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CONVERSION FACTORS FOR INDIVIDUAL MATERIAL TYPES

PREFACE

The Califomnia Code of Regulations [Title 14, Division 7, Chapter 9, Article 6.1, Section 18722(f)
(1) (A)] requires the Califomnia Integrated Waste Management Board to compiete a study and
compile a list of acceptable conversion factors for each specific solid waste type listed in
section 18722()) by January 1, 1952. The list of acceptable conversion factors will be used by
jurisdictions (cities and counties) to convert qusntmes of solid waste to the units requ:red in
Article 6.1 of the Regulations.

Both the legislation and the regulations implementing the legislation mandate that the
quantification be based on weight. One method for calculating waste quantities consists of
_ using volume estimations and appropriate bulk densities to estimate weights of materials. Emor
of estimation is introduced into the procedure in several forms, including those associated with
measuring the volume of materials and those associated with accurately determining and using
appropriate bulk densities. The present study addresses the important issue of defining bulk
densities for a variety of material types and mixtures of materials encountered in solid waste
management systems in the state. The bulk densities reported herein can be used to convert
volumetric data to weight data or visa versa, (i.e., the bulk densities serve as the basis for
conversion factors between volume and weight). Important applications of the bulk densities
and conversion factors relevant to the State's recycling legisiation include estimating volumes
or weights of disposed and of diverted materials and mixtures of matenals in a variety of
physical forms. : :

This document reports the results of the study for individual material types. Later reports under
the same contract will report the results of in-vehicle and in-place landfill density studies.
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INTRODUCTION

The study identified those material types and their physical forms that are encountered in solid
waste systems in California or are reasonably likely to be encountered in California over the
“next ten years. The material types that were identified and studied included recyclable
components (e.g., tin cans) as well as mixed solid wastes (e.g., residential solid waste). The
methods of identification of the material types and forms included:

* an outside literature search
* in-house information -
» a mail and follow-up survey of collectors and processors of' recyclables

» a selective survey of haulers and processors of mixed solid waste, covering both public
and private operations

« visual observation of material types at selected processing facilities (materials recovery
tacilities (MRFs), as well as mixed waste processing facilities)

DETERMINATION OF MATERIAL TYPES

Before conversion factors were determined, CalRecovery identified the material types that are
typically collected and processed at solid waste facilities. The list of material types was
developed by evaluating waste generation studies, by identifying the types of waste materials
accepted by collection systems and solid waste facilities in California, and through discussions
with CIWMB staff. A copy of the list can be found in Appendix A.

FORM OF MATERIAL TYPE

A material type may be found in more than one processed or unprocessed form (i.e., physical
state). Examples include: loose newspaper vs. baled newspaper and whole vs. crushed glass.
Depending upon market specifications and other variables, materials may be processed into
one or more forms. For example, plastic containers may be granulated (i.e., size reduced) or
baled. Each processed form has its own material density. ‘

.In order to determine the types of forms that may be found within the processed and
. unprocessed waste streams, a comprehensive literature search and mail survey was
conducted. The literature search examined data from a number of sources. The mail survey
asked processors, recycling firms, and others to identify the physical forms that they accept or
create as a result of processing a material type. In order to assist those completing the survey,
a partial list of potential forms was deveioped and included in the survey. This partial list is
presented in Appendix B.



CONVERSION FACTORS FOR lNDIVIDUAL MATERIAL TYPES AND FORMS
Liersture Search |

An exhaustive literature search was conducted to determine densities for material types
identified for study (see Appendix A), as well as for other material types that appear or may
appear within the solid waste management system in California. Data were gathered from in-
house sources, private communications with processors and generators, and periodicals and
other available iiterature. A database was created from this information. The search of
resources identified the material type, phyStmi form(s), density or conversion factor, and the
reference.

Table 1 presents the results of the literature search. The data represented in the table comes
from a wide range of in-state and out-of-state sources. in some cases, data of an unknown
state of origin or of out-of-state origin are reported and selected as representative density of
material types currently encountered or likely to be encountered in California in the next ten
- years. CalRecovery applied its judgement in all such cases as to the adequacy and
appropriateness of the data to condmons in or to be encountered in. Camorma

Mail Recycling Program Survey

The purpose of the mail survey was to supplement information collected in the literature search
and field studies. One mail survey was sent to over 200 recycling programs. The programs
included drop-off centers and end users located in California. Those contacted were asked to
identify the material types handled, and forms and density of any of the materials that they
handled. Based on the poor response and lack of substantive mformatxon it was decided to
conduct a second mail survey.

The second mail survey targeted 47 specific California facilities. Facilities surveyed included
MRFs, processors (such as glass manufacturers), and paper mills. Contacted firms were
asked to indicate the average weight and dimensions of the form (e.g., bale of riewspaper), and
density if known. For those firms that did not indicate the donsﬂy CaJRecovery calculated the
densny (based on the information provided). -

,Table 2 presents the resuft of the surveys. The table includes various material forms that are
encountered during collection and as a result of processing and handling of materials. The
forms include baled, granulated, shredded, and pelletized. Specific methodology, including the
survey forms and other pertinent information, may be found in Appendix C.

Field Studies

Field studies were conducted to expand and to supplement the resutts of the mail survey and
of the literature search. The field studies examined a variety of material types and forms.

Two studies were conducted in San Rafael, Califoria, during the third week of September
11991, one at the Marin Recycling and Resource Recovery Facilities (MRRRF) and one at
.American Soil Products. These facilities were selected because of their proximity to one
another and for the substantial variety of material types processed at the facilities. The
densities of a wide variety of recyclables were collected at the MRRRF, both as a consequencs
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Soselal Metes

imges reporsd: Kew yo B e averags of the rangs.

Material Type e Bicu yd Aaterances

METAL .

Leed Scrap - whole 1603.84 Agvenced Recycling
Goncord, MA

Copperd Scrap whle 1083.52 hgvarcad Recyeling
Concord, MA

YARD WASTE ] . )

Compont, shutigs 808,00 #J Ag, Exp, 1982

Correut, yord wase G200 Portiand, 1888

Gompost, MEW 1400.00° 40-80% moistre coreen Surmpsr Coury, FL

1000.00 4% moistae corian Big Sendy, TX

OTHER ORGANICS ’

. FODD WASTE . )
Produce Waste, miomd g 14432.00 el prochsos Harmilory Brothers, ME
MANURE
Brodler 788.00 2% wenter ingl. bedding NC Stade 1880
Hen - 1788.00 e bedding NG State 1980
Ficca Hen, fresh 1376.00 88.4% wedsr NESF! -

Ficen Hen, aged 1408.00 70.4% walsr NESF
Turkey® T34.00 21-43% vemter ingl. bedding NESF!
Catiie . 1628.00 ' Cornel 1889
Hores 122500 88.7% walnr NEEF!
TEXTILES -
Used Clothing compactsd 84000 in iow grecis compatior Germent Dintrict
Boston, MA
COTHER WASTES
IMERT SOLIDS
Asphalt Tar Roofing - R - il folt-papsr, tor & gravel High Tech Foofing
Wahehokd, Ma
Brick 24.00 faoe bricks, pecked whols PJ Cronin, e, 1881
Concrete .00 esphalic bia DPW, 1881
405000 gravel or conglomensis WA DPw, 1881
388800 Ermaaions wicement hA DPW, 1881
" 300D.00 wepeciied as reoeived &l LF Texaco
Gravel 258800 looss, diy -biA DPW, 1881
Sone, crushed &FO0.00 - . ergmhadd < A OPW, 18
Sod, sandy loam 2100.00 loam, dry, exceveted A DPW, 1981
Sod 2430.00 o, expaveind bA DPW, 1881
Soil 2700.00 wirl, excavaied A DPW, 1891
Soil 337800 Serne ourh . MA DPW, 1881
Sod 20M8.00 eofl, loose mud A DPW, 1981
Soil . 2565.00 pachked baA DFWY, 1881
Comaminated Soll 2600.00 ol cormamingtion TemcoNerias Cly
Fiberpiass Insulation 16.80 811 - resiclortial inaulation Corring, MY .
SPECIAL WASTES
Ash .
wesot 1100.00 50% watar, dop. on bolier RCS, NH
uCinerator 1380.00 8% westr, tucked YVicon, Pisfleld A
1858.00 15% water, in-place Vieon, Pitisfiekd MA
ether ash ) 111000 - yapecified *sshes® iase DPW
baghouse £10.00 ) Vieon, Piasheld MA
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Table 1. CIWMB Buik Denaity Study — Liersture Search and Phone Search (Continued)

Septic Tark Pumpings

*Ranges repored: /ey vd b the sverage of T renge.

Ebmtmrn s et Bicw yd e g - " Retarances
. dowaimred shiios 1852.90 14.7% golics 1.5 EPA 1869
1985.00 28.4% solich M Ag. Exp. 1982
1801.00 24% epbds NC Staw 1950
{7ER.00 1V solids Veniirg 1588
189000 36% wolice Marmfisicl, MA - WTP
eham fix B8 £5% solds WA . DEP
nclustrial, papermill® 1425.00 3T eolice ACS, NH
inchumtrial, apple wasts 1411.00 40.7% solids MESFI
Asbusins s . asnmm b of sanorted) sires wf Ervirorynernal Mot Sysems
cormpacted semormd types of esbaatos Walton Svemns: Dec-Tem;
Asbastos: 4000.00 oone Sewyer Erviron., ME
] 4500.00 Frpince Sawyper Erviron,, ME
Compactad Care baled 1215.00 Prolertzed, MA
Compacted Cars® flattened 57820 Prolerized, MA -
GADA, CA
Compactad Cars compaciad 4%0.00 Prolerized, MA
- Sheadder Flulf 800.00 inei, giass, o, ete Profsczed, MA
Conerata® 2529.00 diap. on compastion,eis, Digwone, 1988
Broken Concrets Wasts 3000.00 : Setmeay, Boston, MA
Camem Kin Dust 1404.00 100% sclics, loose Ehse Chrolp, NY
" Slag 27000 broken . bhase DPW
Slag 3668.00 sofid bines DPW
Slag, screenings 248500 hlass DPW
Siag " erushaed 1996.00 bbems DPW
Slag, umace granuated 1620.00 hess DPW
nirkeys . el £00.00 Poss, Brimon Co., Wimar, MN
large wihole 1180.00 &V, weighn of each andmel .G, Davie Schood of Vet Medicis
amall whole 20.00 avy. weight of each arimal CalPecovery
Household Haz Waste
 aritresze liepuic 1853.00 powred o drum Burlirgzion, VT DPW
latex paint - B 1838.00 powred o drum Buslingon, VT DPW
flammabie liguids lieyaicd 1853.00 poigred o drum Buslingion, VT DPW
enamel paint licpuaied 1653.00 pouredd o drum Bemington, VT DPW
soroscl cans k $18.00 packed wivermiculits in druve Buslington, VT DPW
flarmmable liguics 850.00 packed whermiculite in drume
veasts oil ’ 1524.84 @Y over rarvge of waler BaL Ol Comp., Newark, NJ
oxitizers 200 packad wivermiculite in drums Buringion, VT DPW
pomons S80.00 pachked wivermiculite in drums Bumlingion, VT DPW
Trangiommers All warsformer valuss below ere for individual trersformers
15 KvA 1008.00 irvcivichusl treneformer Jot Line Dispossl, N
25 Kva 1086.00 indivichiel rensformer Jut L Dinponsl, M
I75 KA 1254.00 indivichasl rensformer S8t Line Dispoasl, NH -
50 KVa 132600 rudvichsal Yanstormer Jat Line Disposal, NH
78 KVa 1385.00 indivichsl rarsformer Jat Line Disposal, NH
100 KVA 1798.00 incivicheal Tansionmer Jot Lime Dispossl, NH
167 KVA 1628.00 inclivichsal ansiormer Jat Line Disposal, NH
Sreet Sweepings® 1667.00 o, Of SSR0N, WAIST oML Cambricige, MA
1855.56 Septic Services Hevernill, MA



Tabie 1. CIWMB Bulk Densdty Study — Lilensture Seerch and Phone Search (Continued)

fdatorial ‘?yp-

[o— tew yd [ Ratorencos
Chem Toilst Wasiss 165888 . Septc Services Maverhdl WA
Grusse Trap Pumpings 1584.90 . Saptic Services Haverni, MA
limcical Westes 188.18 assoriad sives of bags end Nagional Waste Mot ine.
Driling Maad 222200 25% moBtare Charmr Evap. Resourcs
Recovery, Cohumsa, CA
Bast Puip Wons 350.00 Morth Caroline Ag, 1950
Sperd Berley iooes 450.00 Horth Carclre Ag, 1880
Gom Siage lncse 480.00 ’ MNewth Cavoling Ag, 1880
Dvied Coers St ionen 30.00 : . Mot Carcling Ag, 1880
Fics Flis iooss 22000 - © Morth Cerclina Ag, 1990
Svew loems 80.00 Neorth Garcline Ag, 1980
Wood Fumitse® spbutsien 168.00 composite of merudectuers L eizee Seers Catmlog, 1881
Dryem® wbuade 224.00 composis of merdactrers b eizse  Seers Caslog, 1881
Reterperators/Freeser® whiois 168.00 composis of merdectrers beizes  Searm Datslog, 18891
Wanhars® whole 21.00 composits of mamdectrers beizes Seers Caislog, 1981
Swoves/Overn® whale 300.00 composite of maruisctuers Seizes  Seers Calalog, 1891
Dintvrashers® whols 234.00 eomposite of meradactrers & szes  Seers Catalog, 18991
Televisions® whiole 343.00 composis of menulectirern beizee  Seers Cataleg, 1881
Swreo Eguipment® whols 7683.00 composits of mamtdectures G eizes Sesrs Catmlog, 1981
Susfied Furnibre® whunle 80.00 composis of merwisctoers S sizes  Sesrs Catalog, 1991
Asphalipevemsn erushed 1380.00 M) Offics of Recycling, 1880
Tews/Heevy Ecuipment el 318.00 biss ply tres, avp. weight Catwrpiiar Herdbook, 1882
of tre only
Fines Z700.00 , ColFiaotary

Mw ey vd s the average of the mhge.



Table 1. Supplementsal Refergnce List :

CIWMB BULK DENSITY.STUDY - DATA SOURCES-TELLUS INSTITUTE

Personal Communieation:

Advanced Recycling, Concord N.H., 03.225-2267
B&L Oil Corporation, Newark, NJ, (201) 824-9527
Big Sandy, TX: Compost tacility, 903-845-2261
Blue Circle: Dr. Don Henley, New York State, 518-756-8810 '
Burlington, VT DPW: Aardn Frank, Environmental Depot Coordinator, (802) 862-6404
' CADA: California Automobile Dismantiers Assoc., CA, Jean Duncan, (216)-969-7050.
Cambridige, MA : Dept, of Public Works, Bill Frazier, 617-345-4847
Coming: Owens Coming, Lee Burlingame, Toledo, OH, 800-447-3758'
Dec-Tam, Peter Lachorite, (508) 470-2860 '
Earnhiife: PennSyNama. 215-348-9288
Environmental Management Systems, Robert Lee, (508) 2228272
Garment District: Garment District, Bruce Cohen, Cambriage, MA, (617) 876-1122.
High Tech Roofing, Wakefield, MA, (617) 246-0220
HRSD: Hampton Roads Sanitation District compost facility, Newport News, VA. 804-877-2975
Jetaway: Jetaway Waste Technologies, Boston, MA, Pat Cody, 617-5414013
Jetline Disposal, Dover, NH, 603-748-5735
MA DEP: Paul Emond, Boston, MA, §17.292-5974
Mansfield, MA - WTP: Jerry St. Hilaire, Composting Supervisor 508-295-6096
Mass DPW: Massachusetts Depanment of Public Works, Wellesiey, MA,"Neil Mackay, (617) 235-6100
Medical Waste Disposal, Randolph, MA, Debbie Bomstein, (617) 963-4231
Oil Recovery Corporation, West Springfield, MA, (413) 737-2949
‘National Waste Management, Shrewsbury, MA, Joe Roman, (800) 834-7828
PJ Cronin: PJ Cronin, inc. Boston, MA,
Prolerized: Prolerized New Engineering Co., Evereu MA, John Cody, 617-389-8300
RCS: Resource Conservation Services, Shelagh Conolly, 803-536-5280
RCS: Resource Conservation Services, Yarmouth, ME, Jody Sapphire, 207- B4B-3737
Sawyer Env.: Sawyer Environmental Landfill, Bill Shook, Maine, 207-862-4200 '
Septic Services, Haverhill MA:508-372.7471
Sumpter Cty: Sumpter County Compost Facility, Flonda, 804-568-1100
Tetrapak, Ed Kiein, Washington, D.C,
" Texaco/Ventura: Texaco Exploration & Proguction, Inc., Vertura, CA, Frank Maceiol, (805) 648-8444,
Vicon: Vicon incinerator, Pinsfield, MA, Lew Clark, 413-443-7373
Walton Systems, Jim O'Connor, (617) 884-0350

Publications:

New England Small Farm institute, Agricultural Composting in Massachusets, January 1887

New Jersey Agricultural Experiment Station, Sludge Composting and Utilization, September 1982

U.S. EPA, In-vessel Composting of Municipal Wastewater Sludge, September 1989

Dewar, J.D., Manual of Ready Mixed.Concrete, Blackie Press, Glasgow, GB, 198&

Poss, Peter E. D.V.M. *Central Pick-up of Farm Dead Poultry®

Northeast Regional Ag Engineering Sve, Cornell Univ Proc from Dairy Manure Mgmt Symposium, Feb. 1989
Portland Metropolitan Service District, A User's Guide to Yard Debris Compost,® June 1989

Vesilind, P.A., Sludge Management and Disposal for * Lewis Publishers, Inc. Chelsea, Ml, 1986
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_ Matarial Types Fomm By Bafus vl
Yard Waste .
Wood Chins Shwecided z 240
Prunings Srvedded z 82
Somecisl Wentes
Irnchstrind Laancif? Hagh 1500
(SO%M) Compacion
PET fe 7 wE T
PET Badent High Dansity ToueT2 . &N
PET Baled Figh Danasity Ly S8p
PET Whale 43
HDPE (mixed color) Badesd Migh Daraity TEeATA 478
HDPE (mixed color) Pefetred ’ Swécuin aay
HDPE Polletred SBdesin ésr
HDPE Baled High Deralty e 571
HDPE 2
Pager :
Other Paper, Tims (white fiy) Baled Figh Denslty bsrer 488
Otiver Paper, e fwiits fy) Baled High Density Sreisey 408
Ot Corrugpaten Corvibong Whole B
£ e Daried Baled High Density TERATA s
Qi Corrugatnd Cardbosrd Gaded FHigh Deralty sy &
Okd Corrugated Cardboard St PSR Pavedly BRAT00° 348
i Comugated Cardboard Baled High Density L ey o 81
Qidd Corrugated Cardbonred Baled Fagh Density Tebwl $a0
Qid Corrugated Cardboary Baied Low Deraity 4wy i
W Low Compaction Truek &2
MNoveapaper Baled Figh Denglty T&ulrSy =
Hewapaper Whols 1200
Newspaper Beled Migh Dermity SuraaT §re
Nevapaper Baled Low Dersity Lot o 1380
Mevwapaper Low Compection Tl I
Mewapaper Yol S0
Moxed Paper Bain Mg Danghy naEe s&2
Mixad Paper Beded High Derwity T&s T &34
lived Peper Balsd High Deraity EndBna0r 742
hined Paper Baled Figh Deralty -y -4 ks
bags. Glossy, . comind Baled High Density <3y -} 10683
Kraft (Brown) Bags, paper Balsd Low Deralty Srud2welr v
R Buadnd ¥l Dvrunity B4R XAZ 579
S D Lantomy S b Brevnity Fuérs’ 785
Campaner Prioso St S Dty Frds 838
Compansr Prirsougt Balad High Denslty T as 748
Blsached Hardwood and Batad High Devaity a7 1285
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of brocessing source separated curbside recyclabies and certain material types recovered from
mixed wastes. At American Soil Products, bulk densities were determined for various types of
soil amendments and muiches used in landscaping.

The fieid studies were designed to determine the density of: 1) processed recyclable materials
in baled or cubed form, and 2) the loose form of processed and unprocessed materials. The
test plan, which was approved by the CIWMB and exampies of the data recording forms, is
included as Appendix D. . .

The list of waste types that are used in this report reflect the common practices of waste
management and recycling industries in California and provide terms of common usage for
waste types requiring special handling and/or disposal. The following subsections describe
~ the methodology for each element of the sampling program.

Sample Methodology for Baled and Cubed Materials

Dimensions and weights of randomly chosen samples of material types were recorded to allow
computation of material densities. Weights were recorded on a State-certified scale at the
MRRRF with the assistance of a forklift operator from the MRRRF.

Table 3 prese.nts the results and the number of samples analyzed for each material type. While
the size of bales and cubes are not uniform in size or weight in the industry, cubes for this
study averaged slightly less than half the length of bales.

Sample Methodology for Loose Processed and Unprocessed Materlals

Appropriately sized containers were selectaed for sample analyses and, prior to the field study,
all. sampling containers were measured for volume and tare weight. All weighing was
conducted on State-certrﬁed scales. ,

Loose processed materials at the MRRRF were either stockpiled in bins or on the facility floor.
When necessary, CaiRecovery crews hand-sorted commingled materials to accumulate sample
quantities of a specific individual material type for measurement. All material samples were
gathered similarly and all containers filled to a known volume. Table 3 presents the resuits and
the number of samples selected for each material type.

inert materiais of large or heavy particle size required a different sampling technique than those
procedures previously described. Large accumulations of concrete, brick, and demoiition
debris were manually sorted into more manageable sizes for measurement (e.g., broken brick
iess than 8 in. in size). '

Wenghmgs were conducted for randomly chosen samples from available materials. We:ghts
were recorded on a State-certified scale. The material types and number of samples selected
for weighing, are presented in Table 3.

A similar measurement protocol was used at the American Soil Products site. To account for
the dependency of bulk density in the method of measurement, the ASTM "Standard Test
Method for Determining the Bulk Density of Solid Waste Fractions® was utilized. The procedure
was to fill the container to overflowing, then to tamp the container three times by lifting i,



abin b Dmneie e Selseind i S Sedemmenry Beid Snties

Ho. of Arerage Porcent
blsterial Type Semples a) Form fieu yd Error b) €
MARIN RECYCLING CENTER
Aluminum {foll, pans) iooes 48. 85
wmqm&mm) lons gi.4 182
Brass (scrap < 129 looes $08.4 © 142
Steel Food & Beverags Carns bouip '944.3 8.8
- Glass (clear, CRV) vl 468.5 30
Glass (clear, non-CRY) v 4378 27
Glass (green) b 458.7 oK)
Glass (mix brown) © wushy 438.6 3.0
Glass (mix clesr) whols £78.3 2.1
Glass (mix color-broken, <2%) iz recuced 18878 8.2
Books (hardback) loone £29.3 87
Books (paperback) locee &Z7T5 . £8
Computer Prirtout louns 5i18.4 1.2
High Grads Ladger (wio Comptmr anoun locee B35 218
" Kralt Paper ose e 16.7 -
Nows wic inssris looss 3228 &2
Glossy naers loose g4 - 2/2
Qid Corrugated Cardboard (flattened boxes) icose 0.1 k< R
Ol Corrugated Cardboard (wholes boxes) loose 6.6 24.8
Othar Plastics (SP1 Code #'s 37 ooes 48.8 8.4
PET [CRW whils 348 i2
PET (mixed) . whole 43.3 835
HDPE (1 pal milk & H20) - whole 2.1 8.0
HDPE (mix colon wobushe 474 33
Filmn Plastic: mixed oose 28 187
Polystyrens (blown formed foam) ioose 88 104
Syrefcam Kemels locee 83 L &
FHHW Empty Cormainers (1 gal paint & spray) 3 whole 197.3 300
Ao Botteries (4 eachveampls) o) . e 72
Alyrinum Cans . baled 3868 84
Aluminum Foidl . . 1 beled 188.4 NA
HOPE (colored) bleck nursery pots e 5751 87
HDPE (mixed colored) - baled $11.0 77
HDPE (nasural) . baled §78.7 45
. Newspaper : baled 748.1 4.8
Old Comugated Cardboard [ ] 7133 8.1
PET Balad 414.8 83
PET (clear), w/o REDEMP baled 443.0 Be
¥hite Goods aubed - 82 189
Scrap Metal {(aluminum) . . 2 cubed £424.5 NA
Metal Food Cane cubed 0826 85
MARIN RESOURCE RECOVERY FACILITY
Asphalt Shingles (composite type) oose 4185 J79
Carpet & Padding 2 koes 844 A
Ceramic The (B°'x8) boons 12138 2.7
Conerets {<8° scrap) loose 1888.2 &5
Dry Loaves loces 3437 8.5
Dry Pine Moodiss ) tooss 74.4 48
Dry Prunings: <4” 1 leems %8 hia
Garden Debris (flowers, plars) looes - 1828 e
Grass Clipping (esh) laote 2802 7.1
Green Prunings: <4° ones 4.7 27
Particle Board: <8° scrap 1 loone 425.1 A

&) Uruess otherwise indicated, number ¢f sampies =

b} At 80 percent confidencs level.

¢} NA = not applicable; p«mmnmmmdmmmmm

d) Messurermaent were taken withoul containers. mewodumdm
8) Massuremaent wes taken from an ‘ss-deliversd”® cortaines,
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Table 3. Denaities for Selectad Materials from CalRecovery Fisid Studies (Continued)

. ’ Ha. of Average Pereant
baierial Type Sambles a) Form Basens el Ervor B} €)
Red Brick (broken <89 inose 18149 45
Sheswock Semp <2 W 383.6 B2
Sod: via seli-naul oo 23885 4.3
Wood Scrap:< 2 isnes 328.5 255
Wooden Pallets (4 stacked/sampie) & whole 2010 8.7
Aunte Oif Fitters @) - 1 Bi4.4 FA
Compuier Printout sl 8775 8.5
iz Paper (Superilix) mimed 68352 10.4
Oid Corupatad Cardboard baled T42.0 8.3
Whits Leoger bl &ad,3 12.0
AMERICAN SOIL PRODUCTS
" Fir Barx: 1/4° sioe recused 4278 . 24
© Fir Ban 340 78 reduced 4388 PR
Fir Bar: 2 gire reduoad 4929 4.1
Mushroom Compont =] ey 4.4
Fad Lave Roek (8/18% ioose 1325.9 32
Redwood Muich (coarse) ] 1875 177
Redwood Muleh (fine) iooes 775 8%
Cadar Mulch ioose ao 0.2
Compost oss 483.4 4.8
Sand bose 26413 8.7
Sangy Losm Soil poss 2320 2.7
Savechust ooas 378.0 42
OTHER FIELD STUDIES
Tomato Pumice iouse &1 12
Almond Hulls iocee 8429 20
Street Sweenings fooee 13454 8.8
Sewage Sludge-dewatsred 20.4% solid loces 12858 23
Sewnge Sludge-dewaiered 94.5% solid isose 15385 D
Grape Pumice-wet levtmn 1240.2 28
Grape Pumice-semi ory sose 781.8 82
Wood Waste .
Plywood & 224’ shaet 778.3 2.8
Roofing/Shake Shingie 8 bancie 438.3 7.5
Aseptc Packaging (in#l juices, e18.) wirole 84.7 [ 51
Peperoard/Boxboard whiole bl ] L%
Drinking Water/Wastowster .
{Distomacecus Eartn):55% moisture 1 louse 2870 NA
Distomacecus Earth) air dry ’ 1 ) 4798 bA
Soiled Disposable Diapers 8 ioose 540.0 723

8) Uriess otherwse maCaled. Aumber of sempies = 4.

b} At 80 percent corficence ievel.

£} NA = not appiicanie; percent erroy not reported for less than tree samples.

&) Measuremems wers taken withoul comamen. Vohimes wery meesred &l tme of weighing.
#) Measurement was When from an ‘ss-deiveret’ commner. .
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approximately 2 to 3 in. above the ground, and to ‘drop it squarely. After tamping, a
straightedge was drawn across the top of the container to level the contents. The container
" and its contents were then weighed. Results from this facility can also be found in Tabie 3.

To supplement the above mentioned field studies, several smaller field studies were conducted
in and outside of California to gather additional data. In ali cases, the measurements were
conducted in accordance with the methodology discussed above.

The California studies took piace at: a tomato cannery, a winery, and a nut processing facility,
in order to gather data for certain organic wastes; a local lumberyard for wood shakes and
plywood; the City of Vacaville Wastewater Treatment Plant, for dewatered sludge; and B & J
Sanitary Landfili in Vacaville, for street sweepings. The resuits of these studnes are presented in
Table 3.

The field studies conducted outside of California took place in the greater Boston area. Data
was gathered from regional MRFs and private firms. These studies were used o determine
densities for food waste, textiles and leather, plastic film, tires, certain glass, and miscellaneous
plastics. These material types and forms are similar it not identical to those found in California,
or likely to be encountered in the future in Califoria. The results from these ﬁeld studies are
presented in Table 4.

RESULTS

Table S is the master table that presents conversion factors for weight-to-volume and volume-
to-weight for individual material types and forms. The information in this table is derived from
field studies, a literature search, and mail survey. Tables 1, 2; 3, and 4 present the resuits of
- various data collection efforts from which data for Table 5 were selected. Selection and
incorporation of data from Tabies 1, 2, 3, and 4 into the master table (i.e., Table 5) was based
on the following hierarchy in descending order of reliability: field studies, literature search and
telephone communication, and mail survey. ' o

At the top of the hierarchy of selection is the use of field study data. Fieid studies were
conducted under controlled conditions.and where possible were replicated in order to provide
statistically valid- densities of materials. These studies also allowed, in some cases, the
" selection of sub-groups for measurements within a specific material type. For example,
previously published densities for whole glass containers do not distinguish density of
containers as a function of color. The field studies conducted for this project enabled this
distinction to be studied. s :

in those cases where collection of fieid data for field data for certain material types or forms
was not feasible, data was utilized from the literature survey and telephone communication
where such data were available and ;udged to be reliable.

For this study the least reliable density data were judged to be supplied by the mail survey.
Confirmation of measurement data and other. uncertainties are reasons for relegating the
density results of the mail survey 1o the lowest level of the hierarchy of data reliability. Lacking
data trom field measurements or fram the literature search, data was used from the masi survey
where the data were judged by CalRecovery to be reliable.

12



Table 4, Denstties for Selected Materlsls Collected from Ous-of-State Field Studies

13

Number of Average
Materlal Type Samples Form {ib/eu ye) Reference
PAPER _
Mixed Paper 4 loose 484.00 Wellesley, MA
: Hecycling Drop-off
, _— Facilty
Telephone 4 whole, stacked 244 91 Boston Public Library
Directories ‘
PLASTIC ,
PVC (fitings, pipe) 10 loose - 34112 Riverside Pipe & Supply
: Medford, MA
E.J.P. Pipe Store
_ MNorth Andover, MA
LIPE Film Plastics 3 sembcompacted T332 Star Market
Cambridge, MA
HOPE Filmn Plastics 3 sem-compacted 75.88 Star Moarket
: ‘ Cambridge, MA
Polystyrene, rigid 3 - whole 21.76 Miller Service Company
' Wakefield, MA
Polypropyiene, flm 3 packed 828 hilller Servics Comparny
_ Wakefield, MA .
Polypropylene, strap 3 . packed, coiled 371.82 Miller Service Company
Wakefield, MA
GLASS
. Other Non-Recyclable. 4 size-reduced 1415.00 North Atlantic Recycling
{plate glass, windows) <4® feowth Andover, A
METAL
Bi-Metal Containers 3 uncrushed 141.38 ~ North Atlartic Recycling
North Andover, MA
Copper Fittings 3 loose 1047.62 Riverside Pipe and Supply
YARD WASTE : “
Compost, yard waste 4 loose 1739.75 Wellesley, MA
' Recycling Drop-off Fac.
OTHER ORGANICS
FOOD WASTE .
Produce Waste (mixed fruit) 1 looss 1131.00 Star Market
' Cambridge, MA
Produce Waste (camalopes) 1 loose 1000.0 Star Market
) , GCambridge, MA
Produce Waste (mixed 1 loose 809.0 Star Market
vegetable) Cambridge, MA
TIRES
Tires, auto 4 whole, stack 221.57 Momvale Tire Co.
of 3 tires Meirose, MA
Tires, truck (radial) 2 “whole 476.06 North Atlantic Recycling

MNorth Andover, MA



Table 4. Denstities for Sslected Materials Collected from Out-of-State Fleld Studies (Conﬂnhed}

14

Humber of . - Average =
Material Type Samples Form fibleu vel) Reference
Tires, truck (bias) 2 whole 362.02 North Atlantic Recycling
) : Morth Andover, MA
MANURE
Horse Manure 3 it 1252.00 Lazy & Hanch -
TEXTILES .
Scrap Leather 1 semi-compacted "243.00 Columbia Tanning
BT 233 Brocigon, MA
Scrap Leather 1 semi-compact 303.00 Columbia Tanning
1B x & x 18 Brocikton, MA
. pieces
. Scrap Leather . 1 semi-compacted 470.0 Columbia Tanning
. I8 x8 18 : Brociton, MA
pieces packsd fiat
Leather Hemnarts i semi-compacted 383.86 Berman Leathercraft
apron leather Boston, MA
Leather Remnants 1 sami-compacted 3634 Berman Leathercraft
shoe lsather : Boston, MA
Leather Remnants 2 semi-compacted 814.9 Berrnan Leathercraft
' : hida scraps Bogton, MA
Shoes (men’s) 4 224.00 -Walkover Shoe Factory
Used Clothes, winter 4 ioose 241.00 Garmant Districe
coats Cambridas, MA
Used Clothes, jeans 4 ioose 285.00 Garment District
' Cambridge, MA
Used Clothes, T-shirts 4 loose 250.00 Garment District
oot Cambridge, MA
Used Clothes, mixed 4 loose 225.00 . Garment District
' - ‘Cambridge, MA
- OTHER WASTES
INERT SOLIDS ‘ N :
Rock (2-129 4 loose 2570.96 Deloury Construction Co.

Andover, MA



Toble 8. Densliles and Converelon Feclore for Varloue Maleriel Typee

St

California . ] Converelon Faclore lrom Out of Blale Celilornts Mall
#lald Studiee Litersture Review Flold Bludies ~ Burvey Besulls
Convarslon Feclos Convarslon Feclore Convetelon Faclors Convarslon Faciors
Specisl Yensfe cuydis Jonsle cuydio Tonsle cuypdio Yonste cuydis
Baissinl Type Form o) Hotea bl | Ibleuyd ecuyd Jone | ibjeuyd euyd Tone Mfcuyd ecuyd Jons [ Mfeuyd zuyd Tons
. . ¥
PAPER ’i%:' Yy w0
" Ofd Corrugeted Cardbosrd/ boose ' go08 3953 f 0.03
fetiened bones M e
Old Corugaled Cardbenrd/ looss 1864 12018 00t
whole bores s
Oid Conugaiad Cardbonrdf baled I¥rd2e32 | 71300 281 0.38
iocyeling conter -
Old Cosrugsted Cardbonrd/ baled a7'wdtru2e | P4200 2 270 037
resoutce secovery faclifty : - ,
Old Cotrugated Cardboard baled tow densily 48" %4203 ‘ . 37800 820 619
Heall (Beown) Bape/Paper baled low denelty’  69°x42°u40° 222471 080 1.4
Brown Popes Bage loose 8443 8809 B2 , ’ :
Bhlzed Paper loose 48400 . 413 0.24
#lzed Peper/eupermin baled FER38RI4 | BIS00 . 348 0.32 -
[ Ee—— : afad B0x42%32° | 74800 287 037
Heveupaper: wio inserls looes : 2277 820 G168
Hevwapupar Sow compacon Wuchk . ' : 421 88 4.94 821
blags. Glossy/in conted - beled Hgh $ad'sy 1062.70 1.68 654
Gloasy inserts foose - B870.37 351 020
High Drade White Ledger . beled T8°e34°938° | 64400 ER]) 032
High Grede Ledger/wio CPO foces ) W3% . 650 0.18
Bookefhesdback iooss 620.29 378 a2
Bookefpeparback foces 427.60 468 02t
Telsphone Diectorlea/booke whols slached B44.81 ‘212 847
Compnider Prindout ioose 8i0.40 349 0.98
Camgases Prinioud tesbuad 7E A0S0 | 87800 3.4 838 .
Othas Papusfutns (shite By) baled bigh denslly  84"32°4T : | 4B @R 4.69 L} ]
Ot Papesfims fvbite By} baled bgh derslly 684528 408 40 480 020
Sloached HWD & SWD Paper beled high derslly 35307 . 1954 82 $.58 .83
Peperboard/Borbos d/Chipbowd whale 2160 BS302 o.04
PLASTIC )
HOPR/solored (blach nuwweery pols) beled B1"wd4238° | 67300 3.49 629
HOPE/ il welar whaole : 2210 B080 00¢
HOPE/min colar whols 4708 4290 o2
HOPEmatural beled Bineya32 | 67600 "S54 o029
HOPE (mined colored) beled Béwdqnar | 81000 384 626 ;
HDPE Gniued colored) poletred Stodeub. - #5714 233 043

a)ﬂ-l-bwalamnm&pmmupwm ‘ s
b < = isss Ghen
i ' ”1
H

. w “ q
[ b ) I,
"
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Table 5. Densliles and Converslon Faclore for Verlous Materlal Typee {Conlinued)

Celllornle Ceonverslon Feclors from et of Slale Calllornla Mall
Flold Siudios Litarature Aeview Flald Bludies Burvey Fesulle
Converslon Faclors Converslon Feclois Conversion Faclors Conversion Faclose
° Speclal Tonste ecuydio ~ Tenele cuydie Yonele cuydio Yons e cugdie
Bateslal Type Foim s} Hoteo b) | Ibjeuyd cuyd Tons fjeuyd cuyd Tons ibfeuyd cuyd fone | thicuyd cuyd fona
PET beled 92'xdIn32° | 414.00 483 o.21
PETiclonr wio redemp baled 7843 n32" | 44300 454 o.22
PEV/CRY whole 3488 57.84 0.02
PEVimized whole ‘ 4230 4810 0.02
PET gramdated e ) 771.43 259 039
PYC loose 34492 888 0.97
Flim Plastic/imined loose 2255 8669 GOt
Oiher Plastlo (871 codaes #3.7) whaols - 4878 4048 0.02
LDPE Fitm Plastice seml.compacled ~  sssorted bags " 7232 ares 8.04
HOPE Flim Plastice somd compecied assorled bags 75.08 28.33. 004
Polystysenslrighd whole stacked shee's ‘2178 9188 8.0
Polystyrena/blown loimed loem focss B8z 20747 0.00 -
Siyecloamibsinels toose ‘ 827 3887 oon _
Polypropylena/fim pached caf Bners : 9286 21508 ot
Polygpropylenslebep packed, cofied ' g7L.82 5.38 098
aLASS -
Other Men-Recyclable elze reduced plate glass 141500 1.4 R
vhndaw, <4° ;
Blesa/elows CRY whole 466.49 4.29 823
Oiess/cions non-CRY whole 437.77 4.87 -0.22
Glass/gresn whole 458.71 4.38 023
Olace/min brown whsle 430.58 489 oa2
Glase/mis cloar whole - 476.26 4.20 024
Glosafmbe color slre reduced L4 186775 .07 o063
Cel Redomp, Yalue slze reduced 8w ) 2187 00 o8 .08
- Qs Recyclable size reduced #e 2187.00 061 .09
METAL
Abardrosm Foll fnose 4810 4iep a2
Aharnbnen Foll baled 88%4Taer | 16800 (084 0.08
Abamrdnum Cans loose uncrushed & | 8140 2188 008
. erushed min ’
Alwmlnum Cone babed 82'24913¢° | 30000 6.01 0.20
Abumbrum Cans unerushed .o 40.00 4082 603
Alminum Cens shsedded r 36300 851 8.18
Alumninum Borap eubed MRty | 2400 452 0.21
Aduminum Berep whols . 17500 19.43 803

8} Rsfer to Appendix B for an suplanafion of processed and ungrocessed lorms

b} < = lose then




" Yeble 8. Donsitiss and Converalon Factors for Yerlous Mstsrisl Typee (Conlinusd)

L

Calllonls Cenverslon Faclors rom Oul of Glale Calllornia Mall
Flaid Studles . Llerature Review Flald Sludive Survey Reaulie
Conveislon Faclore Converelon Faclors Cenversion Faclors Convaralon Facloe
Bpecial Tone o "cuydio Tonsfe cuydio Tonete cuydio Vonslo cuydie
fidgiovial Type Form o} Holes ] (Meuyd cuyd Tens folfeuyd ecuyd Tons leuyd cuyd Tons  fouyd euyd Yons
B-Melal Conlelnere uncrushed 141.38 14.18 G.07
Fasrous Food & Beversge Containets  looes 14432 1388 007 ' ’
Farrous Food & Beverege Conlalnere  cubed 2124 | 209300 0e8 .08 |
Brasaiociap whols <y 80843 " 229 0.4% :
Leed Bcep whole 1603.64 1.25 0.80
Copper Screp " wiwles 10931.52 1.83 0.8%
. Coppes Whe whaole 33750 589 84
Coppat Fips whaols . 21084 8.48 0.11
Coppes Fllings b 1047.62 1.81 082 '
White Gosds cubed I Tady | 1807 .00 1.08 895
Disbvwasheie. whols ) 234.00 853 0.92
Dryesa whole 224.00 803 0.1
Febiperaton/beszon whole 18600 1010 0.10
Wnahars whcde k-4 R a.23 D.18
Bioveslovens whole 300.00 aer | 018
YARD WABTE ) ’

Leaves/dry oose 34370 682 6.47

Geasalolipping hresh foues 26022 714 .14

Pouninge sheedded & . B27.90 380 026

Pouningaidry fooee <4 3Ge0 8430 [ L]

Prunlnge/green fooss 4§ 4669 4283 002

Lasge Limbe & Blumps ioous >4 foso.o0 1.85 084

‘Gesden Debela/Mlowere planie foose - 182 814 10.94 009

 Pinee Mosdies lonee dry Fa4z 2088 004

OTHER ORGANICS
FOOD WASTE
Produce Westefoanlslopss - foose 1000 00 200 050
“Produce Wasle/mixed bull inose 113100 .77 087
Froduce Westafvegetabis laves 908 00 220 0.43
Produce Waslsfmined - 44300 - 1.39 or2
MuLCH/COMPORT
badbideade - icose 369.08 8.24 6.19
budohft edwood fvose SOUDY 6780 1087 609
‘Whidchhedwood isose e 277 .60 728 0.14
Bartisl slze rechsced i 42098 4.68 @21

& Puter to Appandit B lor an explenation of prosesssd end unproceesed forme
). < = less than

#y.
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Toble §. Densliles and Conversion Faclors for Varlous Malavlel Types (Continued)

Callloinle Converslon Faclore from Out of Biste Callfarnis Mel
Flsld Studles LHetaluie Review Flald Studies Survey Reaulls
Converelon Faclers Converslon Feclore Cenverslon Feclors] Convarslon Facloms
Spocisl Jonale ecuydle Tensle cuydio Tonelo cuydio fonete cuydie
iaterlal Type Form a} Hoteob) ' ibleuyd cuyd Tone | thleuydel cuwd Tone ibfeuyd ecuyd fone fhjcuyd cuyd Tons
B b/ Te size rechscad e 438,75 4.5 0.22
B buf iy slze reduced z 492 86 408 025
Wood Chipe shwadded & . ' 24000 - 833 012
Compont foose 48339 432 ¢23
Composi/MSW bose 40.50r% 1400.00 .43 0.70
molstee
Composifehudge [ 474.00 4.20 6.24
Compostyard waste fwoes unscisened 1732.768 f.98 . @Gar
Compoemusihsoom iooss 82768 2.42 6.4 : ‘
fines S ’
Thea/aho whols sloch of 3 Ges 22467 ¢.08 a4
Thes/auch ’
Fodisl whole frufivichued Ge 478.00 420 0.24
Blas whols fufividue e 362.00 682 a.t8
Thes/hsevy squip. whaole blas ply 31800 NAd) MA
" brufvichusl e
fabben Prodhscte ] {20000 t.ar 0.60
WOoOoD WARTE
Furniae whole @800 1209 a.08
Paliots whole djsample 200.98 895 0.10
Sow dust nose . 31800 5.3 8.9
Wood scrap loose <7 32883 6907 0.98
Particle bosed ' inose 426.14 4.70 [ R3]
Shavings loese 44000 - 498 D22
. Fiosling/shake shing burndie 435.30 469 0.23
Plywood - ahel 204’ 778.30 268 0.38
AG CROP RESIDUE
Bport berley inoee 460.00 4.44 D.23
Com slege inoes 480.00 417 0.24
Orlod com stalie inoes o0 ecaer o0
fimond shellfndls inose é42.88 3.1 0.3 ;
&} Psler to Appendin B lor en explenstion of pr d e urgp «d forme

b} < = tess than

) Encepl lor individusl Bems {8.g., each) by which case the units e pounds 8.
& HA means nol spplicabls becauss dals are reporied on & unll basle.
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Teble 8. Densiles and Conversion Faclors fos Varlous Maleslal Types {Conlinued)

Converslon Feclors from

California Ohdt of Blsle Cafilornia Mell
Flold Studles LReraturs Review : Fleld Bludise Survey Hesulie
Convession Feclors Converslon Factots Conversion Faclole Conveiaion Faciole
‘ Special Tonslo cuydie Tonele cuypdie “Vone te  eu yo be Tonsie cuydie
Blalerial Type Form 8] floleab] [Bjeuyd cuyd fons ieuyd euyd Tone fjeuyd ecuyd Tens | Bfeuyd eugd fons
Fice Hadls louse 220.00 809 [ R} ]
Stew loose 8000 3333 003
Prndnge fooee <4 48.69 4283, 0.02
Carnery Waste .
Beel pulp fouse 350.00 8.7¢ 0.8
Tomato pasnice foose wal 827.14 242 .41
Geepe punice louse vl §240.48 §.61 082
O ape pumice inose dry 781 8% 258 0.39
MANURE .
Pousy
fices han eped foose wal §406 00 §.42 070
Ficea hen hesh fnose wel 137600 - 1.45 069 M
Turkey noes 13400 272 . B3r
Brolier tocee dry 5800 285 6.38
fHon foose vopd §788.00 $.488 0.90
Eivestoch . .
Horee Mamue oes wf wood ehips 28200 $.8¢ 083
Calde foose . §628.00 §.23 08¢
FEXVILES - )
Carpet & Padding inose 84 40 23.70 G.04
Boep Laather sermicompacied  1/8°7w3F 243.00 823 .12
pleces ' ,
Sorap Leather ssni-compecied  1/8E'RI®° a0 a0 6.18
pleces
Bosap Leather eard-compacisd Hox il o 476.00 4.28 8.24
) phocos-Bad
L eather Femnants semi-compacied  epron leethes 38380 829 .18
Leather Renmanis semionmpacied shos lsather 38340 680 6.8
Leather Remnenis somi compecied  hide ecvape 81480 888 826
Ehwen/men's inose . 22400 883 . 6.9%
sad Clolhos/winter cosls inose . 24100 830 6.12
tised Clotheafeans fooas 28500 foz2 8.4
Lised Clothea/T-shirts loose 26000 769 . 813
Used Clotheafmined ioose 22500 889 o1
Used Cloliing compacied 84000 .70 o027 ‘

qmuWuanapwwwmm :

& < = ises than
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Table 8. Densliles and Converslon Faclore for Vatlous Meleilel Types (Continued)

Callfornia Converslon Faciors from Out of Siale Calornie Mell
Fleld Studies iieralure Review Flsld Sludies Burvey Resulte
Converslon Feclors Conversion Faclere Cor m Convaision [ sclore
- Gpecial Tonele cuydie Tonsio cuydio Tonete cuydie| fonsle cuydio
#daterial Type Form a} Holea bl [ ib/euyd cuyd Tona fofeuyd cuyd Yons [ibfeuyd ecuyd fone [ Bfouyd cuyd fens
OTHER WASTES
{MERT SOLIDS .
Roch fooes 242 257086 ore 128
fock/iad lave fooes 6/18° 1325.69 §.51 [ X 2]
Concrote Berap foocse <@ 1855.18 §.08 093
Belch whole 3024.00 088 .84
Belchisad (boohen) foose <8 181441 t.24 .84
Ceoramio The ' koose &'u8’ 1293.93 {65 . 0.8t
Bend ) fcose 2441.28 082 .22
Centaminsied Soll ioose 1 260000 o.77 $.30
Boleandy Joam ~ iooes 23108 084 1.20 )
Bofiivia sell haul fooee 238584 0.84 i.i8
Fines focee . 2706.00 0.74 138
AsphalUpaving erushed {38000 £.48 g6e
Aaphalfier tosfing : &892 8.68 §.84
Asphal/ehingles comp fooss £i883 4.78 8.2
Cravel foose 2885.00 0.78 .29
Blone/eiuched site raduced - 270008 OF4 1.38
Bheetroch Screp foose <7 383.87 508 ©.20
Fibaeglass beulation fooss : : 700 1765 8.03
Bofisd Dhaposable Dispers foose 840.00 3.70 627
Asepiio Pacheging whols 8870 3427 002
Telovisions whole . 34300 LX< 847
Btaseo Equipment wheole 783.00 2863 0.38
Badfled Funibae whole 8000 2500 0.04
Empty Dlecsrded HHW Contalnare  whols fi7.28 1708 6.08
Andhkesre Bopdd ) 88300 1.24 0.83
fudo Batisries whals 4sarmple (302798 088 $.8%
fado O Flers iooes : 83440 240 8.42 :
Enmrnal Palrd Bepdd 165300 124 083
Lotex Palid Bopsdd féss.00 .00 692
Flarmunable Ligudde . 185300 §.2¢ 883
Flarenabls Liguids B30.00 384 628
Asvoscl Cans 818.00 218 0.46
Odclizers 200 21.74 008

a} Reler to Appendix B lor an explanslion of procsssed and unprosessed forme

B < = isss b




Table 8. Densities and Convarslon Faclore for Yarlous Matesisl Types (Continued)

ie

Callfornia Converslon Feclote from Ouf of Slale Calllornia Maell
Fleld Bludies LHesalure Review Flald Btudies Burvey FRasulle -
Converslon Feclore Convuision Faclers Converslon Facloss Cenverslon Faclors
Speciel Yonetleo euydie Tonsle cuydis Tonslo euydle Isnele cuydie
Materlal Type Feim a} Holeo b} | bfeuyd euyd Tons | ibjecuydel ecuyd Tons | lcuyd ecuyd Tone Bfeuyd ouyd Tone
Polsons . $30.00 Je4 0.28
Waste Off 152484 138 078
SPECIAL WASTES -
HAehfincineralor 50% solids . 135000 1.48 068
Ashfincineralor 18% waler 1057.00 t.02 098
Ashiwood 507% solids $900.00 $.82 0.5%
Aehiother oy - 111000 180 088
Baghouss ' 81000 247 6.4
Bewage Bludge/dewatered 20.4% sollde | 1293.75 1.65 085
Bewage Bludge/dewatated 95.6% wolids | 163584 1.03 007
Bludge/chem fin ) . . 65% eolids 202800 099 1.04
- indusidlel Bludge/apple wasle ) 44% oolids t411.00 $.42 a7
fndustle) Bludge/paparmit - : 34-38% solids| . : 1428.00 1.40 0.7¢
fnduetilal Bludge/dowatersd imndfil high 20% solide . 1800 00 1.33 078
compaction
Asbesice Bags samd-compecied Jr6.60 8.30 .19
Aute Bheedder Flull ocse 800.00 250 0.40
Aute Bodies baled §218.00 1.65 68t
fasio Bodles fationed 67920 349 020
fudo Bodies compacind 4%0.00 444 923
Comard Kin Dust loose 1404.00 $.42 LA
Blag fooss beohen 2870.00 087 1.48
Blag " grumhed 1998.00 §.90 i.60
Slagfhenace greradsted 162000 1.2% 681
Slegfecroanings loose : 2405.00 060 . .28
Dond Acdmalefomall each bruclbvichosd , 2000 HNAd BA
Thoad Ardmelnfiasge ‘wach Trufhvichnd 118000 MA  MNA
Deed Ardmalafbnhey bull €00.00 9.33 $.30
Traswlomme/ 100 hva whole 179800 §.81 0.00
Trormiommai8 bve whole 1008.00 88 080
Vearmloomar/ 187 hve whols 1628.00 1.09 081
Trarwlorman/28 kva vihvols 1086.00 1.62 689
Vearwlormmes/37.5 hva whole 1264.00 1.69 083
Veonslormes /30 kva whole $326.00 1.814 0.88
Vranalorme 75 hva whols 138300 .44 L L

dwbhppu\dxbhmow‘imdmwwwm
b < = lssa hhan

€} Envopl for Individusl Rema (8.9, sech bn whith cese Bw wils we pounds ).
& NA means not appliceble because dels are teparied on o unil basls,



Tebis 8. Denshies and Converelon Faclors for Vaslous Baelerial Types {Contlnued)

Ceillornie Conversion Faclors from Ol of Bials Cellfornia Mall
Flaid Studles LHerslure Review Flald Bludies . Burvey Resulls
Conversion Faclots Converalon Feclers Cenvarsion Faclots Converslon Feclme
. Bpecial Tonstle suydie Tonsle ecuydle Tonslo ecuydie Yonate ecuypdio
Malarisl Type Foim 8} Holea bl  Bjcuyd cuyd Jone ibjcuyd cuypd Jone fhieuyd cuyd Jons  Bleuyd suypd Tone
S oet Swespings fnoee 11 45.364 .76 0.87
DiBng Mud 25% molshme 222200 0.50 1.48
‘Sepiic Terk Pumpings 185568 1.28 083
Chemicel Tollat Wasles 165568 .21 - G683
iesse Trap Pumplings 1884.20 28 o8
bntect Rad Bage of Treated Medicel Wasle f68.18 1204 008
Drirdidng Water/wastewater bsatment residus 85% molebwe | $87.00 207 0.48
{lstomaceous Earth) alr dry 47880 447 824
8} Fsler io Appendix B lor an explanstion of pr @ erd L d forme
b} < = less then
Iy
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WASTS

(&)

*

W

Apoendix A

'MATEFR;AL TYPES APPROVED BY CIWME

Che mGORY
WASTE TYPE
i.) FRIMARY SUE-TYPE
a.) SESORDARY SUB=-TTPE

Conversisn factsor needed for individual Tvme or sub-Tyvpe.
Canvers;cn fsever needad for comhined Tvoes or Aube-Ttyhes,
cansisting o©f <the minimum, maximus, and average.

(=)

(2)

Proer:

(A)

(3)
(<)
(2

Can S an Y
o 3¢
o o Rd®

€3
o,

(&)

Corsugated containers angd hrown paper bagst:
2.) Cozrugased cen.a-nnr:/baxbcard'
2.) ZXralt {3rown) bags/paper=

Miuved p-acn
Newspapart
Bigh grade ledqe' and honde

Cther paperes

Magazines, glessy insests and csated paper
Teiaphone dooks and directariess

Socks*

Papeshoar /boxboarﬁ/ch;:bcar“*

Compuzesr prinzouse

L

L)

&

in & L0 D h-o
E 2
i Bl W o B Rl

#

‘FLaszles:

¥igh=density polyvethylene (ZDPI) containers:
Polve bv’ene terephtmalace (PIT) =2zntainerse

Lom plascicse
= plas:;cs* .

g2 [ B
§or

[

Y Polvvinyl ChRlovride (PVC)ew
) PVC pipes & siztlings*
.} PYC :::a-ne:s'
Dyianst
ene (stvraizan)wes
expanieds '

-quu,
-

e 40

.
~— w8 Y



(s} Glass:

(A} Refll.akie glass beverage consainerss

(8) Califsrnia Redempticon Value glass®

(€) ©Ouheyr recvc.able glasse '

(D) Otker non-recyc.adle (incliuding Window & AuTs glass)w

(4) HMetals:

(A} Aluminuz cange
(B) Di-mewal contsinerse

(C) TFerrous metals and tin canstrs
: i1.) Fezrous $o0d and bevarage containarsw
" 2.) Ferrous metals other than containerss

(D) Hen~fersous mpetalsee

i.) Copper scrap#
2.) Brags scrap*
J.) Aluminum acrap®
4.) wead scrapt

(2) White goodsw

(5) Yard Weste:
(A) Yard Wastere

Grasst

leavess

Pruninge 4 4% dianetare

large limbs > 4" diamesexrw
TIPS T

Composce*
a.) composted sludgew
bB.) composted yard wastew
¢.) composted munikipal selid waste®

@ L] ® L]

[: o de 89 BB o

L]
L

(6) Cuher Organics:
{aAY TFood wagrtewt

Meas crimmings®
Vegetable wastet®
Bonese

Mized fmod wastesw®
Cannery waster

4 U ps g
L)
Rt Bt Bod® Moog®  Buega®

®



(B) Tires and Tubber pradudtsww

1.) Siresgwrw

) AuTe, pickip, and notorcyciew
B.,)  Toick angd tragnome ’
c.) Beavy eguipzentv

2.) Rubber products (straps, hoses, and belom)*

(C) ¥%ood wastes (Not vazd wastes)ew

: ivurev
Palietse
Sawdust®
Shavingst
wecdcbzp"
Lumbarw
Plyvwood+
Shake/shingle zoofing ddb**:*

vvvvvvv’w

I T SRRV

®

(D) Agricﬁltu:ai crop residues¥s

Field residues * (CalRecoverv will invest igate)
Rice hullsw

Nuz shell/hullse

Prunings* [see (5)(A)(3).]

Poupit pumicer

&n & L2 b g2
®

(E) Manures#*

l1.) Poulnzyw
2.) Livestacke

(F) Texsiles end acnthe""

1.) . Textiles/fabricse
3.} €Clothing
b.) Nen-clething Qcarnet ese. )

a.) Leatlapee |
a.) Shoes & boots¥ ,
R.) Rezmnants ang garmencst

£ wher Hasnes:

{A) Inert sollidgee

L.} Asphale Pavenentct
2. Asphalt Reefing Mataerialzew
2.} %ar roeliingw
.} shingle rooiing*
3. Brioke

Ceramicos®

&
&
L



(8}

(B) Househeld ;azcrdcus wass

(€

c=ncréte*

Dremown L@

FTines~

Gravel (<2")e

Rock (2%-L2%) ¢

Sande

Seils .

FPiberglass insulation®

B2 4 2 W OB ~I TN
& e
8 Bl Mo s B B
el Ul T

2 g3 e o

s @

1.) Di scardedh‘.t—:ﬁ ‘:er.a-s {under c::ns-der

a.) ©il based Painme

Water based Pauint®

Dry cell battexiest
oad acid batterliesd
Used mo%or ollew

Used ¢il filterse
hmelieleagrgw

Solvents and Gasolinew

9Hmn.nu
& & 8 a

[ ]

2.) Discardad Hsﬁ maserials containers?®
Aseptic packaging®
Solled Disposable Diapers=
Matzresscs and czuffed furnituraew

Brown goods and electronics®

Special Wastes:*®

(A).

(3)

(<)

athed
i.) Iincineratoz+
2.) Voode

Sewvage sludgerse
1.} Eewnge sludger
2.) Chemically fixed sewage sludge»
industrial sludge' ‘
Asbestss 3Bagst
hredder waszerw

<) AuT® sh'eade. waste®
.} Ghemical £ived shredder wagtes

ALTD &
i
3

ALzo hodies - compactedse

e and discarded contalinevswe

on) L &



-

£

Cther special wastes*?®

bl A}
o e

2.)

Drilliling =ude

Dead anima.se*

8.) S=allanimale (dogs, ahlokens, etr.)w
b.) large animals (cows, horses, etc.)*®

Sepii; cank pumpingse ,

Cherical tellet wastest*

Grease <=Irap pumpingst

st:;cc: éweepinqc/Catcl: bagin ,clean:’.:zg‘sr
Intact red bags of treaved medical wastese

Drinking water and waste water <oreatment
residue and filter cake solidsw -
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Appendix B’

Parﬁat List of Processed and Unprocessed Forms a)

‘whole (i.e., unprocessed), loose (i.e., as-discarded)

“low compaction truck b): i.e., <600 ib/cu yd compa&tion
medium compaction truck b): i.e., 601-800 Ib/cu yd compaction
higﬁ compaction truck b): i.e., >800 lb/cu yd combaction
baled: high density and large bales, i.e., 4010 80 cu it |

" paled: low density and small bales, i.e., 210 39 cu ft
shredded (e.g., wood waste): 4" nominal
shredded: 2* nominél
granulated flake (e.g., PET, HDPE, styrene): 1/2
granulated flake: 1/4"
pelletized (3to 4 cuin.)

‘round wafers (1’ 2* to 18" diameter X 2* to 6" thickness)
briquette (10 to 20 cu in.)
size reduced particles {e.g., glass): 1 1/2"ﬁominal
size reduced particles (e.g.,Agldass): 5/8" nomiﬁéi
size reduced particies (e.q., glass): 1/4" nominal
fiattened (e.g.. tin cans, PET)
wet (ash, sewage siudge)

dry (ash, sewage sludge)

a) Dimensions are approximate and are for the purposes of assisting in
categorization of an appropriate physical form. Example material descriptions
{(e.g.. PET) are given for the purposes of illustration only. .

b) e.q., packer truck, roli-off compactor for mixed MSW
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Dratt
PROGRAM OUTLINE

Site: ' Marin Recyclmg & Resource Recovery Fac:lmes
Approximate Duration:  5-7 days

A. DENSITY FIELD STUDY
- Purpose of Study: Determine loose aensities of selecied material types. .
Test Plan

» Collect materials in vanous quantities 1rom recychng center and/or resource re"overy
center.

o f necessary, nanc’ sort specified materials into transport containers.

« Bring matenats 10 work area and fill container {soecific for material). weigh. and record
cata. Voiume of weighing container to be determined. Replicate 4 times for eacn
material type. Seiection of material will be based on random hand selection of cenain
materials and/or rangom gathering of materials from a hopper or collection vehicle.

* " In'some instances. certain materials (e.g., glass) may have to be crushed and screened
by hand 1o create a specific material type.

Special Materials

There are a numbper of material types that will require specxal “handling in order to determine
loose densiues. Zxampies are: yard waste. wood waste, tree stumps ccn*rexe auto bodies,
and matresses.

* Yarg waste: A CalRecovery staff member will work with the scaile house to identity
incoming 1oads that contain homogeneous waste, such as brush or grass. These loads
will be directed 10 a special area of the tipping floor to allow visual inspection and
samepling of the 1oad. In cases where only mixed loads are identifiec. CalRecovery staff
will colles: sufficient sub-sampies to develop a representative sampie. Bulky wastes
(e.c.. shrubs. small stumps. etc.), when necessary, will be weighed in either gaylords. a
small arop-off pox. or indivigually. lf necessary. volumes of these mgaterials will be -~
determinec by esurnation with a measuring stick. Large tree stumps will be weigned
curing off:-nours cn the man scaie by placing 2 numbper of stumps into a large arop-off
nox. CaiRecovery will request Mann Sanitary to record weights and truck volume of
cutzoing loacs ©f sawcust. fines. and wooc chips. Tare weights wil De geterminec.

+ Weoo wasie' 22cause of their bulk, wooden pallets will be pulled o the tipping floor
anc weignec on ne main scale. Field personnel will weign and volume will be reczraed



com s wm e

oy siasking saliels on the mar ssaie. Oner 10088 wmder will De Ut mis zaviciT ©
smalt arsp-oft Doxes ior weigning on tne main scaie.

» Mzoresses (see wODC wasie nanding).

« A2 Dodies: Thev are no! compactec 2: tne recsycling center anc neretore. Manrn
Saniary will De askez 10 bring several aulo bodies 1o the man sTai2 $2 ney =an De

weignet anc overall dimensions resdroec.

+ White goocds: Type. bale weignt, anc overall dimensions will be rezordes.

-« Conecrete will De handles muen fike vee stumas. A meztal bin or small front Ioaser wiil
pe filled with concrete from oulsicie siorage and weighea on the main scaie.

Location of Work Area
- Recyzling center: owrside in g parking bay wnere trucks are parkec
* REesource resovery: area in Sack by dbaler, next 1o rest room

« American Soil Procucts: regues: permission 10 locate work area outsidge of office

B. PROCESSED MATERIAL FIELD STUDY

Purpose of Study: Determine weignt anc overall dimensions of baleZ processed recyclable
materials, ‘

Test Plan (Working with Marin Recycling Center Staff)
« Marin Resveiing Center waigns £ baies of easn processed maerial

« Calrecavery siall recores baie gimensions
« Work with Marin Sanitary 10 determine the dimensions of bale¢ maierials; record the

sressure used 1o bale each matenal, if possibie: type of baler anc cther information that
may influence overall baie tormation and censity

(1} ]

¥



CIWMIE Diensity Sy

Maus Flecychng & Nesource Flecdvery Faciities
Dyato Enuy Forn

t ucabion:

{ane:

Data Recos disti by

Welgih (ibs)

Method of

Mateeial Container - Setiling
lype _Form Slze Rep 1 Hep 2 ‘Rep 3 Aep 4 Container Cormununs.




- CIWMB Densily Study

Marin Recycling & Resource Recovery Facliities

Data Enlry Form

Location: BALER IN RECYCLING CENTER

Date:

Material
Type

Weight (Ibs)

Sample 1

Sample 2

Manulacturer

Sample 3

Comments

Baled Computer
Paper (CPO)

Sample 4

bale dimension

Baled White
Ledger

bale dimension

“Baled Mixed
Paper (Super Mix)

bale dimension

"Baled OCC
{Recycling Center)

bale dimension

Baled OCC
(RRC) .

bale dimension




" CIWMB Density Study

Marin Recycling & Resource Recovery Facilities

Data Entry Form

. Location: BALER IN RECYCLING CENTER Manufacturer
Date:
Weight (lbs)
Material’ S
Type Sample 1 Sample 2 Sample 3 Sample 4 |Comments
Baled PET

bale dimenslon

Baled PET
{no redemption)

bale dimension

Baled HDPE

bale dimenslon

“Baled Black HDPE
{nursery pots)

bale dimension

“Baled Mix
Plastic (3,5,7)

bale dimension




CIwMB Density Study
~ Marin Recycling & Resource Recovery Faculnies '
Data Entry Form

Locatldn: BALER IN RECYCLING CENTER Manufacturer
Dale:
. ~ Weight (bs)
Materlal
Type Sample 1 Sample 2 Sample 3 Sample 4 |Commentis

. Baled Aluminum
Foil

bale dimension

“Baled Aluminum
Cans

bale dimenslon

“Cubed White Goods

cube dimension

"Cubed Scrap Melal
(Aluminum)-

. cubs dimension

"Cubed Scrap Melal
{lin, etc.)

cube dimenslon



ADDENDUM TO:

o

& ate

" The conversion factor for ”Ferfous qther than containers" given below should be added to

Table 5.
Densities and Conversion Feclore for Varlous Malerlsl Types

California Ceonverslon Faclors from Oul of Stale Ceallfornia Mall

Flold Siudies _ Litersture Rovilew Fleld Sludise B Burvey Resulls
Converelen Faclors] Converaion Faclors Conversion Faclore Conversion Faclors
. Tensle euydio Tensle cuydio Tensle euydie Jonsio cuydio

f8stesial Type Form a) fhlcu vd cu yd Tons fhieu yd cu vd Tone ibjcuyd cuyd Jone | ibjeuyd cuyd Tons
METAL .
fosse 43497 £.80 022

Farvous other than conlainers




