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This report provides details on a waste assessment method for 
obtaining data on the characteristics and degree of availability of the 
solid waste generated at a Navy activity. The data will be used in the 
design of a waste-to-energy facility, such as a heat recovery incinerator 
(HRI) or a resource recovery facility. The assessment method is conducted 
on 25 to 30 randomly chosen days over a 1-year period. The use of 
standard statistical techniques adds validity to the evaluation methodology 
and ensures that the results can be used with confidence in a waste-to- 
energy facility design. Statistical data on quantity, composition, and 
fuel characteristics are generated through the waste assessment method 
and are expressed in terms of the mean, standard deviation, and the 

variance of these parameters. 
The proposed survey methodology involves three steps: 

1. Determine the number of samples required to achieve a specified 

level of data validity. 

2. Develop a sampling schedule, and then use the three sampling 
techniques to collect data for the statistical analysis. 

3. Use the statistical analysis procedure to characterize the Navy 

activity wastes based on sample results. 

The first step, the statistical design of a survey, is discussed 
in the Technical Results section on sampling survey design (Selection of 
Number of Samples). Equations for the statistical analyses of the waste 
quantity mean, standard deviation, and variation confirm the statistical 
validity of the data and verify the selected sample size. 

The techniques discussed in the Technical Results section on waste 
assessment procedures are used in the second step, which involves data 
collection. The procedures that can be applied to each sample to quantify 
and characterize the waste, including fuel characteristics, are detailed. 
Once the sampling plan has been exercised, the wastes can be analyzed in 
step three according to the procedures outlined in the Technical Results 

section on waste assessment analysis procedures. 
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INTRODUCTION 

The Naval Facilities Engineering Command (NAVFAC) has tasked the 
Naval Civil Engineering Laboratory (NCEL) to develop alternative methods 
for determining the quantity and composition of solid wastes at Navy 
shore activities. Present Navy methods of waste characterization, such 
as the R4 method, do not provide adequate data for the design of waste- 
to-energy facilities. The present methods are conducted over short 
periods of time, and are too limited in both scope and reliability to 
support the system design for an energy recovery facility. To correct 
this problem, NCEL has developed a specific data collection and analysis 
procedure that provides the degree of data reliability required. The 
analysis phase includes a computer model that is used as a screening 
process for predicting which Navy activities are potential candidates 
for heat recovery incinerator (HRI) sites. The second phase is a detailed 
waste assessment plan that provides statistically valid data on waste 
generation rates, composition, and fuel characteristics at a candidate 
activity for the design of a waste-to-energy system. This document 
presents details on the second phase of the assessment method. 

BACKGROUND 

Previous experience both in the government and the private sector 
has shown that lack of sufficient knowledge of the solid waste generated 
at an activity often results in an inadequate design of a waste-to-energy 
facility. Inadequate designs result in facilities that fail to meet 
expectations, both operationally (rated capacities) and economically 
(cost savings). Therefore, information concerning the physical composi¬ 
tion and quantity of solid wastes is essential in selecting and operating 
waste-to-energy equipment and facilities, in assessing the feasibility 
of energy recovery, and in analyzing and designing disposal facilities. 
Because waste characteristics are an important part of waste-to-energy 
facility design, many solid waste characterization studies have been 

developed (Ref 1, 2, and 3). 
Most of the Navy sampling plans are structured around the results 

of municipal waste assessment programs (Ref 4). The problem with using 
a Navy plan based on municipal waste statistics is that Navy wastes are 
more variable than typical municipal wastes. This variability is an 
important parameter in calculating the number of samples needed to 
achieve valid design information. By using the lower estimates of 
municipal waste quantity and composition variances, the existing Navy 
surveys underestimate the number of samples required to achieve a valid 

result. 
To demonstrate the difference in variability between municipal and 

Navy waste, sample results from a 1981 Navy study at the Naval Air 
Station (NAS), Jacksonville (Ref 5) were compared with the analyzed 



waste from the University of California at Berkeley resource recovery 
facility (Ref 3). The comparison was based on the coefficient of varia¬ 
tion (CV) which is a measure of variability. A larger value of CV 
represents a larger variability. In Table 1 the average compositions by 
weight and the coefficients of variation for the two studies previously 
mentioned are compared. For the compositions by weight, an average 
absolute difference of only 4% was noted between the Navy and municipal 
wastes. However, the average coefficient of variation for the NAS 
Jacksonville wastes was 0.32, or 129% larger than the corresponding 
municipal waste coefficient. In this case, to achieve the same precision 
and confidence, the number of samples needed for an NAS Jacksonville 
characterization is 60% greater than the number of samples needed for a 
municipal waste study. 

Recognizing the need for a dedicated Navy activity sampling plan, 
the Naval Energy and Environmental Support Activity (NEESA) developed a 
comprehensive program for the recovery and reuse of refuse resources 
(R4). The "R4 Decision Guide" (Ref 6) documents NEESA recommendations 
for sampling Navy activities and characterizing solid wastes. The 
recommended 2-week survey period provides information for obtaining 
crude estimates of waste composition, volume, and weight. However, 
waste quantity and quality vary continually because of changes in instal¬ 
lation activity levels and seasonal changes. The R4 survey results are 
only a synoptic view and, therefore, do not reflect the variable nature 
of the waste. 

For this reason, NCEL has adopted an evaluation methodology that 
spans a 1-year period and can account for these changes in activity 
levels and seasonal variations. This methodology is part of a two-phase 
program that is being developed to identify Navy activities that could 
be economically justified as sites for waste-to-energy facilities. In 
the first phase, a computer program predicts the quantity of waste and 
steam demand of specific Navy activities to identify potential HRI 
sites. If, based on the computer prediction, an activity produces a 
minimum of 15 tons per day (tpd) of solid waste and has the continuous 
steam demand required to use the steam produced from this waste, the 
activity is arbitrarily selected as a potential site for an HRI. The 
computer program has been tested (Ref 7) and is expected to be completed 
in September 1984. In the second phase of the program, the proposed 
survey method is implemented at the prospective sites identified by 
Phase I. The proposed method is designed to develop the final data 
necessary to confirm the practical and economic feasibility of the site 
and to provide statistically valid design information for the facility. 
This report presents the details of the proposed Phase II method. 

TECHNICAL APPROACH 

The overall objective of the waste assessment method is to provide 
valid data for the design of an energy recovery facility. The required 
data are the mean and variance measurements for the quantity, volume, 
density, moisture content, energy content, ash content, and composition 
parameters of the activity solid waste. The mean and variance raw data 
for these parameters are determined from a series of three procedures. 
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The procedures are the quantity and volume determination, the waste 
composition analysis, and the fuel characteristics determination. The 
procedures will be performed in a sequential order using the entire 
quantity of solid waste removed from the Naval activity in a day. The 
collected data will be organized on a set of seven datasheets for easier 
analysis and reference. Blank datasheets are given in Appendix A. 
After the three procedures are completed (Datasheets 1 to 5), a statis¬ 
tical analysis procedure will be used to calculate the final parameter 
results and variance (Datasheets 6 and 7). 

Quantity and Volume Determination 

The quantity and volume determination procedure will be used to 
measure the quantity, volume, and density of each truckload of waste 
which leaves the activity on a given sampling day. This information is 
organized on Datasheet 1. The final results of this determination will 
be used in sizing the waste-to-energy facility and specific equipment 
subsystems. A sample of waste from each truck will be stored for use in 

the waste composition analysis. 

Waste Composition Analysis 

The waste composition analysis consists of two procedures that will 
be used to measure the composition of each truckload of waste on the 
sampling day. The first procedure measures the composition of the 
waste, which consists of the 18 components listed in the Technical 
Discussion/Results section. This information is organized on Datasheet 1. 
The second procedure is a special waste characterization plan that 
collects data on the last five components listed in the Technical 
Discussion/Results section. These components are titled "special wastes" 
because the incineration of these wastes may create a problem. Early 
identification of these wastes is necessary so that any appropriate 
design features can be incorporated. This information is organized on 
Datasheet 2. The final results from this analysis will be used in the 
fuel characteristic determination, and in technical design of the 
processing, combustion, and ash removal subsystems. A sample of each of 
the 18 components will be stored for later use in the fuel character¬ 

istics determination. 

Fuel Characteristics Determination 

The fuel characteristics determination procedure will be used to 
calculate the average energy, ash, and moisture contents of activity 
solid waste for an entire day. These results will be based on an average 
daily waste composition determined from Datasheet 4, and will be organized 
on Datasheet 5. The moisture content of the waste will be measured by 
laboratory analysis of the 18 waste component samples stored during the 
waste composition analysis. The final results of this analysis will be 
used in the technical design of the processing, combustion, energy 

recovery, and ash removal subsystems. 



Waste Parameter Statistical Analysis 

A waste parameter statistical analysis procedure will be used to 

determine the number of samples required for statistically valid data, 

and the mean and variance data for each of the measured parameters. The 

statistical analysis will use the data contained in Datasheets 2, 4, 

and 5, anti the results will be organized in Datasheets 6 and 7. This 

procedure will be used after the first ten sampling days and every third 

sampling day thereafter until the end of the survey. The final results 

from Datasheets 6 ano 7 are the solid waste data needed for the waste-to- 
energy facility design. 

TECHNICAL D1SCUSS10N/KESULTS 

The proposed survey method will be presented in six sections dealing 

with the physical resources required; the sampling survey design; the 

three waste assessment procedures -- quantity, composition, and fuel; 

waste assessment analysis procedures; a datasheet summary; and the 
survey cost. 

Physical Resources Required 

The facilities, equipment, and manpower required for the parameter 
analysis are as follows: 

Facilities. 

• A well-lit, covered, and level concrete floor--100 by 80 feet 

• A calibrated truck scale facility 

Equipment. 

• Two frontend loaders, one with a clamshell 

• 50/100-foot steel tape 

• Seventeen 20-gallon trash cans 

• Calibrated platform scale, accurate to 200 pounds 

• Tarpaulin or plastic sheeting 

• Knife, wire cutters, pliers 

• Plastic bags, large--150/day 

• Screen box (see section on Waste Composition Analysis) 

• Safety gear for each crew member 

- Gloves (nonslip, puncture proof) 

- Face masks (model for dust and fine particles, disposable) 

- Eye shields 

- Hats 

- Disposable aprons (paper or plastic) 

- Rubber boots 

• First aid kit 

• Two shovels, two pitchforks, two rakes, and one broom 

• Datasheets 
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Manpower■ 

• Five floor men (general labor) 

• Two frontend loader operators 

• One supervisor 

Sampling Survey Design 

Selection of Number of Samples. The first step of the survey is to 

select the number of samples needed to obtain valid results. Previous 

studies have shown that the estimated minimum needed to ensure that 

statistically valid results are obtained is 30 samples. Therefore, each 

survey starts with the assumption that 30 sampling days are needed 

(Ref 2). However, this number is checked using solid waste weight data 

after the first 10 samples are completed and every 3 samples thereafter 

to determine if more or less samples are needed. This allows time to 

modify the sampling plan accordingly and helps minimize costs. If there 

is time remaining in the study after the required number of samples has 

been taken, the sampling program continues at the rate of two previously 

scheduled sample days per month to collect variance data. 
The check on the number of sampling days is performed in two parts. 

The first part determines the number of samples required; the second 

part checks the validity of the data. Part 1 of the check determines 

the number of samples by using (1) Equation B~ll of Appendix B, 

(2) Table B-l, (3) the mean and standard deviation of the previous 

samples, (4) the desired precision (maximum of 10%), and (5) the desired 

confidence in the result (90% minimum). The sample mean (X) is an 

estimate of the actual mean (p). The probability that p will fall 

within the boundaries of an interval equal to X ± h is expressed as the 

confidence. The value h (half-width of the interval) is an indicator of 

the precision of the interval. The half-width is equal to the precision/ 

100 multiplied by X. When tighter precisions (<10% of the mean) and 

higher confidences (>90%) are required, the number of samples needed and 

the corresponding sampling costs increase. However, the sampling results 

are improved. Recommended ranges in confidence and precision are 90 to 

99% and 1 to 10%, respectively. 
Part 1 of the check can be demonstrated as follows. Based on 

having completed the first 10 samples in the study, a hypothetical 

activity has a calculated sample mean (X) of 50 tpd and a standard 

deviation (S) of 15 tpd. Using a precision of 10% and a confidence of 

90%, the new total number of samples required can be determined by using 

Equation B-ll in Appendix B as follows: 

Precision = 10% (chosen) 

Confidence = 90% (chosen) 

X = 50 tpd 

S = 15 tpd 

5 
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Precision 

100 
X X = 

10 
~100 

X 50 tpd = 5 tpd 

a 10¾. 

0 = 1 - TÕÕ = 1 - Too = °'90 x 100 = 9« 

Z(l-a/2) = value from Table B-l at 90% confidence = 1.645 

n, number of samples = 

|Z(l-a/2)]2 • S2 _ (1.645)2 • 152 
= 24.4 or 25 

The new total of samples is 25, which is a 5-sample reduction from 

the planned 30 samples. If the validity analysis (see Technical 

Discussion/Results section) is confirmed, the reduction in total samples 
from 30 to 25 can be used. 

Any change in the number of samples is dependent on the standard 

deviation from the samples previously taken (see example). Also, the 

difference between the sample standard deviation (S) and the true standard 

deviation (0) generally decreases as the number of samples collected 

increases. Therefore, even though the initial check may indicate a 

large increase in the number of samples required, future checks may 

reduce the number as S approaches 0. An additional benefit of the check 

at 10 samples is that if more than 30 samples are required, the extras 

can be randomly distributed more easily over the remaining study time. 

Any reductions indicated by future checks are easily made by removing 

the already programmed extra days. In any case, the program should have 

an absolute minimum near 25 sampling days and a maximum near 40 sampling 
days . 

Selection of Random Samples. In the preceding section on the 

Selection of the Number of Samples, sample sizes were developed for 

estimating solid waste quantities and composition to a specified preci¬ 

sion and confidence. The selection of a sampling day should be random; 

otherwise, a nonrepresentative selection of samples may result. For 

example, if the samples are taken only on Monday, the sample mean would 

yield a higher value than is actually experienced because the quantity 

of waste collected on Mondays includes the weekend waste. By not sampling 

the waste generated Tuesday through Friday, the sampling results would 

not reflect the typical waste generation characteristics. 

It is also important that the sampling plan reflect the solid waste 

characteristics over an extended period of time. If samples are taken 

every day until the sample size requirement is met, the results will 

reflect the waste characteristics only for this brief historical period. 

A 1-year plan that captures the seasonal variations is necessary. 

Accounting for these considerations, the random sampling plan 
should : 

(1) Ensure a random sampling of the different days of the week. 

(2) Represent seasonal variations over a 1-year period. 
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!*/ Table 2 was developed using a random number generator. This table 

consists of 250 randomly generated three-digit numbers up to 366. 

Table 2 can be used to randomly select the days on which samples will be 

taken. First, the possible sampling days must be identified based on 

the Julian calendar, which numbers days from the beginning of the year. 

The number of samples (n) that satisfies confidence and precision restric¬ 

tions is then determined using the techniques discussed in the section 

on Selection of Number of Samples. From Table 2, the first n random 

numbers that represent sampling days are chosen. Numbers may be chosen 

by row or column. If a random number does not correspond to a working 

day, or has already been chosen, it is ignored and the next number on 

the list is selected in its place. 

Waste Assessment Procedures 

Quantity and Volume Determination. The quantity of solid waste 

generated at a Navy activity is measured in terms of average tons generated 

per day (tpd). This parameter is important to HRI design because the 

quantity of waste is used to size equipment and facilities, to develop 

operational procedures, and to assess the economic feasibility of the 

HRI. The resultant value for waste quantity determined by this method 

is an average annual value; at any point in time, the actual value will 

vary from this average depending on the season and level of operation at 

the activity. This variance is estimated by the survey method so that 

design changes can be made to ensure effective operation under the 

varying conditions. 
The volume of solid waste is measured in cubic yards per day 

(yd3/day). This parameter is used to size tipping floors, storage 

facilities, and waste feed equipment and to determine the density (lb/yd3) 

of the waste. The values for volume must also be examined to account 

for variance, as described for waste quantity. 

The objective of the test procedure is to measure accurately the 

volume and weight of each truckload of refuse leaving the Navy activity 

on any given day. These individual truck waste volumes and weights are 

then totaled to determine the quantity of waste generated on that day. 

The waste characterization period lasts for about 8 hours, during which 

time the collection trucks bring the solid waste from various sectors on 

the Navy activity to the test site. The test plan is designed to evaluate 

a maximum of 10 truckloads (6 to 8 tons/truck) of refuse. If the solid 

waste load is occasionally greater than 10 truckloads, crew members will 

be required to work overtime. If the waste load is frequently higher 

than 10 truckloads, then two crews, two waste assessment facilities, and 

two sets of equipment will be required. 
The Navy uses two types of waste disposal trucks: tilt frame 

trucks for large containers (30 to 40 yd3) and packer trucks for small 

containers (<10 yd3). Tilt frame truckloads of waste are easy to sample, 

as the container is large and open on the top for easy reloading by the 

frontend loaders. The packer trucks are more difficult to sample because 

they cannot be easily reloaded. The first reloading option for the 

packer trucks could be to reload the waste into a large open-top container 

and use an extra tilt frame truck to remove the waste from the site. 

Another option would be to load small containers with waste and have the 

packer truck reload the waste. The first option is preferred since it 

requires much less time than the second option. 
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The truck routes should be clearly marked on an activity map. If a 

large number of small containers are collected, each load of waste 

should be identified by the packer truck route number. In the case 

where large roll-off containers are collected, the building number, 

corresponding to the location of the container, should be used for 

identification. If the waste along the route is collected more than 

once a day, the route number should indicate this. This information is 

used to identify areas with large quantities of special wastes or noncom¬ 

bustibles. These areas may require separate waste collection procedures 

so that the poor quality waste from these areas is not included with the 

rest of the higher quality activity waste. 

The work area is divided into five sections. The middle section 

(20 feet wide) is used as the composition sampling area (Figure 1). The 

two outermost sections (20 feet wide each) are used to store the emptied 

waste containers before and during the reloading process. The two 

remaining 20-foot sections are used for dumping the waste from the 

containers to obtain volume data and a composition sample. 

Once the test site, equipment, and crew are assembled, the test 

procedure outlined below is followed. 

(1-1) Truck drivers carrying Navy activity solid waste weigh the 

truck at a calibrated weigh station. 

(1-2) Truck drivers unload the refuse onto the specified spot of 

the cement floor. 

(1-3) After the refuse is unloaded, the driver weighs the empty 

truck at the weigh station and then returns to the waste characterization 

site. 

(1-4) The weigh station clerk notes the following data: 

• Date and time of day 

• Fill weight of the truck 

• Empty weight of the truck 

• Sector of the Navy activity where the waste was picked up 

(building or route number) 

(1-5) The frontend loader operators and the floor men level the .v’v*'; 

dumped refuse within the assigned enclosure to a uniform height, width, 4: '' i 

and length. *"“7? 

(1-6) The length, width, and height of the pile are determined 

using a tape measure. Height measurements should be taken at four or 

more locations and an average height computed. The accuracy of the 

volume measurements depends upon the care taken when building the rectan 

guiar refuse pile. It is very important that the length, width, and 

height are fairly uniform. 
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(1-7) The supervisor notes the following on Datasheet 1: 

• Date 

• Sample number 

• Volumetric measurements (length, width, and height) 

• Sector of the Navy activity where the waste was picked up 

(route number) 

(1-8) After the measurements are recorded, a clamshell and the 

floor men obtain a 300-pound random sample for the composition study. 

Numerous researchers have reported that a 300-pound sample per truckload 

is optimal for determining waste composition (Kef 1, 8, 9, 10, and 11). 

To select a random 300-pound sample, the field supervisor schematically 

represents the spreadout waste on paper with a numbered grid. The 

supervisor then selects grid numbers at random. The grid squares 

corresponding to the selected random numbers are transposed to the 

waste, thus identifying the approximate sample locations. A clamshell 

and the floor men extract all the sample in the selected locations until 

about 300 pounds of waste has been collected. 

(1-9) Once the sample has been extracted, the frontend loaders 

reload the waste back into the container for disposal. 

Although the random sampling procedure may seem to entail a great 

deal of work, it is necessary to minimize crew judgment in sample selec¬ 

tion. Work crews may select solid waste samples consisting of components 

that are easy to sort and not objectionable to handle. The random 

selection method will result in an unbiased sample. 

Waste Composition Analysis. Composition components by weight are 

measured in percentage as the total component weight divided by the 

total weight generated multiplied by 100. The components are divided 

into two categories: regular wastes and special wastes. There are 

13 regular waste components and 5 special waste components: 

1. Paper 

2. Cardboard 

3. Plastic/rubber 

4. Textile/leather 

5. Wood 

6. Yard wastes 

7. Food wastes 

8. Ferrous metals 

9. Aluminum 
10. Other nonferrous metals 

11. Inerts 

12. Fines and sweepings 

13. Glass 

9 
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15. 
16. 
17. 

18. 

Special waste--combustible--bulky 

Special waste--combustible--nonbulky 

Special waste--noncombustible--bulky 

Special waste--noncombustible--nonbulky 

Special waste--resLricted 

Tbe solid waste composition sampling procedure involves the physical 

identification of the major components of the samples by hand sorting 

the "as received" refuse into the components listed above. The sorted 

wastes are then weighed and the component percentages determined. 

During the sorting period, the supervisor should ensure that the sorting 

is accurate and properly done. 

To prepare for the solid waste composition sampling procedure, the 
following steps should be completed. 

(2-1) The activity environmental engineer should select a well-lit, 

covered area close to the concrete floor used in the volume characteriza¬ 

tion study. The selected location should be away from direct draft 

through open doors. An area of at least 500 ft2 (25 feet long by 20 feet 

wide) is recommended. If an outdoor location is selected, protection 

from wind and weather should be included (e.g., fences to control litter, 

temporary roofing or shelter). 

(2-2) The activity Public Works officer should contract for or 

select a team consisting of five crew members and a supervisor. Navy 

( personnel can be used or the working crew can be hired through local 

i temporary help organizations. 

■ (2-3) The field supervisor and activity environmental engineer and 

[ safety officer should instruct the working crew on the importance of 

. health and safety in the refuse sorting work. Insist on the use of j personal safety equipment during the waste sorting work. 

1 (2-4) The field suprvisor should explain the methods used to 

identify and correctly classify the waste. 

(2-5) The field supervisor should procure the equipment listed in 

the Physical Resources Required section. 
I 

(2-6) The crew should line each can with a plastic bag for step 2-13. 

: (2-7) The weigher should record the tare weight of each can with a 

plastic bag. 

Í (2-8) The crew should paint or label each can with the name of the 

specific classification of refuse that will be deposited in the can 

; during the characterization program. Also label the can with its tare 

■’ weight. 

» Paper 

Example: 

'• Tare weight - 7.2 lb 



Provide two cans for the paper classification and one can for each of 

the other categories, except for the two bulky categories, for a total 

of 17 cans. The bulky items will have to be weighed without a can 

because of their size. 

(2-9) The field supervisor should calibrate the platform scale as 

per manufacturer instructions. 

(2-10) The crew should line the floor where the waste characteriza¬ 

tion program will be conducted with a tarpaulin or heavy-duty, 

construction-grade, plastic sheet. 

(2-11) The crew should position cans and other equipment so that 

the cans and tarpaulin are easily accessible to the working crews. The 

platform scale should be located to permit unobstructed weighing and 

disposal of the wastes. A typical layout of the refuse characterization 

area is shown in Figure 1. 

(2-12) The field supervisor should prepare the data collection 

sheets. Datasheet 1 (in Appendix A) is the recommended form. 

(2-13) The field supervisor should assign four of the crew members 

as refuse sorters and one crew member as the weigher. The weigher 

weighs all filled cans and records the waste category, the tare weight 

of the can, and the total weight of the can. The weigher stores the 

special waste cans for additional analysis and saves the regular waste 

components in the individual plastic bags for moisture analysis. When 

the special waste analysis is complete, the weigher saves the special 

waste components in a plastic bag with the appropriate regular component. 

(2-14) The crew should fabricate one 24- by 18-inch screen box 

(1-inch mesh) as shown in Figure 2. This box will be used to separate 

the fines and sweepings from the other wastes. 

Once the equipment and sorting crew have been prepared, composition 

sampling can begin. General guidelines for the hand sorting of refuse 

are presented here. 

(3-1) Spread the refuse sample (300 pounds) thinly over the 

tarpaulin- or plastic-covered floor by using the shovels and pitchforks. 

(3-2) Break open all waste contained in plastic or paper bags and 

spill their contents over the refuse pile. 

(3-3) Separate the wastes by component. Begin with the components 

of greatest abundance. For example, paper, cardboard, plastic, and wood 

will be quite visible and should be sorted first. As the major components 

are taken out, the minor components will be visible for easy sorting. 

If a component can is completely filled before the sorting is completed, 

perform steps 3-8 to 3-10, reuse the can for more components, and repeat 

steps 3-8 to 3-10. 



(3-4) Fut aside the special wastes for the special waste categoriza¬ 

tion. Store the two categories of bulky wastes in a corner of the 

characterization area. 

(3-5) Place any waste material that is composed of more than one 

material into the category where the majority of its weight falls. 

(3-6) Treat all brass, zinc, tin, lead, bronze, nickel, and copper 

materials as "other notiferrous metals." Similarly, treat stones, bricks, 

and concrete as "inerts." 

(3-7) Classify the mixed, fine materials after the larger, distin¬ 

guishable components of the refuse have been sorted. Use the 1-inch 

mesh screen shown in Figure 2 to sift out the "fines and sweepings." 

Categorize all materials that pass through the screen as "fines and 

sweepings." Sort the items trapped in the screen according to their 

proper classification. Place the screen over the can for fines and 

sweepings, then use the broom and shovel to collect the fine material 

and sort it through the screen. 

(3-8) Weigh each can of refuse and note the category, tare weight, 

and total weight on Datasheet 1. 

(3-9) Once the cans have been weighed, store, and set aside each 

plastic bag for later sampling for moisture content. 

(3-10) Reline the cans with plastic bags for the next truckload of 

waste. Tare weights will remain the same because plastic bags are 

basically consistent in weight. 

The data entry should be carefully and accurately done. The tech¬ 

niques used to summarize the daily composition data are explained on 

Datasheet 3. 

Special Waste Characterization Plan. The special waste character¬ 

ization procedure is an extension of the characterization program described 

in the previous section. The objectives of the special waste characteri¬ 

zation plan are to determine: 

• The percentage (weight) of the total Navy base waste that is 

special waste. 

• The percentages (weight) of the special waste that are combustible 

and noncombustible, bulky and nonbulky, and restrictive. 

• The regular waste component percentages of each of the special 

waste categories. 

• The special handling and processing requirements so that the 

special waste can be removed or used. 
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To prepare for the special waste characterization, the testing 

crews should be instructed how to identify and sort the special wastes 

from the normal Navy refuse. The characteristics of special wastes 

should be explained to the crew. A waste is classified as a special 

waste" if the collection, handling, containerization, storage, transpor¬ 

tation, processing, or disposal of the substance requires careful con¬ 

sideration. Such special wastes may pose a fire, explosion, safety, or 

health hazard or they may be classified as an environmental pollutant. 

A representative list of combustible bulky and nonbulky Navy special 

wastes is included in Appendix C. These wastes may require some special 

handling and treatment before they can be incinerated. Appendix C also 

shows the typical Navy noncombustible bulky and nonbulky special wastes 

and restricted wastes. A bold-face typed copy of this list of possible 

special wastes should be displayed at the test site. 

In sorting out the special wastes along with the total activity 

waste, it should be understood that all cardboard boxes are not special 

wastes. Only the bulky fraction of such waste is to be treated as a 

special waste. This is also true for paper, metals, and other categories. 

For example, a single copy of a newspaper or a magazine does not become 

a special waste. However, such wastes, when densely packed in a bundle 

with wire or rope, are problems. Similarly, a discarded engine block, 

auto fender, hot water heater, or a kitchen sink, because of their bulky 

nature, are special wastes. 
Notes should be made on the types of special wastes to identify any 

special handling or processing equipment that will be needed to convert 

the waste to a usable fuel or to dispose of the waste properly. These 

notes should be made on Datasheet 2 in the space left for general remarks. 

The types of information needed are the specific type of special waste 

and the general dimensions of the material. This type of data should be 

collected from each truckload of waste. The data should be analyzed to 

determine any material that is consistently in the waste and what methods 

are needed to use or dispose of the waste. For example, when the waste 

stream contains a consistent amount of bulky wood and cardboard, some 

type of size reduction equipment (shredder, hammermill) cr manual labor 

would be needed to use the waste as a fuel. 
Cert in wastes should not be burned in an incinerator due to the 

dangers involved. These wastes are defined as restricted wastes because 

they may cause hazardous effects, such as corrosion, explosion, or fire, 

or may act as a toxic agent when burned. For example, polyvinyl chloride 

(PVC) is not a hazardous material; however, when PVC is burned in large 

quantities (>2 yd3) it can produce chlorine gas and hydrochloric acid, 

which are toxic and corrosive. The restricted wastes are listed in 

Appendix C. 
The procedure for categorizing the special wastes is as follows. 

(4-1) Separate the special wastes into five categories: 

combustibies--bulky and nonbulky; noncombustible--bulky and nonbulky; 

and restricted items. 

(4-2) Provide three separate containers for the nonbulky and 

restricted items. Prominently mark the containers with the tare weight 

as shown: 

13 



SPECIAL WASTE 

Combustihi ps , nonbulky 

Tare Weight - 6.9 lb 

(4-3) Store the bulky wastes in a corner of the hand sorting area. 

(4-4) Weigh the three filled containers and the bulky wastes and 

record the results. 

(4-5) Repeat steps 3-1 through 3-8 of the Waste Composition Analysis 

section for each category using Datasheet 2. 

(4-6) Store the special waste components in the same plastic bag as 

the appropriate regular waste component when the second analysis is 
coni] « 1 et ed. 

(4-7) Add the results to the components on Datasheet 1 to make a 

new summary on Datasheet 4. Use the information on this new datasheet 

in Datasheet 5 to determine accurate fuel characteristics. 

Two special waste items in the combustible, nonbulky category-- 

kerosene/petroleum products and paint/paint sludges--do not fit into the 

13 normal waste categories on Datasheets 2 and 4. When these special 

wastes are encountered, the information should be noted in the General 

Remarks section on Datasheets 2 and 4. For Datasheet 5, the energy, 

moisture, and ash values of these items can be determined by laboratory 

analysis at the same time the other components are tested for moisture. 

The results can be added to the totals on Datasheet 5. It should be 

noted that if the weight of these items is less than 0.1% of the total 

day's weight, the impact of these items on the energy and ash values 

will be negligible and the laboratory analysis will not be required. 

Any unidentified liquid, powder, or gel is automatically considered 

hazardous. Such wastes should be handled with caution. They should be 

isolated from the other wastes until specifically identified. If the 

material is hazardous or cannot be identified, the activity hazardous 

waste office should be notified. The waste can then be properly disposed 

of by the hazardous waste office. Any further reports, documentation or 

source identification can be handled by that office. 

The special wastes may have health and safety risks. While hand 

sorting the special wastes, the following precautions and safety measures 

should be adopted: 

(1) All personnel must use the following safety equipment: 

• hand gloves 

• face mask 

• safety eye shield 

• full-length, disposable apron 

• rubber boots 

14 



(2) All pressurized containers must be handled with caution. 
Explosions can result if such containers are punctured. 

(3) Any liquid, powder, or gel that spills on gloves, apron, or 
hoots should be washed off immediately. 

(4) All pathological debris, cotton, paper, gauze, cloth, bandages, 
etc. should be picked up by shovel and deposited into a separate plastic 
bag. Pathological and dispensary solid wastes may contain hypodermic 
syringes and infected needles. If such wastes are seen, close contact 

should be avoided. 

(5) All explosive or flammable material should be handled with 

extreme care. 

(6) At the conclusion of the waste characterization, all protective 
materials, such as gloves, masks, and eye shields, should be disposed of 
in the regular waste containers. If hazardous wastes were handled, 
disposal of protective gear should be conducted in accordance with 

activity regulations. 

Fuel Characteristics Determination. There are three fuel 
characteristics--energy, ash, and moisture content. These parameters 
are measured in Btu/lb (dry and as received) for energy, percentage 
weight (dry and as received) for ash, and percentage weight for moisture. 
They are important in sizing the incinerator and boiler to process the 
energy input from the waste, in sizing the ash processing subsystem, and 
in controlling the temperature and combustion air to account for the 
moisture and energy input. These parameters are also used in the economic 

assessment of HRI potential. 
To determine the moisture content at the end of the day, take the 

plastic bags containing the stored regular waste components from each 
300-pound composition sample. Empty all the bags for one regular waste 
component onto the plastic sheeting and mix. Remove about a 10-pound 
sample of the component and seal in a plastic bag. Weigh the sample 
with the bag and write the weight on a tag and attai.i the tag to the 
sample bag. Repeat this procedure for the 13 components. Send the 
sample bags to a qualified laboratory for moisture analysis according to 
American Society for Testing Materials (ASTM) procedure E790-81 (Ref 12) 
for solid waste. Use the moisture data from the laboratory with Data¬ 
sheet 5 and the values in Table 3 to determine the estimated energy 

(Btu/lb-dry) and ash content of the waste. 

Waste Assessment Analysis Procedures 

Validity Analysis. The validity analysis calculates statistical 
parameters for the weight, volume, density, each of the 18 waste compo¬ 
nents, and each of the 8 fuel characteristics. These statistical param¬ 
eters are the sample mean (X), standard deviation (S), coefficient of 
variation (CV), coefficient of skewness (a3), a symmetry check, coeffi¬ 
cient of kurtosis (a,), a peakedness check; and confidence intervals for 
the 90, 95, and 99% levels. These parameters are defined in Appendix B 
as Equations B-l through B-8. The validity analysis uses Datasheet 4 
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and Equations B-l through B-7 in Appendix B to check the validity of the 

data by confirming the normality of the data. When the conditions in 

Equations B-5 and B-7 in Appendix B are met, the data have a normal 

distribution and the results are statistically valid. Therefore, any 

reduction in the number of samples indicated by the analysis in the 

Selection of Number of Samples section can be made. An example showing 

how to perform these analyses is included in Appendix D. 

Once the required number of samples in the weight category has been 

collected, the sampling program can be reduced to two samples per month 

until the year is completed to collect variance information. In a 

typical 30-sample program, all of the data categories will have statis¬ 

tically valid data, and most of the data categories will have satisfied 

the minimum sample requirement. The categories that may not meet the 

minimum sample requirement are glass, yard waste, and restricted special 

waste (see Appendix D). These categories have small values (less than 

1.0%), and even a large difference between the actual and the predicted 

values is small when compared to the more common waste components. For 

example, if the difference between the actual and the predicted value 

for one of these small categories is 20%, the predicted value will range 

from 0.8 to 1.2%. The ±0.2% difference is insignificant when compared 

to the 15% values for paper or cardboard. Therefore, the invalid nature 

of the small components has a negligible effect on the overall validity 

of the results. 

Variance Procedures. Information on waste variance is obtained by 

conducting the study 25 to 30 times over a 1-year period. This variance 

is reported as a range of values. The statistical analysis predicts 

valid high and low values for the year and seasonally. The variance 

information is needed to design the size of the facility and to determine 

how the facility will operate. 

The datasheets are examined for variance information. This infor¬ 

mation is important because the HRI can only use a long-term increase of 

30% in the quantity of waste. This increase is equivalent to 1 extra 

day or a 15% increase in operational time on the weekend and a 15% 

increase (75 to 90% capacity) in incineration rates. Variance informa¬ 

tion is found by examining every Datasheet 6 and 7 and determining the 

average values and standard deviations for the parameters in question. 

The decision on whether the variance is excessive is based on the fol¬ 

lowing criterion: 

With 95% confidence, 90% of the parameter values listed on Data¬ 

sheets 6 and 7 must fall within 20% of their respective means. 

Equation B-13 of Appendix B is used to perform the statistical test 

for excessive variance for each parameter from Datasheets 6 and 7. 

Equation B-13 is used to analyze the data from the four seasonal (3-month) 

and the full-year periods. 

For any average value that fails the excessive variance test, special 

consideration should be given to plant design. For a larger average, a 

larger processing line or HRI or two smaller processing lines or HRIs 

may be needed to adjust to the changing generation rates. For minimums, 



a smaller facility with provisions for removing excess waste may be 

necessary. The best option will depend on economics (lost fuel value 

versus increased capital and operating costs) and the variation in 

generation rates. 
Each Datasheet 1 should also be examined for areas on the activity 

that produce waste with greater than 60% noncombustibles (metals, glass, 

inerts, noncombustible special wastes). These areas are identified by 

examining each successive Datasheet 3. Any area that consistantly 

produces large quantities of noncombustibles should be examined for 

excessive noncombustible production. If the noncombustibles do not meet 

the criteria in Equation B-lA of Appendix B, special consideration 

should be given to providing other means of waste disposal for the 

containers in that area, special processing equipment, or manual sorting 

to use the waste. This will reduce operational problems at the HRI or 

resource recovery facility. The specific determination should be based 

on the loss of fuel if the waste is removed versus the cost of additional 

equipment and labor to process the waste to 20% noncombustibles. 

. 

Datasheet Summary 

The waste assessment method uses seven datasheets to collect and 

analyze the data. These datasheets are in Appendix A. Each of the 

datasheets has a different function in the analysis as follows. 

Datasheet 1 lists the quantity (pounds), volume (yd3), density 

(lb/yd3), and regular waste components for one truckload of waste. 

Datasheet 1 is filled out for each truckload of waste that is sampled on 

a given day and the location of where the waste was collected. 

Datasheet 2 lists the results in weight and percentage from the 

special waste composition analysis conducted on the special waste compo¬ 

nents listed in Datasheet 1 (combustible, noncombustible, and restricted). 

Datasheet 2 is also filled out whenever a truckload of waste is sampled. 

Datasheet 3 is a summary sheet of the component weight data from 

every Datasheet 1 filled out on a given sampling day. Datasheet 3 is 

analyzed by weighted averaging techniques to produce an average percentage 

by weight for each of the 18 waste components and the total quantity of 

waste collected on that day. 
Datasheet 4 is a summary sheet that sums th® "total wet component" 

weight data in the last column of Datasheet 3 and the summation of the 

"total actual weights" in the last column of each Datasheet 2 completed 

during the sampling day. 
Datasheet 5 is completed using the total wet component weight in 

Datasheet 4, the energy and ash contents from Table 3, and the moisture 

content of the waste components determined by laboratory analysis. 

Datasheet 5 is used to determine the fuel characteristics of all the 

wastes that were sampled on a given day. 
Datasheet 6 lists the statistical parameters for the weight, volume, 

and fuel characteristics of the activity. Datasheet 7 lists the statis¬ 

tical parameters for the 18 waste components. These worksheets are used 

to confirm the validity of the data, as well as to check the number of 

samples required to provide valid results and the variance of the results. 

Datasheets 6 and 7 are completed after 10 sampling days and are updated 

every 3 sampling days thereafter. The data analysis procedures are 
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detailed by the formulas described in Appendix B. The statistical 

results will provide statistically valid values for the design of HRI 

facilities. The analysis procedures are also explained by the example 
in Appendix D. 

Survey Cost 

The facilities, equipment, and manpower required are listed in the 

Physical Resources Required section. The cost breakdowns for the waste 

survey method are shown in Table 4. In determining the estimates, the 

following assumptions were made: 

• The waste characterization program is conducted by a private 

contractor. 

• One crew can sort and measure up to 70 tpd of waste in an 8-hour 
day. 

• The supervisor spends an initial 3 days at the job site preparing 

for the test program, instructing the laborers, and acquiring 

the needed materials for the test. The supervisor remains at 

the test site to supervise the sampling procedure. 

• The laborers are hired from the local employment agency on a 

temporary basis, at an hourly rate of $7.50 per hour per person, 

including insurance and other fees. 

• All data reduction and report writing are done by the supervisor. 

• An hourly rate of $15 per hour is used for the supervisor. 

• An appropriate concrete covered area is available as a solid 

waste characterization site at no charge. 

• A contingency of 10% on total costs is estimated. 

• A 20% cost for general and administrative expenses over direct 

cost items is charged. 

• Overhead and profit is 1.6 times the labor cost. 

• The equipment is rented daily. 

By regressing total cost (C) of both the volume-weight and the 

composition sampling with the number of samples (n), the following 

expression can be derived: 

C = 1,727 + 2,596.8n (for tpd <70) (1) 
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When tpd > 70, an estimated $34.10 for each ton above 70 for each sample 

must be added to the total cost to compensate for the additional manpower 

needed, based on the workers being paid time-and-a-half for the overtime 

needed to complete the daily sampling. Thus, Equation 2 is derived: 

C = 1,727 + 2,596.8n + 34.1(T-70)n (for tpd >70) (2) 

where T equals tpd of solid waste, and n equals the number of samples. 

CONCLUSIONS 

The sampling plan developed and described in this report can be 

used to characterize the volume, weight, composition, and fuel charac¬ 

teristics of Navy activity wastes. This assessment method will provide 

the best available data, from a statistical and engineering viewpoint, 

for the design of an HRI or resource recovery facility. The best avail¬ 

able data are necessary to ensure the most efficient use of resources 

and to reduce the problem of inaccurate HRI design. 
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Table 1. Percent by Weight Means (X) and Coefficients of 

Variation (CV) for Solid Waste Composition Data 

Component 

Jacksonville 
University of 

California 

X 

(%) 
CV 

X 

(%) 
CV 

Paper and Cardboard 

Metals 

Plastics 

Garbage, Yard Wastes 

Wood 

Glass 

Textiles 

Inerts 

A7.9 
6.0 

11.1 
13.5 
8.8 
9.4 
3.0 

j 0.5 

0.18 
0.75 
0.60 
1.1 
1.9 
0.56 
1.0 
0.70 

47.3 
5.5 
5.8 

20.8 
0.6 

10.8 
2.0 
7.0 

0.11 
0.15 
0.22 
0.37 
1.5 
0.21 
1.0 
0.67 
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Table 2. Random Three-Digit Numbers 



Table 3. Typical Ash and Energy Content on a Dry Basis3 for 
the Main Waste Components 

Component 
Ash Content 
(Btu/lb) 

Energy Content 

(%) 

Paper 

Cardboard 

Plastics/Rubber 

Textiles 

Wood 

Yard Waste 

Food Waste 

Ferrous 

Aluminum 

Nonferrous*5 

InertsC 

Fines and Sweepings 

Glass 

6 

5 

10 

10 

1.5 

4.5 

5 

98 

96 

96 

70 

70 

98 

7,660 

7,370 

14,285 

8,330 

10,000 

7,000 

6,670 

310 

310 

310 

85 

3,260 

60 

Reference 13. 

^Assumed same as ferrous. 
Q 
Reference 14. 
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Appendix A 

SAMPLE DATASHEETS 



Datasheet 1. Solid Waste Composition Data Completed for Each Truckload of Waste 

Site: _ 

Sample #: _ 

Waste Received From 

(Bldg or Route #): 

Total Weight (truck and waste, lb): 

Weight of Truck (lb): _ 

Tare Weight of Truck (lb): _ 

Weight of Waste (lb): _ 

Volume of Waste (yd3): _ 

Date: _ 

Dumpster Box #: 

Truck ID #: 

Pile Height (ft): ____ 

Pile Width (ft): _ 

Pile Length (ft): __ 

Density of Solid Waste 
Sample (lb/yd3): _ 

Solid Waste 

Component 

Weight of 

Container 
and Waste 

(lb) 

Container 
Tare 

Weight 

(lb) 

Wet 

Sample 

Weight 

(lb) 

Wei 
Percentage 

(%) 

Component 

Weight 

(lb) 

Paper 
Cardboard 

Plastic/Rubber 

Textile/Leather 
Wood 

Yard Waste 

Food Waste 

Ferrous 

Aluminum 

Nonferrous 
Inerts 

Fines/Sweepings 
Glass 

Combustible: 

(1) bulky 

(2) nonbulky 
Noncombustible 

(1) bulky 

(2) nonbulky 

Restricted 

Totals : 

General Remarks: 

a 
Wet Percentage 

Component Weight 

wet sample weight (lb) x jqq 

total wet sample weight (lb) 

estimated total weight of each component in the disposal truck based on the 

wet percentage and the total weight of waste carried by the truck 

weight of waste x wet percentage/100 
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Datasheet 5 Energy, Moisture, and Ash Content Completed on Each Sampling Day 

r 

f- 

► 

í 

i 

« 

Component 

Total 

Wet 
Weight3 

(lb) 

Moisture 

Content 

(%) 

Dry b 
Weight 

(lb) 

Energy c 

(Dry Basis) 
(Btu/lb) 

Totalj 

Energy 

(Btu) 

Ash 

(Dry . 
Basis) 

(%) 

Total 

Ashe 

(lb) 

Paper 

Cardboard 

Plastic/Rubber 

Textile/Leather 

Wood 

Yard Waste 

Food Waste 

Ferrous 

Aluminum 

Nonferrous 

Inerts 

Fines/Sweepings 

Glass 

Totals : 

£ o 
Average: 

1. moisture (%) 
2. energy (Btu/lb), dry: _ as received: 

3. ash (%), dry: _ as received: 

aThese values are the total wet component % from Datasheet 4 multiplied by a 100-lb sample. 

^Dry weight (lb) = total weight x (1-moisture %/100). 

cEnergy and ash values from Table 3. 

^Energy (Btu) = dry weight x energy value. 

eAsh (lb) = ash % x dry weight 

„ total energy (Btu) total ash (lb) w 
ry average - total dry weight (lb) 0r total dry weight (lb) 

Average as received = (a) 100 - dry weight or (b)^l - —dry energy (Btu/lb) 

or (c)il - dryiQQlght) x dry ash (%) 

A-6 
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Datasheet 6. Statistical Analysis, Part 1 
a ,b 

Sample 

Number 
Sample Date 

Total 

Weight 

(tons) 

Total 

Volume 

(yd3) 

Average 

Density 

(lb/yd3) 

Average 

Moisture 

Average Energy 

(Btu/lb) 
Average Ash (%) 

(%) Dry As Received Dry As Received 

Mean, ) 

Standard Deviation, 

S 

Coefficient of 

Variation, CV 

Coefficient of 

Skewness, a^ 

Q 
Symmetry Check 

Coefficients of 

Kurtosis, a^ 

Peakcess Checkc 

90% confidence 

+ or - 

95% confidence 

♦ or - 

99% confidence 

+ or - 

Total number of 

samples to be 

taken at 90% 

confidence 

Excessivg 

variance 

Equations in Appendix B. 

'’Completed after 10 sampling days and redone for each 3 sampling days thereafter using all the data. 

CG = good; NG = not good. 

Based on Equation B-13; N = No, Y = Yes. 

.•/.vj 
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Appendix B 

SAMPLE SIZE DETERMINATION 

SAMPLE STATISTICS 

The sample statistics used to describe solid waste composition and 

quantity are included in the following list: 

a. Mean 

b. Standard deviation 

c. Coefficient of variation 

d. Moment coefficient of skewness 

e. Moment coefficient of kurtosis 

The mean of a population is a measure of the expected value. It is 

determined by summing the values of all the items in the population and 

dividing this sum by the number of items. In the case of an infinite 

population, it is impossible to determine the mean exactly. Instead, 

the mean of a sufficiently large sample is used as an estimate of the 

total population mean. The sample mean (X) is computed as shown in 

Equation B-l by dividing the sum of the individual sample values (X^) by 

the number of samples (n). 

Similarly, the standard deviation (S) of the sample, a measure of 

dispersion or variability in the population, is computed as shown in 

Equation B-2. 

A small standard deviation indicates that a high percentage of the 

values of the items in the population lie close to the mean. A large 

standard deviation indicates that the population is more spread out. 

The standard deviation is an absolute measure and is influenced by the 

order of magnitude of the mean. For example, in case 1 a population 

with a mean of 1,000 has a standard deviation of 100. Another population 

with a mean of 10 has a standard deviation of 8. Relatively speaking, 

m 
* ■ »* * * 
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the variability in the first distribution is less than that in the 

second. However, the standard deviation for case 1 is more than 10 times 

greater than for case 2. 

The relative variability is measured by the coefficient of variation 

(CV). The coefficient of variation is the ratio of the standard deviation 

to the mean. 

CV = — (B-3) 
X 

This measure of variability is used to compare the relative variability 

of two data sets. 

The moment coefficient of skewness (a^) describes the degree of 

asymmetry of a distribution. It is computed by dividing the third 

moment about the mean by the product of standard deviation raised to a 

power of three and the sample size. 

n - 3 
i (x.-xr 
i—1 1 

nS~ 

(B-4) 

For a symmetrical distribution, a^ is very close to 0. If a^ is negative, 

the distribution is skewed to the°left. Similarly, positive a,, values 

indicate a skewness to the right. Figure B-l shows the various degrees 

of skewness. The following condition (Equation B-5) has been suggested 

for determining if the distribution is skewed (Ref 4). If the condition 

is met, the distribution is approximately symmetrical. 

vfF 
(B-5) 

The peakedness of a distribution is described by the moment coef¬ 

ficient of kurtosis, a^. 

n - i 
1 (X.-X) 
i=l 1 

nS4 

(B-6) 

A distribution can range from very peaked to relatively flat. When 

a^ is equal to 3, an intermediate degree of kurtosis exists. Equation B-7 

determines if the distribution is moderately peaked (Ref 2). 

n 
(B-7) 
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When a, << 3, a platykurtic or flat distribution exists. A leptokurtic 

(very peaked) distribution is suggested when a^ >> 3. A moderate degree 

of kurtosis, termed mesokurtic distribution, exists when the condition 

in Equation B-7 is met. Figure B-2 shows three distributions with 

varying degrees of kurtosis. 

NORMAL DISTRIBUTION ASSUMPTION 

The primary objective of the sampling strategy is to estimate 

volume, weight, percent constituent composition by weight, and fuel 

characteristics for the solid waste generated at a Navy activity. 

Therefore, it is important to understand the nature of the distribution 

of the sample mean, X. 

The Central Limit Theorem in statistics states: 

For almost all populations, the sampling distribution of 

X is approximately normal when the simple random sample size 

is sufficiently large (Ref 15). 

The normal distribution is a moderately peaked, symmetrical distribution. 

If sample values satisfy the skewness and kurtosis conditions 

(Equations B-5 and 6^7), then the sample size is sufficiently large and 

the distribution of X is approximately normal. It has been shown for 

municipal wastes that a sample size of 30 will satisfy skewness and 

kurtosis requirements (Ref 2). If no checks for normality are made, 30 

samples will be taken as a lower limit for the number of samples required. 

SAMPLE SIZE FORMULA 

The formula to use when computing the sample size depends on the 

characteristics of the population and the requirements of the design 

engineer. The approach available for computing the sample size is based 

on the assumption that computing a percent confidence interval for the 

population mean, p, is the desired end result. The confidence interval 

is defined by two parameters: precision (p) and confidence. Precision 

defines the boundaries of the interval that the true mean will fall 

within. A measure of precision is h (half-width of the interval), which 

is calculated by multiplying precision (p)/100 by the mean. Confidence 

is defined as the probability that the true mean will be within the 

range specified by the precision, and has a value of 90 to 99% for these 

studies. Confidence is represented by (1-a) (100). For example, with 

90% confidence, there are between 20 and 26 tons per day (tpd) of solid 

waste generated by a specific Navy activity. In other words, the mean 

tons per day will be bounded by the 20- to 26-tpd interval with 90% 

assurance. The equation used to calculate the percent confidence interval 

for p is as follows: 

X - z (i-q/2) s 
/F 

< p < X + 
Z (l-a/2) S 

/ñ" 

(B-8) 
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where : M 

X 

Z(l-a/2) 

S 

population or true mean 

sample mean 

standard normal variable corresponding to 

a confidence of lOO(l-a) percent. Values for 

this function are given in Table B-l. 

standard deviation of the sample 

n = number of samples, or sample size 

The user of a confidence interval would like to specify the required 

interval width (2h) and confidence interval. Based on such a specifica¬ 

tion, an appropriate sample size can be determined. The desired confi¬ 

dence interval should have a lower limit L = X - h and an upper limit 

U = X + h. In other words, with (l-a) (100) confidence: 

X-h<p<X+h (B-9) 

where X is the sample mean. The symbol h denotes the half-width of the 

confidence interval. The half-width, h, sets the range of values that 

the mean will be within, with the given percentage probability. The 

result is expressed as p ± h. From Equation B-8: 

h = Z (l-0f/2) S/ /TT (B-10) 

By squaring both sides and solving for the sample size n, Equation B-ll 

is derived: 

n 
[Z (l-a/2)]2 S2 

(B-ll) 

To use this formula, an estimate of the standard deviation is needed. 

Information about the relative magnitude of S may be obtained from 

previous samples. The precision (1 to 10%) and the percent confidence 

(90 to 99%) must be specified. The value of h is obtained through the 

following equation: 

h = ;;ocision (ß-12 

The value of Z (1 - a/2) is found in Table B-l for the specified percent 

confidence. 

N .V 
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A test for variance, to determine whether the data lie within an 

acceptable range of the mean, is shown in Equation B-13. 

(B-13) K S > 0.2 X 

where: K = constant (Table B-2) 

S = sample standard deviation 

X = sample mean 

If this criterion is met, 90% of the values lie within 20% of the mean 

with 95% confidence. The value of K is taken from Table B-2 and depends 

only on the number of samples used in the calculation of S and X. 

To determine whether the mean lies below some limit (£) with 95% 

confidence, the following criterion must be satisfied: 

(B-14) 

In the case in which the noncombustibles must comprise less than 60% of 

the total, £ is equal to 0.6 in Equation B-14. If the criterion is met, 

then it can be concluded that the mean is less than 60% with 95% confidence. 



Table B-l. Standard Z Values 

for Equations B-8 

and B-10a 

Confidence 

Limit 

(%) 

2(1 - a/2) 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

1.645 

1.796 

1.751 

1.811 

1.881 

1.960 

2.054 

2.170 

2.326 

2.576 

¿I 
Reference 15. 
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Table B-2. K Values for Equation B-13 

Sample 
Size, 

n 
K 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
150 
200 
250 
300 
400 
500 
600 
700 
800 
900 

1,000 
00 

32.019 
8.380 
5.369 
4.275 
3.712 
3.369 
3.136 
2.967 
2.839 
2.737 
2.655 
2.587 
2.529 
2.480 
2.437 
2.400 
2.366 
2.337 
2.310 
2.208 
2.140 
2.090 
2.052 
2.021 
1.996 
1.976 
1.958 
1.943 
1.929 
1.917 
1.907 
1.897 
1.889 
1.881 
1.874 
1.825 
1.798 
1.780 
1.767 
1.749 
1.737 
1.729 
1.722 
1.717 
1.712 
1.709 
1.645 







Appendix C 

COMBUSTIBLE, NONCOMBUSTIBLE, AND RESTRICTED SPECIAL WASTES 

This appendix contains a list of possible types of special waste 

that can be found in a Navy waste stream. In parentheses after each 

type of special waste is the category of normal waste that the type of 

special waste belongs to on Datasheet 2. 

COMBUSTIBLE WASTE COMPONENTS 

Bulky (>3 feet in dimension) 

• Densely packed newspaper or magazines (paper) 

• Large corrugated boxes (cardboard) 

• Densely packed corrugated sheets (cardboard) 

• Fiber drums (cardboard) 

• Auto tires (rubber) 

• Long hose (plastic) 

• Large floor mats (plastic) 

• Styrofoam board (large) (plastic) 

• Carpet/padding (plastic) 

• Pallets (wood) 

• Railroad ties or other large lumber (wood) 

• Tree limbs (wood) 

• Large volume (>2 yd3) mess hall garbage or grocery store rejects 

(food) 

Nonbulky 

• Fiber rope, coir rope (textile) 

• Dispensary wastes (textile, inert, plastic) 

• Softwood furniture (wood) 

• Crated spoiled vegetables (<2 yd3) (food) 

• Paint and paint sludges (see Special Waste Characterization Plan 

section) 

• Kerosene/petroleum products (see Special Waste Characterization 

Plan section) 
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NONCOMBUSTIBLE WASTE COMPONENTS 

Bulky (>3 feet in dimension) 

• Large wire products (metal) 
• Demolition (inert, metals) 
• Window air conditioners (metal) 
• Metal drums (metal) 
• Large glass containers and mirrors (glass) 
• Fiberglass drapes, etc. (glass) 
• Insulation board/blanket (inert) 

Nonbulky 

• Electric wire and cords (metal) 
• Wire rope (metal) 
• Auto parts (metal) 
• Bench tools, machine tools (metal) 
• Wire dairy cases (metal) 
• Metal lawn furniture (metal) 
• Plaster (inert) 
• Sand and gravel (inert) 

RESTRICTED WASTE COMPONENTS 

• Munitions (metal) 
• Dry and liquid chemicals* 
• Corrosive liquids, powders, and gels* 
• Pathogenic wastes (textiles, inert, plastics) 
• Pesticides (liquid or powder)* 
• Plastic film in bulk (PVC, polystyrene, polyethylene, >2 yd3 or 

100 lb) (plastic) 
• Pressurized fluid containers (metal) 

*These wastes should be handled by the activity hazardous waste 
office and should not be included as part of the normal waste stream. 
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Appendix D 

EXAMPLE STUDY 

Using hypothetical data, an example is completed showing how each 

datasheet should be filled out and how the statistical procedure is used 

to modify the study and obtain adequate results. 

The hypothetical installation is a Navy shipyard producing 70 tpd 

of solid waste. The waste has a mean density of 300 lb/yd3 and a compo¬ 

sition as listed on Datasheet 7. 

Datasheets 1 to 7 are filled out based on having completed the 

first 10 days of the study. Datasheets 1 and 2 contain the data from 

one truckload of waste measured during this period. The multiple numbers 

in the paper and plastic categories on Datasheet 1 represent garbage 

cans that were filled with sample, weighed, dumped out, and reused for 

additional sample. The total of these numbers minus the total of the 

tare weights equals the wet weight. 

Datasheets 3 and U represent the raw data gathered from 1 sampling 

day. Datasheet 3 is a complete listing of all the Datasheet 1 data 

collected that day and provides the waste composition for that day. 

Datasheet U combines the data from Datasheets 2 and 3 to provide infor¬ 
mation on the waste composition in terms of the 13 main components in 

Datasheet 5. The general remarks on Datasheet 4 are summaries of the 

Datasheet 2 remarks and are used to prove the need for any special 

equipment, handling, or operational procedures, when that part of the 

waste can be used as a fuel. 

Datasheet 5 represents the fuel characteristics for 1 day's sample. 

The composition data are obtained from Datasheet 4, the energy and ash 

contents from Table 2, and the moisture content from laboratory analysis. 

Datasheets 6 and 7 represent a summary of the first 10 sampling 

days of the study and are the initial indication of the changes that 

will be required in the study. Datasheet 6 contains the volume, weight, 

and fuel characteristic results. The results indicate that adequate 

information has been collected for the fuel characteristics (i.e., 

ash—6 samples required versus 10 taken). However, the weight and 

density results need 14 and 15 samples or 4 and 5 additional samples 

over the 10 taken. The volume result is not statistically accurate, 

which indicates that more samples need to be taken to correct the inac¬ 

curacy. The volume result can be rechecked as the program continues. 

From the above information, the sampling program will have adequate 

statistical data after 6 months or 15 samples. Only 2 samples per month 

will need to be taken for the next 6 months for variance information, or 

27 versus 30 original samples. 

Datasheet 7 contains the summarized data and results for the waste 

composition components. The results indicate that a 27-sample program 

would provide adequate data for 11 out of 18 components. This should 
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improve as more samples are taken. Therefore, for this case study, 

3 sampling days can be removed from the program at a cost saving of 

about $12,000. 

Variance data are readily available from Datasheets 6 and 7. The 

yearly and seasonal maximums, minimums, and statistical values can be 

determined by filling out a new set of Datasheets 6 and 7 for the chosen 

period. The maximums and minimums are found by examining the listed 

values and recording the respective numbers. By examining the example 

Datasheet 6, the 3-month minimum for weight data is 45.6 tpd (sample 4) 

and the maximum is 96.3 tpd (sample 8). It should be noted that these 

values are only the measured extreme values for this period and may not 

be the actual extremes for this period. These values just provide an 

indication of what the range might be. 

Using the criteria in the section on Variance Procedures to determine 

components with significant variance and noncombustibles (Equations B-13 

and B-14), and the information on all Datasheet 4s about the types of 

waste that are consistently present, any special handling, equipment, or 

operational procedures can be designed if deemed necessary. After 10 

samples, only the energy parameters (Datasheet 6) are indicating exces¬ 

sive variance. If this excess persists until the end of the study 

period, the variance will have to be accounted for in the design of the 

energy recovery system. The variance can be accounted for by using the 

lower estimate of energy value, or by using an adjustable fossil fuel 

burner to alleviate the fluctuation in steam production. 

After 10 samples, no areas have been identified as excessive pro¬ 

ducers of noncombustibles, but three areas are close (30 to 40% noncom¬ 

bustibles). These areas on Datasheet 3 are Buildings 106, 805, and 760, 

or samples 4, 5, and 9, respectively. The containers from these areas 

should be monitored on future Datasheet 3s to confirm that noncombustibles 

are not a potential problem. 

The information available from the first 10 samples is a good 

indication of the types of waste that will be generated at the activity. 

Unless future samples are consistently different, statistically valid 

data for design of the HRI will be available from the survey. 



Datasheet 1. Solid Waste Composition Data Completed for Each Truckload of Waste (Example) 

i 

» 

0, 
s,"t 

i 

Site: _Naval Shipyard_ 

Sample #: _1_ 
Waste Received From 

(Bldg or Route //) : Bldg 302 

Date: _10/31/83 

Dumpster Box #: _306 

Truck ID #: _2 

Total Weight (truck, dumpster, and waste, lb): 45,320 

Weight of Truck (lb): 25,420 
Weight of Dumpster (lb): 6,600 

Weight of Waste (lb): 13,300 

Pile Height (ft): 5.0 

Pile Width (ft): 8.0 
Pile Length (ft): 30.0 

Volume of Waste (yd3): _44.4 Density of Solid Waste 
Sample (lb/yd3): _300 

Solid Waste 
Component 

Weight of 
Container 
and Waste 

(lb) 

Container 

Tare 
Weight 

(lb) 

Wet 

Sample 
Weight 

(lb) 

Wet 
a 

Percentage 

(%) 

Component 
Weight 

(lb) 

Paper 
Cardboard 

Plastic/Rubber 
Textile/Leather 

Wood 

Yard Waste 
Food Waste 
Ferrous 

Aluminum 

Nonferrous 

Inerts 
Fines/Sweepings 

Glass 
Combustible: 

(1) bulky 

(2) nonbulky 
Noncombustible 

(1) bulky 

(2) nonbulky 

Restricted 

17.4; 15.3; 15.7; 9.7 

25.6; 9.3 

13.5; 12.6; 11.3 
12.8 

25 
6.5 
19.4 

18.6 

7.5 
18.3 
21.2 

10.8 

5.9 

20; 65 

11 

17.8 

13.1 
7.2 

5; 5; 5; 5 
5; 5 

5; 5; 5 
5 

5 

5 

5 
5 

5 

5 

5 
5 

5 

0; 0 

5 

5 

5 

5 

38.1 

24.9 
22.4 

7.8 

20 

1.5 
14.4 

13.6 

2.5 

13.3 
16.2 
5.8 

0.9 

85 
6 

12.8 

9.2 

1.1 

12.9 
8.4 
7.6 

2.6 

6.8 

0.5 

4.9 
4.6 

0.8 

4.5 

5.5 

2 

0.3 

28.8 

2 

4.3 

3.1 
0.4 

1,716 

1,117 
1,011 

346 

904 

66 

652 

612 
106 

598 

732 

266 
40 

3,831 
266 

572 

412 

53 

Totals: 410.5 115 295.5 100.0 13,300 

General Remarks: 

aWet Percentage 
wet sample weight (lb) 

total wet sample weight (lb) 
X 100 

^Component Weight = estimated total weight of each component in the disposal truck based on the 
wet percentage and the total weight of waste carried by the truck 

= weight of waste x wet percentage/100 
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Datasheet 5. Energy, Moisture, and Ash Content Completed on Each Sampling Day (Example) 

Component 

Total 

Wet 

Weight 

(lb) 

Moisture 

Content 

(%) 

Dry b 

Weight 

(lb) 

Energy c 

(Dry Basis) 

(Btu/lb) 

Totals 

Energy 

(Btu) 

Ash 

(Dry c 

Basis) 

(%) 

Total 

Ashe 

(lb) 

Paper 

Cardboard 

Plastic/Rubber 

Textile/Leather 

Wood 

Yard Waste 

Food Waste 

Ferrous 

Aluminum 

Honferrous 

Inerts 

Fines/Sweepings 

Glass 

13.1 

15.0 

7.8 

5.2 

21.7 

0.5 

6.2 

10.9 

1.1 

7.0 

7.6 

3.4 

0.5 

8 

7 

3 

10 

20 

60 

70 

2 

2 

2 

3 

10 

2 

12.05 

13.95 

7.57 

4.68 

17.36 

0.2 

1.86 

10.68 

1.08 

6.86 

7.37 

3.06 

0.49 

7,660 

7,370 

14,285 

8,330 

10,000 

7,000 

6,670 

310 

310 

310 

85 

3,260 

60 

92,303 

102,812 

108,137 

38,984 

173,600 

1,400 

12,406 

3,311 

335 

2,127 

626 

9,976 

29 

6 

5 

10 

10 

1.5 

4.5 

5 

98 

96 

96 

70 

70 

98 

0.72 

0.70 

0.76 

0.47 

0.26 

0.01 

0.09 

10.47 

1.04 

6.59 

5.16 

2.14 

0.48 

Totals: 100 - 87.21 - I 546,046 - 28.89 

£ o 
Average: 

1. moisture (%) _12.8 

2. energy (Btu/lb), dry: _6,261 as received: 5,460 

3. ash (%), dry: _33-1_ as received: 28.9 

aThese values are the total wet component % from Datasheet 4 multiplied by a 100-lb sample. 

bDry weight (lb) = total weight x (1-moisture %/100). 

CEnergy and ash values from Table 3. 

Energy (Btu) = dry weight x energy value. 

e._L _ ash % x dry weight 
Ash (lb)-r-x- 

fötal energy (Btu) total ash (lb) 
Dry average - totai dry weight (lb) 0r total dry weight (lb) 

x 100 

Average as received = (a) 100 - dry weight or (b)ll 
dry weight 

I l\J\J KJL y WCXgUk V ^ / 1 a 100 

' ^ - dry wei.g^x dry ash (%) 

x dry energy (Btu/lb) 



Datasheet 6. Statistical Analysis, 
3 b 

Part 1 ’ (Example) 

Sample 

Number 
Sample Date 

Total 

Weight 
(tons) 

Total 

Volume 

(yd3) 

Average 

Density 

(lb/yd3) 

Average 

Moisture 

(%) 

Average Energy 

(Btu/lb) 
Average Ash (%) 

Dry As Received Dry As Received 

1 10/31/83 70 466.7 300 12.8 6,113 5,331 33.1 28.9 

2 11/4/83 64.9 511 254 15.3 6,085 5,154 28.5 24.1 

3 11/15/83 88 457.1 385 17.8 6,321 5,196 27.6 22.7 

A 11/23/83 45.6 460.6 198 16. 7 6,255 5,210 32.4 27 

5 12/1/83 78 559.1 279 15.2 5,840 4,952 30.8 26.1 

6 12/27/83 55.3 415.8 266 14.3 5,532 4,741 25.3 21.7 

7 1/6/83 66.4 413.7 321 13.8 5,791 4,992 22.1 19 

8 1/14/83 96.3 464.1 415 12.3 5,925 5,196 27.6 24.2 

9 2/12/83 77.7 444 350 14.9 6,432 5,474 32.8 27.9 

10 2/14/83 57.8 498.3 232 16.1 6,607 5,543 36.7 30.8 

Mean, X 70.0 469.04 300 14.92 6,090 5,179 29.69 25.24 

Standard Deviation, 

S 

15.414 44.09 68.42 1.702 325.9 241.1 4.295 3.583 

Coefficient of 

Variation, CV 

0.22 0.094 0.228 0.114 0.054 0.0466 0.145 7.044 

Coefficient of 

Skewness, a^ 

0.169 0.671 0.273 0.05 -0.087 -0.206 -0.157 -0.154 

Q 
Symmetry Check G NG G G G G G G 

Coefficients of 

Kurtosis, a/( 

2.22 2.857 2.08 2.204 2.17 2.424 2.332 2.183 

Peakedness 

Check0 

G G G G G G G G 

90% confidence 

♦ or - 
8 - 35.6 0.9 170 125 2.2 1.9 

95% confidence 

+ or - 

9.6 - 42.4 1.1 202 149 2.7 2.2 

99% confidence 

+ or - 

12.6 - 55.7 1.4 265 196 3.5 2.9 

Total number of 

samples to be 

taken at 90% 

confidence 

14 15 4 1 1 6 6 

Excessive ^ 

j variance 

N N N N Y Y N N 

Equations in Appendix B. 

bCompleted after 10 sampling days and redone for each 3 sampling days thereafter using all the data. 
c 
G = good; NG = not good. 

^Based on Equation B-13; N = No, Y = Yes. 
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DTIC Defense Technical Info Ctr/Alexandria, VA 
DTNSRDC Anna Lab (Code 4120) Annapolis MD 
DTNSRDC Code 4111 (R. Gierich), Bethesda MD; Code 42. Bethesda MD 
DTNSRDC Code 522 (Library), Annapolis MD 
ENVIRONMENTAL PROTECTION AGENCY Reg. Ill Library, Philadelphia PA; Reg. VIH, 8M-ASL, 

Denver CO 
FLTCOMBAITRACENLANT PWO, Virginia Bch VA 
FOREST SERVICE Engr Staff Washington, DC 
GIDEP OIC, Corona, CA 
GSA Assist Comm Des & Cnst (FAIA) D R Dibner Washington. DC ; Off of Des & Const-PCDP (D Eakin) 

Washington, DC 
KWAJALEIN MISRAN BMDSC-RKL-C 
LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div) 
MARINE CORPS BASE Code 4.01 (Asst Chief Engr) Camp Pendleton, CA; Code 406, Camp Lejeune, NC; M 

& R Division, Camp Lejeune NC; Maint Off Camp Pendleton, CA; PWD - Maim. Control Div. Camp 
Butler, Kawasaki, Japan; PWO Camp Lejeune NC; PWO, Camp Pendleton CA; PWO, Camp S. D. Butler, 

Kawasaki Japan 
MARINE CORPS HQS Code LFF-2, Washington DC 
MCAS Fácil. Engr. Div. Cherry Point NC; CO, Kaneohe Bay HI; Code S4, Quântico VA; Facs Maint Dept - 

Operations Div, Cherry Point; PWD - Utilities Div, Iwakuni, Japan; PWO. Iwakuni, Japan; PWO, Yuma 

AZ 



. * 

MCDEC M&L Div Ouantico VA; NSAP REP. Ouantico VA 
MCLB B520, Barstow CA: Maintenance Officer, Barstow, CA; PWO. Barstow CA 
MCRD SCE. San Diego CA 
MILITARY SEALIFT COMMAND Washington DC 
NAF PWD - Engr Div. Atsugi. Japan; PWO, Atsugi Japan 
MALE OINC. San Diego, CA 
NARF Code 100, Cherry Point, NC; Code 612. .lax, FL; Code 640, Pensacola FL; SCE Norfolk. VA 
NAS CO, Guantanamo Bay Cuba; Security Officer. Kingsville TX; Code 114, Alameda CA; Code 1H3 (Fac. 

Plan BR MGR); Code 183, Jacksonville FL; Code 187, Jacksonville FL; Code 18700, Brunswick ME; Code 
18U (ENS P..I Hickey). Corpus Christi TX; Code 70. Atlanta, Marietta GA; Code 8E, Patuxent Riv.. MD; 
Dir of Engrng, PWD, Corpus Christi, TX 

NAVAIRSYSCOM PWD Code 8P (Grover) Patuxent River, MD 
NAS Lakehurst, NJ; Lead. Chief. Petty Offr. PW/Self Help Div. Beeville TX; PW (J. Maguire), Corpus Christi 

TX; PWD - Engr Div Dir, Millington, TN; PWD - Engr Div, Oak Harbor, WA; PWD - Maint. Control Dir, 
Millington. TN; PWD Maint. Cont. Dir., Fallon NV; PWD Maint. Div., New Orleans. Belle Chasse LA; 
PW'D, Maintenance Control Dir.. Bermuda; PWD, Willow Grove PA; PWO (Code 18.2). Bermuda; PWO 
Belle Chasse, LA; PWO Chase Field Beeville, TX; PWO Key West FL; PWO Lakehurst, NJ; PWO Patuxent 
River MD; PWO Sigonella Sicily; PWO Whiting Fid, Milton FL; PWO. Cecil Field FL; PWO. Dallas TX; 
PWO, Glenview IL; PWO. Kingsville TX; PWO, Millington TN; PWO. Miramar, San Diego C'A; PWO, 
Oceana, Virginia Bch VA; PWO, So. Weymouth MA; SCE Norfolk. VA; SCE, Barbers Point HI 

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC 
NATNAVMEDCEN Code 47 Med. R&D Cmd, Bethesda MD 
NAVACT PWO, London UK 
NAVACTDET PWO. Holy Lock UK 
NAVAEROSPREGMEDCEN SCE, Pensacola FL 
NAVAIRDEVCEN PWD, Engr Div Mgr, Warminster, PA 
NAVAIRPROPTESTCEN CO. Trenton, NJ 
NAVAIRTESTCEN PATUXENT RIVER PWD (F. McGrath). Patuxent Riv.,MD 
NAVAUDSVCHQ Director, Falls Church VA 
NAVAVIONICFAC PW Div Indianapolis, IN; PWD Deputy Dir D/7()l. Indianapolis, IN 
NAVCOASTSYSCEN CO. Panama City FL; Code 423 Panama City, FL; Code 715 (J Quirk) Panama C'ity, FL; 

Library Panama City, FL; PWO Panama City. FL 
NAVCOMMAREAMSTRSTA Maint Control Div., Wahiawa, HI; PWO, Norfolk VA; SCE Unit I Naples Italy; 

SCE, Guam; SCE, Wahiawa HI; Sec Offr. Wahiawa, HI 
NAVCOMMSTA Code 4(11 Nea Makri, Greece; PW'D - Maint Control Div, Diego Garcia Is.; PWO, Exmouth. 

Australia; SCE, Balboa, CZ 
NAVCONSTRACEN Code 00U15. Port Hueneme ('A 
NAVEDTRAPRODEVCEN Technical Library, Pensacola, FL 
NAVEDUTRACEN Engr Dept (Code 42) Newport, RI 
NAVENVIRHLTHCEN CO. NAVSTA Norfolk. VA 
NAVEODTECHCEN Code 605, Indian Head MD 
NAVFAC PWO. Brawdy Wales UK; PWO, Centerville Bch, Ferndalc CA; PWO, Point Sur, Big Sur CA 
NAVFACENGCOM Alexandria, VA; Code 03 Alexandria, VA; Code 03T (Essoglou) Alexandria, VA; Code 

04T1B (Bloom), Alexandria, VA; Code 04AI Alexandria, VA; Code 04B.3 Alexandria, VA; Code 05IA 
Alexandria, VA; Code 09M54, Tech Lib, Alexandria, VA; Code 100, Alexandria. VA; Code 111.3, 
Alexandria. VA; Code 082, Alexandria, VA 

NAVFACENGCOM - CHES DIV. Code 101 Wash. DC; Code 403 Washington DC; Code 405 Wash, DC; Code 
406 Washington DC; FPO-1 Washington, DC; Library, Washington, D.C. 

NAVFACENGCOM - LANT DIV. Code III, Norfolk, VA; Code 403, Norfolk, VA; Code 405 Civil Engr BR 
Norfolk VA; Eur. BR Deputy Dir, Naples Italy; Library, Norfolk. VA; Code 1112. Norfolk. VA 

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia, PA; CO; Code (14 Philadelphia, PA; Code 04AL, 
Philadelphia PA; Code OOP Philadelphia PA; Code 11, Phila PA; Code 111 Philadelphia, PA; Code 114 (A. 
Rhoads); RQICC, Contracts, Crane IN 

NAVFACENGCOM - PAC DIV. (Kyi) Code 101. Pearl Harbor. HI; CODE OOP PEARL HARBOR HI; Code 
402, RDT&E, Pearl Harbor HI; Library. Pearl Harbor. HI 

NAVFACENGCOM - SOUTH DIV. Code 40.3, Gaddy, Charleston, SC; Code 406 Charleston, SC; Code 1112, 
Charleston, SC; Library, Charleston, SC 

NAVFACENGCOM - WEST DIV. AROICC, Contracts, Twentynine Palms CA; Code 04B San Bruno, CA; 
Code 102 San Bruno. CA; Code 1I4C, San Diego CA; Code 405 San Bruno, CA; Library, San Bruno, CA; 
O9P/20 San Bruno, CA; RDT&ELO San Bruno. CA; Security Offr, San Diego CA 

NAVFACENGCOM CONTRACTS AROICC, NAVSTA Brooklyn, NY; AROICC, Ouantico, VA; Contracts, 
AROICC, Lemoore CA; Dir, Eng. Div., Exmouth, Australia; Dir. of Constr. Tupman. CA; Eng Div dir. 
Southwest Pac, Manila, PI; OICC, Southwest Pac, Manila, PI; OICC-ROICC, NAS Oceana, Virginia 
Beach, VA; OICC/ROICC, Balboa Panama Canal; OICC/ROICC, Norfolk, VA; ROICC AF Guam; ROICC 
Code 495 Portsmouth VA; ROICC Key West FL; ROICC, Keflavik, Iceland; ROICC, NAS, Corpus Christi, 
TX; ROICC, Pacific. San Bruno CA; ROICC, Point Mugu. CA; ROICC-OICC-SPA, Norfolk, VA 
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NAVFORCARIB Commander (N42). Puerto Rico 
NAVHOSP CO. Millington, TN 
NAVMAG SCE. Subic Bay, R P. 
NAVOCEANO Library Bay St. Louis, MS 
NAVOCEANSYSCEN Code 4473B (Tech Lib) San Diego. CA; Code 523 (Hurley). San Diego, CA; Code 67011, 

San Diego, CA: Code 811 San Diego, CA 
NAVORDSTA PWO. Louisville KY 
NAVPETOFF Code 30. Alexandria VA 
NAVPGSCOL E. Thornton, Monterey CA; PWO Monterey CA 
NAVFACENGCOM - LANT DIV. Code 40ID, Norfolk, VA 
NAVPHIBASE PWO Norfolk, VA; SCE Coronado, SD.CA 
NAVRADRECFAC PWO. Kami Seya Japan 
NAVREGMEDCEN Code 29. Fnv. Health Serv, (A1 Bryson) San Diego, CA: PWD - Engr Div. Camp 

Lejeune, NC; PWO, Camp Lejeune, NC 
NAVREGMEDCEN PWO. Okinawa. Japan 
NAVREGMEDCEN SCE: SCE San Diego, CA; SCE, Camp Pendleton CA: SCE, Guam; SCE, Newport. Rl; 

SCE. Oakland CA 
NAVREGMEDCEN SCE, Yokosuka, Japan 
NAVSCOLCECOFF C.35 Port Hueneme, CA; CO, Code C44A Port Hueneme, CA 

NAVSCSOL PWO. Athens GA 
NAVSEASYSCOM Code 0325, Program Mgr. Washington, DC; SEA 04E (L Kess) Washington. DC 
N A VSECGRU ACT PWO Winter Harbor ME; PWO. Adak AK: PWO, Edzell Scotland; PWO, Puerto Rico; 

PWO, Torri Sta. Okinawa 
NAVSECGRUCOM Code G43. Washington DC 
NAVSECSTA PWD - Engr Div, Wash., DC; Security Offr, Washington DC 
NAVSHIPREPFAC SCE, Yokosuka Japan 
NAVSHIPYD Bremerton, WA (Carr Inlet Acoustic Range); Code 202.4. Long Beach CA; Code 202.5 

(Library) Puget Sound. Bremerton WA; Code 380, Portsmouth, VA; Code 382.3, Pearl Harbor, HI; Code 
400, Puget Sound; Code 410, Mare Is.. Vallejo CA; Code 440 Portsmouth NH: Code 440, Norfolk; Code 
440' Puget Sound. Bremerton WA; Code 453 (Util. Supr), Vallejo CA; Code 457 (Maint. Supr.) Mare 
Island Vallejo CA; L.D. Vivian; Library. Portsmouth NH; PW Dept, Long Beach, CA; PWD (Code 420) 
Dir Portsmouth, VA; PWD (Code 450-HD) Portsmouth, VA; PWD (Code 453-HD) SUPO 0.3. Portsmouth. 
VA; PWD - Utilities Supt, Code 903, Long Beach, CA; PWO Charleston Naval Shipyard, Charleston SC; 
PWO, Bremerton. WA; PWO, Mare Is.; PWO. Puget Sound; SCE. Pearl Harbor HI; Tech Library. Vallejo, 

CA 
NAVSTA Adak, AK; CO Roosevelt Roads P R. Puerto Rico; CO, Brooklyn NY; Code 16P, Keflavik, Iceland: 

Code 4, 12 Marine Corps Dist. Treasure Is., San Francisco CA; Dir Engr Div, PWD, Mayport FL; Dir Mech 
Engr 37WC9.3 Norfolk. VA; Engr. Dir., Rota Spain; Long Beach, CA; PWD (LTJG.P.M. Motolenich), 
Puerto Rico; PWD - Engr Dept. Adak. AK; PWD - Engr Div, Midway Is.; PWO. Keflavik Iceland; PWO. 
Mayport FL; SCE. Guam. Marianas; SCE. Pearl Harbor HI; SCE, San Diego CA 

NAVSUPPFAC PWD - Maint. Control Div, Thurmont, MD 
NAVSUPPO Security Offr. Sardinia 
NAVSURFWPNCEN PWO. Dahlgren VA; PWO. White Oak, Silver Spring, MD 

NAVTECHTRACEN SCE, Pensacola FL 
NAVTELCOMMCOM Code 53. Washington. DC 
NAVWARCOL Dir. of Fácil.. Newport RI 
NAVWPNCEN Code 24 (Dir Safe & See) China Lake. CA; Code 26.36 China Lake; PWO (Code 266) China 

Lake, CA; ROICC (Code 702), China Lake CA 
NAVWPNSTA (Clebak) Colts Neck, NJ; Code 092. Colts Neck NJ; Code 092, Concord CA; Code 092A. Seal 

Beach. CA; Engrng Div, PWD Yorktown, VA: Maint. Control Dir.. Yorktown VA 

NAVWPNSTA PW Office Yorktown. VA 
NAVWPNSTA PWD - Maint Control Div, Charleston. SC; PWD - Maint. Control Div., Concord. CA; PWD - 

Supr Gen Engr. Seal Beach. CA: PWO Colts Neck, NJ; PWO. Charleston, SC; PWO, Seal Beach CA 

NAVWPNSUPPCEN Code 09 Crane IN 
NCTC Const. Elec. School, Port Hueneme, CA 
NCBC Code 10 Davisville, RI; Code 15, Port Hueneme CA; Code 155, Port Hueneme CA: Code 156, Port 

Hueneme, CA; Code 25111 Port Hueneme, CA; Code 430 (PW Engrng) Gulfport, MS; Code 470.2, 
Gulfport, MS; Library, Davisville. RI; NEESA Code 252 (P Winters) Port Hueneme. CA; PWO (Code 8<> 
Port Hueneme, CA; PWO, Davisville RI, PWO. Gulfport, MS; Technical Library, Gulfport, MS 

NCR 20, Commander 
NMCB FIVE, Operations Dept; THREE, Operations Off. 
NOAA Library Rockville, MD 
NORDA Code 410 Bay St. Louis. MS 
NRL Code 58(H) Washington, DC 
NSC CO, Biomedical Rsch Lab, Oakland CA; Code 54.1 Norfolk, VA; Code 700 Norfolk, VA; SC E Norfolk, 

VA; SCE, Charleston. SC 
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NSD SCE. Subic Bay. R.P. 
NSWSES Code 0150 Port Hueneme, CA 
NIC 01CC, CBU-401. Great Lakes IL; SCE, San Diego CA 
NUCLEAR REGULATORY COMMISSION T.C. Johnson. Washington. DC 
NUSC DET Code 5202 (S. Schady) New London, CT; Code EA125 (R.S. Munn), New London CT 
OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir. of Energy. Pentagon. Washington, DC 
ONR Code 221, Arlington VA; Code 700F Arlington VA 
PACMISRANFAC HI Area Bkg Sands, PWO Kekaha, Kauai, HI 
PWC ACE Office Norfolk, VA; CO, (Code 10), Oakland, CA; Code 10. Great Lakes, IL; Code 105 Oakland, 

CA; Code 111). Great Lakes, IL; Code 110, Oakland, CA; Code 121.1, Oakland. CA; Code 128. Guam; 
Code 154 (Library), Great Lakes, IL; Code 200, Great Lakes IL; Code 30V. Norfolk, VA; Code 400, Great 
Lakes, IL; Code 400. Pearl Harbor, HI; Code 400, San Diego, CA; Code 420. Great Lakes. IL; Code 420, 
Oakland. CA; Code 424, Norfolk. VA; Code 500 Norfolk. VA; Code 500, Great Lakes. IL, Code 500. 
Oakland. CA; Code 505A Oakland. CA; Code 600, Great Lakes, IL; Code 610, San Diego Ca; Code 700, 
Great Lakes, IL; Code 700, San Diego, CA; Code 800. San Diego. CA; Library. Code 120C, San Diego, 
CA; Library, Guam; Library. Norfolk, VA; Library, Pearl Harbor, HI; Library. Pensacola, FL; Library. 
Subic Bay. R.P.; Library. Yokosuka JA; Production Officer, Norfolk, VA; Util Dept (R Pascua) Pearl 
Harbor, HI; Utilities Officer, Guam 

SPCC PWO (Code 120) Mechanicsburg PA 
SUPANX PWO. Williamsburg VA 
TVA Smelser, Knoxville, Tenn.; Solar Group, Arnold. Knoxville, TN 
U S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian) 
US DEPT OF COMMERCE NOAA, Pacific Marine Center, Seattle WA 
USCG G-MMT-4/82 (J Spencer); Library Hqs Washington, DC 
USCG R&D CENTER Library New London, CT 

USDA Ext Service (T. Maher) Washington, DC; Forest Products Lab. Madison WI; Forest Service Reg 3 (R. 
Brown) Albuquerque. NM; Forest Service. Bowers, Atlanta. GA; Forest Service, San Dimas. CA 

USNA Ch. Mech. Engr. Dept Annapolis MD; ENGRNG Div, PWD, Annapolis MD; Energy-Environ Study 
Grp, Annapolis, MD; Mech. Engr. Dept. (C. Wu), Annapolis MD; PWO Annapolis MD 

USS FULTON WPNS Rep. Offr (W-3) New York. NY 
USS JASON Repair Officer, San Francisco, CA 
ARIZONA State Energy Programs Off., Phoenix AZ 
AUBURN UNIV. Bldg Sei Dept, Lechner, Auburn, AL 
BERKELEY PW Engr Div, Harrison, Berkeley. CA 
BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off., D. Davey) 
BROOKHAVEN NATL LAB M. Steinberg, Upton NY 
CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong) 
CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHELAPATI) 
COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Nelson) 
CONNECTICUT Office of Policy & Mgt, Energy, Div, Hartford, CT 
CORNELL UNIVERSITY Ithaca NY (Serials Dept, Engr Lib.) 
DAMES & MOORE LIBRARY LOS ANGELES, CA 
DRURY COLLEGE Physics Dept, Springfield. MO 
FLORIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllister) 
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library) 
FRANKLIN INSTITUTE M. Padusis, Philadelphia PA 

GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta, GA; Col. Arch, Benton, Atlanta, GA 
HARVARD UNIV. Dept, of Architecture, Dr. Kim, Cambridge, MA 
HAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr) 
ILLINOIS STATE GEO. SURVEY Urbana IL 
KEENE STATE COLLEGE Keene NH (Cunningham) 
LEHIGH UNIVERSITY Bethlehem PA (Fritz Engr. Lab No. 13, Beedle); Bethlehem PA (Linderman Lib. 

No.30, Flecksteiner) 
LOUISIANA DIV NATURAL RESOURCES & ENERGY Div Of R&D, Baton Rouge, LA 
MAINE OFFICE OF ENERGY RESOURCES Augusta, ME 
MISSOURI ENERGY AGENCY Jefferson City MO 
MIT Cambridge MA; Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.); Cambridge, MA (Harleman) 
MONTANA ENERGY OFFICE Anderson, Helena, MT 
NATURAL ENERGY LAB Library. Honolulu, HI 
NEW HAMPSHIRE Concord NH (Governor's Council on Energy) 
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM 
NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY) 
NYS ENERGY OFFICE Library. Albany NY 
PORT SAN DIEGO Pro Eng for Port Fac, San Diego, CA 
PURDUE UNIVERSITY Lafayette, IN (CE Engr. Lib) 



SEATTLE U Prof Schwaegler Seattle WA 
SRI INTL Phillips. Chem Engr Lab, Menlo Park, CA 
STATE UNIV. OF NEW YORK Buffalo, NY; Fort Schuyler, NY (Longobardi) 
TEXAS A&M UNIVERSITY J.M. Niedzwecki, College Station, TX; W.B. Ledbetter College Station, TX 
UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, MITCHELL); Berkeley CA (E. Pearson); 

Energy Engineer, Davis CA; LIVERMORE, CA (LAWRENCE LIVERMORE LAB, LOKARZ); La Jolla 
CA (Acq. Dept. Lib. C-075A); UCSF, Physical Plant, San Francisco, CA 

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson) 
UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.) 
UNIVERSITY OF ILLINOIS (Hall) Urbana. IL; Metz Ref Rm. Urbana IL; URBANA. IL (LIBRARY) 
UNIVERSITY OF MASSACHUSETTS (Heronemus), ME Dept, Amherst, MA 
UNIVERSITY OF TEXAS Inst. Marine Sei (Library), Port Arkansas TX 
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMPSON) 
UNIVERSITY OF WASHINGTON (FH-10, D. Carlson) Seattle, WA; Seattle WA (E. Linger) 
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies) 
VENTURA COUNTY PWA (Brownie) Ventura, CA 
VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library) 
ARVID GRANT OLYMPIA. WA 
ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH) 
BECHTEL CORP. SAN FRANCISCO, CA (PHELPS) 
BRITISH EMBASSY M A Wilkins (Sei & Tech Dept) Washington, DC 
BROWN & ROOT Houston TX (D. Ward) 
CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.) 
COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.) 
DESIGN SERVICES Beck, Ventura, CA 
DIXIE DIVING CENTER Decatur. GA 
DURLACH. O'NEAL, JENKINS & ASSOC. Columbia SC 
FURGO INC. Library, Houston, TX 
GEOTECHNICAL ENGINEERS INC. Winchester. MA (Paulding) 
GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr) 
HALEY & ALDRICH, INC. Cambridge MA (Aldrich, Jr.) 
LITHONIA LIGHTING Application eng. Dept. (B. Helton), Conyers, GA 30207 

MATRECON Oakland, CA (Haxo) 
MCDONNELL AIRCRAFT CO. (Goff) Sr Engr, Engrng Dept, St. Louis, MO 
MIDLAND-ROSS CORP. TOLEDO, OH (RINKER) 
MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach, CA 
NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.) 
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall. WA 
PG&E Library, San Francisco, CA 
PORTLAND CEMENT ASSOC. SKOKIE, IL (CORLEY; SKOKIE, IL (KLIEGER); Skokie IL (Rsch & Dev 

Lab, Lib.) 
RAYMOND INTERNATIONAL INC. E Colie Soil Tech Dept, Pennsauken, NJ; J. Welsh Soiltech Dept, 

Pennsauken, NJ 
SANDIA LABORATORIES Albuquerque, NM (Vortman); Library Div., Livermore CA 
SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK) 
SEAFOOD LABORATORY MOREHEAD CITY, NC (LIBRARY) 
SHANNON & WILLSON INC. Librarian Seattle, WA 
SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.) 
TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.) 
TRW SYSTEMS REDONDO BEACH, CA (DAI) 
UNITED KINGDOM LNO, USA Meradcom. Fort Belvoir, VA 
UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div., Library) 
WARD, WOLSTENHOLD ARCHITECTS Sacramento, CA 
WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan); Library, Pittsburgh PA 

WM CLAPP LABS - BAFFELLE DUXBURY, MA (LIBRARY) 
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS, III) 

BULLOCK La Canada 
KETRON. BOB Ft Worth, TX 
KRUZIC, T.P. Silver Spring, MD 
CAPT MURPHY Sunnyvale, CA 
BROWN & CALDWELL Saunders, E.M./Oakland, CA 
SPIELVOGEL, LARRY Wyncote PA 
T.W. MERMEL Washington DC 
WALTZ Livermore, CA 
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PLEASE HELP US PUT THE ZIP IN YOUR 
MAIL! ADD YOUR FOUR NEW ZIP DIGITS 

TO YOUR LABEL (OR FACSIMILE), 
STAPLE INSIDE THIS SELF-MAILER, AND 

RETURN TO US. 

(fold here) 

DEPARTMENT OF THE NAVY 

NAVAL CIVIL ENGINEERING LABORATORY 
PORT HUENEME. CALIFORNIA 93043-5003 

OFFICIAL BUSINESS 

PENALTY FOR PRIVATE U»E. $300 

I IND-NCEL.2700/4 (REV 12-73) 

0eS0-LL-L70-0044 

POSTASE AND FEES PAID 

DEPARTMENT OF THE NAVY 

DOD-SIS 

Commanding Officer 

Code LI 4 
Naval Civil Engineering Laboratory 
Port Hueneme, California 93043-5003 



INSTRUCTIONS 

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of 

the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of 

Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and 

type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later 

reference). 
If you want to change what you are presently receiving: 

• Delete - mark off number on bottom of label. 

• Add - circle number on list. 

• Remove my name from all your lists - check box on list. 

• Change my address - line out incorrect line and write in correction (ATTACH MAILING LABEL). 

• Number of copies should be entered alter the title ot the subject categories you select. 

Fold on line below and drop in the mail. 

Note: Numbers on label but not listed on questionnaire are for NCF.Luse only, please ignore them. 

Fold on line and staple. 

DEPARTMENT OF THE NAVY 

NAVAL CIVIL ENGINEERING LABORATORY 
PORT HUENEME. CALIFORNIA 93043 

OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE. SSOO 

I IND-NCEL-2700/4 (REV. 12-7S) 

0SS0-LL-L7O-0044 

POSTAGE AND FEES PAID 

DEPARTMENT OF THE NAVY 

DOD-SIS 

Commanding Officer 

Code LI 4 

Naval Civil Engineering Laboratory 

Port Hueneme, California 93043 



DISTRIBUTION QUESTIONNAIRE 

The Naval Civil Engineering Laboratory is revising its primary distribution lists. 

SUBJECT CATEGORIES 

1 SHORE FACILITIES 
2 Construction methods and materials (including corrosion 

control, coatings) 
3 Waterfront structures (maintenance/deterioration control) 
4 Utilities (including power conditioning) 
5 Explosives safety 
6 Construction equipment and machinery 
7 Fire prevention and control 
8 Antenna technology 
9 Structural analysis and design (including numerical and 

computer techniques) 
10 Protective construction (including hardened shelters, 

shock and vibration studies) 
11 Soil/rock mechanics 
13 BEQ 
14 Airfields and pavements 
15 ADVANCED BASE AND AMPHIBIOUS FACILITIES 
16 Base facilities (including shelters, power generation, water supplies) 
17 Expedient roads/airfields/bndges 
18 Amphibious operations (including breakwaters, wave forces) 
19 Over-the-Beach operations (including containerization, 

materiel transfer, lighterage and cranes) 
20 POL storage, transfer and distribution 
24 POLAR ENGINEERING 
24 Same as Advanced Base and Amphibious Facilities, 

except limited to cold-region environments 

TYPES OF DOCUMENTS 

85 Techdau Sheets 86 Technical Reports and Technical Notes 

83 Table of Contents & Index to TDS 

28 ENERGY/POWER GENERATION 
29 Thermal conservation (thermal engineering of buildings, HVAC 

systems, energy loss measurement, power generation) 
30 Controls and electrical conservation (electrical systems, 

energy monitoring and control systems) 
31 Fuel flexibility (liquid fuels, coal utilization, energy 

from solid waste) 
3^ Alternate energy source (geothermal power, photovoltaic 

power systems, solar systems, wind systems, energy storage 
«ystems) 

33 Site data and systems integration (energy resource data, energy 
consumption data, integrating energy systems) 

34 ENVIRONMENTAL PROTECTION 
35 Solid waste management 
36 Hazardous/toxic materials management 
37 Wastewater management and sanitary engineering 
38 Oil pollution removal and recovery 
39 Air pollution 
40 Noise abatement 
44 OCEAN ENGINEERING 
45 Seafloor soils and foundations 
46 Seafloor construction systems and operations (including 

diver and manipulator tools) 
47 Undersea structures and materials 
48 Anchors and moorings 
49 Undersea power systems, electromechanical cables, 

and connectors 
50 Pressure vessel facilities 
51 Physical environment (including site surveying) 
52 Ocean-based concrete structures 
53 Hyperbaric chambers 

54 Undersea cable dynamics 

82 NCEL Guide & Updates n Nonc- 

91 Physical Security remove my name 


