APPENDI X F
ESTI MATI ON TECHNI QUES

An accurate estimation of the quantities of solid waste materials is
fundanmental to all aspects of solid waste managenent. Planning in collection

landfill, incineration, or resource recovery demands accurate estimates of the
material s available. The techniques outlined here provide varying degrees of
accuracy. The nore precise the estimate nust be, the nore it will cost to

obt ai n.



APPENDI X F
ESTI MATI ON TECHNI QUES

SOLI D WASTE SURVEY PLANS

1. I nt roducti on

The followi ng plans are excerpts fromthe Logistics Managenent Institute
Report, Measurenent and Description of the DoD Solid Waste Problem Project 8
(InterimReport) of March 1976, selected to familiarize the users of this
docunent with four methods of acconmplishing a solid waste survey: Plan A Low
Cost/Low Precision - No Measurenment Study; Plan B, Low Cost/Low Precision
Survey; Plan C, Medi um Cost/Medi um Preci sion Survey; and Plan D, High
Cost/ Hi gh Precision Survey.

Plan A uses information readily available on the installation or from
publ i shed sources. It requires no field neasurenments and a m ni mum of
expense. Plan B enconpasses Plan A as a reference base, but requires
measurenments of solid waste weights on each of 15 collection days and visua
estimtes of the conposition and container |oad-volunme percentages. It is a
| ow- cost plan because it utilizes collection personnel to record the data.
Plan C al so enconpasses Plan A. A sanmpling schedul e, which identifies
i ndi vidual or groups of sinilar waste-generating facilities, is constructed
and i npl enented by a survey team for 20 collection-day neasurenents.
Conposition is deternm ned by hand segregati on and wei ght nmeasurenents. Plan C
provi des a higher |evel of waste neasurenent and is nore expensive to conduct
than Plan B. Plan Dis simlar to Plan C but the survey is conducted over
four 20-day neasurenent periods with each 20-day neasurenent period taking
place in a different quarter of the year

2. Low Cost/Low Precision - No Measurenment Study (Plan A)

a. Time Series Analysis, Step 1. Collect recorded nonthly weight,
container trips, or container |oad volunmes of the solid waste disposed in the
landfill or incinerator, plus the weight of scrap materials turned into the
Def ense Reutilization and Marketing Oficer (DRMD), for the three nost recent
fiscal years. Determine if the data constitute a tinme series; if so, deter-
m ne the secular trend and devel op the seasonal index. Convert all container
trip data to tons using a density factor of 82 pounds per cubic yard. |If the
| oose-cubi c-yard vol unme has al ready been adjusted for percent load (i.e.
contai ner 100, 75, 50, or 25 percent filled), convert to tons using a density
factor of 180 pounds per cubic yard. Use the calculated trend and seasona
i ndex of the tine series analysis to forecast the nmonthly and yearly total of
the solid waste tonnage for the current year. Use the trend to forecast the
yearly totals for the next four fiscal years. Record, by nonth, the tota
wei ght and type of solid waste recovered through sales by the DRMO or
volunteer efforts.

b. Enmi ssion Variabl e Anal ysis

(1) Step 2. Itemze the major solid waste generating facilities
(or groups of facilities) and collect popul ation, square footage, and



ot her pertinent em ssion variable data. Construct simlar tables for
each year of interest. For future years the estimates of the variables
are restricted to the major categories of Fanmi |y Housing, Troop Support,
Industrial Activities, and Total Installation

(2) Step 3. Using the average em ssion factor val ues of
Table F-1 and the nodels of Table F-2, calculate estinmtes of the
solid waste generated.

(3) Step 4. Conpare the total solid waste weights cal cul ated
in Steps 1 and 3. |If there is wi de variation between the estimted
wei ghts for the nost recent year of recorded data, adjust the
em ssion factor estinmates of Step 3 to close agreenent with the
wei ghts determined by Step 1. The Step 1 weight is based upon
vol unme measurenents of the particular installation, while the
em ssion factor estinates were derived from conposite neasurenents
of other installations. Once adjusted, the Step 3 estinmates, which
reflect the installation's activity levels, shall be used to
forecast the solid waste of future years.

(4) Step 5. The weights derived through Step 4 can be
converted to conponent values by nultiplying the estinmated
installation weights by the pertinent conposition percentages of
Tabl e F-3.

3. Low Cost/Low Precision Survey (Plan B)

Plan B consists of the no neasurenent” study of Plan A conmbined with a
limted (15-day) waste source survey. Approximtely 90 percent of the
staffing will be conposed of supervisory personnel (GS-11 or equivalent). The
15 days of weight neasurements will provide a quarterly estinmate of the nmean
weight with a precision close to plus or minus 10 percent of the nmean, with a
confidence level of 0.8. It will not be possible to provide a confidence
| evel of the conposition estimates as they rely on visual approxi mations.

a. No- Measur enent Analysis, Step 1. Conplete the five-step analysis
of Plan A. The estimates of the aggregate solid waste wei ght and conponent
weights will be used as a reference base to afford conparisons with the

measur ement (wei ghed) val ues.
b. Limted Solid Waste Survey

(1) Step 2. The survey supervisor develops a systemfor
identifying the collection vehicles and the solid waste generating
sources (by building or groups of simlar buildings). The survey
supervisor, after consulation with collection personnel, constructs a
col l ection and wei ghi ng schedul e for each day of the two-week survey.
Since the collection personnel will do all of the data recording, only
m nor nodifications shall be made to the existing collection schedule. A
protocol, covering the various steps of the solid waste survey, is
constructed by the survey supervisor and explained to the collection
personnel, along with instructions on filling out a collection card and
wei gh card.
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TABLE F-1. Military Solid Waste Quantity Emission Factors by Facility Type
Pounds/eap | oyee-
Pounds /1668 sq fti/day (resident) /day Other
Cods Vaste Source USN USAF USN USAF USN  USAF
810 Office 7.3 14 1.6 1.6
Office 17.8 7.4 1.8
Business 39.4 8 1.1 4.2 (cas 26 Pounda/$166@ sales/day)
748 Service Station 83
171 Classroom 3.3 8 0.8 3.7
Classrooa 3.3 a3
440 Storehouse 28.7 3 8.8 12.8
Storehouse 19
449 Yarehouse-Transfer 3.3
Transfer & Pack 31
210 Maintanance 13.2 2 6.4 1.8
Maintenance 16.8
Jot Engine Shop 4.8
Electronic Shop 8.2 1.7
Machine Shop 7.4 2.4
Aircraft 17.8
il Production 2
Munitions - General 21 4.4
748 Comaunity Facilitiss L} 12.5
Cossunity Facilitios 4.7
Fisld House 28
141 Operationsl 15
158 Piers § Wharves 168 5.1
318 RAD 3.3
Type 1 Waste
748 Comnissary 83 121 28.4 18.1 (98 80 Pounds/31888 sales/day)
Commissary 74
Exchange 208
518 Hospital 9 12 1.9 2.6 (2.6 Pounds/ueal/day)
Hospital 9 12
549 Dental Clinic 9
550 Dispensary 9.1 1.9
720 Barracks (No Mess) 4 6.3 6.8
Barracks (No Mess) 1.7 4 8.3
Type 2 Waste
716 Fanily Housing 19 10 s (3.3 Pounds/capita/day EPA)
723 Bachelor Housing 7
738 Stockade 5.3
Type 3 Vaste
722 Mess Hall 747 a8 22.8 as (9.8 §.92 Pounds/eeal/day)
Mess Hall 83
748 Clubs 28.3 80 5.85 38 (1.2 Pounds/neal /day)
Officer 14
CPQ 42.7
Aggregate Installations (4.8 - 9.3 Pounds/capita/day)
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TABLE F-3

Composition of Solid Waste by Weight Percentage

]
[+ 4 - ) E g a y
g i 22|21 518
E w <
£ ARBHEEHE
2| [B| I3, Skl
HNKHEHHEHEHBRE
HHHEEEHBEHAHHE
SER h $ F
TYPE G WASTE
N OFFCE 87 3| 11 2 4 1 4 [ 1 a
N BUSINESS 83| 6 3 5 2 1
A ADMINISTRATIVE 70| 2|72 3 1] 10 8l 3| 3
A ADMINISTRATIVE 43| 16| 59 10] 8 1 6| 6| 2| 8| s
N CLASSROOM 68 6 4 3 1 1 3 6 7
N STOREHOUSE 57 | 22 2| 1| 1] 2 2| 2] 11
N MAINTENANCE ss {11 2 2| 9| s el 1|10
A WARSHOUSE 23| 82|78 12 2 3 4 1 5 1 2
A INDUSTRIAL 14| 22| 36 31 6 4 19 19 4
A INDUSTRIAL 15| 16| 31 10] 1| o 2 13| 6|20
A RECREATIONAL 271 31| sa 1 7 4 9| 19 4113 8
A OFFICES, SCHOQLS 58 15 2 3 2 5 a 1 9 s
TYPE 1 WASTE
N COMMISSARY 85 1 2 5 2 1
A COMMISSARY 11| 81|72] 14 2 8 1] 3
A COMMISSARY 58 23] 4 8| 7 7| 1
A EXCHANGE 8|62} 70 4 12] o 4| 8| 3
N HOSPITAL 76| 1] s| s 2 1] 2] s
N LAUNDRY 81 3 3 [ 8
N BARRACKS (NO MESS) sa | 4} 11| 2| 2] 1] 17 7| 1] 2
A QUARTERS (NO MESS) 29| 22| 51 1 5 1 51 13 21 15] 18 6
AF EM.HOUSING 47 7 3 8 7 12] 14
TYPE 2 WASTE
A FAMILY HOUSING 29 71 36 20 4 11 15 85 2 7 9 9
A FAMLY HOUSING 42| 2| a4 4 af 19 11] 13| s
A FAMILY HOUSING 57 10] 1| 3| s| s| of 2|11] @
AF FAMILY HOUSING 83 8] 69 6 7 6 2 86 i 7 2
AF NCO & OFCR. QUARTERS 56 4| ¢ 6| 11 a| al 3
TYPE 3 WASTE
N MESS HALL 62 4 18 6 2
A MESS MALL 49 2t 1 1 7113 1114 [
A ONING 11 18] 29 6 1] 48] 10 10 8 1
A DINING (EXCLUDING SOLD 3
GARBAGE) 17| 26| 43 9 17] 14 14] 12 1
N cuB 46 9 2 3 4| 21 s| 12 3
A cLuB 27 29 1 1 5 8 1 8] 29
TYPE 0-3 WASTE
A INSTALLATION 28 19| 47 1 9 6 11 11 7 1 a 9 7
A INSTALLATION 56 14 2 2 3 5 9 1]10 7
AF INSTALLATION 34| 14]48| 3| 8] 4 a{ 12| s s| 2117
AF INSTALLATION sa| 71 4| 4 2| 8 1ol s8] 2
N INSTALLATION 87 17 9 5 8 3
MUNICIPAL SOLID WASTE
NATIONAL AVERAGE, 1468
MUNICIPAL (MOIST BASIS) 43 3} 12 2 1 3| 13 ] 9 7
MOISTURE CONTENT 20 16} 49] 12 71 20| 49 5 2 S
ADJ. MUNICIPAL {DRY BASIS) 44 3 8 2 1 a 3 11 12 8
MUNICIPAL SOLID WASTE
GENERATION BY MATERIAL
AND SOURCE, 1971
MUNICIPAL (AS GENERATED) 190 12|31 | 4| 19| 3] 3| 1} 18] 9| 1]10] 10} 1
MUNICIPAL (AS DISPOSED) 23} 15} 38 4] 15 4 3 2] 14 10 2




(2) Step 3. Acollection card is filled out by the truck driver for
each refuse container collected during a collection run.

(a) Date -- nmonth, day and year
(b) Can Size -- circle volume units.

(c¢) Building Number -- according to nethod approved by survey
supervi sor.

(d) Truck Identification -- according to nethod approved by survey
supervi sor.

(e) Run Nunber -- circle nunber which corresponds to the | oad of
t he day.

(f) Load Type -- circle nunber which corresponds to the
predom nant refuse type in the container; if none can be
deternined, circle mxed refuse. Unusual waste materials
i ncluded in an ot herw se honbgeneous waste | oad shall be noted
under the "other" category (e.g., motor block in a container
full of wood scraps would be reported as a | oad type 2, 8-
not or bl ock).

(g) Load Volune -- circle number which best approxi mates the
vol une of waste in a container. The "no | oad" category is
used only when investigating the waste production of a
particul ar building or group of buildings. Al conditions
nmust be reported.

(h) Weather -- circle nunber which best describes the
predom nating weather for the run. Intermttent drizzle or
snow flurries shall be reported as "dry."

(3) Step 4. A weigh card is filled out by the truck driver at the
end of each trip to the landfill or incinerator. The survey supervisor
will arrange for the scale operator to fill out sinilar weigh cards on
all non-schedul ed truck loads arriving at the landfill. The survey
supervisor will collect information on truck capacities and comnposition
rati os. Each collection truck driver will supply the foll ow ng
i nformati on on the weigh cards:

(a) Date -- nmonth, day and year

(b) Truck Identification -- according to the nmethod approved by
t he survey supervisor

(c) Run Number -- circle nunber which corresponds to the nunber
of loads for that day.

(d) Loaded Weight -- the weigh nmaster or truck scale operator wll
supply the | oaded wei ght values to be entered in this blank.

(e) Load Type -- circle the nunbers of the mmjor conponents of the
| oad and visually estimate the vol unme percentage of all |oad
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types conposi ng over 20 percent of the load. The m xed refuse
category shall be used when no predom nating |oad types can be

identified.
(f) Load Volune -- circle the nunmber which best approxi nates the
volune of the load in the truck. "No bad" is used to record

the enpty wei ght of the truck and driver

(g) Weather -- circle the nunmber which best describes the
predom nating weather for the run. Intermttent drizzle or
snow flurries shall be reported as "dry."

(h) After the weigh card is conpleted, the driver initials the
bottom line and bands together that run's weigh card with the
appropriate collection cards. At the end of the day, the
driver turns in that day's information card bundles to his
route supervisor who forwards the naterial to the survey
supervi sor.

b. Single Waste Stream Analysis, Step 5. Sort the collection cards by
bui | di ng nunber (s) and place themin chronol ogical order. The | oose yardage
vol une generated between collections is determ ned by multiplying the can size
by the percentage of |oad volume. An approximte value of the collected
weight is determined by nultiplying the | oose yardage vol une by the appro-
priate bul k density values. Conposition of the single waste streamis
determ ned fromthe "Load Type" section on the collection card, or by using
conposition percentages. |If a collection run is confined to a particular
facility grouping (as fam |y housing), the appropriate weigh card can be
i sol ated and used to provide weight, volune and conposition information.

cC. Install ati on Total Waste.

(1) Step 6. The volune and wei ght estinmates, derived fromthe
anal ysis of the collection cards in Step 5, are sumed over all the
"single waste streans" to provide total weight and vol unme estinates on
the collection points. Sumthe net weights (loaded wei ght ninus no
| oad) fromthe weigh cards to arrive at the total collected weight. The
| oose yardage vol une of each conpactor truck is determ ned by
mul tiplying the conpactor's capacity by the | oad vol ume (percent) and
the conpaction ratio. Miltiply non-conmpactor truck capacities by the
| oad vol unme (percent). Sumthe cal cul ated volunes of all collection
runs to deternine the total volume. The bulk density of each collection
run, or total installation waste, can be determ ned by dividing the net
wei ght by the | oose-cubic-yard volume. "Conposition" information can be
obt ai ned from wei gh cards by converting |load type volunes to |oad type
wei ghts, and dividing by the sumof the adjusted refuse weights for al
collection trucks. Load type weight is determned by nultiplying | oad
type volune by the appropriate |load type bul k densities. Conmponent
wei ghts of the solid waste materials can also be derived by nultiplying
the total weight by the installation conposition percentages.

(2) Step 7. As a check on the survey operation, make prelimnary
cal cul ati ons of the weights and volunes (as per Steps 5 and 6), using



data fromthe first two days of the survey, and conpare the estimtes
derived i ndependently fromthe collection cards, the weigh cards, and
t he no-nmeasurenent analysis of Plan A

(3) Step 8. Revise the estimates of Plan A using the estimtes
derived fromthe two-week, limted solid-waste survey and present the
hi storical and forecasted results.

4. Medi um Cost/ Medi um Preci si on Survey (Plan C

Pl an C conbi nes the no-neasurenent study of Plan A with a survey which
entails 20 contiguous days of weight nmeasurenments of the installation's waste
streans, and the physical segregation and wei ghing (for conposition analysis)
of three 100- to 200-pound sanples of solid waste generated by each of the
various facilities on the installation. Effective inplenentation of the Plan
C survey shall result in an estimate of the installation's nean daily waste
generating rate for the enconpassing quarter with a 0.9 |level of confidence
and an error plus or minus 10 percent of the nmean. Estimates for the year, or
ot her periods outside the sanple quarter, can be acconplished through revision
of the Plan A estimates based on the wei ght nmeasurenents. Three 100-to 200-
pound random y sel ected sanples fromeach solid waste eni ssion source
(building or group of simlar buildings) shall provide estimtes of the
conponent proportions with at |east 0.9 confidence |levels and errors of plus
or minus 10 to 30 percent of the fraction neans.

a. No- measur enent Analysis, Step 1. Repeat the steps of the "no-

nmeasurenment” Plan A anal ysis described in Plan A, paragraph F.2.
b. Medi um Cost/ Medi um Preci si on Survey.

(1) Step 2. The survey supervisor designs the survey and prepares
an inplementation protocol. To ensure coordination and control, the
survey supervisor shall be located on the installation for the duration
of the survey. The nmjor tasks to be acconplished in the preparation of
the protocol are as follows:

(a) ldentify collection containers, waste generating sources
(buildings), collection routes and di sposal points on a map of
the installation.

(b) Goup the buildings and their containers by the najor waste
source categories (Fam |y Housing, Troop Support, Industria
Activities) and subcategories.

(c) Wth the assistance of the collection supervisor, restructure
the collection routes so that each truckl oad contains a
singl e-source category of waste. Arrange for the return of
each dunpster to its initial collection location. Set up a
special collection teamto collect the waste fromthose
bui | di ngs which do not fall into a collection-run category.

(d) Designate a weighing station location (preferably at the main
sanitary landfill) and instruct all facility managers that
| oaded solid waste trucks nust have their |oads and tare
wei ght s wei ghed and recorded by the survey truck-scal e reader
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(e) Arrange for the special collection teamto nake daily stops to
wei gh the garbage at dining facilities with wet garbage
contracts.

(f) Arrange for an enclosed space in which the conposition team
can segregate and wei gh the conposition sanpl es.

(g) Arrange for the provision of necessary equi pnment:

I A pickup truck to collect plastic bags from designated

buil dings and the landfill. Note: |If the contractor wll
not cooperate in collecting containers, a small dunmp truck
will be required instead of a pickup.

Portabl e, calibrated, truck scales (two each with 20, 000-
pound capacities).

Bat hroom scal es (two) for weighing garbage at dining
facilities.

Pl astic bags and tags for distribution by the specia
col l ection team

Two broad-nmouth shovels and two rakes for m xing and
quartering the refuse selected for conposition analysis.

Wei ghi ng scal e for incinerator operators.

Pl astic bags and tags for transporting refuse fromthe
andfill to the conposition analysis |ocation.

Large table (6 x 4 feet) for conposition analysis

Fifteen 32-gallon containers for conposition analysis.

Wei ghi ng scale to wei gh conponents (200-pound capacity).

Broom brush, and pan for cleanup after conposition
anal ysi s.

Li quid disinfectant detergent for cleaning up after
conposition anal ysis.

Approximately six to ten pairs of reinforced neoprene gl oves
for sanitation purposes during conposition analysis.

Protective clothing (shoes, glasses and coveralls; four
pai rs each).

C. Wei ght and Vol ume Measurenments, Step 3. Construct a daily schedul e
for the special collection teamindicating which containers (including solid
wet garbage) to weigh. |If the weighing is acconplished by the teamat the
coll ection point, the data (excluding Load Type information) can be recorded
on the collection cards. |If the |oaded truck is weighed, a wei ght sheet shal
be used to record the data. All truckloads of solid waste traveling fromthe
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installation facilities to final destinations nmust be wei ghed and nmeasured for
percent fillage, preferably at a central truck-scales location. The data
shal |l be recorded on a weight sheet. It is assuned that each truckl oad of
solid waste, as a result of Step 2 (b) and (c) can be identified with a
particular installation building or grouping of simlar buildings.

d. Conposi tion Sanpling.

(1) Step 4. Construct a daily schedul e indicating which truck-
| oads, schedul ed for disposal, are to be sanpled for conposition
anal ysis. Truckl oads to be sanpled shall be randomy selected to ensure
t hat each waste source stream (building or grouping of simlar
buil dings) will have three 100- to 200-pound sanpl es taken over the 20-
day sanpling period. The collection supervisor shall arrange to have
the presel ected truckloads delivered to the landfill (or point of sanple
coll ection) as soon as the regular daily collection runs begin. After
each selected truckload is weighed at the truck-scales |ocation, the
| oad is dunped. The conposition teamrakes the pile to obtain an even
di stribution of the conponents and then subdivides the pile into 100- to
200- pound portions. A portion is randomy selected (using nunbered
slips drawn froma hat), bagged and tagged with proper identification
After the schedul ed nunmber of |oads is sanpled, the bags are brought to
the segregation site. Each conposition sanple is then segregated by
hand i nto component parts which are weighed. The data are recorded on
conposition sheets.

(2) Step 5. After two days of collecting weight, volunme, and
conposition data, make prelinmnary cal cul ations of the weights, vol unes,
and conpositions of the facility waste streans and check these val ues
agai nst the estimates derived by the no-nmeasurenment analysis of Plan A
(Step 1, paragraph F.2). Revise the survey procedure where necessary.

(3) Step 6. On conpletion of the 20-day survey, conpile the
recorded data, nake the necessary cal cul ati ons, and present the results.

(4) Step 7. Revise the nonthly and yearly forecasts of Plan A
using the estimates derived in Step 6.

5. Hi gh Cost/Hi gh Precision Survey (Plan D)

Plan D consists of the "no-nmeasurenent" study of Plan A, conbined with
the repeated application of the Plan C survey (20 contiguous days of weight,
vol une, and conposition neasurenents) in each quarter of the year. Over a
twel ve-nmonth period the installation's total waste stream and the waste
streans fromthe major solid waste generating sources (buildings or groups of
buil dings), will undergo 80 days of weight and vol ume neasurenents. Twelve
100- to 200-pound conposition sanmples will be analyzed for each generating
source. A survey of this scope shall result in estimates with errors |ess
than plus or minus 10 percent of the nmean weight with a 0.9 confidence |evel
for each quarter and the year. A similar level of precision shall hold for
estimtes of the solid waste conponents. The derived estimates can be used to
determ ne the secular trend of the installation's waste-growth and a seasona
determ ne the secular trend of the installation's waste-growth and a seasona
i ndex of the solid waste pattern. Factors for converting collection vol unes
to weights, and enission factors that associate solid waste generation rates
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with facility activities (personnel levels, floor space, etc.) can be
accurately determined. The goal of the survey is to enable the installation
to construct nodels of its solid waste streans. The nodels can be used to
forecast the levels of conposition of future waste streans. The installation
will, of course, be interested in the historical data on the solid waste
operation, but, in making decisions on waste reduction and resource recovery,
its primary interest will concern the future nature of the solid waste
streans.

a. No- Measur enent Analysis, Step 1. Conplete the five-step analysis
of Plan A (paragraph F.2). The no-measurenment estimtes of the activity solid
wast e streans and conponent weights will be used as a reference base to afford
conparisons with the nmeasured (wei ghed) val ues.

b. Hi gh Cost/Hi gh Precision Survey.

(1) Step 2. PerformSteps 2 through 7 of Plan C for the first
quarter's survey. The four 20-day survey periods shall start
approxi mately 91 days apart, but two of the survey periods shall be
schedul ed within, or bridging, nonths of high- and | ow generation rates.
If the seasonal pattern is expected to be different for the year
surveyed, randomy select a starting nonth, and then schedul e the
remai ni ng three 20-day survey periods to start every 91 days.

(2) Step 3. Repeat Step 2 for each of the remaining quarterly
surveys. The protocol of Step 2 can be reused, with the exception that
new schedul es for conposition sanpling (Step 4 of Plan C) shall be
constructed to avoid inadvertent bias.



