were allowed
to settle for 15 minutes The nature and setthing rate of the suspended solids were
recorded After the solid setthng period, a sample of the supernatant water above the
settled sohds was collected for analyses The supernatant sample was only analyzed for
total suspended sohids (TSS) content for rounds one and two The supernatant sample
was also analyzed for metals and water quahty parameters for round three The final
temperature and pH were recorded for each jar test A sample of the inlet water prior
to pH adjustment or coagulant addition was analyzed for the same parameters as the jar
test samples to establish base conditions prior to treatment

The third round of testing included filtration of the jar test hquid following settling of
suspended solids The supernatant was decanted from the jar and filtered through a
sand filter Filter testing was done using a 1-inch diameter glass column filled with 2
feet of filter sand A feed tank and peristaltic pump were used to pump the water
through the columns The rate of fluid flow through the column and the time required
to filter the volume of supernatant was recorded A sample of the filtrate was analyzed
for TSS, water quality parameters, and metals
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Details of the test apparatus and procedures are given in the Treatability Study Work
Plan, which 1s Appendix A of the TSP

4.1.3 Test Runs

Three rounds of testing were conducted The results from previous test rounds were
used to select test parameters for subsequent rounds

4.1.3.1 Round 1 Testing

The first round of testing included testing of all five coagulants selected in the TSP
These coagulants were tested at variable dosages and pH levels The objective of this
round was to screen the coagulants to select the most effective for further testing and
to establish the optimum dosages and pH levels

The following coagulants were tested

o Aluminum sulfate
. Ferrous sulfate

. Ferric sulfate

. Ferric chlonde

Each of these coagulants was tested at the following dosages and pH levels

. 15 mg/L and 25 mg/L
e pHG,8, 10, and 11

The experiments were conducted using surface water collected from location SW-59 on
November 12, 1990 The mmtial charactenization of this water has been discussed 1n
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Section 3 and the results of the analyses are presented mn Exhibit A. A sample of this
water was taken for gross alpha and beta radioactivity screeming on November 14
(sample number 02CWC1001) and the results are presented in Table A-5 A sample of
this water was taken on November 20, 1990 (sample number 02CWC1003) and analyzed
for water quality parameters, metals, volatile orgamc compounds, and radionuchdes
The results are presented in Tables A-1 through A-4

Table B-1 in Exhibit B presents the results for the Round 1 tests Ths table includes
data on the test conditions, TSS analyses, and visual observations of floc formation and
setthng rates The Round 1 tests were conducted between November 21 and November
27,1990 Inlet samples of the water before treatment were collected and analyzed for
TSS on November 21 and November 27 and the results reported were 11 mg/L and
<5 mg/L (detection limit), respectively Analysis for TSS was the only chemical analysis
conducted for the Round 1 jar tests consistent with the TSP The laboratory data
reports for the TSS analyses are included mm Volume III of this report

The conclusions drawn from the Round 1 tests were primarily based on the visual
observations of the quantity and charactenstics of the suspended solid floc which formed
and the rate of sohds setthng The low levels of TSS reported in the untreated water
and the low levels measured 1 most of the jar test samples made 1t difficult to base
judgement of coagulant performance on these analyses The objective of the tests was
to determine optimum conditions for removal of suspended sohds from the untreated
water The levels of suspended solids 1n the untreated water were so low that treatment
1n many cases produced httle or no reduction and 1n some cases increased the suspended
solids content Therefore, evaluation of the optimum coagulants, coagulant doses, and
pH levels was based pnmarnly on observations of the amount and type of floc which
formed and the settling rate
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Review of the data mn Table B-1 indicated that for all coagulants tested at high pH
values, considerable precipitation occurred during pH adjustment This was probably
due to the precipitation of dissolved metal cations present in the untreated water,
principally calcium and magnestum  The objective of the tests was to use coagulants to
remove suspended solids, not to precipitate dissolved metals Therefore, the maximum
pH used for the Round 2 and 3 tests was 10 Alumnum sulfate did not produce a
visible floc except at the high pH values As stated, this floc formation was likely due
to precipitation of dissolved metals and so aluminum sulfate was deleted from testing
in Rounds 2 and 3 There appeared to be no benefit to using the higher dosage of 25
mg/L for the iron coagulants versus the 15 mg/L dosage The dosage of iron coagulants
was limited to 15 mg/L for Rounds 2 and 3

4.1.3.2 Round 2 Testing

The second round of testing included testing of the iron coagulants retained after the
first round of tests The use of two polymer coagulant aids was included in the Round
2 tests as well The objectives of the second round of tests was to further evaluate the
coagulants and pH levels prior to the final round of testing which was to include
filtration tests as well

The second round of testing included the following conditions

o Coagulants - ferrous sulfate
fernc sulfate
fernc chlonde

o Coagulant aids (polymer)
Nalco 8102 (cationic) at 10 mg/L
Nalco 8182 (shghtly amonic) at 05 mg/L

22558/R7 4 05-18-92/RPT/2 4-5




EG&G ROCKY FLATS PLANT

Final Bench Scale Treatability Study Report for QU2 Section Bench Test Program
Page 6 of 15
Effective Date May 22, 1992
Orgamization ERT
o pH levels

unadjusted (natural water pH)

8

10

The coagulant dosages were maintained at 15 mg/L for the Round 2 tests

The experiments were conducted using surface water collected from location SW-39 on
November 12 and 26, 1990 The imtial characterization of these waters has been
discussed m Section 3, and the results are presented in Exhibit A. A sample of the
water collected on November 12 was taken on November 14 (sample number
02CWC1001) for gross alpha and beta radioactivity screemng, and results are presented
1n Table A-5 A sample was taken on November 20 (sample number 02CWC1003) and
analyzed for water quality parameters, metals, volatile orgamic compounds, and
radionuchides The results are presented in Tables A-1 through A4 A sample of the
water collected on November 26 was taken on November 28 (03CWC1005) and
submutted for analysis of water quality parameters, metals, and radionuchides The
results are presented in Tables A-1, A-2, and A-4, respectively

Table C-1 1 Exhibit C presents the results for the Round 2 tests The table includes
data on the test conditions, TSS analyses, and visual observations of floc formation and
settling rates The Round 2 tests were conducted on November 29 and 30, 1990 Inlet
samples of the water before treatment were collected and analyzed for TSS on
November 29 and 30 and the results reported were 7 mg/L and <5 mg/L, respectively
Analysis for TSS was the only chemical analysis conducted for the Round 2 jar tests
consistent with the TSP The laboratory data reports for the TSS analyses are included
1n Volume III of this report
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The conclusions drawn from the Round 2 tests were primarily based on wvisual
observations of the quantity and charactenstics of the suspended solid floc which formed
and the rate of solds setthing The low levels of TSS reported n the untreated water
and the low levels measured 1n most of the jar tests made 1t difficult to base judgement
of coagulant performance on these analyses

Review of the data in Table C-1 indicated that the ferrous sulfate coagulant produced
no or very small floc that did not settle Ferrous sulfate was deleted from testing in
Round 3 There did not appear to be any advantage to using a pH level of 10 for any
of the coagulants The pH levels for the Round 3 tests were hmited to natural
unadjusted pH and a pH of 8

The Nalco 8182 polymer coagulant aid appeared to improve mummally the ferric
chloride performance but did not appear to improve the performance of the fernc
sulfate Testing of higher dosages of Nalco 8102 was included in the Round 3 tests

4.1.3.3 Round 3 Testing

The third round of testing included testing of the coagulants retained after the first two
rounds of tests The use of filtration through a sand column to increase the removal of
suspended solids was also included in the Round 3 tests The water samples were
chemucally analyzed for water quality parameters and metals for the Round 3 tests

The third round of testing included the following conditions
° Coagulants - none

ferric sulfate at 15 mg/L
fernic chloride at 15 mg/L
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o Coagulant aids (polymer)
Nalco 8102 (cationic) at 10 and 2 0 mg/L
Nalco 8182 (shghtly amomc) at 0 S mg/L

. pH levels
unadjusted (natural water pH)
8

The expennments were conducted using surface water collected from location SW-59 on
December 5, 1990 The mmtial characterization of this water has been discussed
Section 3, and the results are presented in Exhibit A. A sample of this water was taken
on December 7, 1990 (04CWC1006) and submutted for analysis of water quality
parameters, volatile organic compounds, metals, and radionuchides The results are
presented 1n Tables A-1 through A-4

Table C-1 in Exlubit C presents the results for the Round 3 tests The table includes
data on the test conditions, TSS analyses, visual observations of floc formation and
settling rates, and filtration rates The Round 3 tests were conducted from December
7 through 11, 1990 Inlet samples of the water before treatment were collected and
analyzed for TSS on December 7 and 10, and the results reported were <3 3 mg/L and
37 mg/L, respectively The samples collected during the Round 3 tests were also
analyzed for water quality parameters and metals, and these results are presented in
Tables D-2 and D-3, respectively The laboratory data reports for the analyses are
included 1n Volumes III, IV, and V of this report

The suspended solids levels 1n the surface water used for the Round 3 tests were very

low There was no sigmficant difference in the TSS values after filtration between the
control sample (no coagulant addition or pH adjustment) and the other test samples
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Review of the data in Table D-2 indicates that the water quality parameters were similar
for all samples

Review of the data on total metals content in Table D-3 indicates that, with the
exception of iron, the metals which were reported at elevated concentrations (Ba, Ca,
Mg, K, Na, Zn) did not exhib1t sigmficant differences with pH levels, coagulant addition,
or before or after filtration The levels of irron were 1n general higher for samples which
were dosed with ferric chloride or ferric sulfate and the levels were reduced by filtration
These results are as expected In many cases, the concentrations reported for samples
after coagulation or coagulation and filtration were higher than concentrations reported
for the untreated water for metals detected at low levels These data may be due to
impurities present in the chemicals added or may be due to laboratory anomalies The
heavy metals As, Cd, Cr, N1, T, and V were reported at levels sigmificantly greater than
detection limuts for only a few samples, and the values for the inlet water samples prior
to coagulant addition or pH adjustment were 1n almost all cases below detection limits
No sigmficant conclusions can be drawn with regard to removal of these metals by
precipitation and filtration Rewview of the data mn Table D-3 indicates that no sigmficant
conclusions can be drawn regarding reductions i the concentration of Al, Cu, Pb, or
Mn

42 GRANULAR ACTIVATED CARBON (GAC) TESTS
4.2.1 Objective

The objective of these tests was to evaluate the use of GAC for the removal of volatile
organic compounds from surface water at the Rocky Flats Plant The evaluation of
removal of radionuchdes was also an objective 1n the TSP However, due to the low
levels of radionuchdes present in the surface water collected during the test program,
testing for radionuclide removal was not conducted The tests were conducted in three

22558/RT 4 05-18-52/RPT/2 4-9




EG&G ROCKY FLATS PLANT

Fimal Bench Scale Treatabihity Study Report for QU2 Section Bench Test Program
Page 10 of 15
Effective Date May 22, 1992
Orgamzation ERT

rounds The objective of the first round of testing was to establish VOC removal
efficiencies for a number of different types of GAC and to select the two most promising
types of GAC for further testing The second round of testing was intended to establish
compound-specific removal effictencies for the two types of GAC selected from the
Round 1 tests The third round of testing was intended to determune breakthrough
behawvior for the two types of GAC The low levels of VOCs present 1n the surface
water samples and the difficulty encountered in obtaiming adequate volumes of surface
water forced some modifications to these objectives, as will be described

422 Test Method and Equipment

The use of GAC for VOC removal was evaluated using fixed columns of GAC Five
columns were operated 1n parallel for the first two rounds of testing, and one column
was used for the third round of testing The glass columns were 1 inch 1n diameter and
were filled with approximately 1 foot of GAC for the first two rounds of testing and
approximately 5 mches of GAC for the third round of testing The surface water was
fed to the columns using penstaltic pumps All flow to the columns was downflow The
suspended solids content of the feed water was so low that no filtration was required
prior to GAC columns

The evaluation of performance for the first two rounds of testing was based on the
comparnison of organic compound analysis of a grab sample of the inlet water and grab
samples of water collected from the outlet of each column at the conclusion of the test
run Multiple grab samples were collected from the outlet of the test column for the
third run The performance data for Rounds 1 and 3 were based on percent reduction
I peak area using an on-site gas chromatograph (GC) for analysis of orgamc
compounds The performance data for the Round 2 tests were based on compound-
specific analysis of orgamc compounds at a commercial laboratory The Round 2 tests
also included analysis for water quality parameters
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Details of the test apparatus and procedure are given 1n the Treatability Study Work
Plan, which 1s Appendix A of the TSP

4.2.3 Test Runs

Three rounds of testing were conducted The Round 1 tests evaluated the removal
efficiency of total VOCs for five different types of GAC The intent was to select the
two most promusing types of GAC for further testing However, the results obtamned did
not provide any basis for selection and so all five types of GAC were included in the
Round 2 tests The Round 2 tests evaluated the removal efficiencies for individual
VOCs The results of the Round 2 tests did not provide any basis for comparison of the
different types of GAC A single type of GAC was selected for the third round of
testing The Round 3 tests evaluated the breakthrough behavior based on the removal
of total VOCs

4.2.3.1 Round 1 Tests

The first round of testing included evaluation of the removal efficiencies of all five GAC
specified in the TSP The objective of this round was to screen the different types of
GAC to select the two most promusing for further evaluation The five types of GAC
tested were

. Calgon Filtersorb 300 (12x40 mesh)
o Calgon Filtersorb 400 (12x40 mesh)
. Nort 4000 (12x40 mesh)

o Yakima CYP (12x40 mesh)
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J Yakima C-C (12x40 mesh)

The expeniments were conducted using surface water collected from location SW-59 on
November 6, 1990 The mmtial characterization of this water has been discussed m
Section 3 0, and the results of the analyses are presented mn Exhibit A. A sample of this
water was taken on November 13, 1990 (sample number 01CWC1001) and submitted for
analysis for water quality parameters, metals, volatile orgamic compounds, and
radionuchdes The results are presented mn Tables A-1 through A-4

The Round 1 tests were conducted using a GAC bed depth of approximately 1 foot, a
feed rate of 10 ml/min, and a run duration of 4 hours, as specified 1n the TSP An inlet
water sample was collected at the start of the testing and an outlet sample was collected
from each of the five columns at the end of the test run. The evaluation was based on
reduction 1n total peak area using an on-site GC for analysis of the VOC content of the
samples The peak areas were expressed as total organic compounds (TOC) cahibrated
as I,1-dichloroethene (1,1-DCE)

The results for the Round 1 tests are presented in Exhubit E The run parameters for
the Round 1 tests are summarized 1n Table E-1 The Round 1 tests were conducted on
November 14, 1990

The results for GC analysis of the samples are presented in Table E-2 All of the GAC
types tested removed 100 percent of the TOC in Round 1 This can be attributed to the
low levels of VOCs 1n the water and to the hmited volume of water (less than 20 bed
volumes) treated There was no basis for selection of two GAC types for further testing,
so all five GAC types were retained for the Round 2 tests
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423.2 Round 2 Tests

The objective of the second round of testing was to evaluate the removal efficiencies of
the five types of GAC for individual volatile organic compounds Analysis of water
quality parameters was also included 1n this round of testing

The experiments were conducted using surface water collected from location SW-59 on
November 6, 1990 The mmtial characterization of this water has been discussed 1n
Section 3, and the results of the analyses are presented in Exhibit A. A sample of this
water was taken on November 13, 1990 (sample number 01CWC1001) and submitted for
analysis for water quality parameters, metals, volatile organic compounds, and
radionuchides The results are presented 1n Tables A-1 through A-4

The Round 2 tests were conducted using a GAC bed depth of approximately 1 foot, a
feed rate of 30 ml/min, and a run duration of 2 hours, as specified i the TSP An inlet
water sample was collected at the start of the testing, and an outlet sample was collected
from each of the five columns at the end of the test run These samples were submtted
to commercial laboratories for analysis of individual VOCs and water quality parameters
The laboratory data reports for the water quahty analyses and VOC analyses are
mcluded 1n Volumes I and VI, respectively, of this report

The results for the Round 2 tests are presented in Extubit F The Round 2 tests were
conducted on November 26, 1990 Table F-1 summanzes the test run parameters

The results reported for the analysis for volatile organic compounds are presented in
Table F-2 Rewiew of the data in Table F-2 indicates that all of the GAC types tested
removed 100 percent of every volatile organic compound detected 1n the inlet water
This can be attributed to the low levels of VOCs 1n the water and to the himited volume
of water (less than 24 bed volumes) treated The procedures for the Round 3 testing
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were modified from the TSP 1n an attempt to achieve breakthrough A single type of
GAC was selected for an extended run.

The results reported for analysis of water quality parameters for the Round 2 samples
are presented mn Table F-3 The suspended solids content of the inlet water was below
the detection hmut, and no changes occurred during flow through the GAC columns
The pH increased after passing through all of the GAC columns This change 1n pH 1s
common when water 1s contacted with virgin GAC

4.2.3.3 Round 3 Tests

The objective of the third round of testing was to evaluate the breakthrough behavior
of a GAC column 1n treating VOC-contaminated surface water An extended run was
conducted using a single column of GAC

The experiments were conducted using surface water collected from location SW-59 on
November 26, 1990 The mtial characterization of this water has been discussed in
Section 3, and the results of the analyses are presented 1n Exhibit A. A sample of this
water was taken on November 27, 1990 (sample number 03CWC1004) and submutted for
analysis for volatile organic compounds The results are presented in Table A-3

The Round 3 test was conducted using a GAC bed depth of approximately S inches and
a feed rate of 30 ml/min The bed depth was reduced from the 1 foot used in the
Round 1 and 2 tests in order to increase the opportunity for breakthrough A sample
of the inlet water was collected prior to starting the test The flow of water through
GAC was mitiated and allowed to continue overmight for a period of approximately 15
hours before collection of the first outlet sample Additional outlet samples were
collected at intervals of approximately 2 hours until all of the available inlet water had
been processed The samples were analyzed using the on-site GC, and the results were
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evaluated based on reduction 1n total peak areas The peak areas were expressed as
TOC calibrated as 1,1-DCE

The results for the Round 3 tests are presented in Table G-1 of Exlubit G The Round
3 test was conducted on November 27 and 28, 1990 The results indicate that the first
effluent sample showed detectable amounts of TOC The TOC levels 1n subsequent
samples showed a slow but steady increase unti the test was termunated when the
available feed water was used up This data indicate that column breakthrough may
have begun after 379 or fewer bed volumes had been processed However, the use of
only a 5-inch bed depth may have produced premature imndication of breakthrough due
to the length of the mass transfer zone exceeding the available bed depth
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5.0

SUMMARY AND CONCLUSIONS

Bench-scale treatability studies for OU2 surface waters have been completed These
tests were done to provide technical support to the Rocky Flats Plant Environmental
Restoration Program

Bench scale tests were performed on the following technologies

| Coagulation/precipitation/filtration for removal of suspended solids
o GAC for removal of VOCs

The onginal test plan included bench scale tests of several technologies for removing
radionuchdes However, due to the unavailability of radionuchde contaminated surface
waters, these tests were not performed

The coagulation/precipitation/filtration tests evaluated the following coagulants and
coagulant aids

o Aluminum sulfate
o Ferrous sulfate

. Ferric sulfate

o Ferric chlonde

. Nalco 8102 (cationic polymer)
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o Nalco 8182 (shightly amonic polymer)

The tests were conducted 1n three rounds The first two rounds mcluded sohd setthng
alone while the third round of tests included filtration through sand columns following
solid setthng The evaluation of suspended solids removal was hampered by the low
levels of total suspended sohds (at or shghtly above the detection limit) present mn the
surface water used for the tests The evaluation was primanly based on wvisual
observations of the nature of the solids floc which formed and the settling rates

It was found that both the aluminum sulfate and ferrous sulfate were not as effective as
both ferric sulfate and chloride Adjustment of pH by caustic did not improve the
results The Nalco 8182 marginally improved ferric chloride performance but did not
appear to help the ferrc sulfate

The water used for the Round 3 tests was low 1n suspended sohds It was found that
filtration without additives was equally effective compared to filtration for test runs
mvolving addition of coagulants Therefore, the use of direct filtration without additives
during periods of low surface water suspended solids concentrations 1s probably feasible

Five different types of GAC were evaluated for removal of VOCs Three rounds of tests
using columns of GAC were conducted The evaluation of GAC performance was
hampered by the low levels of VOCs 1n the surface water used for the tests and the
hmited volumes of water that were treated The five GAC types tested exhibited
1dentical performance during the first two rounds of tests, removing 100 percent of the
VOC:s present 1n the inlet water A single type of GAC, Calgon F 400, was tested 1n the
third round 1n an attempt to demonstrate breakthrough of VOCs during an extended
run The resulting data may indicate that breakthrough started after treatment of less
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than 380 bed volumes of surface water However, the conditions used for the test do not
allow defimite conclusions to be drawn regarding breakthrough behavior
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TABLE A-2 INITIAL SURFACE WATER CHARACTERIZATION FOR METALS

Surface Water Collection Location SWO059 SW059 SW059 SW059
Surface Water Collection Date 11-06-90 11-12-90 11-12-90 12-05-90
Sample Number 01CWC1001 O2CWC1003 03CWC1005 04CWC1006
Analytes Units

Aluminum ug/L 919 416 383 238
Antimony ug/L <24 <24 <24 <17
Arsenic ug/L 25 23 <2 53
Banum ug/L 190 245 209 245
Berylhum ug/L <1 <1 <1 <i
Cadmium ug/L <3 <3 <3 <1
Calcium ug/L 109000 121000 11600 140000
Chromium ug/L <6 <6 <6 <4
Cobalt ug/L <4 <4 <4 <2
Copper ug/L <3 <3 151 43
Iron ug/L 822 98 8 <20 400
Lead ug/L <2 <2 30 26
Magnesium ug/L 30700 33200 31600 36200
Manganese ug/L 328 183 183 64
Mercury ug/L <02 <02 <02 <02
Nickel ug/L 124 <6 <6 <4
Potassium ug/L 792 2390 2050 1980
Selemum ug/L 25 <2 <3 <3
Silver ug/L <5 <5 <S5 <2
Sodium ug/L 45300 58000 37300 46600
Thallium ug/L <10 <10 <10 <3
Vanadium ug/L <3 31 <3 <3
Zinc ug/L 304 368 318 328




TABLE A-3 INITIAL SURFACE WATER CHARACTERIZATION FOR VOLATILE ORGANIC COMPOUNDS

Surface Water Collection Location SWO059 SW059 SW0s8 SW05s9
Surface Water Collection Date 11-06-90 11-12-90 11-26-90 12-05-90
Sample Number 01CWC1001  O2CWC1003 03CWC1004 04CWC1006
Analytes Units

Chioromethane ug/L <10 <10 <10 <10
Bromomethane ug/L <10 <10 <10 <10
Vinyl Chioride ug/L 43 <10 12 <10
Chioroethane ug/L <10 <10 <10 <10
Maethylene Chiornde ug/L. 18 <5 <5 <5
Acetone ug/L <100 <100 <100 <100
Carbon Disulfide ug/L <5 <5 <5 <5
1,1-Dichiorosthene ug/L 75 27 ° 55 <5
1,1-Dichioroethane ug/L 44 37 * 45 41
1,2-Dichlorosthenes, total ug/L 120 90 150 96
Chioroform ug/L 41 31 33 25
1,2-Dichloroethane ug/L <5 <5 <5 <5
2-Butanone ug/L <100 <100 <100 <100
1,1 1-Trichloroethane ug/L 22 78 13 83
Carbon Tetrachlonde ug/L 230 59 180 92
Vinyl Acetate ug/L <50 <50 <50 <50
Bromodichloromethane ug/L <5 <5 <5 <5
1,2-Dichloropropane ug/lL <5 <5 <5 <5
trans-1,3-Dichloropropene ug/L <5 <5 <5 <5
Trichloroethene ug/L 180 32 120 69
Dibromochloromethane ug/L <5 <5 <5 <5
1,1,2-Tnchloroethane ug/L <5 <5 <5 <5
Benzene ug/L <5 <5 <5 <5
cis-1,3-Dichloropropene ug/L <5 <5 <5 <5
2-Choroethy! Viny! Ether ug/L <10 <10 <10 <10
Bromoform ug/L <5 <5 <5 <5
4-Methyl-2-pentanone ug/L <50 <50 <50 <50
2-Hexanone ug/L <50 <50 <50 <50
Tetrachloroethene ug/L 140 58 100 27
1,1,2,2-Tetrachloroethane ug/L <5 <5 <5 <5
Toluene ug/L <5 <5 <5 <5
Clorobsnzene ug/L <5 <5 <5 <5
Ethylbenzene ug/L <5 <5 <5 <5
Styrene ug/L <5 <5 <5 <5
Xyienes, total ug/L <5 <5 <5 <5

* Detection beiow reporting imit, quantification may not be reliable
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TABLE A-5 INITIAL SURFACE WATER CHARACTERIZATION FOR
. GROSS ALPHA AND BETA RADIOACTIVITY

| Surface Water Coliection Location SwWos9 SW053
Surface Water Collection Date 11-12-90 11-12-90
Sample Number 02CWC1001 02CWC1002
Analytes Units Value 2xs1g (1) Vaiue x sig (1
Gross Alpha pCi/L 187 72 42 37
Gross Beta pCvL 57 65 40 58

(1) Two times the standard dewviation for analysis




1amsnipe d Suunp pauitoy 1dd 9Jqe9pisuo)) (g)

¥ %1 0 ‘vonnjos Yoo3s juenooolq (5)

0661 AON I sisAjeue g5 1 1o popdures gg61 AoN 1 90 660

3m3s 03 ssjonted jo ynq 10§ poninbos oun L)
[w/3w ¢ ‘vonnyos yo0js Juem3eo) (7)

JMS UOTIEI0] WOy Pajoaf[od Jayem vomping (1)

9l €l 14 6 1 Ioj/3w ‘sg | sisAfeuy
29 79 09 z9 7L feuy - yd
S 8 <38l S 8l < 8l 0Ll O ‘“ameraduio],
W ¢ |~ ww i~

suou auou Ijeuwis ljewss ouou 20{ 971
ou ou sak sok ou fpqung,
19A0u 19A2u Sl St #) wa ‘ayey uipyag
St S SI St w ‘ouny, upeg
0z 174 0C 0c W ‘owy Xipy mojs
oy or oy oy wdi ‘psadg X1y mojs
I 1 1 I T ‘swny xip yse|q
ozl ozl ozl ozl wds ‘poads X1 yse[g
09 09 09 09 paisnfpe yd

(€) 7818 oopeN

(€) 2018 oopeN

vd SI (2) spuoyo £ RN

(2) s1eyyns plASER]

Y4 <l (2) a1eyyns snowroy

(2) 21)ins waunun]y

isnlpe gd - goeN

X X X X isulpe 4d - Hy
™3 ‘sasoq [eorwrayy
P0014dO11]  €001ddDT 1 €0014d40¢1 100144021 S0014dOT11 JaqunN ojdureg

Y 14 £ [4 I TIdNVS
WHENNN dV] (1) LAINI |
SAI'1os A9aNadsns Yo

NOLLV LIdIDHIJ/NOLLY'INDOVOD ANO dNNOY 1-9 F19VL



yaunsnfpe Hd Sunmp pourioy ydd 9[qeIspisuo) (g)
MW %] 0 ‘vonnjos 203s Jurpnosolq (g)

smes 0} sapoined jo Yinq 10§ pasinbox ounj (p)

Jw/3w ¢

0661 AON I sisjeue 551 10j pojdures oG61 AON Z] UO 6SOMS UoESO] I

‘vonnjos yoo}s juendeo) (7)

1) PR)I3[j0d I3jem adejing (1)

¥81 91 6 o1 € w 1 /3w ‘sg, sishjeuy
Lol Lol 96 96 SL 9L L Jeuy - Hd
S 81 S 81 S 81 S 8l S 81 S 81 SLI D ‘ommeraduia]
© (s) () (©)
uoo—u moo—u muOG mo°= PaMes pPa[nos
30_—0% un) 30——0% yiep 30——0% JOAJU JOAU
ow.-s— ow.-u— [jewus Jjewus [jews [lewus A auou o014 27215
sak sk 9k LEYS sk sok ou fipiqang,
w S rA ré JOASU JOADU AVV mua .8«& ME—Som
St st SI SI SI S1 mw ‘ount |, Suipyesg
0T (174 0c (114 0t (V74 oW ‘Sun |, Xijy mo[s
oy oy ov ov ov ov wds ‘paadg x1y molg
I I I I I 1 ww ‘o XIpy ysejq
ozl 0Tl ozl (74| ocl (74| wdi ‘poadg X1 ysejy
ol 011 00I 001 08 08 pajsnipe Hd
(€) 2818 0d1EN
(€) 2018 od1eN
(2) apuIo[yo ourayg
() sreyns R SER
ST S1 ST Sl ST S1 (2) arejIns snonsay
(2) swyns wnurun|y
X X X X X X isnfpe Hd - HoeN
snfpe Hd - [DH
us——\ws .mOmOQ —uo-Eo——U
E1014dONI| TIOI4dDIE]| 11014dOII| 01014dO11| 60014dDTI|  L00I1ddDII S001AdOI11 Joquiny ojdureg
9 S 4 € 4 I TTdNVYS
JAGNNN AV( (1) LA"INI

(QINNILNOD) SAI10S QIANASNS Jod
NOILV LIdIDFYd/NOLLVINOVOD INO ANNOY  1-4 114avL



juaumsnipe Hd Suunp pourioy 3dd sjquropisuo) (§)
W g1 0 ‘uonnjos %o0}s Jueinadoj (€)

ames 0y soporped Jo g Joj ponnbas swiy (v)
[u/8w ¢ ‘uonnjos }o0)s Juem3eo) (7)

0661 AON I sisk[eus S|, Joj pojdumes 0661 AON Z] UO GSOMS UONEDO] Woly Pajodfjod 19yem 33ejins (1)

o> &< 194 9 <> > 11 1oj/3wm ‘gg ], sisAjeuy
901 901 86 66 LL 8L L Jeuy - yd
cul SLl Sl LA LA SLl 91 O ‘amesadurd],
© © © ©
sooy} sooyy soof} soo|j sooy so03
AYMm aAgm 9dueso a3ueso a8uelo a3uelo
o816} 93 1¢] Jleus [lewis f[ewms A Jews A auou 20[,f 71§
sak sok sok sof sok sok ou &npiqan g,
1 Sl z z v ¥ () vrw ‘ayey Sunos
S1 S1 Sl S1 S1 st urw ‘omr [, umes
0c 0¢ 0C 0T ot 174 un ‘W], Xi MolS
oy oy o> or or or wds ‘poods X1 MO[S
1 I 1 1 1 1 un ‘ol XIp yseld
ocl (174} A ozl ozl (174} wdx ‘peadg X1 Ysel]
011 01l 001 001 08 08 paisnfpe Hd
(€) Z818 0°[eN
(€) 2018 odoEN
YA S1 14 1Y ST Sl (2) apuojyo oI
() 2weyins suIog
(7) 9re)ins snoirayg
() sreyns wnumn|y
X X X X X X wsnipe Hd - HOEN
wufpe yd - 1OH
1ony/3w ‘saso(] [edwdy)
61014dDT1] 810144071 L1014dDZ1| 91014dD7H| S1014dOTl}  #1014d40C1 S0014dD11 squiny sjdueg
9 < 14 £ [4 1 ITdINVS
YHINAN AV( (D L3INI

(GINNLLNOD) SAI'TOS AAANT4SNS YOd

NOLLV.LIdIDHId/NOLLYINOVOD INO ANNOA 1-4 14V.L




yuounsafpe Hd Suunp powrtoy 1dd d|qerapisuo) (g)
MW %1 0 “vonnjos ¥50)s Juemoooly (g)

3N3s 03 saponred jo yynq Joy pazinbor oun L)
Jw/Sw ¢ ‘vonnjos xyo0)s uemdeo) (7)

0661 AON [ stsAjeus g5 10§ pojduses 0661 AON Z] U0 6G0MS UonEs0] ol pajdfjod 13jem doepng ()
8¢t > L > &> (>4 1 =p)/8m ‘ss]  sisAppuy
86 86 Lt 8L 09 09 VL [euy - Hd
0C (174 0T (174 174 (174 S 81 O ‘aimeradway

Lyny [[ews asuou auou ouou auou ouou 2014 9215
(3] ©) 1e3pd Jeopd Jeapd Jeapd ou Aypiqmj,
1)) 01 J9A%U 19A9U I93A9U Iaaou () v ‘ney Suipyeg
St 1 Sl Sl SI Sl ur ‘oun | 3uipyes
174 0c 1[4 (174 0c¢ (174 unr ‘ounj Xip mofg
oy ob oy oy oy or wdi ‘paadg X1y mojg

I 1 1 I I I w ‘o X1y gseyq
17A 0Zl1 174 ocl ocl 17A | wdi ‘poadg x1py ysejq

0 ol 00l 08 08 09 09 pasnlpe yd

(€) 7818 oopeN
() 2018 oopeN
(2) spuopyo RS CR |
(2) <reyins S BICH |
(2) a1egns SNO119,]
ST S1 ST S1 Y4 (9! () rgypns woutwnpy
X X X X 1snfpe Hd - HoeN
X X isnfpe yd - oy
Jony/3wm ‘sesoq [eotuxay)
S°014dOEl]  $2014dDE] £C014dDOEN)  7Z01ddDEl|  1Z014dD¢€] 02011d0O€1] $0014dO11 IaquinN sjdureg
9 S 14 € [4 1 I1dNVS
YFFWNNN JV[ (1) LAINI

(@INNLLNOD) sarios ad3aNadsns Jod
NOILY LIdIDF4d/NOLLVINOVOD ANO aNNOY 1-9 A19V.L

A



yuaunsnipe Hd Surinp powoj ydd dqesspisuo) (g) 3[9s 0) sajonaed jo ynq 1oy pasinbos sun L ()
W %1 0 ‘vonnjos 1501s Jue[nod0}] (£) [w/3w ¢ ‘uonnjos yoos uemieo) (7)
0661 AN (T stsA[eue 551, 10) pardines 0661 AON Zi UO 6SOMS UONE20] WoLy pIjIdf|od Idem Joejng ()

9 L 9 L 08 99 ©> Iony3w ‘gs) siskjeuy
6L 08 1L L S ol 9 01 SL feuy - yd
81 81 81 81 81 81 0Ll O ‘omerodwa)

popuadsns | papuodsns Ayny Ay fyyny Ayyny
mojf MO[[ok MOk Mmojjaf AMYm aym
jews [ews fews News 9d1e| 981 auou 20[ o715
1890 Jeopd FEET) 1espo Ay Aypw ou Aprqing,
szl st s9 S9 0¢ Sl () wnu ‘quy Smpog
Si Sl St SI Sl ST um ‘o] Smpeg
0T 0z 0T (174 0T 0c ww ‘Wi f, Xiy mojs
oy ov o op ov oy wd ‘poadg XIpy mojs
1 I 1 1 1 I I ‘Suwnf Xty yseqq
(174 | ozl ozl (7A] oz1 ozl wd1 ‘paads x1py yseyg
08 08 09 09 011 ol11 pasnipe yd
(£) 7318 oopeN
(€) zo18 od1eN
(2) spuopyo o9
ST st Y4 SI (2) s1eypns orrrag
(2) ayyus SNO113,]
ST St (2) /1ggins wnuiumpy
X X X X isnfpe gd - yoeN
X X 1snfpe gd - DY
IoNg/3w ‘seso(] [eotmay)
CE01AdOPY| 1€014dOVI|  62014dOvI| 8201d4dDpl LTOIAdOEI|  92014dDEl 0£014dOV] JoquinN sjdureg
9 S 4 £ 4 I ATdNVS
YIGIANN AV( (1) L3INI

(QINNILNOD) sAros A4ANAdSNS JOd
NOLLV.LIIDHYd/NOLLY'INOVOD INO ANNOY  1-§ q41dv.L



Jusunsnipe Hd Suvmp powrsoy 1dd djqerapisuo) (g)
M %1 0 ‘vonnjos ¥0)s juemacoly (g)

0661 AON [ StsAjeue 551, 10) pojduies 0661 AON Z1 UO 660MS UOMED0] WOl PoYoa[j0d 13em owpng (1)

3[nes 03 sopanued Jo Ynq 1oy pasmbos sum (2]

w/3w ¢

‘uonnjos 12035 juem3eo)) (7)

peEl 821 £6 801 > /3w ‘gg ] siskeuy
901 Lot 86 86 SL [euy - Hd
81 81 81 81 oLl O ‘ommeradwa)
Ayny Ayny
981e| 981y Ijews [Jews ouou 20[y 271§
Ly A Ao Aypru ou Aipiqing,
3 v v (4 (p) ur “orey Suipyog
St SI St S1 urm ‘swnj, mpyes
(174 0c (174 0c W ‘Sw j, X1y Mmo[s
oy o oy oy wds ‘peadg X1§ mojs
1 1 1 1 wIw ‘oun ], X1y yseq
oz1 ozt 0zl ozl wds ‘psadg xipy ysejq
(BT oIl ool 001 parsnipe yd
(€) Z818 odpeN
(€) Zo18 031N
(2) spuopyo U BRER
ST St Y4 St (2) ayeypns ooy
(2) areyyns SNO119,]
() aeyns wnunnpy
X X X X snipe Hd - HoeN
1snlpe Hd - DY
Jonp3ur ‘saso(q | LliiClig)
9t014dOrl|  S€01ddDPI| +€01ddDVI £E014dOPI1 0€01ddOb1 JaquinN s|dureg
14 £ [4 I 4T1dNVS
JIIANN AVS () LA7INI

(@3an’1ONOD) SAr1os AFANIISNS YO

NOILLV LIdID®Id/NOLLY' INOVOD ANO ANNOY  [-9 T1dVvL




ywounsnipe yd Suunp powio} 1dd sjquispisuo) ()

938 03 ssponred Jo Yinq 10§ pornbar omy 1L(y)
W %1 0 ‘Uonnjos o0)s Jurno20Ly (g)

[w/8uw ¢ ‘uonnjos yo0js Jugn3ro)) (7)

0661 AON 6¢ sisAjeue sg 1, 10§ pojdwes o661 AoN 7] uo 6S0MS UoNEI0] oLy Pajodfjod ajem doejmg (1)
74 1T (174 Iz 81 Lt L /3w ‘sg |, siskpeny
6L 6L 6L LL LL LL LL feuy - gd
(A SLI S Ll S LI SLl S Ll S sl O ‘ameiadwag
Jlews A Jlews A Jjews A auou suou uou auou o0lq s71g
Axjru Axpr Ay Ay Ayprm A ou Aipiqing,
J9A00 Iaasu Joaon suou atuou suou (v) unu ‘oyey Jurpag
Sl S1 Sl <l S1 Sl u ‘ounf, Smpjog
174 0z 0c 0c oc 174 W QW] XN molS
oy o o oy oy o wds ‘poadg X1y mojs
I 1 I I I 1 u ‘oun g, X1 yseyq
ozl ocl ozl ozl ozl ozl wds ‘pooadg xipy yseyg
08 08 08 oN ON ON pasulpe d
So SO (€) 2818 odjeN
ol 0t (€) Zo18 ooeN
(2) spuopys ourag
() a1eyns o1y
S1 S1 (9] (9] S1 9] (2) @1eyins snoszoyg
(2) s1ejns wnununpy
X X X 1snfpe Hd - gouN
isnfpe gd - [y
191]/3w ‘sasoq [ednuay)
60014dOIZ| 80014dO1Z| £0014dDIZ| 90014dDizZ S0014dDIZ| €0014dOIZ{  1001ddD1g Tequiny djdureg
9 S 14 £ (4 { T1dNVS
AHFNNN ¥V( (1) LAINI

SAI'TOS aIANadsNs Y04
NOILV.LIIDTId/NOLLYINOVOD OM L dNNOY 1-D AT14V.L




Jusmsnipe yd Suumnp paunioy 1dd dlqerapisuoc) (c)
W %1 0 ‘vonnjos yooys Juenaool, ()

S[as o3 ssponed jo ¥Inq 10§ pannbar sun L)
[w/8w ¢ ‘vonnjos 1903s Juendeo) (7)

0661 AON 6¢ stsAjeue 51 i0j pojdumes 0661 AON Z1 Uo 660Mms uonesoy 0l P3129fj0d sayem oeyung (1)
(44| © ©> o 9 > L /3w ‘g5 sishjeuy
86 Lt Le 8L 8L 8L 8L feuy - yd
(53] S 81 S 81 S8l S8l S 81 L D ‘ommesodms;
lews Jiews Jjews Jjews ljews ljews uou %0}, sz1g
(3] 1 TH S UETEY 8 ) 1e9p0 183 ou Avpiqin]
(4 8 8 8 8 8 (¥) vnu ‘a1ey Fuipgag
SI SI St S1 <1 31 unm ‘swn ] Suipnog
0z 174 (174 0z 0z (174 i ‘suny xipy mojg
o ov oy oy or (i1 4 wds ‘pasdg apy mojg
I 1 I 1 [ I U ‘ot xipy gserq
ozl 0z1 ozt ozl oz1 ozl wds ‘poodg xapy gserg
00! 08 08 ON oN ON pasnipe yd
SO (€) 2818 ooeN
01 01 01 (€) 2018 oopeyN
SI SI St Y] ST S1 (?) spuopyo sunray
@ S1ejIns oliro
(4] ANEIns snosray
(4] ejins E==_E=_<
X X X ¥snfpe Hd — Hoen
sulpe Hd - 1DH
J0y/3w ‘sasoQq [eorurayy
$1014dD2z|  $1014d02z £1014d0TZ|  Z101ddD7z 11014d022|  01014dD2z 100144012 doquinN sjdweg]
9 S 4 € 4 I T1dNVS
AFINNN ¥Vr (D L3Nt N ]

(TINNLLNOD) SAI'10s A3ANIdSNS You
zoﬁ<h&omm&zo:5:o<8 OML aNNoY 1-D F1gv]




juammsnipe Hyd Sunnp pomioy 1dd sjqesapisuo)) (g)
W %1 0 ‘vonnios Y0}s Jur[nocol (g)
0661 AON O€ sisAjeue gg) o pajduies g6 AoN 97 uo 6gg

3mas 01 sapansed jo Yjnq 0§ panmbas suny (p)

[w/3w ¢ ‘vonnjos ¥o0}s Juvin3eoy) (@)

JMS U0NED0] Woly PIjIo[jod inem voepng ()
06 > > © > 9 &> 93w ‘sg | sishjeuy
86 8L 8L VL vL VL VL [suy - yd
8l 81 ]| 81 8l 81 91 D ‘armerodura ],
popuadsns papuadsns papuadsns popuadsns popusdsns
En-—._.oE ——aEu A ——aEm A Jiewus [Jewrs ——u:-w uou uo_n— 7S
AWv .-ﬂo_c ._uo—o .-uo-o Je3fd .-wo_o ou b-—!&.—:,—.
r4 8 4] 8 8 8 (¥) wnu oy Buypeg
S1 St Sl Si St Sl urm ‘ountj, 3urpeg
(174 (i 74 0C (174 (174 0C U ‘Wi, XIN Mo|S
o ov ov ov ob oy wds ‘paadg XiN mojg
I 1 I I 1 1 mw ‘uunj, Xy ysej
(17Al irA| V7A | ocl ocl (174 | wds ‘poadg xipy yseyg
001 08 08 oN oN oN paisnipe yd
SO (€) 818 odpeN
01 01 ol (€) Z018 0o1eN
(2) spuopyo L IER
S1 Sl Y| S1 | SI (0) 1gyns ouizoy
(2) ayyns SN0LI9,|
(2) amyns unumumnyy
X X X snfpe yd - HoeN
isnlpe Hd - IO
/3w ‘saso(q [eorwoy)
L2014dObe| 12014dO¥e| 07014dOPT| 61014dOve|  8101ddobe LIOI4dOYZ|  91014dOVT JoquinN ojduieg
9 S 14 £ 4 I IdNVS
YIGWNN AV (1) L3NNI

(@4ANTONOD) SAI'T0S AIANTISNS Jod

NOLLY LIIOTId/NOILY INOVOD OML ANNOA 1-0 374Vl



%1 0 ‘sonnjos %o0}s JuEI0}4 (g)

0661 93( L stsAjeue 51, 10§ pojdures 661 99p ¢ UO oM

3[9s 0} soponsed Jo yinq 10§ pasnbax suniy (p)
[w/3w ¢ ‘vonnjos ¥o0}s yueindeo) (7)

S UOnEOO| WOy P)II[|0d J9jem ddeyng (|)

£e> £ te> PaIdyisod
£ > £ e> £ pariyaiq
££> 19))/8w ‘gS ] sisAjeuy
6S 19 €9 mu ‘own
4 144 oy muy/um - 1y
SL VL vL (A [euy - yd
91 91 91 St D ‘armeraduro],
suou duou suou auou 90[4 221§
ledpo ST =T ou Awprqan],
1aA0U I9A9U J9A3U (p) utw ‘gpey Suipyog
Sl 4] Sl mw ‘oun j, Swmmog
0z 74 0C UIW QUi ] XIN MO[S
or oy o wdi ‘psadg xipy mojs
1 1 1 unw ‘owny X1y ysej.j
ozl ozl ozl wds ‘psadg X1 yserq
oN oN oN parsnipe yd
SO (€) Z818 03N
ol (€) 2018 03N
() s1gyIns ounray
(2) spuoppd su1sy
1snlpe Hd - HO:N
Iay1}/3w ‘soso(] [edtwiay)
LO0T4dO0E | 9001AdD0E | SO0IJdO0E | $00IAdI0E | €0014dD0E 20014dD0€ | 10014dD0€ JaquinN sjdureg
[4 HTdNVS
YHGANN JV( (1) L37INI

SAr1os a3aNddsns Jod

NOILVYLTI/NOLLY LIJIOFYd/NOILYINOVOD TTIH.L ANNOY  1-d F19VL




%1 0 ‘Uonnjos Yo0js JuEmo0Ly (£)

9mas 03 ssjonred jo Ynq oy paxinbox oun L ()
‘uonnjos ¥50)s Juemsroy (7)

Juy3w ¢

0661 22 01 sisAjeue g5 | Joj pojdwres 0661 33 § U0 GGOMS uoteso] wo P29[[09 Jajem doBling (])
£ > £e> £ > T PaIaIsog
t e £ e> £ e> PaIAyaxg
L€ /3w ‘ss ] sishjeuy
19 6S 19 nw ‘owrn
144 6v 1§ 4 ura/ - 91y
€L €L L L feuy - yd
61 61 61 S8l O ‘amerodwisy
ouou Quou Juou auou 20[ 2zIg
Ieopd 189 1B ou Anpiqing,
19A0U 19A0u J9A%U (v) ww ‘srey Suipyag
<l (4 St un ‘swy 3upeg
(174 174 0C U ‘WL, XI mojs
oy oy ov wdr ‘pasdg X1y mojg
{ | I ww ‘ounj xipy ysepq
oct ozl ozl wds ‘paods xipy yserg
ON oN oN posnfpe yd
(€) 2818 oopeN
01 (€) Zoi18 odpeN
(2) s1ejns o1aay
Sl Sl €l (2) spuopyo orrrag
isnfpe 4d - goeN
Ia)8w ‘seso(y [eonuay)
£1014dOT¢ | 1014dOZE | 110Z4dDzE 01024dOTe | 60014dOZE | 80014dDzE 81014d07¢ JaquinN ojdureg
€ [4 TIdNVS
YIEWNN YV [ (1) L3INI

(QINNILLNOD) sarios daANAdSNS 04
ZO—.F&.—.AE\ZO:<._.~n=0m~—.~\20~.—.<ADU(OQ HRIHL ANNOY [-d A19VL



9[ds 03 soponred jo Yynq 10§ pasinbas suny ()

%1 0 ‘vonnjos yoo0)s U0l (5) /3w ¢ ‘uonnjos yooys yuringro) (7)
0661 22 01 siskjrue g5 1 10§ pojdures 0661 23 ¢ U0 GGOMS UONES0] U0y P3193]j03 19)8Mm d08)ING (])
€ e> £ > £ pParajyisoq
L€ 1Y ol parayaig
LE oN|/3m ‘gS ], sisAjeuy
<9 9 €9 unu ‘omm
(44 o w mw/ju ~ Iy
St St SL €L feuy - yd
61 61 61 81 D ‘ameradmag
auou auou auou auou 20} 921
FTEE Jeapo 1e9pd ou Aypiqan
I2A9u J2A%u JoAsu () una ‘ogey Sumeg
Sl 9 Gl ww ‘ouny Juimog
0z 0C (\74 mw ‘o iy MO[S
oy oy o¥ wds ‘psadg iy mojg
1 1 I uw ‘owiy xrpy yseq
0zl ozl ozl wd1 ‘paadg iy yseyg
08 oN oN pasnipe yd
SO (€) 2818 oopeN
0¢ (€) Zo18 oopeN
(2) aeyIns T ER |
Sl S1 Y (2) apuopyo ouray
X isnfpe Hd - HoeN
Jony/3ur ‘sasoq Jeotwuay)
02014dDZE | 61014dDZE | L1014dDTE 91014dOZE | S1014dOZE | #1014dDZE 81014d02¢ Toquny sjdureg
£ [4 ] A 1dANVS
YIENNN dv( (1) La7INI

(@ANNLLNOD) sdrios d4aNadsns 404
NOLLVYLTIA/NOLLV LIJIDFId/NOLLVINOVOD TTUHL dNNOY¥ 1-d A19V.L




%1 0 ‘uonnjos 20is Jur[no0l4 (€)
0661 22d 01 S'sAjeue g5, 10§ pojdures 0661 99 ¢ U0 GSOM

Smes 03 sajonred jo ynq Joj pennbai suny (p)
w/8w ¢ ‘uonnjos yo0)s Juendeo)) (7)

S uonedo] wolj

P2193]102 I3jEM 308yms (1)

£ > 1% 4 €€ palayisod
0¢ 11 €< paiayaig
L€ Iony8m ‘gs 1, sisA[suy
9 €L oL unu ‘swn
or (A3 [AS ww/jw - 1991
vL 08 6L L feuy - Hd
61 61 61 61 O ‘aameradwio],
uou suou suou auou 20[ 9ZIS
1890 T 189 ou Anpiqing,
J9A%U J9Asu J9A9U () wu ‘orey Suog
Sl <1 Sl uw ‘oun g Suipeg
0z 0z 0z una ‘swiy, X1y Mojs
or or oy wdx ‘paadg X1y mojs
1 1 I ung ‘oust ], Xun ysejf
174} ozl ozl wds ‘psadg X1y yse|g
oN 08 08 paysnipe Hd
So (€) 818 odpeN
ol (€) 018 od[eN
Sl (2) 9reyns o119y
€l 13! (2) spuiojyo duray
X X wsnipe Hd - HOEN
I3 ‘saso(] fedrmiay)
92014dOCE | SCOIAdOZE | YZOIAdOTE | €2014AdOTE | 72014dDTE | 12014dDZE 81014d407¢ JaqunN sjdureg
[4 H1dINVS
YIINNN dV( (1) LAINI

(INNILNOD) SAI'10S AIANAISNS YOA
NOLLVILTIA/NOLLY LIdIDOHYd/NOLLYINDOVOD FMIHL ANNOY  {-d F14VL



9Mas 0 s3poned jo ynq 105 Paxinbas sunj ()

%1 0 ‘uonnjos yoo)s uemaol (¢) /8w ¢ ‘uonnjos yo0)s uen3eo) (7)
0661 33Q 0] sisAjeus SS.L 10) pajdures ps61 2°d ¢ U0 660M S Uoneso) Wwol} pAodf[os Jajem ddejmg (1)
€€ t > te> Pa1dliyysoq
€9 L9 SL PRIAYa1q
LE JoNy8w ‘gg sisjeuy
929 €8 €L U ‘own
9¢ 1€ 13 Ui/~ 1oy
L L A ¢ reay - yd
61 61 61 8l J ‘ermeioduia ]
suou auou Juou Juou 20§ 971g
Je9pd 1eop Jeop ou Anpiqing
JoA3u 13A3U JoAsu () mu ‘oey Suimag
(9] Sl <1 mw ‘sunj Suipyog
07 oC 0C um ‘ounr], XIN mo[S
oy oy o wds ‘poadg xijy mors
1 1 1 un ‘ouny XIN gsepq
1A 1741 0c1 wdy ‘paadg XUN yseyy
ON ON oN paisnipe yd
S0 (€) 7818 oopeN
0C 01 (€) zo18 oopeN
<1 SI <1 (2) a1ggyns o1uaay
(2) apuopy> oLLI3,]
isnfpe yd - HO®N
Ionydw ‘sasoq [eorsy)
01 AdOve 1€014dOve 0£01AdOYE | 62014dD¥E 82014dOv¢ L7014dove 81014d4D2¢ Iquiny sjdureg
£ [4 1 TTdNVS
JFFNNN AV (1) L3N ‘_

(@anNLLNOD) SAI'TOS AIANAdSNS YOd
ZO—.—.<¢.—.\=&\ZO—.—.<.—.—EOWM&ZO—.—.<JDO<OO HH¥HL ANNOYd 1-g Cgt: LAl




%1 0 ‘uonnjos 3o0s Juenoool] (¢)

3as o} saponued Jo ¥nq 10§ pannbor oum 1L ()

{w/3w ¢ ‘wonnjos Yoojs uem3eo) (7)

0661 22q 01 SisAjeue g5.1, 10§ pajdures o661 93Q S U0 6SOMS UONBIO] WOJ PIJIRY[0d I3)eMm d%epng (1)
0os ov 0s paidiisoq
cs8 SL S8 palajyad
LE 1)/3w ‘g, sishjeuy
(4 I8 8L una ‘oum
44 9¢ LE v/ - a9y,
18 18 08 TL leuy - Hd
S 61 S 61 S 61 S 81 J ‘ommersdurog
auoy auou auou suou 204 2z1g
19> 1eopd 1ea)d ou Avpiqung,
J9Asu Joaou JaAaou (p) wn ‘aqyey upeg
SI 9] Sl mw ‘own | 3urpeg
(174 (474 (114 un ‘swij, Xip mols
oy oy oy wds ‘paodg XIN mojg
I 1 I ‘o] X yselq
oz1 ozl ozl wdr ‘pasds xipy yse|q
08 08 08 pasnipe Hd
(€) 7818 ooleN
0¢ 01 (€) zo18 ooreN
S1 S1 Sl (2) areins sursyg
() apuopyo d111a4
X X X wsnipe gd - HOeN
Jony/3w ‘saso(] [esruray))
8E014dOVE | LEOTAOPE | 9€01AdOYE SE01AdOPE | PEOTAdOVE | €£€01ddDbE 81014dD¢¢ 1nquap sjdwes
[4 ATdNVS
JIINNN AV (1) 197INI

(@aan1ONoD) sarios dIgNadsns 304
NOILLVILTL/NOLLY LIdIOFYd/NOLLYINOVOD HHYHL ANNOY 1-d F19dV.L




0S 0¥y9 LE6
S8 o¥9 020t
oy 0£9 626
S. 689 286
08 099 096
sS9 0y9 0201
€€ G609 616
S99 019 56
€e> 009 [Lg6
L9 085S 096
ge> 029 096
S. 06S 096
> 085S 096
0S SIS 096
ey GS€9 926
0Ll S29 616
€e 009 #96
SS 085 OL01
ge> 019 56
L€ S5S 096
LT 095 6v6
£e> G¥S 696
§6 096 096
ge> GES 096
001 S2S P56
ge> S5 096
ce> 025 096
ge> G655 $66
ge> S5 096
€e> S¥S 096
ge> 0SS 096
£e> 0lS #56
tce> GIS vS6
ge> 065 66
ce> 065 096
£e> 085 ¥S6
ce> 985 6¥6
€g> G09 096
Jow JBW WI/SOywn
GSL $alL 8esuepnpuod
ooeds

=N
VOX
NN

NNOMNON®

N2YR5II8Y5385

NANNNANPENONNONMNNNNS

SN2 IBIBETS3
NN~

i
194
154
€6 L
e9L
e8 L
654
854

Ha

ONANTONOQSOVNVVONONNNN NOM=NMONO
E;gg:;uuua-t:;wteaﬂr~r<r-t~t¢ag?<r<r<r<r~r-d-u1u15253:¥~t|n'1-u°u71r-t-r-r

“}t&GH*tCﬁcoitdDdDC:C)OU@UGOGO1r°b<><°€“*t0°*f¢°1rﬂDCUQD‘fCOCQ@OC?‘D'QGDCDCD

=
(=4
ERE

algjng

SANOS G3ANIISNS HO3 NOLLVHLII/NOILVLIIO3H/NOLLYINOVOD 33HHL ONNOY 2-0318VL

uompps JomAjoduemdeos 10 wamsnipe Hd Aue o1050q o[dwus PIUT 10J SINSII 21V ANUI PIPUYS SON

89 ¢ ot 174 4
9¢ 01> 1% 4
9¢ 0> 86¢
09¢€e ot |cy
29¢ 01> ciy
€L o> oYy
69 € 0! 06t
9 ¢ 01 28t
L R ot g8t
9e 01> : 71
S9¢ 0> 28t
£9¢ 01> o8t
S9¢ o> 98t
86 ¢ 0t 08¢
€LE 01> 9Ly
e ot 2% 4
62¢ 0> 1 744
9.¢ ol 274 4
tLe Q> trAd
oLE 01> (44 4
2LE 01> vie
65 ¢ 0> [4:1
62¢ 01> 06¢
Ig € 0L> r4: 13
oge o> g1t
SLE 01> 9.8
1R 0> 98¢
I8¢ 0> 29t
9.¢ ol 9.8
€8 e 0> 99¢
WLe ot 048
€S € oL> 8t
6L¢€ ol 98t
S8 e ot o8t
S8 € ol 26¢
e [ 6¢€
6L¢€ [ 96¢
8LE ot 08t
INBU  FPw JE0DED B
QIIN+ ©puonjy ejeuoqie)d
elelN

D
w

v-C)O)O)0!0’070!0)&;53&35358

NOTDOTNNDNONMN~—®
0 0 a0 0O 60 @ O 0 D N N
RO SRR EVooRhBovnw Y

MO r-BVVOTLVLNO

ntmeo
O O ®V D
00w

L9S
§ 9§
69S
$ 9§
¥ 9S

J/5W

1sod
oid
1Sod
eid
1sod
oid
1sod
o)d
150d
ad
isod
eid
1sod
eid
150d
osd
1sod
oid
sod
eid
el
1sod
oid
1sod
aid
150d
e.d
150d
eid
1sod
e.d
1sod
e.d
1s0d
eid
1sod
oud
8iuy

uotigsiiid
8plUOIYD  150d/eId

[ ~X-X-X-]
e NN

[ -X=X~-X~RVcRe BN
-—NNOO

oo wnWn |
-r—QQ

IOOOOoOWnWw
--rmraNNOO

11T oownw |
-0

coLo#
coles
rA1)8: 4
cole#
euou

suou

c9i8#
[4:1%: 0
coi8#
20184
20184
20\8#
euou

auou

col8#
co18#
20\8#

coLe#
auou

euou

coL8¥
28184
2018#
coL8#
coLe#
2018#
auou
auou
euou
euou
28194
o184
2018#
AR
auou
auou

wdd quy odky
Jowijod

SHIALIWVHV ALITVND HALVM HOH SISATYNY 40 SLINS3Y

{peun
jpeun
peun
{peun
Ipeun
[peun
fpeun
fpeun
peun
fpeun
{peun
fpeun

Hd

Sl olejing e
Si elejing duied
Si elgjing olused
GL  eleyng el
Si ele)|ng e
St elejing Jued
GL  eieyng ded
St elejing due4
SI  elejng dued
S1 oejIng dued
Sl elejing Jed
Si ele)ng Jued
Si oley|ng dued
18 elejing Jued
St 6p1IoIyD d1ed
Si epliojy) dued
St apuoyd N4
St epi201yQ e
SL  epuowQ dued
SL  epuoly] ded
St eplIojyD Je4
1 8pHOIYD dIe
St 8puojyd duied
St OpHOoIyD 1104
Si 8pHOIYD Mt
Si epLoyD o4
Si eplIoy) o184
51 opUOYD 21184
Sl epoy) Jwied
Sl epliojyd e

- 8uou

- euou

- euou

- suou

- euou

- suou
Jbw juenoes)
Junowy

8€014d0VEC
28013dIvE
9£01 4400
SE0444OVE
¥£014d0VE
£€014d0vE
FANIE 30 0
1604 440VE
0201 4dOve
62014408
8204 4d40VE
22013dOvE
920444028
620444028
$2044d02E
£2044d402E
220144028
12044d02E
020444J2¢
61013402t
810144026
210144028
91013d0¢¢
510144028
10144028
£1014d028
210144928
110244028
010234028
600144328
800144026
20014d430€
90014400¢
600144000
#0014 4d400¢
£0014430¢
€0014d00¢
100+4d00¢

1BquInN
ejdwes




oy ¢
L TR 2
§6 £>
17X A * 4
101 €
18 ¢
vt €
Ut ¢
667 €>
vt ¢
t8e
8Lt ¢
ne e
ue e
113 B
vt e
6tl €
wi t>
127 B 2
e ¢
06 t>
we €>
60 €
9T €>
9%  €>
9T  £>
e €
LZX A %4
ote €
ez v+
vee ev
8l €¢
8ee 6¢
e vy
e ss
80t 06§
e €
174 J >
il
uZ A

> 00pI9

T 00L6S

f£ 00L8¢
re 0098t
f€ 0089t
e o0oLLE
ft O00tLt
re 009it
f€ 0098¢
f€ 0078t
[€ 0098¢
fe 008t
f£ 000I¥
(€ 0006t
f€ 0008t
f€ 0098t
re 008se

730 /A
IL N

017t
0502
0902
L0z
414

g0
p |

>
>
>
>
>
>
>
>
>
24
>
>
>
v
>
»
>
| 24
>
>
>
P>
>
>
>
>
P>
| 24
>
>
>
>
>
>
>
>
>
>

gLl
N

8 01
8 01
801
£ 0l
g ol
1
0¢l
6L
691
691
991
Ll
991
9l
691
1Ll
9Ll
141
4]
st
[ 4]
8 €l
€€l
8 il
8zl

g0
U

(@) 8v () 25 *(Z 0) 3H ‘(@) 0D *(1) 24 (1) 95 () w219 /3 vy syuT] UOIORP ‘saidwes Auw Ur PoIOOPP J0U 1M s[eRW Fmofio) YL,
s¥99yo [oNuod Axpnb Uo paseq payEmms? ST UOREIYMRUNNY [
vompps JowAjoduindeos 10 uaunsnipe Hd Aue a10jaq soydurus PN 10§ SI[NEIL AW FANNUS papuys SAON

oorie ¥z T 1> ¥ 000LI1 1> ¥OT €> 0095 wod 07 0Is¥ 8 Sl dWyng N E0IAdOVE
0080c 8 O¥L b1 > 000LIF 1> 807 ¢€> 94T aid 0T ToIs¥ 8 Sl Swjng 132 [€014dOVE
0090t 80 19 LT ¥> 000911 1> 10T € +7¢ wod 01 ZoISH 8 SI Awng 2l 9g0IIdOvE
00L0t VS 1108 911 > 00091 1> OIZ ¢€> Stt ad 01 Tois¥ 8 Sl Swjng auidg  ¢e0l4dOvE
0090t 8¢ £zt 89 1y o00OSH 1> €0 € 86T wod - Suou g Sl owjing s $E014dOVE
00L0E O€ (¥08 89 > 000Sil 1> 01T € Ot aud - ouou g Sl dwjng ouig  £€0114OME

ool 1€ fPIT 012 ¥ o00LIT 1> 01T € 61¢ wsod SO 18N fpovn gl owjng oIy  ZEOIAJOVE
ooroe v 1 fY9L 96 +> 00011 1> 90T ¢> ¢vIC oud SO gis# fpoun g owjng oIy €01A4OVE
000t 91 fELT ToOl #> 000SI1 1> SOCZ ¢€> €Ot wod 0z Z018# fpoun g1 Imyng oudg  OEQIAJOVE
0090t 6¢ 908 SL ¥> 000SI1 1> 01T ¢€> ST ad 0z oig¥ fpeun ¢ omjng ousg  67014dOPE
0010t ¥t 19Le SI1 ¥> O000E1l 1> 207 ¢ 07> wod 01 Zolgs fpeun g omwjng audg  §Z0IAdOVE
oozie S rzv8 911 v> 000811 1> $IT €> 10L ad 01 zoIg# (poun g owjng 24 [Z014dOVE
0080t 17T 9L 89 > 000911 1> 80T €€ 916 wod - ouou fpeun ¢j SN o 9Z0144OTE
00L0t 6T fsc6 T9 L1T 000SIl I> OIZ ¢€> 0wl axd - owou fpeun ¢ g oI STOIIIITE

00L0E ¥vT fLr vy > oooStl 1> Loz £> 07> wod S0 Tsisy 8 Si  9puoNy) I $TO1414OTE
00867 OV Y6 69 ¥> 000TI1 1> 0T ¢€> O¢FET aud SO TsIs# 8 S1  9puONyD LIS €7014dOTE
0066C €T f8€C 89 > 000111 I> 00T ¢€> LT wod 0] Z0ls¥ 8 St Spuop) a1uag 7701440TE
0096T YT £0L01 69 > 000111 1> €07 ¢€> 896 ad 01 Zois¥ 8 S1  dpuoy) a1y [Z014d4OTE
00S0t (9€¢ rIST 89 > 000SIl 1> SOZ 9€ OO0S] wsod - ouou g SI  dpuop) st 070I4dOTE
oogce L1 068 O1 ¥> oo0o06Cl 1> 61T T> 0T> aid - duou g S1 dpuopy) sux 61011402

oorce L't T LE 61 ¥> 00091 1> €17 T STt ol i) B - - - - 8101440T€
ooree S L> 1> > 0000€t 1> #¥TC¢ 0> 07> wod SO zgIg¥ fpeun ¢ opuopD o1Idg LIO1IJOTE
0097t OF 001 Tt ¥> oooLzl 1> vIT > 0T> oud SO T81g¥ fposun  ¢| opuoNy MY 91014dITE
0otEe Loy 881 81 > 000621 I> STT T> O¢¢ wod 0Z T0i1s# (peun g1 9puOND 3113 G1O14dDTE
00l€E 61 00801 901 #> 000821 1> ([ZZ T 8IS ad 0T To0ig# fpeun  gj OpUOND 34134 $1014dOTE
0081€ 1+S 007 ST > o00eTl 11 #1T T 10t wod 01 zolgy fpoun g opuopy) o114 €1014dOTE
009Z¢ LE 0001 €1 #¥> oo00LZ! 1> $¥TZ T OT> aud 01 zoig¥ fpsun ¢ opuomy) a4 Z1014dDTE

oo¥ee 1T 807 Te # 000921 1> 612 T 0> wsod T ouon fpeun gy apuopy) 20 §107T440TE
009ZE 8€ fOvOI 1> > 000821 I> ST 1T 966 aid T owou [fpeun  g| 9puopyD IS O1OTAIOLE
00SEE O0E 80T 81 & O000EEl 1> LT T €17 sod T owou fpeun gy opuoOMND A4 600FIdDZE
00ZEE L9 fOSEl €11 Sv 000IEl 1> 62 ¢ 162 asd T ouou [fpeun ¢ opuoRD o111 B0OIAJITE
00SEE TE 1LS Z1 > O000eEl 1> 1T ST 09 wsod 6@ zgig# (peun - Suou L001:3dD0E
00ZEE 9€ ¥ SE 1> > 000ZEl 1> 1€ €T 00> aid  ¢o zgig¥ fpeun - suou 9001:1dD0€
oovsE LY 6Ll T1 > 000I¥l 0T tvZ T LST wod o1 vcoigy fpoum - suou $0014400€
Q0SEE OE O6VE ST v> 00026l 1> €T > O¥Il ad o) zoig# fpsun - stou $0014d00€
00LZE 91 96l LE > 000621 1> 92T TT O sod - ouwou fpeun - suou £001:1dD0€
00ZEE ST € 1T 1> > 0000l 1> €T T OC> aad - ouou (peun - suou 70014d00€
o0bEE LT  €£1T Z1 > O000IEl I> €2 ST 0> . - - - - - 10014dD0€
™ FEAn Fiw & A g J/3 Fq@n P 7JAa  vonenpy UWdd 5dKY HA @  wemdeo) FETTTY]
IN  ad °d nD 1D ¥3 pD eg SV [V od;pyd Jowhlog wry asfdureg

SIV13IW JO SISATYNY HO4 S11NS3Y

SOIN0S G3IAN3ISNS HO4 NOLLYHLIA/NOILYLIJIDOIHD/NOILY INOVOD 33HHL ANNOY  £-a 319Vl



0661 ‘9 J8QWIBAON UO 6SOMS UONEIO] WO} PaIDa|I0o Ja1em 8oeuns Buisn uni a1om s1se] 3JON

%0 001 00+3000 80+346 S oove ove 1]} S. ysaw opxgt 00vd uobie)d
%0 001 00+300 0 80+34S S oove ove ot SL ysaw 0px2t 000¥QaH WION
%0 001 00+300 0 80+3.S S oove ove (1] SL ysaw 0ex8 00€d uobed
%0 001 00+300 0 80+34S S oove ove (1]3 172 ysaw opxgl 9-0 ewinjeA
%0 001 00+300 0 80+34S S oove ove ol SL ussw oyxgi dAO BleA
| GIETRITE] o 'ETTN) ) o i b

[eAowsy Baly yead peleas uonemnq oley Wwbiapn adky UEN

syinsay ydeiboyewosys) seo awNjoA uny poa4 10) 4] 6} '19)

NOSHYO G3LVAILOV HVINNVHD DNISN TVAON3YH D0A HOd S1S31 | ANNOH WOHH Yiva 40 AHYWANS 1-3 3718Vl



TABLE E-2 ROUND 1 GRANULAR ACTIVATED CARBON
FOR VOC REMOVAL

Sample Description Sampie Number TOC as 11DCE
(ug/t)

Inlet Water 01GAO1001 407 4

Effluent Yakima CYP 01GAO1002 00

Effluent Yakima C-C 01GAO1003 00

Effluent Calgon F 300 01GAO1004 00

Effluent Nort HD 4000 01GAO1005 00

Effluent Calgon F 400 01GAO1006 00
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