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Ash Quantification and Characterization Study — Phase 11

‘1.0 INTRODUCTION

The State of California has a large urban and agricultural sector and, as a result, significant
amounts of municipal solid waste (MSW), medical wastes, agricultural wastes, and municipal
sewage sludge are generated. Some of these waste streams, such as agricultural waste and
wood waste, are utilized as a fuel in boilers to generate steam or electricity. Other lower.
calorific value waste streams, such as sewage sludges, are incinerated for purposes of volume
reduction prior to landfilling.

The California Integrated Waste Management Board (CTWMB) is interested in determining:
A.  Alist of operational waste fuel combustion facilities in the State and;
B.  The characteristics of the incinerated residue ash.

Based on the characterization of the ash stream, CIWMB's ultimate goal is to determine uses
for the ash product. Recycling of the ash stream may result in significant savings of valuable
" landfill space. Finding ways to use ash will help to reduce reliance on landfill disposal and
may help to increase the use of waste-to-energy technologies.

Phase | of the Study (submitted under a different cover) provided a database of operational
municipal solid waste (MSW), medical waste, and biomass (agricultural ‘wastes, wood wastes,
sludge, and others) combustion facilies in California. The database listed facility
information such as location, combustion technology, fuel types, fuel volumes, ash generation
and other pertinent information. It was concluded that the 76 California facilities reviewed
used almost 28,000 tons of fuel per day and generated almost 2,200 tons of ash per day.

. R W.BECK . o _ Lo 1
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California Integrated Waste Management Boqrd Ash Quantification and Characterization Study

Working with the data provided in Phase 1, the CIWMB staff provided a list of facilities to
be sampled. ' ” '

This docunien‘t presents Phase Il of the Ash Quantification and Characterization Study (the

Study) prepared for the California Integrated Waste Management Board (CTWMB) by R.W.
Beck and Associates (the Consultant). The purpose of the Study was to characterize the ash

generated at several facilites. The information is intended to be used by the California

Department of Transportation for assessing the adequacy of ash materials for road
construction applications and by the CIWMB for exploring markets and uses for these
materials. In addition, information can be used by interested parties to assess the beneficial
use of ash for agricultural applications. These uses as well as landfill cover are the focus of
the testing and analysis performed in-this study. '

e

This report includes the procedures used to sample, test, and analyze.the ash streams of

three MSW, two medical waste, and ten biomass combgstion facilities in California.

20 STUDY OVERVIEW

The information pl:esented in this Phase Il reportincludes discussions of ash test results from
MSW, medical waste, and biomass combustion facilities; potential useful applications for
ashes; and recommendations for use and or ways to improve the usefulness of the material.
Fadility reports containing sampling procedures and test results from individual facilities
parﬁdpaﬁng in this study are provided in the appendices. ‘

The Consultant supplied a methodology outlining the prcjcedures used to sample the
residues from the different facility types. Although a methodology was developed for each
facility type, many atypical operational characteristics made it necessary to adjust the
methodology at many individual faciliies. The methodologies used are provided in the
appendices. In general, the approach was to take representative samples by taking six

_ samples at different times during the course of a day and make a composite of the first three

2 | - R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

and second three samples taken. The sample size was dictated by the testing requirements.
Recognizing that a larger number of samples can yield more accurate results, for the
purposes of this study, it was decided that sampling from many facilities using a composite

“sample methodology would be of greater utility than characterizing one facility’s ash more
thoroughly. h

After sampling, three categories of tests were performed: material, analytical, and -
agricultural.

21 MATERIAL TESTS

Material tests were performed for MSW, biomass, and medical waste ash. The samples were
prepared and tested by the laboratory using California Test Methods. Table 1 shows
specifications for a variety of transportation related applications for ash ranging from low-
end uses, such as subbase material, to more demanding applications including asphalt and
concrete aggregate. For material to be considered suitable for a particular application, it must
meet or exceed the corresponding CalTrans specifications for that application. However, the
specifications given are only for the those tests performed in this study. Additional -
requirements may need to be met for a particular application. For example, Portland cement
concrete aggregate requires further testing before it can be approved by CalTrans for this
use.

All of the CalTrans applications require an aggregate which is free of organics and inorganic
contaminants. No ash sampled in this study meets this requirement. It should be noted that
an exact specification for amount of organics or inorganic contaminants is not given by
CalTrans.

- .R.W. BECK L ) L3
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TABLE 1
CAL TRANS SPECIFICATIONS FOR VARIOUS APPLICATIONS

Residue . _SPECIFICATION REQUIREMENT FOR CALIFORNIA D.O.T. TEST
Material Sample.| CT211 CT213 |CT217{CT229/CT301|CT303|CT303) CT312 | CTS15| CT548
- ‘ 500¢ ‘ . Ke Ki . 4
Maximum Minimum | Mininum | Minimum | Maximun | Maximum | . Minimum | Minimum 1 KMinioum
I Aggregate Subbase, Class3 L 1 18 C 40
Aggregate Base . 22 35 78
Asphalt Treated Permeable Base ' 45% ‘ . "
| Asphalt Concrete and Ashphalt o 50% 42 17 1.7
Concrete Base Aggregate, Type 3 ' ‘ : ‘
l.ean Concrete Base Aggregate ‘ 18 ' 700 psi
Cement Treated Base Aggregate, | ' 18 ' 750 psi
© Class A :
I Portland Cement Concrete 45% 60
Aggregate ~ Course L ‘
Portland Cement Concrete - Satisfactory 71 60 95%
Aggregate — Fine : ‘
Slurry Seal Aggregate : w456 55
Bituminous Seal Aggregate . ' 40% :
S— ' - = : S
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California Integrated Waste Management Board ~ Ash Quantification and Characterization Study

The following battery of tests were to be performed:

California Department of Transportation Standard Test Methods

CT 201

CT 202

CT 206

CT 207

CT 208

CT 211

Method of Soil and Aggregate Sample Preparation ‘

. Method of Tests for Sieve Analysis of Fine and Coarse Aggregates —

This test determines the relative particle distribution for the ash.
Results are reported by a graph which shows the percent of the
material which passes through different sized screens.

Method of Test for Specific Gravity and Absorption of Coarse Aggre-
gate =— This test measures the bulk specific gravity and absorption of

moisture or water of the larger sized aggregate material in the ash.

Method of Test for Specific Gravity and Absorption of Fine Aggregate—

. This test measures the bulk specific gravity and absorption of moisture

or water of .the smaller sized aggregate material in the ash.
: !

Method of Test for Apparent Specific Gravity of Fine Aggregates —
This test measures the apparent specific density of the fine aggregates
proposed for use in bituminous (asphalt) mixes, cement treated bases
(for road support), and aggregate bases. The difference between this
test and CT 207 is that this test does not account for the porosity of the
aggregate, and therefore yields a lower value for fine aggregates.

Method of Test for Abrasion of Coarse Aggregate by Use of the Los
Angeles Rattler Machine -—— This test determines the amount of material
which is lost due to attrition in a rotating chamber, and is an indication
of the durability of the material for various applications.

‘R. W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

CT 212

CT 213

CT 217

CT 226

CT 229

CT 301

Method of Test for Unit Weight of Aggregate — This test measures the

‘weight of aggregate in a cubic foot container.

Method of Test for Organic Impurities in Concrete Sand — This test
determines the amount of organic impurities in the sand portion of the
ash. '

Method of. Test for Sand Equivalent — This test indicates the amount
of sand versus clay and silt in the ash. The greater the number, the
more sand and less clay there is. '

Method of Determination of Moisture Content by Oven Drying — This
test determines the percent moisture in the ash as received by the
laboratory.

Method of Test for Durability Index — This test measures the relative
resistance of the ash in producing clay sized particles. The test
generates forces between the ash particles in the presence of water to
simulate wear and tear on the aggregate. A higher number indicates
more durability.

Method of Test for Determination of the Resistance "R" Value of
Treated and Untreated Bases, Subbases, and Basement Soils by the
Stabilimeter — The R value is an indicator of how stable a base or .
subbase material will be. The higher the value, the better the stability.

‘ R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

CT 303

CT 312

CT 515

CT 548

ASTM (C-289

Standard Method of Test for Centrifuge Kerosene Equivalent and
Approximate Bitumen Ratio (ABR) — The K number for fines and
coarse aggregate are determined and, in turn, used to calculate the
approximate bitumen ratio which gives the asphalt needed for asphalt
road applications. The lower the K, and K number, the better for

‘asphalt uses.

'Design and Testing of Classes "A and B" Cement Treated Bases — This

method yields the appropriate cement and moisture contents to be
combined with available aggregates for cement treated bases.

Method of Test for Relative Mortar Strength of Portland Cement
Concrete Sand — This test indirectly measures the concrete-making
properties of the sand portion of the ash.

Method of Test for Evaluation of Aggregate for Lean Concrete Base
(LCB) — This test serves to determine the strength producing proper-
ties of the aggregate for this application, and the amount of cement
needed for adequate compressive strength.

Standard Test Method for Potential Reactivity of Aggregate (chemical
method) — This test gives an indication of whether the ash may react
with cement over time and cause a network of fine cracks in the
surface. ‘

. R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

2.2 ANALYTICAL TESTS

Analytical tests were performed only for biomass and medical waste ash. The samples were
prepared and processed by the laboratory and tested with the following battery:

Waste Extraction Test, STLC, and TTLC for Inorganic Persistent and Bio-
accumulative Substances only. See California Code of Regulations, Title 22,
Division 4.5, Environmental Health Standards for the Management of Hazardous
Wastes, Article 11, Chapter 5.

Toxicity Characteristic Leaching Procedure, Method 1311 for eight heavy metals
only (arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver).
Test Methods for Evaluating Solid Waste (Physical/Chemical Methods), SW 846.
See Federal Register, Vol..55, No. 126, P 26986, Friday, June 29, 1990. -

American Society of Testing and Materials (ASTM):

Total calcium,

Total sodiwm,

Total potassium,

Total chiorine,

Total sulfur,

Total rnoisture, and

Loss on ignition or total volatile solids.

Testing was performed on small volumes of ash as extracted: from the samples. Ash
extraction for testing purposes was performed as required by each testing protocol. Rocks,
nails, needles, and other visually identifiable items were not included in the tested portions
of material. '

- R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

The analytical tests are designed to show potential toxicity of the ashes analyzed. It should
be noted that the sampling was not conducted based on regulatory requirements and hence,
the results are invalid from a regulatory standpoint. The regulatory limits are given more
for purposes of comparison than for assessment of toxicity. They are also useful in
evaluating some of the nutrients and trace metals necessary for beneficial application of the
materials for agricultural uses.

2.3 AGRICULTURAL TESTS

As part of this quantification and characterization study, the consultant evaluated the
physical and chemical characteristics of ash with the intent to provide beneficial use for
agriculture. The laboratory tests which were performed excluded analyses to identify
potential toxicities of the materials. The consultant contacted individuals familiar with the
beneficial uses of incinerated wood waste byproducts, including staff from the University of
California-Davis (Department of Land, Air, and Water Resources), and the Ash Work Group
of the University of California Cooperative Extension Service. In addition, a limited amount
of literature pertinent to the study was reviewed and is made part of this discussion.

Agricultural tests were performed on the ash from biomass facilities only. The following
characteristics were determined:

Chemical Characteristics:
B Macronutrients

Nitrogen
Phosphorus
Potassium
Sulfur
Magnesium
Calcium

oDooooo
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California Integrated Waste Management ‘Board Ash Quantification and Characterization Study

8 Micronuirients

o lron

O Manganese
o Copper

g Zinc

& Other Characteristics

Aluminum

Sodium ‘

Acid Insoluble Ash (% sand)

% Organic Matter :
Caldum Carbonate Equivalent (CCE)
Chloride (ppm)

oooooao

Physical Characteristics:

s Bulk Density (gm/cc)
s % Moisture (dry basis)
s Particle Size (% passing No. 200 sieve)

Although a great deal of research has been conducted on beneficial use of fly ash, much of
the work centers around the byproduct as generated from coal-fired power plants. Bottom
and fly ash from wood and coal have been found to be a useful soil amendment on acidic
soils and mine spoils, to physically improve soil texture and nutrient availability, and as an
additive in animal and poultry feed, among other uses. The review for this study focused
upon research related to wood or wood waste fired boilers/incinerators.

Early studies by Host and Pfenninger (1978) and Master and Zellmer (1979) suggested that
the ash from wood bark serves a benefidal purpose as a low-grade ferfilizer. More recent
field experiments have found that wood waste ash is high in potassium and naturally
releases nutrients over a longer period of time than artificially designed fertilizer products
(Meyer, et al, 1992). Other recent studies have found that wood waste fly ash can also be

10 - , ' o R W. BECK,
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California Integrated Waste Management Board Ash Quantification and Characterization Study

used as a daily landfill cover without the threat of groundwater contamination by heavy
metals contained in the fly ash (Perkins and Dohms, 1989).

Studies have suggested that the most nutrient-rich ash materials are those that have used
untreated wood chips and bark as a feedstock to the furnace (Hakkila, 1989). This is
especially the case where organics are fully combusted (Meyer, 1993; personal communica-
tion). Use of elementally rich ashes may lead to excess levels of micronutrients which, if
chemically available, may be detrimental to agricultural lands. Impurities in the feedstock
such as nails, treated wood and painted wood, or mineral-rich rocks or soils may also
contribute to elevated levels of lead and copper.

Meyer et al (1992), characterized ash from the standpoint of "high-carbon black” and "low-
carbon gray" materials. High-carbon black ashes typically have high potassium concentra-
tion, while low-carbon ash tends to contain potassium, phosphorous, and calcdum. Low-
carbon gray ash may also offer a higher availability of micronutrients on an average basis
than high-carbon ash, particularly for zinc. This trend is evident in the testing results for this
study. Both materials have their advantages, as well as their limitations with regard to
agricultural uses. High-carbon content may hinder nitrogen availability for plant growth and
for microbial decomposition of the applied ash. Consequently, supplemental nitrogen may
be needed in order to support plant growth. Conversely, addition of high organic materials
to soils can improve physical soil properties, such as water infiltration, tilith, and structure.
Therefore, facility operators and their agricultural end-users should work closely to ensure
that the ash byproduct in use coincides with the specific nutrient needs of the agricultural
crop.

Potential Uses. Research into the use of biomass ash is presently underway in California
and other parts of the United States. Principal applications under evaluation include
supplemental uses for dry-land and irrigated crops, eucalyptus and forest land, and
rangeland. Field trials by the University of California Cooperative Extension and a number
of northern California biomass combustion facilities are ongoing. The trends identified by

- R W. BECK . _ L1
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the researchers, to'date, tend to support the conclusions of early studies that application of
biomass ash at varying rates can enhance plant growth, under a variety of field conditions.

Uses and applications of biomass ash are also dependent upon a number of externalities.
Studies have shown that the cost-effectiveness in use of ash for agricultural or even
silvicultural purposes can be maximized if hauling distances are limited to a radius of 25
miles from source to end-user. The viability of the resource as an agricultural supplement |
may also be limited by handling, storage, and spreading considerations. Additionally, the
nutrient loading requirements of the receiving land will have bearing on the application rate
of the ash and hénce, its cost effectiveness. All of these limitations may result in marginél
returns on investments for agricultural end-users if production yields do not increase
significantly on ash-applied lands. " ‘ '

@

3.0 DATA ANALYSIS

Separate discussions of the data are provided for biomass facilities, medical waste facilities,
and MSW facilities. The discussion includes an analysis of test results and of potential uses
for the ash res‘idues‘ and recommendations for future activities.

31 BIOMASS COMBUSTICN FACILITIES

3.1.1 Infroduction

Using data collected in Phase 1 of this study, the CIWMB staff identified biomass facilities
to be sampled. The fadlities were chosen with consideration to fuel (type and quantity), air
pollution control equipment, and combustion technology. After contacting several facilities
and advising the facility’s ‘management about the Study’s purpose and procedures, ten
biomass facdilities agreed to participate in the study. Table 2 shows the names, locations, and

12 ‘ ‘ - R W. BECK
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TABLE 2 , ‘
BIOMASS FACILITY CHARACTERISTICS
Facility Name Sample Feedstock Technology
Date _

Burneyv Forest Products 06/10/92 | Wood waste from lumber "| Fixed grate
El Nido Biomass Power Plant 01/29/93 | Almond trees, walnut shells, Fluidized bed

grape pomace
Fairhaven Power Company 04/30/93 | Wood waste from redwood Fixed grate

‘ lumber operations

Hudson Lumber Company 05/08/93 | Wood chips from lumber Fixed grate
Mendota Biomass Power, Ltd. 04/08/93 | Urban wood waste and prune | Fluidized bed

pits
Oberational Energy Company - 031/08/93 | Rice hulls Moving grate
Williams
-Pacific Lumber Company - Scotia 1 05/06/93 | Redwood scrap Moving grate
Sierra Pacitic — Burney 06/11/92 | Wood waste from lumber Fixed grate with after-

operations burner for bottorn ash
Soledad Energy Partnership 08/12/92 | Half almond, pine and Fluidized bed

eucalyptus trimmings and half

urban wood waste
Wheelabrator Shasta Energy Co. - 05/07/92 | Wood waste from timber/ Moving grate
Anderson lumnber operations.

sample dates for the partic;ipating biomass facilities, along with information on the feedstock
combusted during our sampling and the technology category of the furnace.

. R W. BECK o .13
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3.1.2 Biomass Sampling Procedures

As described in section 2.0 Study Overview, samples were taken from each of the fadlities
listed above. A standard protocol was developed outlining sampling procedures at the
biomass facilities. This protocol required the removal of ferrous metals and materials over
two-inches in diameter (overs) from each sample taken. This removal of material was
performed as a part of field sample preparation prior to shipping and laboratory testing.

Please note that because facility operations differed, actual protocols differed slightly;
however the field sample preparation used to remove the ferrous metals and "overs" was
performed for all samples at each facility. See the appendix for detailed sampling protocols.

Table 3 provides the proportion of ferrous and "overs" for each facility sampled. The facilities
are classified by the combustion technology used. '

3.1.3 Test Results for Transportation Uses

Many of the results of physical testing performed on the various samples of ash can be
compared directly to the specifications set by CalTrans. These results are shown in Table 4,
and can be compared with the specifications of Table 1.

A number of tests could not be run successfully for some samples due to organic contami-
nants. The organics either led to an inability to perform the test or results which were
indeterminable. Samples from Burney Forest, Sierra Pacific, and Soledad Energy had few
successfully performed tests due to organics or other contaminants.

Tests were performed to characterize the aggregate in the ash. CT 202, 206, 207, 208, and
212 characterize the size distribution and density of the ash. ASTM (C-289 is not a standard
CalTrans test but is important in concrete surface applications nonetheless. Results of CT
206, 207, 208, 212, 226, and ASTM ‘C-289 are shown in Table 5. CT 202 results are given in
Appendix A.

14 . : s R W. BECK
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TABLE 3
FERROUS AND MATERIAL OVER TWO-INCHES IN DIAMETER

REMOVED FROM THE SAMPLES PRIOR TO LABORATORY TESTING
{Provided as a Proportion of the Total Sample Taken)

Fluidized Bed Facilities

FAWKIS89.DAI\D _WO0IMT.001

- Material Observed Ash
Facility Ash Type Ferrous Over 2" Samples Characteristics Comments
El Nido Bottor/Fly | 0-0% 0-0% 2 Fine, brown matenal; noth- Two - 600+ pound samples
Biomass Ash Combined . ing over 2 inches. were taken as compared to
Power six 200 pound samples
taken at other fadlites.
Mendota Bottom Ash | 0- <1% 0-0% 3 Bottom ash mostly sand,
Biomass Flant FlyAsh | 0-0% 0-0% 3 nails, rocks, some unburned,
material; fly ash fine,
browrvblack material,
Soledad ‘Bottom Ash | 0-0% 0-0% 3 Bottom relatively homoge-
Energy Fly Ash | 0-0% 0-0% 3 neous, coarse gravel in tex-
Partnership . ture and color: flv fine, black
Fixed Grate Facilities
éume_v Forest Bottom Ash | 0-0% 0-6% 3 No ferrous; slag and rock The "overs” were mainly
Products Fiv Ash | 0-0% 0-0% 3 present over 2 inches, con- slags and inerts
; sistent size otherwise.
Fairhaven Bottom Ash | 0-<1% | 0. <1% 3 Fly was black and fine; bot-
Power Fly Ash | 0-0% 0-0% 3 tom consistent except for
Company some nails and rocks. ¢
Hudson Bottom Ash | 0- <1% 0 -34% ) Coarse; some nails, rocks and | One daily sample contained
Lurnber slag over 2 inches. 34% slagsinerts. All other
Company samples contained less than
1% “overs.”
Sierra Padfic Bottom Ash | 0-0% 0-0% 3 Bottom similar to fly - no
Industries Fly Ash | 0-0% 0-0% 3 ferrous, organics, or slag
segn.
Moving Grate Facilities
j| Operatonal BottomvFly 0-0% 0-0% 6 Homogeneous, light weight,
I Energy Ash Combined very fine, black; no slag,
| Company inerts, organics or ferrous
noticed.
Pacific Bottom Ash | 0 - <1% 0-6% 3 Bottom over  inches rock, Overs were mainly slagy/
Lumber Fly Ash | 0-0% 0-0% 3 slag, and unburned wood inerts with some unburned
Companv chips, nail: fv-fine black. OTganics,
Sigral Bottomn Ash | 0- <1% 0-35% 6 Some nails, slag, rock and Only bottom ash was sam-
Wheelabrator K partially burned fuel: over 2- | pled at this faclity.
inch rocks and slag.
" R W. BECK 15




TABLE 4

PHYSICAL 'l'l‘Zt\STING RESULTS OF BIOMASS ASH

Biomass Waste Source

Burney Forest

Residue
Sample

© 500r

CT 211

 CT213

CT 217

CALIFORNIA D.O.T. TEST

CT 229 CT 301

CT 303 CT 303 CT 312
Ke | Kf

* gnable to determine
** Unable to test

Sample 1 Fine/Coarse| Fly * Unsat. * e * +f
Sample 2 Fine/Coarse} Bottom * Unsat. 95 Wht 70 *
El Nido Power Plant

Sample 1 Fine/Coarse| Mixed * | Satisfactoryl 51 27/ 88 *
Sample 2 Fine/Coarse| Mixed * | Satisfactory] 49 3 82 *
Fairhaven Power Plant .

Sample 1 Fine/Coarse] Fly *}Satisfactory 25 */* 62 *
Sample 2 Fine/Coarse} Bottom * 1 Satisfactory 70 e 71 *
NOTES: o )

2.7
2.6

CT 515 CT548
& 40 #*
* 45 %
* *




TABLE 4 (Continued)

PHYSICAL TESTING RESULTS OF BIOMASS ASH

" * Unable to determine
** Unable to test

Residue CALIFORNIA D.O.T. TEST

Biomass Waste Source Sample| CT211 | CT213 |CT217|CT 229/ CT 301{CT 303 CT 303 CT312 |CT515| CT 548
Hudson Lumber
Sample 1 " Fine/Coarse| Mixed 44 . 93| B8/87] 70 . . . . .
Sample 2 Fine/Coarse| Mixed 46 * 89| 87/85 70 * * * * *
Mendota Power Plant
Sample 1 Fine/Coarse| Fly *{Satisfactory, 32 B4/* 86 * 2.0 * * *
Sample 2 Fine/Coarsel Bollom * | Satisfactory 92 25/ 69 * 1.4 * 81.7 *
Operational Energy Company
Sample 1 Fine/Coarse| Mixed *{ Satisfactory 63| 66/* 70 * >3 * * *
Sample 2 Fine/Coarse| Mixed *{Satisfactory 59 79/* 69 * >3 * * *
NOTES: T —

IFAWK1889.DA NASH2I




TABLE 4 (Continued) . .
PHYSICAL TESTING RESULTS OF BIOMASS ASH

CALIFORNIA D.O.T. TEST |

\;’{* Unable to test

. * Unable to determine

Résidue| ( | B
Biomass Waste Source Sample| CT2i1 | CT213 [CT217/CT 229/CT 301/CT 303/ CT 303 CT312 |[CT515| CT 548
' 500r Kc | Kf | -
Pacific Lumber
Sample 1 Fine/Coarse| Fly * | Satisfactory, 93 42/* 66 * >3 * * *
Sample 2 Fine/Coarse| Bottom 49| Satisfactory, 88| 84/85 711 18] 1.3 * 75 *
Sierra Pacific
Sample 1 Fine/Coarse{ Fly "l Unsat. 45 A 78 *1 * * * *
Sample 2 Fine/Coarse| Bottom * Unsat. 15 * 75 * * * * *
{1Signal Wheelabrator
Sample 1 Fine/Coarse| Bottom 49 Unsat. 73| 74/74 57 1.9 1.8 * 105 *
Sample 2 Fine/Coarse| Bottom 50 Unsat. 87{ 76/73 68 2.0 1.9 * 120 *
NOTES: o

e, (FAWKIBKODADASIEZ)



T T TABLE 4 (Continued)
PHYSICAL TESTING RESULTS OF BIOMASS ASH

Biomass Waste Source

Soledad Energy

ISample 1
Sample 2

NOTES:

Residue

CALIFORNIA D.O.T. TEST

Sample

CT211
500r

CT 312

CT 213 [CT217|CT 229 CT 301, CT 303 CT 303

Ke K§

Fine/Coarse{ Fly * Usal.| 44.3 50/* 82 * * *
Fine/Coarse| Bottom 43| Satisfactory] 97.7) 74/73 * * * *
* Unable to determine
"“Unabletotest e ) . e,

o m o \TAWKISBIDARASHZ]
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TABLE S

CHARACTERIZATION OF BIOMASS ASH

Biomass Waste Source

Burney Forest

Residue
Sample

CALIFORNIA D.O.T. TEST

CT 206

. 5G

CT 206
ABS %

* Unable to determine

fisample 1 Fine/Coarse Fly : *
Sample 2 Fine/Coarse " | Bottom’ 229 5.78
El Nido Power Plant
Sample 1 " Fine/Coarse Mixed * *
Sample 2 Fine/Coarse Mixed * *
Fairhaven Power Plant
Sample 1 Fine/Coarse Fly * ?
Sample 2 Fine/Coarse Bottom ¢ ?
Hudson Lumber
Sample 1 Fine/Coarse Mixed 2.05 5.64
Sample 2 " Fine/Coarse Mixed 2.13 5.34

i i
NOTES: )

CT 207
55D

2.25
2.25

1.76
1.78

CT 207
ABS %

10.6
10.4

15,1
11.6

** Unable to test

CT 208

2.53

2.66
2.66

2.400
2.03

2.21
2.27

CT 212

CT226 | ASTM
A C—-289 .
13.0 9i.3 *
388, . 40 *
72.7 1.4 Innocuous
715~ 0.9 Innocuous
17.7 157.9 lmvmcnm‘ss
36.3 82.2 *
76.8 22.2 lanocuous
6498 22.9 Innocuous

(AWK B89 DATASHLWK Y]




TABLE 5 (Continued)
CHARACTERIZATION OF BIOMASS ASH

Residue : CALIFORNIA D.O.T. TEST
Biomass Waste Source - | Sample CT 206 CT206 | CT207 | CT207 CT 208 CT 212 CT226 | ASTM
5G ABS % 85D ABS %

Mendota Power Plant

Sample 1 . Fine/Coarse Fly ¢ * 2.19 4.8 2671 769 Negative| Deleterious
Sample 2 Fine/Coarse Bottom * ¢ 2.47 1.7 2.57 93.3 Negative | Deleterious

Operational Energy Company

Sample 1 Fine/Coarse Mixed - ¥ 1.94 2.4 2.08 202 01 Innocuous
Sample 2 Fine/Coarse Mixed * * 1.91 7.3 217 20.5 0.2 lIanocuous

Pacific Lbumber

Sample 1 Fine/Coarse Fly * * 1.69 7.5 1.97 12.8 0.03 Innocuous
Sample 2 Fine/Coarse Bottom 2.20 5.85 C 224 2.4 2.51 92.5 10.1 innocuous

Sierra Pacific

Sample 1 Fine/Coarse Fly * i * ¢ 2.48 25.3 14.7 *
Sample 2 Fine/Coarse Bottom * * * * 2.24 22.8 64.1 *
NOTES: o o

* Unable to determine
| ** Unable lotest

. IFAWKIBBI.DANSIN WK |




TABLE 5 (Continued)

CHARACTERIZATION OF BIOMASS ASH

Biomass Waste Source:

Signal Wheelabrator

Residue

Sample

CALIFORNIA D.O.T. TEST

CT 206
.. 5G

T CT1 206

CT207 | CT208
ABS %

CT 207

ABS% | SSD

Sample 1 Fine/Coarse| Bottom 2.28 5.35 2.34 6.2 240 87.4
Sample 2 Fine/Coarse|Bottom 2.24 5.34 2.30 6.4 247 96.6 |
Soledad Energy

Sample 1 Fine/Coarse| Fly o * * * 2.34 92.1
Sample 2 Fine/Coarse| Bottom 2.27 227 2.48 39 2.62 154.9
NOTES: T

* Unable to determine
** Unable to test

19.7
14.3

4.1
1.2

CIFAWKISBI DANASTILWKLY
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California Integrated Waste Management Board Ash Quantification and Characterization Study

Discussion

None of the results was favorable in terms of using the ash for aggregates to be mixed with

~ concrete. For asphalt aggregate, the bottom ash sample from Pacific Lumber appeared to

meet the CalTrans requirements, although it was just out of spedification for the Kc
determination in CT 303. For the asphalt treated permeable base, the. CalTrans specification
was met only by the bottom ash sample of Soledad. None of the samples met the
bituminous Seal Aggregate specification of 40 percent maximum attrition for CT 211.

As an aggregate subbase, all the samples with the exception of Sierra Pacific bottom ash and
Bumey Forest fly ash, met the specifications. Base applications are slightly more stringent
and were met by Hudson Lumber and Signal Wheelabrator.

From the results above, there does not appear to be any clear correlations between feedstock
and technology on the ash utilization characteristics. Additional factors which confound
correlations include boiler operation conditions and feedstock moisture.

3.1.3 Test Results for Agricultural Uses
Results

Results of the agricultural and toxicity analyses are shown on Tables 6 and 7. The toxicity
analyses shown do not represent the full number of tests that were run. The intent is to
present those that are more critical for agricultural applicaions. TCLP results were
acceptable based on federal regulations and are not shown here. The TCLP and California
toxicity tests results are given in the appendix for each facility.

Of the facilities sampled, El Nido Biomass and Sierra Pacific Industries had higher levels of
macronutrients than the other fadlities included in the testing. This translates into a greater
level of macro nutrients per ton of material applied per acre than the other ashes.
Conversely, the micronutrient availability of these materials was indistinguishable from the

R W. BECK e ' A .23
FAWKI889.DANND_WO00IMT.001 . i :




SUMMARY OF ACRICULTURAL ANALYSIS RESULTS

TABLE &

BIOMASS COMBUSTION FACILITIES

s : ! Burney Forest E Nido Falthaven Energy Hudson Lumber | Mendots Biomass Operationsl Pacifie Sierra Pacific Signal Soledad Energy
Products Biomass Plant Company Company Power Energy Co. Lumber Co. Industries Wheelab Partnership
Sample Type Fly/B B Only Fly/Botiom Bottom Only Fly/Botiom Combined Ash Fly/8 Fly/Boltom Bottom Only FlyMotiom
{Z Samples) + {2 Samples) {2 Samples)
TR SR e = -

Chemical Characteristics
Magonutrients (%}
® Nitrogen 0.0U<0.01 0.27/=0.01 0.110.14 0.070 68 a0 0.00 "0.3y<00m 0.140.07 <0.010.28 0.90.07 Quingy
@ Thosphorus 0.30/0.51 0.8070.68 0.40/0.15 0.460.43 023040 0.1270.43 0.290.05 225 G.400.42 Godv.16
® Polassium 1.392.04 250050 138098 145135 0.76/1.84 115235 13m22 274276 1.441.53 U4
® Sulfur 0.030.04 0.19/0.21 115023 0.07/0.92 0.080.24 oIy 0.820.09 0.450.71 0.3170.32 0.46°0.08
e Magnesium 0.60/0.97 0.939.86 0.830.42 0.900.91 0.410.74 816017 0.80,0.39 1L6¥1.30 0.820.7¢ 0.70.48
e Caloum L7 47443 5952.33 2447271 4.3439.51 0.160.13 310084 2070330 3.313.30 2364006
Micronutrients (ppm} 7
® lron 36,200/46,700 10,300/14,700 14,100/21,100 19,000/34,600 6,400/17 200 394510 24, 400/9.400 19,600/18,800 28,100,23,000 28600724400 -
® Manganese . ! 1,720/3,070 5907630 1.870970 2,15071.030 490/410 386410 1100325 13,300-13,500 2,407,280 117,69
& Capper ¢ 7090 " 450420 %0738 3907380 2207260 1094 7000 2007200 8080 3107160
& Zinc 162194 2987265 97174 2397358 2457333 @es 2562 LAt M) 451:308 1580 5w
Other Characteristics - ’ .
& Aluminum o 18,3072, 414 23,250/85,000 13,0009,000 24.138722 414 10,000723,750 2B4'371 12,200°4,180 18,963.18,965 23,176:17,241 2155017240
@ Sodium 0.250.42 $.49/0.44. 0.130.16 L2 020044 0.03003 0.1610.08 0.39-0.40 0.850.97 053040
®  Acid Insoluble Ash (% sand) 87.14'83.12 TS 3414461 76047404 86.56/63 91.59/88.65 SBLY605 390AE IHARET2 Fo 31 G g9
® % Orgenic Matter =722 236202 44.1336.20 8.448.95 . 0160466 6.91/6.53 4585209 AT B4 67 SEaUed
® Calcium Carbonate Equivelent {CCE) 9.76/16.34 20431891 17.7/8.38 13.97/14.63 13.76/42.47 199202 11.59/3.68 48304909 150171582 wiien
® Chloride (ppm) 1,206/496 L454/L32 3,4B2/355 494532 L26/13,475 4,610'5,85) 2,305°355 11,679- 11,879 4,355 5,494 C.260,R3R
Physical Characleristics i
& ‘Bulk Density {(gn/ec) L5125 LINLe7 0.23040 0.940.96 1.50/1.30 L 0.310.34 0287035 g4Hu4 0,250,326 {90137
® % Moisture {dry basis) 242252 9.IYI038 60.76/'44 46 43.0040.36 0.16/NR 0.41:0.36 L3769 5.72 3o Ry 35, IR
® Tarticle Size (% retained by Mo, 200 sieve) a7 T168 3290 Q1789 56400 BBy 51,95 2341 7 A y-
ypn = parls per million
grifer = grams per cubie c:iflﬁrnf#l"r -

1F:AVR1889 DAt LEFOMDNM. T,




SUMMARY OF RESULTS FOR TOTAL THRESHOLD LIMIT CONCENTRATIONS (T'HLyY)
AND SOLUBLE THRESHOLD LIMIT CONCENTRATIONS (STLO)

’ Fairhaven Sierra Soledad
Analylcal Burney Forest El Nido Energy Hudson Lumber Mendota Operational Pacific Pacific Signal Energy
Paramnetlers Products . Biomass Plant Company Company Biomass Power Energy Co. Lumber Co._ Industries Wheelabrator ‘Partnership
Sample Type Fly/Bottom Botiom Only Fly/Bottom Bottom Only Fly/Bottom Fly & Bottom Fly/Bottom Fly/Bollom Botiom Only Fly/Botiom
: Mixed o
Cadmium 1.3/45 ’ NL/ND NIYND 8.0/7.6 NLIYND NIJ/ND ND/ND 29/6.9 8.4/5.3 6.1/NDY
¥
Chromium 6.9/19 19/16 21/16.4 42/45 38.1/166 NLY/ND 2770277 15/37 56/51 100/84
Beryllium e NG ND/ND NIYND NIYND NID/ND NIYND ND/ND ~ NDmY7 ND/ND NIYND
Arsenic © NIY/ID 22/33 NI/ND 2519 NIYND "ND/ND 126/115 24/78 . 18/20 130/53
l.ead $.2720 ‘ 24n7 36/ND ©31/28 79.3/ND ' NI/ND 137132 64/35 29/30 110021
Mercury ©ND/ND . NEYND NIYND NP/ND 0.09/ND NIYND NI/ND ND/ND NIYND I4MND
STLC STLC STLC STLC STLC STLC | STLC 5TLC §TIC STILC
Cadmium 0.02/0.03 ND/U.03 NUD/ND 0.05/0.04 ND/ND NLYND 0.06/ND 0.02/0.03 004004 Niyooz
Chromium 0.120.13 0.42/0.30 0.36/0.15 0.19/0.23 38720 - NID/ND 0.19/0.09 .36/0.14 0.25/0.18 2.5/1.8
Berytlium ND/o.ut NID/ND ND/ND o.o010.01 NDyND ND/ND ND/ND ND/ND 0.01/0.01 NIYND
Arsenic 0.230.37 ND/ND NEDYND 0.37/0.26 NIYND NIYNID NIYND G.4iy025 0.51/0.25 1.51.3
Lead . ND/e7 ND/O 1.37/0.60 0.23/0.22 ND/ND ND/ND 0.04/0.49 GIYND 0.94/0.48 0.68/0.20
Mercury NIYND ND/ND NIYND ND/ND NIYND ND/ND ND/ND NIYND NIYND 0.0004/ND

TTIC reported in milligrams per kilogram (mgfhg); STLC reporied in milligrams per lifer (mg/l.).
NIY = not detecied. :

| Limit Concentrations for Persisient and Bioaccumulative Substances )
]
TILC STLC
{mg/kg) {mg/L)
Cadinium , 00 1.0
Chromium (VU and other) 500/2,500 5.0/560
Beryllium . - 75 .75
Arsuenic 500 50
Lead 1,000 5.0
Mercury 20 6.2

oAWK EBRY DAL EROBHN T



California Integrated Waste Management Board Ash Quantification and Characterization Study

other facilities sampled. Burney Forest Products and Hudson Lumber Company samples -
typically exceeded the other fadilities in pounds of available micronutrients per ton of
material applied (per acre basis).

A comparison of fly ash to bottom ash analyses indicated a small difference in average
elemental concentrations for both macro- and micronutrients. Except for phosphorus,
potassium, and zinc, elemental concentrations were often higher on average for bottom ash
samples as compared to the fly ash samples.

Organic matter in the ash samples. was low. for Burney Forest Products, El Nido Biomass
Plant, Mef\dota Biomass Power, Ltd., and Soledad Energy Partnership. Micronutrients were
especially low for Operational Energy Company, as were calcdium and magnesium. Calcum
carbonate equivalent was significantly higher for Sierra Pacific Industries; chloride also
followed this trend. Physical characteristics varied widely.

Driscussion .

In reviewing the results of the analyses, ’three key variables may iﬁﬂuence the results. These
variables are: (1) feedstock; (2) type of technology used; and (3) residue type (fly versus
. bottom ash) as are shown on Table 2.

Feedstock. The type of feedstock incinerated strongly influences the quality of the ash
material produced. From the facilities sampled in this study, several biomass feedstocks were
employed including:

= Wood waste and/or chips from lumber;

L Agricultural waste (shells, pomace, rice hulls, etc.);
® Urban wood waste; '

" Redwood scraps; and

#  Tree trimmings.

2% - - R W. BECK
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— T

"The total and leachable metal levels in samples from facilities accepting urban wood waste
were generally higher than the others. One sample from the Soledad Energy Partnership
was high in the total lead (TTLC), but not the leachable lead (STLC). The other Soledad
sample was 50 times lower, showing the high variance in the material. It should be noted
that the sampling was not deéigned based on regulatory requirements and hence, the results
are invalid from a regulatory standpoint. The regulatory limits are given more for purposes
of comparison than for assessment of toxicity.

Ash samples collected from the El Nido, Hudson, Sierra Pacific, and Soledad fadilities
contained levels of copper and zinc which could be harmful to soils already enriched with
reasonably balanced micronutrients. The rice hull ash from Operational Energy was
‘significantly lower in some metals and calcdium than the other feedstocks.

Combustion Technology. Some ash differences can be attributed to the combustion
technology employed. The high calcium and chloride in the Sierra Pacific Facility samples
may be a result of the use of an after burner, perhaps lowering overall carbon in the ash and
subsequently raising concentrations of other elements. The éxpected high combustion
efficdency of the fluidized bed units lead to lower organics in the ash. High burnout was
also achieved for the fixed grate incinerator at Burney Forest Products.

Differences in Ash Type. A third factor influencing nutrient value is the type of ash. All
combustors sampled generated two separate ash types: fly ash, which is captured
downstream of the furnace, and bottom ash, which drops beneath the furnace grate. The
chemical and physical characteristics of bottom ash and fly ash are markedly different.
Generally, fly ash contains higher levels of leachable metals than bottom ash.

. R W. BECK . . 27
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-

3.2 MEDICAL WASTEJINCiNERATION FACILITIES
3.2.1 Introduction

Using data collected in Phase 1 of this study, the CIWMB staff identified medical waste
facilities to be sampled. The facilities were chosen with consideration to waste, air pollution
control equipment, and combustion technology. The amount of waste incinerated was the
key criteria in identifying which fadlities’ ash would be sampled. The facilities eligible to be
sampled had to generate more that one ton of ash per day. Only eight of 72 facilities met
this criterium. ' |

After two of the eight medical waste facilities were chosen and briefed about the Study’s

purpose-and procedures, both facilities agreed to participate in the study. Table 8 shows the
names, locations, sample dates, and "overs" for each fadlity sampled.

TABLE 8
o | MEDICAL FACILITIES SAMPLED _
Name/Location’ . . : Sample Ash Ty?e , Ferrous | Material | Daily
. .2} Date ] | .| :Over2" | Samples’
f : , ,

American Environmental Bottom/Fly ‘
Management 04/22/92 | AshCom- | 2-5% | 1-14% | 6
Corporation, Sacramento bined
Integrated Environmental Bottom/Fly
Systems, Inc., Oakland 1 01/29/93 | Ash Com- 1-4% 1-14% 6

. bined

* Al Faciliies are located in the State of California

8 ’ ' R W. BECK
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Six daily samples and composites performed from the three morning and three afternoon
samples were analyzed individually for toxicity. Physical tests were performed on the
composites only.

3.2.2 Physical Results

Two medical waste incinerators were sampled in this study, American Environmental
Management Corporation (American Environmental) and Integrated Environmental Systems,
Inc. (Integrated Environmental). Results from the testing are shown in Tables 9 and 10, with
Table 9 giving results to compare against the CalTrans specifications of Table 4 and Table 10
giving additional testing results. Resuits of CT 202 are given in Appendix B.

3.2.3 Analytical Results

Table 11 shows results of the six daily samples from each facility analyzed by the Toxidty
Characteristic Leaching Procedure. The composite samples’ TCLPs fall within the ranges in
the table. The average lead leachate concentration from the Integrated Environmental
Systems ash was 37 mg/liter. The regulatory limit for lead is 5 mg/liter. The results for lead
in the ash sampled from-this facility ranged from below detection level (0.10 mg/L) to 140
mg/L. No correlation with time of sampling was evident. Lead levels were also higher than
limits established for State of California.Total Threshold Limit Concentration (TTLC) and
Soluble Threshold Limit Concentration (STLC) tests. These data are given in the appendix.

- Samples collected from the American Environmental facility indicated high TTLC levels for
copper. TTLC results are provided in the appendices.

Table 11 is a summary of the TCLP toxicity results. As with the biomass ash toxicity testing,
it must be noted that our sampling protocol was not designed based on regulatory
requirements. ‘

"R W. BECK o 29
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TABLE 9

PHYSICAL TESTING RESULTS OF MEDICAL WASTE ASH

| Medical Wi

American Environmental

Sample

: ReSI;dﬁe e

. .CALIFORNIA D.O.T. TEST

" 500¢

cT211

- 50

CT213

CT 217

CT.229 CT 301

CT 303 CT 303
Ke

Kf

CT 312

CTs515| CT548

Sample 1 Fine/Coarse| Mixed Unsat. 34| 60/59] 70 * *

Sample 2 Fine/Coarse| Mixed 51 Unsat. 42| 62/60 69 * *

Integrated Environmental

Sample 1 Fiﬁe/Coarse Mixed * Unsat. 69 ** 76 * *

Sample 2 Fine/Coarse[ Mixed * Unsat.|. 653 ** 75 * *

NOTES: , - -
* Unable to determine

** Unable to test

. |FAWK1889.DATASEEZ]




CHARACTERIZATION OF MEDICAL WASTE ASH

TABLE 10

Medical Waste Source

i American Environmental

Resxdue

Sample

* Unable to deiermine

Sample 1 “" Fine/Coarse| Mixed * *. 2.22 54.6 18.6] Innocuous
Sample 2 " Fine/Coarse{ Mixed * * 2.28 48.4 212} Innocuous
integrated Environmental
1Sample 1 Fine/Coarse} Mixed 1.79 * 2.03 71.1 7.5 *
Sample 2 Fine/Coarse{ Mixed 1.94 * 2.11 68.0 4.6 *
|NOTES:

{FAWK1889.DANASHLWK1]
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TABLE 11
- TCLP TOXICITY TESTING RESULTS '
‘ ' MEDICAL WASTE FACILITIES. ‘
Analytical : American ; Integrated .. Reguhtoxy : Detection
Parameters.{mg/L} | - Environmental | * Envirommental *| . ‘Limit - ‘it (mg/L)
" Arsenic ND ND 50 200
Barium *0.05-0.76 | *0.05 - 13.00 1000 050
Cadmium - IND *0.02-006 | 1.0 02
Chromium ND ‘ *0.01 - 0.11 5.0 05
Lead | ND *0.10 - 140.00 | 50 1
Mercury - {ND - |ND [ 2 | 0002
Selenium ND - - I ND L 1.0 3
Silver ND ND ) - 50 02
Notes:
mg/l. = Millighfams per liter . I .
ND = Not detected - ) ‘ Y
* = Low range estimate i8 eqx‘}jvalent to the minimum detection limit.
Resuits ;re baﬁed onS sarﬁples and‘ given in a mmunum/maxunumrange

Discussion

The American Environmental ash satisfied CalTrans specifications for aggregate base and
subbase. Integrated Environmental ash met the specifications for aggregate subbase only. )
These two ashes did not meet specifications for other applications due to unburned organics
and inorganic debris. ‘

Both facilities used fixed grate technology and a mixed ash-was sampled. The ash sampled
had a significant over two-inch fraction and some unburned material and sharps which will
require screening and proper handling before use.

2 Lo ' - R W. BECK
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+:3h concentrations of lead or other toxics can be handled with several options: Chemical
additives can be applied to fix the metals in the ash to prevent them from leaching out.
Alternatively, the ash could be intentionally leached and the leachate treated. It has
generally been accepted that fly ash contains a greater degree of leachable metal than bottom
ash; therefore, keeping the two streams separate and utilizing only the bottom ash may
prevent higher concentrations of metals in the utilized ash.

3.3 MUNICIPAL SOLID WASTE-TO-ENERGY FACILITIES

3.3.1 Introduction

The consultant sampled the three fadlities shown in Table 12, including the Stanislaus
Refuse-to-Energy Facility twice. Only material testing was performed on the ash samples
from the MSW facilities.

The Commerce facility ash treatment system separates the ash into an under 1" bottom and
fly ash and an over 1". The unders are mixed w1th 10 to 12 percent Portland cement in a’
cement mixer. This is discharged into a 40 cubic yard roll-off lined with plastic. The mixture
is allowed to cure for at least a day before being transported to the landfill for temporary
road use there. The sampling protocol for Commerce differed gréatly from the other
faciliies. For this site, the ésh/cement mixture was shoveled into forms, allowed to cure for
24 hours, and then broken up into pieces less than 2" in size.

The South East Resource Recovery Facility (SERRF) also applies cement to the ash, but this
is done in a proprietary way within the facility. The cement added is presumably less than
used at Commerce and the ash sampled was not thoroughly cured before it was packaged
and sent to the laboratory for physical testing.

R W. BECK ‘f—’ R . 33
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TABLE 12
MSW FACILITIES SAMPLED
e , : o Material Daily
| Name/Location Sample Date | . Ash Type Ferrous Over2' | Samples
Commerce Refuse-to-Energy 10/05/92 to Bottom/Fly Ash | 0- <1% 0-0% g
Facility, Comumerce 10/08/92 Combined 7
SouthEast Resource 12/01/92 to Bottomm/Fly Ash | 7-17% 4-15% 9
Recovery Fadility, Long 12/03/92 Combined
Beach )
Stanislaus County Resource 06/03/92 to BottormyFly Ash 3-8% 6-15% 9
Recovery Facility, Crows 06/05/92 Combined
Landing Event #1
Stanislaus County Resource 02/04/93 to Bottor/Fly Ash | 3 -12% 6 - 14% 9
Recovery Facility, Crows 02/04/93 Combined
Landing Event #2 “

At each fadility, composite samples were taken for each of three consecutive days and a
fourth sample was taken randomly from among the three days of sampling. As each daily
composite sample was tested upon receipt at the laboratory, the fourth sample was held for
thirty days before analysis. Testing of the.random samples after the 30-day holding period
provided comparative results used to indicate any bonding or other chemical reactions that
might occur in the ash over time.

All three facilities used moving grate combustion technology, and added lime in their air
pollution control which will end up in the ash.

: R W. BECK
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3.3.2 Results : -

Results from the testing are shown in Tables 13 and 14, with Table 14 giving results to
compare against the CalTrans specifications of Table 5, and Table 13 giving additional testing
~ results. Results of CT 202 are given in Appendix C. The 30-day sample is the random
_ sample in the tables.

3.3.3. Discussion

Commerce and SERRF ash satisfied the specifications for subbase aggregate. Base material
specifications were not reached, nor were other application spedifications attained. No
trends were obviously correlated with sampling time. The 30-day samples for Commerce
and SERRF were not significantly different that the other samples taken there.

Tests on samples from Stanislaus were successfully performed for most of the tests. The
second visit's samples were particularly low in contaminants. The material, though, was still
limited to meeting specifications for aggregate subbase and possibly asphalt-treated
permeable base, asphalt concrete, and asphalt concrete base aggregate. The first visit's
samples were significantly different than the second visit. In fact, the mortar compressive
strength from the first visit was three times higher, and the durability from CT 229 was
much bettér. This points to the variability of the ash over time due to differences in MSW,
operation, and perhaps boiler condition.

The Stanislaus 30-day samples were not able tobe tested for many of the tests. This suggests
a time dependence which is difficult to explain. The organic contamination was somehow
increased over time. This may be caused by a reduction in bonding of organics in the ash
over time. -

R W. BECK o : o350
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1Commerce Refuse

Sample 1-
Sam ple 2
Sample 3
Random Sample

SERRF

Sample 1
Sample 2

ISample 3

Random Sample

MSW Waste Source E

Fine/Coarse
Fine/Coarse
Fine/Coarse
Fine/Coarse

Fine/Coarse

Fine/Coarse
Fine/Coarse
Fine/@foa rse

| Residite

" Sample

Mixed
Mixed
Mixed

Mixed

Mixed
Mixgd
Mixed

1 Mixed

FAb

LE13
'CHARACTERIZATION -OF MSW ASI1]

__CALIFORNIA D.O.T. TEST

CT 206
. 8G

1.55
1.32
1.37
1.46

1.23

1.47
1.5
1.33

“CT 206
ABS %

22.6
3u.2
29.1
27.4

17.8
10.3

9.3
139

NOTES:

* Unable to determine

| _** Unable to test

CT 207
SSD.

CT 207
'ABS %

CT 208

2.25
2.50
2.56
2.42

2.48

2.54
© 2,57
2.56

[Tcraiz

64.4
65.7
69.3

# %

62.5
65.4
82.7
78.9

CT 22

29.8
29.3
27.7
27.5

23.3
298
237

2741

Tnnocuous

[AWKISEI.OANSITTWKE]

ASTM
C-—-289

Innocuous

Innocuous
finocuous

L]

Innocuous
%

L]




" TABLE 13 (Continued)
CHARACTERIZATION OF MSW ASH

MEW Waste Source

%Stanislaus RRE — 15t visit

!

i

|Sample 1
1Sample 2

Sample 3

{Random Sample

1Sample 1

Sample 2

{Sample 3
Random Sample

Fine/Coarse
. Fine/Coarse
Fine/Coarse
Fine/Coarse

1Stanislaus RRF — 2nd visit

Fine/Coarse
Fine/Coarse
Fine/Coarse
. Fine/Coarse

Residue
Sample

Mixed
Mixed
Mixed
Mixed

Mixed
Mixed
Mixed
Mixed

CALIFORNIA D.O.T. TEST

SG

CT 206

2.06
2486
2.09
1.99

215
2.09
2.19
1.96

% %

CT206 | CT207
ABS % SSD
6.4 2.83
6.1 2.82
7.7 2.81
7.9
8.6 2.25
8.4 2.24
7.4 2.15
1.1 *

CT 207

ABS %

9.2
8.7
8.8

& %

152
9.0
13.7

LR

CT 208

2.45
2.55
2.52
2.55

2.58
2.56
2.58
2.57

91.5
81.6
77.0

LAl

85.5
93.0
93.8

% %

CT 226

20.4
14.6
18.4
16.5

174 1.
17.41

16.0
164

ASTM
C-289

Innocuous
Innocuous

Innocuouns
& %

Innocuous
Innocuous

Innocuous
%4

INOTES:

* Unable to determine

1_ ** Unable to test
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TABLE 14

PHYSICAL TESTING RESULTS OF MSW ASH

MSW Waste Source

Commerce Refuse

|Sample 1
Samiple 2
Sample 3 ,
Random Sample

SERRF

ISample 1
Sample 2
Sample 3
Random Sample

Fine/Coarse

Fine/Coarse
Fine/Coarse

‘ Fine/Coarse

- Fine/Coarse

Fine/Coarse
Fine/Coarse

a Fine/Coarse

Résidu’e ‘

Sa mple

Mixed
Mixed |,

Mixed
Mixed

Mixed
Mixed
Mixed
Mixed

CALIFORNIA D.O.T. TEST

3o

14/*
14/«-
13/*
14/*

%/ﬁ-
l‘/*

CT211 | CT21i3. |CT 217|CT 229
~.500r '
S Unsat. 62
* Unsat: 62
® Linsat, . 68
* Uinsat, 63
48.6 Unsat. 34
438 ~ Unsat. 48
*t Unsat. 54
50.2 Unsat 42

16/*

CT 301 CT 303I CT303 CT312 |CT515| CT548
Kc Kf o
85 # * * *
89 % # * #:
84 * % * *
81 ® * * *
84 % # # *
81 * % * *
8] * * » *
83 * % * *

NOTES:

* Unable to.determine

| ** Unable to test .
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|

|

PHYSICAL TESTING RESULTS OF MSW ASH

i

MS5W Waste Sdurce

Residue

Samplé

CALIFORNIA D.O.T. TEST

CT 211

CT 217

CT 229 CT 301

CT 303
Kc

CT 303
Kf

CT 312

CT 515

CT 548

: 500r , 1 K

'Stahislaus RRF — 1st visit

;Sample 1
(Sample 2
Sample 3

‘Random Sample

i Fine/C;)arse

Fine/Coarse
Fine/Coarse
Fine/Coarse

.Stanislaus RRF — 2nd visit

‘Sample 1
‘Sample 2
Sample 3

?Random Sample

Fine/Coarse

Fine/Coarse

Fine/Coarse
Fine/Coarse

Mixed
Mixed
Mixed
Mixed

Mixed
Mixed
Mixed
Mixed

48
48
49

%%

42
33
29

*

Linsat,
Unsat.

Unsat.
W%

Satisfactory
Satisfactory
Satisfactory

P

60

53
55
49.5

51
54
57
54

44/67
24/63
28/62

%

22/10
23/17
25/23

%%

73
82
75

LR

74
79
81

*

2.6
2.2
2.3

* &

.21
2.0
1.8

* %

1.5
2.1
2.5

%%

2.1
>3
1.0

* %

»

%

&%

4 %

105
105
105

35
35
40

* %

&

* %

340/375/400
185/270/320),
300/54(/570

* %

]
: NOTES:

* Unable to determine

r ** Linable to test
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California Integrated Waste Management Board Ash Quantffication and Characterization Study

4.0 CONCLUSIONS

For this study, an emphasis was placed on identifying beneficial uses for these ashes. The
ash from the three categories of facilities, biomass, medical waste, and MSW, show distinct
differences. These differences were generally a function of feedstock characteristics,
technology, operating conditions, and whether the ash was bottom ash, fly ash, or mixed.

In order to recommend a suitable use, the toxicity characteristics of the ash were assessed.
In the case of the biomass facilities, only one sample (Soledad Partnership) was found to
have significant levels of lead based on a single toxicity test. Soledad combusted urban
wood waste for half of its fuel, excessive lead may come from paint. One of the medical
waste facilities, Integrated Environmental, averaged relatively high in lead, while the other,
American Environmental, was high in leachable copper. Further testing of samples from
these facilities is recommended before moving forward on ash utilization. The MSW
facilities were not tested for toxicity of the ash.

The biomass sample results showed that in general, a lower carbon ash was attained with
the fluidized bed facilities. These facilities tend to burn particles more completely due to the
mixing action of the incinerator, and the use of a more consistently sized feedstock. The
extent of burnout affected other ash characteristics such as a higher concentration of
macronutrients. Micronutrients do not seem to be influenced strongly by extent .of burnout.
Soil application needs will influence the amount of burnout desired in a given ash.

CalTrans specifications for various transportation applications were met by many of the
samples. For the biomass, nearly all the ashes sampled met specifications for a subbase
aggregate. Base applications were met by samples from two of the facilities, and an
additional facility was close to meeting the specification for asphalt aggregate.

The ash from medical waste facilities met specifications for subbase; one facility’s ash met
specifications for base aggregate. In general, the medical waste ash was less homogeneous
than the biomass ash, as would be expected from the diverse medical waste being

40 e ' o R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

incinerated. Due to the toxicity testing results, applications of this material for base and
subbase may require more extensive testing before treatment is considered to stabilize the
metals.

" The MSW fadilities show differing levels of ash utilization potential. The Commerce facility’s
ash treatment program adds a substantial quantity of Portland cement to the ash, making
it a different starting material than the other facilittes. SERRF also added cement but at a
lower rate. The ash from Stanislaus proved to be the most free of contamination and,
therefore, most useful for transportation applications. This ash, despite the feedstock’s
diverse nature, competed well in terms of specifications for road base and asphalt aggregate
materials with the best biomass ash. However, its characteristics chahgéd over time, which
is a threat to its marketability unless steps are found to eliminate this change, such as
controlling the moisture in the ash in order to avoid adverse reactions in the ash.

In comparing the biomass, medical waste, and MSW ash, it is difficult to draw consistent
conclusions. It is interesting that useful ashes seem to cross boundaries of technology,
feedstock, and ash type. There was not a strong correlation between good char burnout and’
the lowering of organic contaminants which leads to inability to run many of the tests for -
the biomass ash samples. Because operating temperatures, residence times, air/fuel ratios,
and other furnace conditions were not recorded for this study, many important factors have
not been included. These factors, along with feedstock composition, influence ash
characteristics.

Although some ashes may meet specifications for a given CalTrans application, it is
important to note that not all tests have been performed relative to each application. Also,
the material may require some fractionation to attain the required particle distribution.
Organic and inorganic contaminants may present a problem even though specifications are
met otherwise. In fact, all of the applications require a material free of organics and
inorganic debris. Inorganics may be removed by screening or magnetic removal. Organics
are probably more of a problem if in the form of putrescibles, which can decompose and

R. W. BECK ' -4
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California Intégrated Waste Management Board Ash Quantification and Characterization Study

leach out. Only a demonstration through field testing can conclusively assess the utilization
of an ash in a base application.

5.0 RECOMMENDATIONS FOR FUTURE WORK

This study was intended to be a first step towards potential utilization of ash materials in
various applications. 1t is useful in giving a baseline ‘against which future testing and
demonstrations can be gauged. There are many paths that can be taken to promote and
implement the use of these materials.

For materials which have been shown to meet specification for a particular application,
additional testing will be necessary to fully prove their effectiveness. Screening to change
the particle size distribution to the appropriate range may be required for a given use. A
demonstration project, such as a section of road, or farm land would be useful in proving
the concept under practical conditions. This would also serve to evaluate economics and
convenience for the user. '

Contribution of this report to the research presently underway by University of California-
Davis and the Ash Work Group of the University of California Cooperative Extension Service
is recommended as a way to demonstrate useful applications for biomass combustion ash for
agriculture. Research work might focus on two areas: the producer end and thé agricultural
user end. At this time, much of the research is focusing on application methods for varying
types of agricultural land. Operators that may desire to find agricultural uses for their ash
may want to consider the recommended refinements to their processes. A more thorough
linkage between combustion processes, feedstock type, and land application techniques is
recommended in order to gain a better understanding of the beneficial use of ash on
agricultural lands.

2 . ' .‘ " R W. BECK
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California Integrated Waste Management Board Ash Quantification and Characterization Study

For those materials lacking in quality due to excessive organics, changes in operation may
lead to cleaner ash. If an emphasis is placed on operating to more fully combust the ash,
itis likely that orgariics can be removed. Additional screening and ferrous recovery may also
be required. A study of operations at various facilities could provide insight into the
differences in ash characteristics seen. -

It may also be useful to run different feedstocks through the same facility and sample and
analyze the resulting ash. This could aid understanding of the effect of feedstock on ash
quality. ‘

It may be beneficial to create a forum with CalTrans to discuss the issues of organic and

inorganic debris in the ash. While these present a barrier to ash use in road uses, the
| specifications may need to be expanded to allow for a new material like ash to be used. This
could accelerate the use of ash materials in road applications, without significantly affecting
the final product’s quality.

Other uses for which biomass ash may be considered include: dietary supplement for
livestock and poultry, or as a daily cover for landfills if texturally appropriate. Use of any
ash as a final vegetative cover is not recommended, as a number of studies have indicated
that ash alone is not a sustainable growing medium unless allowed to leach soluble alkaline
oxides and stabilize (Meyer, et al, 1992).

R W. BECK . - ‘a3
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