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HENNINGSON, DURHAM 0; RICHARDSON
ARCHITECTURE· ENGINEERING· SYSTEMS· PLANNING· ECO-SCIENCES

3700 Republic National Bank Tower
Dallas, Texas 75201
November 24, 1975

Mr. H. David Jones, Senior Planner
Planning Department
P. O. Box 2000
Lubbock, Texas 79457

Re: City of Lubbock, Texas
Feasibility Study of Energy Recovery from Solid Waste

Dear Mr. Jones:

Hennings on, Durham & Richardson is pleased the City of Lubbock has requested
our proposal for this project.

The proposal following this letter is our response to your request. It con ses ts
of an introductory se ction, a discussion of how we propose to staff and manage
the project, a brief review of our experience on similar projects, and an o~t-
line of the tasks we believe will be necessary for successful completion of the
study.

In the sections following the proposal, we have included a more detailed review
of our experience in solid waste m.anagem.ent and energy and material recovery,
com.plete resum.es for all key personnel available for assignment to this study,
and a brief review of our other in-house capabilities.

In addition to our own experience, we are in contact with virtually every solid
waste handling facility of any consequence throughout the country. Study and
evaluation of these projects has helped us gain our present level of expertise.
For this project, we plan to also utilize the services of Midwest Research
Institute for additional technical process review. Midwest Research Institute
is a nationally recognized research oriented firm which has been involved in
the analysis of m.any of the ongoing energy and materials recovery projects
throughout the country.

We are enthusiastic about the potential that exists for recovery of energy and/ or
m.aterials from solid waste. We have m.ade a m.ajor c:orporate commitment to
this field and m.ake available our total experience and capabilities to you and the
City of Lubbock.

OMAHA. DENVER· PHOENIX· DALLAS • CHARI..OTTE • WASHINGTON, D.C .• PENSACOI..A • MINNEAPOI..IS • NORFOI..K,VA .• HEI..ENA • TEXARKANA





Mr. H. David Jones, Senior Planner
Planning Department
P. O. Box 2000
Lubbock, Texas
Page 2

We appreciate this opportunity to present this proposal to the City of Lubbock
and want to stress our interest in the project and our desire to be your con-
sultant.

If you have any questions concerning this proposal or if additional inforrn.ation
is required, please contact us.

Very truly yours,

HENNINGSON, DURHAM & RICHARDSON, INC. OF TEXAS

;Ju£~.th ~/ -IE.
Robert E. Hogan,tE.
Executive Vice President

REH/rn.h
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PROPOSAL
CITY OF LUBBOCK, TEXAS

A. INTRODUCTION

In recent years there has been a dramatic increase in interest in the
concept of resource recovery from domestic solid wastes. This in-
terest has been stimulated by widespread shortages of energy and
materials and a realization that such resources are not unlimited in
the U. S. or in the world. These shortages have resulted in significant
increases in the price of energy and materials. Thus, recovery of
energy and secondary materials from solid wastes has become not
just an ideal but a realistic economic alternative to former disposal
oriented practices.

It should be emphasized that there is not one best technical approach
to resource recovery from solid was te s , Likewise, resource recovery
is not always a feasible alternative for solid waste management. Each
area or region is different in many respects: characteristics and
quantities of refuse generated, population density and distribution,
existing solid waste management practices, environmental considerations,
existing or potential power users, availability of markets for recovered
materials, etc. Thus, each area requires a feasibility study such as
the one proposed for the City of Lubbock.

The remainder of this proposal will address our approach for the Study
Team and Project Management (Part B); a brief review of other recently
completed or on-going similar studies (Part C); a Proposed Work Pro-
gram (Part D); and our Affirmative Action Program (under separate cover).

B. STUDY TEAM AND PROJECT MANAGEMENT

The Study Team proposed for this project is composed of personnel from
our local office in Dallas and selected individuals with specific areas of
expertise from our other offices. With the exception of Mr. Rasor, all
of the key study personnel shown in the accompanying project manage-
ment chart are currently engaged full-time in the study and analysis of
energy and materials recovery from solid waste.

We believe the proposed team, with extensive local input plus the broad
exposure and background of our other key personnel, offers the City of
Lubbock the highly qualified team necessary for the successful and timely
completion of the project.





For your reference, we have included the following brief background
sketches for the proposed key m.anagem.ent personnel. Detailed resum.es
for all of the proposed personnel are included i.n the Personnel Section.

C. Frank Rasor, P. E.

Mr. Rasor is proposed as the Principal in Charge. Mr. Rasor is a
native of Texas and a graduate of Texas Tech University. He is a
Vice- President in our Dallas Office.

William. R. Hindm.an, P. E.

Mr. Hindm.an is proposed as the Project Manager for the project. Mr.
Hindm.an is a native of Texas and a graduate of Texas A &M University.
Since joining HDR in 1971", Mr. Hindm.an has been continuously in-
volved in solid waste m.anagem.ent, and energy and m.aterial recovery
projects. Mr. Hindm.an was the Project Engineer of our North Central
Texas (Dallas-Ft. Worth) solid waste m.anagem.ent study, our Garland,
Texas, solid waste transfer facility, and our recently com.pleted Dallas,
Texas, solid waste energy and m.aterials recovery feasibility study.

C. EXPERIENCE

HDR has an extensive background in solid waste m.anagem.ent studies and
in the design of solid waste handling and proces sing facilities. In the
Experience Section of this proposal, you will find a com.plete listing of
our current and past work in this field. However, of particular interest
relati ve to this proposed study are the following:

* Study, design, and construction supervision of the 200-ton-
per-day solid waste supplem.ental fuel plant for the City of
Arrie s , Iowa. This plant was described in "Power Magazine"
(February, 1975) as "probably the m.ost advanced utility system.
of its type in operation or under construction". At the dedi-
cation of the facility, Russell Train, Adm.inistrator of the U. S.
Environm.ental Protection Agency described the facility as
"the m.ost sophisticated installation of its kind in the nation ...
a standard against which future projects will doubtles s be
judged." The plant proces ses raw refuse, produces a high
quality solid waste fuel, and recovers ferrous and other
m.etals.

>.'< Study and design of a 2, OOO-ton-per-day solid waste pro-
cessing plant for the City of Dallas, Texas. The processed





refuse will either be directly fired to produce steam for a
major industry or will be pyrolyzed to produce a gas which
can be used by a combination of commercial, industrial or
utility concerns.

* Study of Energy and Materials Recovery Feasibility for
Hennepin County, Minnesota (Minneapolis Area). The study
recommended the use of processed solid waste as a energy
source in the inner-city area for direct firing to produce
steam for commercial and industrial heating and cooling.
Initial plant size will be 2, OOO-tons-per-day of solid waste
to llroduce 500, 000 pph of steam. Ferrous and other metals
will also be recovered.

* State studies of Energy and Materials Recovery Feasi-
bility for the States of California, Montana, and Wisconsin.

* Other ongoing or completed energy and resource recovery
projects are located in Garland and Richardson, Texas;
Norfolk, Virginia; Omaha, Nebraska; Dubuque, Iowa; Spring-
field, Missouri; St. Cloud, St. Paul, and Rochester, Minnesota;
DeKalb County, Georgia, and others.

D. PROPOSED WORK PROGRAM

Part I - Assemble Basic Predesign Data

Task 1100 - Solid Waste Generation and Composition

1110 Obtain and review available City records of disposal
operations currently being conducted in Lubbock for
municipal and industrial solid waste to determine to
the greatest extent possible the following:

a. Incoming volume of waste
b. Daily, weekly and seasonal variations
c. Composition

1120 Obtain available data from reliable sources, such
as other ongoing resource recovery projects, and
the consultant's files. We will utilize this data to
augment available local solid waste generation and
composition data.

Note: Due to limited funding on this project, avail-
able data for volume and composition of the incoming
wastes will be used. If this data does not prove





1130

1140

1150

ad equate for this study, we would propose the
following subtasks (1130, 1140, and 1150) for
surveillance arid analysis to be performed under
separate or subsequent services contracts:

At a selected disposal site, conduct a seven-day
surveillance to determine volume and general
composition of incoming wastes and other per-
tinent design information. During the surveial-
lance, weigh certain types of vehicles to deter-
mine approximate solid waste densities by vehicle
type.

In conjunction with Subtask 1130, conduct a solid
waste sampling and analysis program to augment
the surveillance data for specific constituents
such as metals and combustible materials. Con-
duct lab tests on samples of the combustible
fraction to determine BTU content and percentages
of chlorine, sulphur, ash and moisture - all of
which affect combustion of processed solid waste.

Process surveillance and sampling data via avail-
able computer programs and interface with the
data from Subtask III ° to determine waste quant-
ities and composition.

Task 1200 - Market Analysis

1210 Interview Lubbock Power and Light, Southwestern
Public Service Company, and identify other known
and potential major customers for utilizing solid
waste as an energy source. A scertain the follow-
ing from them.

a. Quantity, quality and deli very conditions
which would have to be met for marketability.

b. Present and alternative fuel sources and costs.

c. Total annual demand and relevant demand
fluctuations - -prepare composite demands for
potential users in local areas.

d. On-Site space for required facilities.





1220

1230

1240

e. Alternatives for transporting energy or solid
material from point of proces sing or conver-
sion to customers location.

f. Preliminary review of potential environmental
concerns resulting from utilizing solid waste
as an energy source.

From reliable literature and research reports, and
from on- site visits if warranted, evaluate recent
and continuing technological developments for using
solid waste as an energy source and determine
their potential applicability to Lubbock and the
resultant im.pact on the market for processed solid
waste.

As a secondary consideration and in accordance
with your request for proposal, identify and in-
vestigate existing secondary materials markets
in Lubbock and/or on a national basis.

a. Determine the extent and limitations of exist-
ing markets for each potentially recoverable
component.

b. Evaluate potential for expansion.

c. Determine quantity, quality and delivery con-
ditions which must be met for marketability.

Review existing and proposed State and Federal
legislation pertaining to energy and material r e -
coveryand evaluate its potential impact on the
local situation.

Part II - Conceptual Designs and Implementation Strategy

Task 2100 - Conceptual Design

2110

2120

From the basic generation and composition data and
from the market analysis which was conducted, deter-
mine which method(s) of energy recovery may be
feasible and which secondary materials, if any, should
be recovered.

Determine the necessary processing facilities, equip-
ment, and site requirements which would be necessary
to produce an acceptable commodity for the various
potential markets.





2220 Investigate methods of financing the project in-
cluding capital, operation and maintenance costs.
Determine if subsidy of the system will be necessary;
and, if so, recommend method of financial backup,
such as:

increased energy charge
increased drop charge
local taxes

Task 2300 - Final Report

2310

2320

2330

Compile appropriate charts, graphs, tables and
other information gathered during the study with
the consultant's cone Ius ions and recorninendations
into a comprehensive feasibility report.

Review the feasibility report with the City's tech-
nical staff and elected officials.

Incorporate review comments into a final report
and present 10 copies to the City of Lubbock.





ORGANIZATION PLAN

CITY OF LUBBOCK

PRINCIPAL-IN-CHARGE

C.F. Rasor, P.E., V.P.

ADVISORY BOARD
R.E. Hogan, P.E., Exec. V.P.
F.A. Borchardt, P.E., Asst. V.P.
H.D. Funk, P.E., Asst. V.P.
L.O. Snyder, P.E.

PROJECT MANAGER REVIEW COMMITTEE

W.R. Hindman, P.E.
(Selected By City)

~ "o~_~,~_, _

j
l

-------------------------------~,=I~------------------------------_1
L.R. Russell - Steam Generation, Power Generation, Energy Handling
W.J. Hazell - Site Selection, Steam Plant, Market Analysis
J.F. Biermann - Processing Plant Design, Economics
J.M. Bannister - Planning and Architecture

PROJECT ENGINEERS - HDR DALLAS PROCESS REVIEW - M R I
J.H. Richardson
W.B. Hagood

M.P. Schrag
L.J. Shannon, Ph.D.
D.E. Fiscus













QUALIFICA TIONS

GENERAL

Henningson, Durham and Richardson is a multi-disciplined consulting
engineering/ architectural firm with more than 600 employees in 15 offices
located in princip.al cities throughout the United States. The HDR staff
includes professional personnel in all of the principal engineering
disciplines, including civil, electrical, mechanical, chemical, environ-
mental, industrial and transportation engineering. Our capabilities also
include specialists in several other specific disciplines (applied chemistry,
biology and geology) and in the professional areas of planning, law and
economic s.

From its beginning in 1917, HDR has continually served the
environmental planning and design needs of numerous cities, industries
and regional, state and federal agencies. In the early years of our firm,
this service was limited primarily to smaller midwestern governmental
entities. Over the years, the firm has steadily broadened its base of
services in response to the changing needs of society and increasingly
stringent environmental requirements. Today, HDR has developed plans
and design facilities in all environmental areas including solid waste,
resource recovery, air quality, water supply, and wastewater treatment.
In our 56 years of operation,we have serviced more than 1,500 municipali-
ties, utilities, industrial and other clients.

The HDR philosophy of putting together the most efficient, qualified
team for each project has worked succes sfully for the completion of
numerous projects over the years. Our Ecosciences Division has success-
fully prepared environmental as sessments for a wide variety of
environmental engineering projects throughout the West and Midwest.
Scientists from the physical, biological, and socio-economic disciplines
have demonstrated a capability to organize, manage, and complete complex
projects applying State-of-the-Art technology to a wide range of problems.
Our Architectural Division supports the team effort by providing
aesthetically pleasing landscaping and buildings for our projects as well as
providing up-to-date cost estimates. All of these team members are
supported by HDR' s computer specialists using the company's
CDC 6400 KRONOS Timesharing System capable of optimal selection,
scheduling, modeling, monitoring and controlling environmental systems.
HDR I S goal is to blend its talent and abilities with the client's need to form
the most effiCient and expert team possible.





SPECIFIC SOLID WASTE EXPERIENCE ANDQUALIFICATIONS

Over the past 10years, HDRhas made a major commitment to the field of
solid waste management and during this period has completed numerous
studies and designs in the field. We have 48 projects in the solid waste
management field. At the present time we have over 80 man-years of direct
solid waste management experience. This experience base ranges from the
actual operation of collection and disposal facilities through the research
and development of new technology for the handling of solid waste. The majority
of the experience has been oriented toward the development of solid waste
management plans, studying the feasibility of different alternatives and
the design of facilities.

On the following pages are listed our current and past work in the solid
waste field. However, of particular interest in this proposed study are:

Study, design and construction of a 200-ton-per-day
solid waste supplemental fuel plant for the City of Ames,
Iowa. This plant was described in Power Magazine
(February, 1975) as "probably the most advanced utility
system of its type in operation or under construction." 'The
plant which will process the raw refuse, produce a high
quality solid waste fuel, and recover ferrous and other
metals, is currently undergoing shakedown and startup.
It will be one of the first complete resource recovery
facilities of its type in the United States.

Study and design of a 2, OOO-ton-per-day solid waste pro-
cessing plant for the City of Dallas, Texas. The pro-
cessed refuse will either be direct fired to produce stearn
for a major industry or will be pyrolyzed to produce a
low BTU gas which can be used by a combination of com-
rner cia.l, industrial or utility concerns. The design for
the first phase of this facility is currently underway.

The Hennepin County (Minneapolis area) solid waste
'energy and materi als study. This study was just com-
pleted and recommended the use of processed solid waste
as an energy source in an inner city area for direct firing to
produce stearn for commercial and industrial heating and
cooling. Initial plant size could be up to 3,000 tons per
day of solid waste to produce 800,000 PPH of stearn.
Ferrous and other metals will also be recovered.





In Springfield, Missouri, a study has been completed en-
compassing a t~m-{lO)-county,6,160-square-mile area.
It was determined that solid waste used as a supplemental
fuel would be feasible for waste collected within a 10-15
mile radius of Springfield. A 1,OOo-ton-per-dayprocess-
ingplant in conjunction with the Springfield Utilities power
plant has been recommended. This facility will include
both ferrous and non-ferrous separating equipment.

A solid waste transfer station for the City of Garland,
Texas, was designed for transfer of 500 tons of munic-
ipal solid waste per day from collector vehicles into large
transfer trailers for movement over a long haul distance
to a final disposal site. The transfer concept, utilizing a
reinforced concrete pit for storage, allows free movement
of collection vehicles without delays. The entire operation
is completely enclosed and is located within the city limits
adjacent to the City Service Center. The facility is designed
so that, with simple modifications, any process for resource
recovery - baling, shredding, supplemental fuel or pyrolyis -
may be easily; added. Adjacent to the transfer station is the
offi.ce building housing the City Sanitary Department. The
facility is equipped with motor truck scales and a computerized
weighing and billing system.

The State of California and the State of Montana r eaour ce
recovery projects. Work has recently started to deter-
mine the feasibility of resource recovery in these states.

Other ongoing energy and resource recovery projects in-
clude Dubuque, Iowa, the Norfolk, Virginia area and St.
Cloud, St. Paul and Rochester, Minnesota, Sprfngfield,
Missouri, Garland, Texas, Omaha, Nebraska, and Norfolk,
Virginia.





HENNINGSON, DURHAM & RICHARDSON

CURRENT AND RECENT WORK IN SOLID WASTE

1. Montana, State of, Resource Recovery Study.
2. California, State of, Urban Area Solid Waste Resource Recovery

Feasibility Study.
3. Columbus, Georgia, Solid Waste Consulting Services.
4. Ames, Iowa, Supplementary Fuel Processing Plant.
5. Dallas, Texas, Solid Waste Processing and 'I'r an sfe.r Station.
6. City of Omaha, Solid Waste Handling Facilities.
7. Southeastern Virginia Planning District, Supplementary Fuel

Pre-Design Study.
8. Hennepin County, Minnesota,. Energy and Materials Recovery Study.
9. Dubuque, Iowa, Study and Report -- Solid Waste Disposal and Site

Selection.
10. Springfield, Missouri, Energy and Materials Recovery Study.
11. Richardson, Texas, Solid Waste Transfer Station.
12. St. Cloud, Minnesota, Energy and Materials Recovery Study.
13. Rochester, Minnesota, Energy and Materials Recovery Study.
14. Crookston, Minnesota, Solid Waste Facility Location Optimization.
15. Catawba County, North Carolina, Private Collection Service,

Solid Waste Consulting Services.
16. Mecklenburg County, North Carolina, Market Analysis and Shredding

Feasibility Study.
17. St. Faul, Minnesota, Steam Generation from Solid Waste Feasibility

Study.
18. Des Moines, Iowa,400-acre Metro Park Ea st Sanitary Landfill
19. Mecklenburg County, North Carolina, l60-acre Harrisburg Park.
20. Garland, Texas, Solid Waste Transfer Station.
21. Sioux City, Iowa, Maintenance Garage on Sanitary Landfill.
22. Ogden, Utah, Design and Operation of Sanitary Landfill.
23. Raleigh, North Carolina, Landfill Design & Operator 'I'r afnirg,
24. Omaha, Nebraska, Landfill Operations for New Disposal Area.
25. Cerro Gordo County Solid Waste Agency, Landfill Design &

Operator Training.
26. North Central Texas Council of Governments, Solid Waste Management

Study Covering an Eleven-County Area of Approximately 2,411,600
Popul a.tion,

,27. Metropolitan Des Moines, Iowa, 13 Municipalities Over a 430 Square
Mile Area with a Population of 288,000.





EXPERIENCE (Continued)

28. Metropolitan Des Moines, Iowa, Sanitary Landfill Sites.
29. Mecklenburg County, Charlotte, North Carolina, Collection and Dis-

,posal of Solid Wastes.
30. Dubuque, Iowa, Solid Waste Collection and Disposal.
31. Minnesota State-Wide Study on Solid Waste Handling.
32. State of Minnesota, .Automobile Disposal-Reuse.
33. Om.aha-Council Bluffs MAPA, Disposal of Solid Wastes.
34. Garland, Texas, Solid Waste Collection and Disposal.
35. Pottawattamie County, Iowa, Plan for the Disposal of Solid Waste.
36. Tri-County ,CounCil, Southern Maryland, Solid Waste Management

Reports.
37. Bi-State Metropolitan Planning Area, Scott County, Iowa; and Rock

Island, Illinois, Investigate Collection, Transportation, Disposal,
Economics, Operations and the Management of Solid Wastes.

38. Kenosha, Wisconsin, Computer Modeling to Provide Refu se Collection
Routes Which Have Balanced Workloads.

39. Wayne County, North Carolina, Alternatives for Collection, Disposal,
Management and Financing of a Solid Waste Program.

40. Mo-Kan Regional Council, Solid Waste Management Study.
41. Omaha, Nebraska, Municipal Incinerator Plant.
42. Chicago, Illinois, Medill Avenue Incinerating Plant, Consulting Services.
43. Chicago, Illinois, Calumet Incinerating Plant, Consulting Services.
44. Omaha, Nebraska, Combined Garbage and Refuse and Paunch Manure

Incine ration.
45. Denver, Colorado, Incinerators for 610 TID of Vacuum Filtered Solids.
46. Omaha, Nebraska, Incinerator for 80 TID of Sludge.
47. Omaha, Nebraska, Incinerators for the Disposal of 270 TID of Vacuum

Filtered Sewage Solids. "
48. SAC, USAF, Incinerator for Complete Destruction of Classified Wastes.
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REFERENCES

Solid Waste Management Work

1. City of Omaha, Nebraska
Terrance Pesek. Director of Public Works
Marvin Staven, City Engineer

402/444-5225
402/444-5226

2. Omaha-Council Bluffs Metropolitan Area Planning Agency
J. G. Harvell, Executive Director 402/397 -0330
Lewis C. Violi, Director, Environmental Planning

3. City of Council Bluffs, Iowa
M. Don Harmon, City Manager
Maurice R. Pearce, Director of Public Works

712/322-4061

4. City of Ames, Iowa
Arnold Chantland, Director of Public Works 515/232-6210

5. Des Moines Metropolitan Area Solid Waste Agency
Des Moine s , Iowa
Robert C. Porter, Director 515/265-8106

6. Mecklenberg County
Charlotte, North Carolina
E. K. Hoffman, Director of Public Works 704/374-2064

7. Minnesota Pollution Control Agency
Division of Solid Waste, Roseville, Minnesota
Robert A. Silvagni 612/296-7324

8. City of Kenosha, Wis consin
Donald K. Holland, Director of Public Works 414/658 -4811

9. North Central Texas Council of Governments
Arlington, Texas
John Roark, Director of Transportation 817/461-3300
Charles L. Jordan, Regional Solid Waste Planner

City of Dallas, Texas
John Teipel, Director of Sanitation 214/426-5696





11. City of Garland, Texas
Charles Duckworth, City Manager 214/272-2511

12. City of Dubuque, Iowa
Gilbert Chavenelle, City Manager 319/583 -6441
John White, City Engineer

13. Southeastern Virginia Planning District Commission
Norfolk, Virginia
Robert F. Foeller, Executive Director 804/622-5301

14. City of Springfield, Missouri
Dr. William C. Hayes 417/865-1611
City Environmental Geologist

15. Hennepin County, Minnesota
Hopkins, Minnesota
Luther D. Nelson, Chief, Environmental Division
Hennepin County Department of Public Works 612/935-3381

16. Olmsted County, Rochester, Minnesota
William Problete, County Health Engineer 507/282-3861

17. St. Cloud, Minesota
John Miller, Executive Director of COOG 612/252-7568

18. Five County Regional Development Commission
Minnesota
Gene Abbott, Executive Director of
North West Region

218/281-1396

19. State of California State Solid Waste Management Board
Sacramento, California
Albert A. Marino, Executive Officer 916/322 -3330

20. City of Raleigh, North Carolina
W. L. Baird, Director ·of Public Works 919/755-6470

102375





Energy and Material
Recovery Plant

Ames, Iowa

The highly-automated method of solid
waste disposal and recycling utilized
by the Ames, Iowa, Solid Waste Energy
and Material Recovery Plant repre-
sents the door-opener to what promises
to be a new age in solving the world's
energy and environmental problems. It
provides an economical alternative to
landfilling; a more environmentally ac-
ceptable method of disposal; a new, re-
liable, readily available source of
low-sulfur fuel (it will save the City up
to 22,000 tons of coal annually); and
the conservation of natural resources
through the sale of recyclable materi-
als gleaned from the solid waste input.



Resource Recovery
Ames, Iowa

Unlike World War II vintage recycling
programs, the Ames Plant allows users
to bring in unsorted solid waste and
deposit it in the unloading area. It
accepts all general household and
commercial wastes including such
items as white goods, tires, trees,
furniture and other bulky wastes. The
solid waste is then crushed and all
metals and combustible materials are
sorted out automatically. The combus-
tibles are fed directly to the city's three
power plant boilers as fuel. The metals
are sold to commercial customers as
recyclable materials.

By recycling the solid waste, the City of
Ames will not have to open new landfill
areas in the near future. The overall
costs to the City and plant users will
not be greater (and in the long-run
could be significantly less) than the
cost of conventional disposal pro-
cesses.





LET US TELL YOU
THE AMES STORY. • •

We produce in abundance ... we consume in propor-
tion ... and we generate waste in- consequence of
both. To continue this production-consumption
cycle ... we need energy ... a natural resource not
unlimited in supply. In the long run another source
must be found ... but for now we must find
practical methods of moderating use of this vital
resource. One such method is resource recovery.

As population grows ... and demands for goods and
services increase ... resource recovery is gaining in
interest. Legislative action has directed that ways
and means to bring about greater resource recovery
be studied ... and that large-scale recovery of
municipal and urban waste be demonstrated.
Gibbs, Hill, Durham & Richardson is doing just that.

The resource ... solid waste .. .is abundant ... about
five pounds per day per person in municipal refuse
alone ... a total of 400 billion pounds per year ... that
must be collected and disposed of...at an annual
cost of nearly $5 billion. The use of this domestic
refuse as a supplemental fuel source in the
production of electrical power is one potential
method of conserving our fossil fuels.

About 22 percent of the total energy use in the
United States is in the form of electrical power. It is
not practical to use aU of the municipal refuse as a
supplemental fuel source. However, assuming
urban centers of 50,000 population or more are
practical candidates for refuse energy conver-
sion ... about 264 billion pounds per year is
available ... a thermal energy equivalent of about 1.0
quadrillion BTU per year ... or 7.2 percent of the 14.0
quadrillion BTU of energy used as electricity.

Is this burning of domestic refuse economically
feasible? A study conducted by GHDR, for the City
of Ames, Iowa, confirms that it is ... up to a daily rate
of approximately 200 tons in the existing power
generating equipment.

The study estimated an average of 150 tons per day
of combustible refuse for use as a supplementary
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fuel in the existing coal-fired boilers would be
available in 1974 ... 205 tons in 1985. Operating costs
and fixed charges for the first processing plant and
other necessary facilities is estimated to be $840,000
per year for the first year of operation, assumed to
be 1975 ... a cost of $15.34 per ton. By deducting a
fuel value credit of $10.00 per ton of refuse and a
resource recovery credit of $3.45 per ton, the net
cost of $1.89 is competitive with landfilling costs. By
1980, increased use of the plant will reduce the net
cost to less than $1.00 per ton, a distinct saving
compared with the cost of landfilling.
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In this analysis. no credit is given for an expected
reduction in the cost of hauling refuse to the
centrally-located plant. ..nor is any attempt made to
estimate the likely extent of future fuel costs. Each
of the factors are positive. however. and make the
burning of refuse as a supplementary fuel even
more attractive.

In June. 1973. the City of Ames adopted the concept
of refuse disposal by supplementary fuel firing for
electric power generation. A refuse processing

plant is being built and modifications made to the
existing municipal power plant for burning refuse.
Plant start-up is scheduled for spring. 1975.

Resource recovery is practical. . .it is economical. .. it
will. conserve our natural resources ... and it can
work for you. The details are contained in the full
report on The Ames Story. They can be adapted for
your city. And because we are concerned. like you.
over increasing wastes and dwindling resources.
we want to tell you that story. We want to help.



SELECTED COMMISSIONS

RESOURCE RECOVERY STUDIES

Hennepin County, Minnesota
Dubuque, Iowa
Southeastern Virginia Planning District
Springfield, Missouri

RESOURCE RECOVERY FACILITIES DESIGN

Madrid, Spain, Compost Plant
Ames, Iowa, Supplementary Fuel
Dallas, Texas, Processing & Transfer Station

SOLID WASTE FACILITIES DESIGN

Des Moines, Iowa, Landfills
Mecklenburg County, North Carolina, Landfill
Cerro Gordo County, Iowa, Landfill
Omaha, Nebraska, Incineration
Omaha, Nebraska, Bale, Recovery, Transfer
Chicago, Illinois, Incineration
Richardson, Texas, Transfer Station
Kenosha, Wisconsin, Route Design
Strategic Air Command, Incineration
Garland, Texas, Transfer Station
Raleigh, North Carolina, Landfill

WE ARE LOCATED IN:

SOLID WASTE STUDIES

Des Moines, Iowa
Charlotte-Mecklenburg County, North Carolina
Dubuque, Iowa
State of Minnesota
Omaha, Nebraska
Council Bluffs, Iowa
Scott County, Iowa
Rock Island, Illinois
Missouri-Kansas Bi-State Planning Commissiojs
North Central Texas Region
Central Piedmont Region, North Carolina
Tri-County Council, Maryland
Wayne County-Goldsboro, North Carolina
U.S. Parks Service, Colorado
Portsmouth, Virginia
Arlington, Texas

ATLANTA· CHARLOTTE· DALLAS • DENVER • HELENA. LOS ANGELES • MINNEAPOLIS
NORFOLK • OMAHA • PENSACOLA • PHOENIX • SANTA BARBARA • SEATTLE • WASHINGTON, D. C.
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Henningson, Durham & Richardson or Gibbs, Hill, Durham & Richardson
8404 Indian Hills Drive Omaha, Nebraska 68114

(402) 391-0123



Solid Waste Transfer Station
Garland, Texas

This solid waste transfer station is designed for
transfer of 500 tons of municipal solid waste per day
from collector vehicles into large transfer trailers for
movement over a long haul distance to a final disposal
site. The transfer concept, utilizing a reinforced
concrete pit for storage, allows free movement of
collection vehicles without delays. The entire opera-
tion is completely enclosed and is located within the
city limits adjacent to the City Service Center. The
facility is designed so that, with simple modifications,
any process for resources recovery-baling, shred-
ding, supplemental fuel or pyrolyis-may be easily
added. Adjacent to the transfer station is the office
building housing the City Sanitary Department. The
facility is equipped with motor truck scales and a
computerized weighing and billing system.
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Collection and Disposal
of Solid Waste

200,000

Garland, Texas

150,000
The Dallas office of Henningson, Dur-
ham & Richardson analyzed solid waste
collection within the city limits of Gar-
land, Tex., and made recommendations
for the best means of collection and
disposal both for the present and 20
years in the future. The existing pop-
ulation of the study area was estimated
at 87,000. It is expected to reach
140,000 by 1980 and 200,000 by 1990.
The study was divided into five major
parts: characteristics of the study area,
solid waste generated, collection, dis-
posal and government assistance and
solid waste programs.

100,000

1940 1950 1960 1970 1980 1990

YEA
POPULATION TREND

GAR LAN D. TEXAS

Truck Number: 85_25 8S·ZS 85_89 85-89 85-89 85_1 85_89 85_1
3/12/71 3/16/71 3/18/71 3/22/71 1/12/71 7/13/71 7/15/71 7/16/71
Friday Tue-day Thuuday Monday. Monday Tue.day Thursday Friday

Avera!!" Haul/Day (Minutes) 28.6 30.3 38.75 43.0 32.0 46.1 35.0

Averagl! Haul/Day (Mile.) e. S '.J 13.0 13.8 15.5 '.7 ,..
Averase Lo ..ding Time (3 traina) 26.7 28.9 24.6 22.6 21.3 21.7 20.1 25.0

A new method of transfer of solid waste Total Weight 44,500 63,800 38,600 70,400 59,300 59.200 33,200 46,400

Scheck Weight 3.230 3,670 2,280 2.300

from "trains" pulled by pick-up trucks 3],200
RelidentiAl Weight 41,Z.70 60,lJO 36,320 68,100 59.300 59.2:00 lZ.500=' 46,400

to the landfill was developed. Trains Total Homel Z,578 2:,Z61 2:,S2:6 Z,Z90 Z,5lZ Z,5Z1 Z.716 2:,52:9

w

were previously delayed while waiting
, Total Container. 4,Z57 4,830 3,559 4,975 5,073 4,909 3,943 4,Z06w~

Average Weight/Home 16.0 Z6,6 14.Z 30.7 Z3.42: 2:3.48 1Z.Z2 18.35

for the "mother" trucks to return from Average Containera/Home 1.65 2.1l 2:.17 3•• 1.95 1.45 1.66

the landfill. The new method provides Average Homea/Load 368,3 Z51.2- 4ZI.O 2:2:9.0 281.3 2:5Z.1 452:.6 361.3

large storage capacity in the truck Home.JTrainJDay 859.0 753.6 842.0 763,3 844.0 840.3 905.3 843.0a 6b'd;sa.:w
Total "Mother"Truc:k Lolldl 8{7I11S.1Mh} 10 (9n:s.I-=h.) 1. I' "_requiring less trips and reducing Home./Tuin/Lolld IZ2:.8 83.7 140.3 76.3 93.8 84.0 150.9 lZ0.4

train delay. Denllity U/CY} Mother Truck Load ZZZ.5 2:55.2: 257.] Z81.6 26].S 2:]6.8 Z2:I,] 265.1

_NOTE: Load III 11 not included In tbh data aa part oC the train. were unloaded by another m.other truc:k.



The report proposed establishment of
central transfer points. Loaded trailers
were disconnected at the point, three
empty ones connected and the train
returned to its collection route. Two
mother trucks were used to unload the
trailers and transport the refuse to
the landfill.
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Time on Route

Train Number Collection Travel* Delays Containers Houses

85-32 207 48 15 1,042

85-36 178 76 16 1, 135

85-29 194 59 20 1,046

Totals 579 183 51 3,223 2,372

Daily Average
per Train 1,074 79161 17193

* NOTE: Travel time includes 25 minutes travel time from yard to route.

The study divided the city into six
routes for future collection based on a
model Simulatingthe proposed system.
The sanitary landfill method of dis-
posal was ultimately recommended
because of availability of land, adapt-
ibility to varying quantities and peak
or slack rates, economic operation, and
it meets all health and sanitary
requirements.



Strategy for Solid
Waste Management

North Central Texas Region

Henningson, Durham & Richardson
completed this study for the North
Central Texas Council of Governments.
Purpose of the study was to develop
techniques and guidelines which local
entities can use to evaluate solid waste
management problems and to deter-
mine, with due consideration of local
and regional implications, the most
appropriate individual but regionally-
oriented course of action. Population
of the 11 - county study area was ap-
proximately 2,411,600 in 1970, and is
expected to increase to more than
4,350,000 by 1990.

Several methods of handling and pro-
cessing solid waste were indentified
and their applicability in the study
area evaluated. The processes con-
sidered were subdivided into two cata-
gories: Intermediate Processes and
Final Processes and Disposal. The
Intermediate Processes include (a)
transferring, (b) baling and (c) shred-
ding. The Final Processes and Disposal
include (a) incineration, (b) composting,
(c) pyrolysis and (d) sanitary landfilling.

STUDY AREA
NCTCOG REGIONAL SOLID WASTE STUDY

FEASI BLE COM BINATIONS OF PROCESSES

--- DIRECT PATH
---- OPTIONAL PATH
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ULTIMATE
DISPOSAL

SANITARY
LANDFILL
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200,000
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FINAL DISPOSAL

A systems approach was used to evalu-
ate the least cost solution for regional
solid waste disposal. A Resources Al-
location Model (RAM) was used to
evaluate alternative waste management
strategies and facilities locations over
three different time spans, and to deter-
mine the costs involved, Costs were
generated for three basic alternative
solutions: (1) continuation of existing
facilities, (2) optimized system of joint-
use facilities and (3) consideration of
specific options,

ULTIMATE OISPOSAL TONS

DISPOSAL COST CURVE

COMPONENTS OF SYSTEM COSTS

TONS

INTERMEDIATE PROCESSING
COST CU RVE



Mo-Kan Regional Solid Waste Management Study
Mo-Kan Regional Council

The plan recommends that each
county fix the responsibility for the
management of solid wastes. The
manager would be responsible for
maintaining accurate records, plan-
ning, public information and contract
administration, and authorizing the
disposal of hazardous and toxic
wastes . It also recommends that each
municipality enter into an agreement
with its county to handle all manage-
ment functions except billing and
enforcement. The letting of all collec-
tion contracts would be coordinated or
consolidated to realize the economics
of large scale operations. In most
cases the capital investment costs
would be financed from revenue shar-
ing or general tax funds. Annual
operating costs would be financed
from service charges or land fill
charges.

The plan provides for:
• development of solid waste

management responsibilities
for each local government;

• adoption of uniform solid
waste ordinances;

• regulation of storage, collec-
tion, transportation, proces-
sing and disposal;

• mandatory collection for each
municipality over 200 people;

• a rural container-type collec-
tion system;

• suggested financing and bud-
geting for each county and
city;

• a timetable for implementation
by late 1975, and a public
relations program.

Alternative solid waste disposal and
processing systems were evaluated
such as incineration, pyrolysis, heat
recovery, recycling, composting. trans-
fer stations, baling, shredding and
rail haul. The sanitary landfill proved
to be the most economical disposal
method for both urban and rural
areas.

EXISTISG SOLID WASTE SYSTEM ACCEPTABILITY

HASAGE.'1E~'T STORAGE VEHICLE PROCESS!IiG/DlSPOSAL. OPEN BURNING
fUNCTIOS ORGANIZATIOS REGULATIONS RECuUt.noNS fACILITIES REGULATIONS
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Mo-Kan Regional Solid Waste Management Study
Mo-Kan Regional Council

Henningson, Durham & Richard-
son assisted the Mo-Kan Regional
Council in preparing a solid waste
management plan for a six-county
area in the vicinity of St. Joseph,
Missouri. Refuse storage, collection
and disposal were studied. Fifteen
regional landfill alternatives were
examined using computer programs to
estimate the haul costs from 53
population centroids. The most eco-
nomical solution proved to be one
landfill near the population centroids
of three of the counties, a joint
county-city landfill in two of the
counties, and two landfills in the
remaining county.

ATCHISON CO.

Q•
•

DONIPHAN CO.

MISSOURI•
KANSAS

•
o.

DEKALB CO.

• •CAMERON•
CLINTON CO.

• = POSSIBLE LANDFILL SITES

£XISTIX ClISPOSAl 51TE5

Both Kansas and Missouri requir- La t hr o ~.....svttt e UcrHon [!.."ad L~'m;&
""lltc

S~'·~r ..n~~ r,o IJath"na Claud Ale h I ~!ln SIlyannah sv. JaIl!

D"v .. lup-

ed counties to have completed solid in~ ~t'l,:

Y~ars ?'t-malrdn" t.1ndfltl 2 Years

waste management plans by June 30,
T·.dct: T,,;cc r':!ce rvtce, f'~r Pcr

["nil C,,"" rt~ .'",,'10: y""rlv so 1·10'1 , Dallv

1974. Management of solid wastes was Adcqu:ltc R"d~lIt.
Fly ...... n,
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dumps prevalent; improper
Contr,,! on

were 1'l1o,...!n Fa,;,,. SO YES

dumping and litter
I':ecord Kce->5r. YES y ES ~
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refuse collection was fragmented and
Individuals YES 2~c -

'0 '0' a.co
fee 011 51.00- 51.00 50,--

ineffective. Except in a few instances,
U.. u l e r s

UP Pld:u UP
see- SI.OO $1.00-

'0 LOa l'ltku} 5.00

the solid waste problems of the region \J.lter ~T.. bl" YES YES YES '0

were ignored by local governments.
Eq ... lpmtnt I om;j
On She sose

I I Track
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Solid Waste Disposal Study
Metropolitan Area Planning Agency
Omaha, Nebraska-Council Bluffs, Iowa

A study of solid waste disposal in one
county in Iowa and two in Nebraska
was completed by Henningson. Durham
& Richardson. The study area encom-
passed more than 1.500 square miles
with a population of 529.000. including
Omaha and Council Bluffs. Extensive
surveys were made to determine quan-
tity and characteristics of present and
future solid wastes. Surveys were
analyzed using system analysis methods
and computers. The study recommended
disposal methods and sites. organi-
zational structure for a proposed solid
waste agency. fees for disposal ser-
vices. financing methods for capital
needs. proposed model ordinances
and changes in Iowa and Nebraska
state legislation.

.0
N

lOW A

NEBRASKA

TABLE D:-9 COMPUTER PROGRAt.4 A.

TOT.O.LFORALLFIICILITIES
QUANTITY OF REFUSE BY OISPOSAL PROCESS AND BY MATERIALCLII.SSIFICATIOtl,F OR ALL DAYS

<~':!:::''=..:!~L ':: :~;""'::"~:"~~~:~ '''.~, 'L~'~r:::';~~~:~:!".. L;~l~~~oo:~:"'~~r..::':~..=.:..~'~:~<.~~~.':~~~~~:.!.f".~t:
In one computer program. materials
were sorted by material classifica-
tion and by potential disposal process.
Five potential processes were consid-
ered. Other programs analyzed items
such as: types of haulers; hours of
the day. day of the week. vehicle types.
places of origin. political subdivision.
centroids. and the inter-relationships
of these items to one another.

,."". ",", \1,,', ... ", " .... "",, ,•.,,, ... " • ."",, "0,, " .... " .... ,."." "", ''''', ,,,n, "..,..



Economic simulations were run using
computer models of the waste stream
system. Factors included hauling costs
in miles and minutes for all vehicle
types, processing costs, transfer sta-
tions and sensitivity to variations in
disposal fees at various locations.

40----------------------------------------------------------------

CUBIC YARDS TO NS VEH 1CLES

HAULER TYPE
A CONTRACTOR, GENERAL (General oonstruotton wastes]
B CONTRACTOR, WRECKING (General demolilion wastes]
C ELM TREE REMOVAL (Olseased elm trees removed)
D COMMERCIAL HAULER, DOMESTIC ROUTE (Commercial route syslem, resldenlial portton)
E COMMERCIAL HAULER, COMMERCIAL ROUTE(Commercial route system, commercial porI/on)
F COMMERCIAL HAULER,INDUSTRIAL ROUTE (Commercial route syslem,lnduslrial porttonl
G COMMERCIAL SINGLE SOURCE (Prtv ate. single source, commercial establishments)

~-()11I/. SINGLE SOURCE (Private single source, indus/rial establishments)

TABLE II-23

Com2arison of Wastes as Received from Political Sub -Divi sions

CornEuter Program J
PoliticaL Cubic o/c of % of
Sllb-Div"j sion Yards Total Tons Total

1. Omaha 25,579 65.8 7,557 63.5
2. Ralston 188 0.5 43 0.4
3. Irvington 55 0.1 22 0.2
4. Bennington 31 0.1 7.3 O. 1
8. Waterloo 5 0.0 0.5 0.0
'). Elkhorn 1 0.0 0.1 0.0 The report was prepared in such a

11. Millard 339 0.9 99 0.8 way that the detailed methodology used12. Council Bluffs 8,165 21. 0 2, 536 21. 3
13. Carter Lake 281 O. 7 45 0.4 could be duplicated by the implement-
15. Crescent 3 0.0 4.2 0.0 ing organizational structure forIH. Lake Manawa 45 0.1 12 O. 1 updating as required.33. Bellevue 146 0.4 36 0.3
34. SAC 406 1.0 149 1.2
3S. Papillion 164 0.4 68 0.6
37. La Vista 58 0.2 14 O. 1
50. Douglas. County 2,857 7.3 I, 187 10.0
51. Sarpy Co. 460 1.2 105 O. 9
52. Pottawattamie County 81 0.2 13 O. 1

Totals 38,900 100% 11,891 100%



Collection and Disposal of Municipal Waste
Metropolitan Des Moines, Iowa
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METROPOLITAN
SOLI D WASTE STU DY AREA

Detailed site surveillances were conducted
at all major disposal facilities for computer
analysis of quantities, characteristics, haulers,
vehicles, political subdivisions, centroids, daily
and hourly rates of arrival. points of origin,
potential disposal processes and the relation-
ships of these items to each another.

DISPOSAL SITES

A WEST DES MOINES-roaerares seven days, from 0900 to 2000hours)
B POLK COUNTY-(Operates five days,from 0900 to 1730 closed Sun.8 Man.)
C ANKENY - (OperatesSIX days,from 0900to 1700hours, closed Sun)
D EUCLlO· (Private operator seven dnys, from0800 to 1730 hours)
E OES MOINES #1- (Operates SOC'"" ravs, 24 hours)
F 'OES MOINES #2-(Operotes 51<70.$ from0800 t02200hours, closed Sun.)

A systems engineering approach was used by
Henningson, Durham & Richardson to analyze
solid waste storage, collection, transportation
and disposal practices in the Des Moines
Metropolitan Area and to recommend a solid
waste management system for the entire area,
including 12 cities, towns and parts of two
counties. The study area for the Joint Venture
project covered 430 square miles.

COMPARING THE SEVERAL SITES
FOR

WASTE QUANTITIES a VEHICULAR TRAFFIC
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DISTRICT I

TABLE 3-3

RECOMMENDED ROUTES

ROUTE DAY FROM TO COLLECTION COLLECTION CREW MAN HAUL DELAY INCENTIVE
NO. BLOCK BLOCK MILES MINUTES MEN MINUTES MINUTES MINUTES MINUTES

I 01 14 3. SO 36" 2 ! 728 59 87 32
2 15 38 3.64 358 2 716 59 93 38

I 3 39 68 3.42 341 , 682 59 110 55
4 69 98 3.45 358 2 I ;16 59 93 33
5 99 131 3.42 342 2 684 59 109 49

ST. W 17.43 1763 2 3526 295 492 ,",,,41

I 132 I 161 3.42 350 2 700 59 101 H
2 162 196 3.39 352 2 704 59 49 39

2 • 197 I 232 3.69 352 2 700t 59 99 39
4 233 259 3.50 354 2 708 59 97 37
5 260 279 3.70 354 2 708 59 97 37

ST. 1 1762 2 3524 2q5 493 v.39

I 280 304 4.73 300 3 900 101 109 54
2 305 336 5.25 327 3 981 101 82 27

3 3 337 378 5.30 317 3 ?51 97 96 41
4 379 ":1:24 5.26 317 3 951 ~-: 96 41
5 425 .. 73 5.19 318 3 954 97 93 40

ST. 79 4 4 478 v.43

I 474 526 5.36 322 3
16~~

97 91 30
2 527 577 5.71 349 3 89 92 37

4 3 578 628 5.57 327 3 981 85 98 43
4 ~~:693 5.72 345 3 1035 73 92 37
5 4 737 3.90 237 3 711 73 100 45

ST. 157 47 7 4 7 47 Vo 9

I 738 807 5.64 335 3 1005 79 90 41
2 808 869 5.84 335 3 1005 85 90 35

5 3 870 919 5.39 429 3 1287 87 99 H
4 920 972 5.89 326 3 978 89 93 38
5 973 1011 5.49 322 3 966 89 99 44

ST. 8. 5 747 5441 4 477 ~O
I 1012 1046

1

5.52 322 3 966 93 95 40
2 1047 1084 5.35 319 3 957 93 98 43
3 1085 1131 5.62 326 3 978 93 91 36

6 4 1132 g~~I 5.42 316 3 948 93 101 46
5 1181 5.67 320 3 960 93 97 42

ST. 27.58 1603 3 4809 465 482 ,",,,41

I 1235 1292 5.90 326 3 978 87 97 H
2 1293 1344 6.09 3}6 3 1008 81 93 38

7 3 13':1::5 1403 5.65 332 3 996 81 97 42
4 1404 1440 5.36 333 3 999 81 96 41
5 1441 1490 5.46 335 3 1005 81 94 39

ST. 28.46 1662 3 4986 411 477 Avg40

~ 171.42111,695 95 bl,760 12805 3372 1415

4.89 334 907 80 q6 40

COLLECTION MINUTES PER DAY,
2-MAN CREW 352.5
'-MAN CREW 326.8
AVERAGE 334

COLLECTION MINUTES PER MILE,
2-MAN CREW 100
3-MAN CREW 60

AVERAGE 68

3-24

PROPOSED ORGANIZATIONAL STRUCTURE FOR AGENCY

I CITY a TOWN COUNCIL.S I
AND

SOARDS OF SUPERVISORS

METROPOLITAN SOLID WASTE AGENCY I
BOARD

1
I DIRECTOR STAFF SERVICES

I Ass'I.Director I I L.", 1Englneerin\!
Financial

I PJannlnQ a Reseorch

I
I REFUSE COLLECTION DIVISION 1 REFUSE DISPOSAL DIVISION I
1 Superintendent 1 1 Superintendent 1

I I
I I I I I I I

DISTRICT# I DISTRICT # 2 DISTRICT ... 3 DISTRICT ... 4 N.E. SITE S.W. SITE VEHICLE So EOUIPMENT

I-Foreman I_Foreman I_Foreman t-Fcremun I_Foreman I-Foreman SECTION

-RcuteCrews - Route Crews _ Route Crews -Route Crews -EquipOper -Equip.Oper. 1_ Foreman

-Drivers -Drtvers -prtvers -nrtvers -Lcbcrers -Laborers -MechaniCS

-Hetpers -Hetpers -Hetpers -Helper s .Allendonts -nuendcnts _ Laborers

I ADMINISTRATIVE SERVICESI Personnel· Accountinq
Supplies. Clerica I· Budqeling

New methods and balanced detailed collection
routes were designed which increased collec-
tion service and reduced manpower and equip-
ment requirements with major cost savings.

A new Metropolitan Area Solid Waste Agency
was recommended as the organizational struc-
ture to provide solid waste services to the metro-
politan area. The implementation plan included
recommended documents required for organiza-
tion, model advances, state legislature, capital
and operating financing, budgets, staffing, and
detailed operational plans.



Collection and Disposal of Solid Waste
Dubuque, la.

A joint venture, this study outlined a
planned program for the collection and
treatment of waste water and collection
and disposal of solid waste. The report
anticipated development in the city
over the next 30 years. Recommended
were improvements for the outfall
sewer system, pumping stations, water
pollution control facilities and solid
waste collection and disposal units.
Henningson, Durham & Richardson
computer systems were used to analyze
data collected. A number of new com-
puter programs were developed to
accomplish the goals of the study.

Existing facilities were adequate for
the population served and average daily
flow of wastes but were not adequate
to handle maximum hourly flows during
wet weather. The study disclosed that
when all industries, present and future,
were connected to the city sewer
system, the existing facilities could
be completely overloaded with solids.

COLLECTION AND DISPOSAL
OF MUNICIPAL WASTES

WASTE WATER
TREATMENT PLANT
PRIMARY TREATMENT

DUBUQUE, IOWA

FIGURE z-io

TABLE V - 9
ACTUAL AND PREDICTED

WASTE WATER TREATMENT
PLANT LOADINGS

Description Actual ,,~ Basis of Basis of Design
Measured Design Existing This Report

1966 Plant 1975 Present Future 1976 Future 1996

1. Population 62,853** 70,000 62,853 69. 026 81,500

2. Hvd r au lic MGD
(a) Average Daily B.87 13.00 10.54 12.38 16. 05
(b) Maximum 12.12 19.25 29.07 30.84 '38.94

3. B.D,D, Ibs/day 54,244 66,800 104,685 110,828 135,400

4. Suspended Solids
Ibs/day 48,625 56,000 101,450 110,070 144,550

5. Grease Ibs/day 29, 000 25,100 55,000 59, 000 67, 000

* Based on an average of the 5 working days that were sampled except for the grease. The quantity
shown here is based on an average of the last 3 working days. The quantities are shown in EXHIBIT V-I
in the Appendix.
Based on Official U. 5. Census.



Population densities were established
for each drainage area presently served
by a sanitary sewer. Allowance was
made for land not suitable for develop-
ment in determining acres for each
drainage area.

The study indicated waste water dis-
charged to the river after receiving
secondary treatment compared favor-
ably with the effluent from a primary
plant treating domestic waste water.
The study resulted in new, balanced
solid waste collection routes, new land-
filling procedures, and a future solid
waste plan.

TABLE V-ll
WASTE WATER TREATMENT FACILITIES

EXPEC1ED PERFORMANCE

Type of
'T'r e a trrie n t

Descriptive
Characteristic

Waste Water
Present Basis of Design (1966)

ToTotal to To '1c Removed

Cha r-ac te r is tic 5

Future Basis of Design (1996)
Total To 0/0 Removed

By T rea tment~ River 13y Treatment ~ River

L Primary
(a) B,O. D.

Ibs/day* 104,685 57,577 450/, 135,400 74,470 45"7r
pprna» 1,192 656 450/, 1,014 556 450/c

(b) Su apende d.,
Solids
Ibs/day IOI,450 35,507 650/, 144,550 50,592. 65%
ppm 1,155 404 65'i'c 1,081 37B 650/,

tel Grease &
Scum
Ibs/day 55,000 22,000 600/e 67,000 26,800 60'1c
ppm 626 250 boe/c 501 200 601r

Phase 1 -Cornpl e ted Phase II - Completed
2. Se conda rv

(a) B.O.D.

-rbSTdaY I O,~, 685 16,490 84% 135,400 18,279 86.5ere
p prri 1,192 188 840/( 1,014 137 86.5%

(b) Suapcnded
solids
Ibs/day 101,450 10,145 90';.', IH,550 14, 155 900/,
ppm 1,155 115 90o/c 1,081 lOB 90'7,

(c) Grease &
Sc urn
Ibs./day 55,000 13,750 75% 67,000 16,750 750/,
ppm 626 156 750/, 501 125 75Cf~

;.I< Ibs/Day ~ Pounds per Day Note: Average Daily Flow ~ 1966 10 5'IMGD
':::~ Ppm ~ Parts Per Million Average Daily Flow ~ 1')96 16 05 MGD

To ca Iculat c lbs/day = Average Daily flow (MGD) " 3lf'"!agth (ppm}
x 8.33 ._'Ounds pc r gallon of wa te r .



Solid Waste Management Planning Study
For the Bi-State Metropolitan Planning Commission

Scott County, Iowa, and Rock Island, Illinois

Henningson, Durham & Richardson,
in a Joint Venture, developed a solid
waste management plan for the Bi-
State Metropolitan Area of Scott
County, Iowa, and Rock Island,
County, Illinois. The study included
an inventory of the existing collec-
tion, transportation and disposal
activities to determine the magnitude
of the solid waste problems. The
study area contains more than 860
square miles and includes six cities
and 26 towns and villages. Popula-
tion is more than 315,000 and is
expected to increase to 420,000
by 1990.

Surveillances at each of the major
disposal sites of the two-county area
aided in the determination of the
quantities and charaoteristics of the
solid waste. The study also was a
determination of the magnitude
of special wastes generated and
potential solutions, a discussion of
materials salvable for possible recy-
cling, inventory and categorizing of
existing collection systems, an eco-
nomic feasibility investigation of
transportation, and a determination
of the cost of hauling waste to vari-
ous disposal facilities.

t
STUDY

AREA . :...-

-, =,.:..":':'":....~-2 ~: ;'~.:. ·m: .-3 ~::u:-: ....!" .
_. <'r.':'~ .~:~~~~~.
-5 ~~·u!~· ..:;.T... •
_, I~::..::..~..;~·.:.Q.... ::~':;::.;~:.. ,....."
.... u~:-·;=:.·'·,

LANDFILL COSTS SUMMARY TABLE

(ALL FIGURES INCLUDE 10..,.. OVERHEAD S

CONTIGENCY COSTS)

DESIGNATION I 2 3 4 5 6 7 8 9 10 II 12 13

SITE NO. 16 3-A 7 8 12 23 26 3 5 6 18 22 13

REFUSED REC'O
WEEKLY

(C.Y IN PLACE)

0- 1000 ',992 '1764 ',764 ',764 ',764 ',764 ~2090 ',774 ',774 ',774 ',774 '1774 ',795

1000 - 2000 '2666 '2387 '2387 '2387 '2387 '2387 '2787 '2398 '2398 '2398 '2398 '2398 '2422

2000 - 3000 '3502 '3131 '3131 '3131 '3131 '3131 '3663 '3148 '3148 '3148 '3148 '3148 '3180

3000 -4000 S4Q41 '3624 '3624 '3624 '3624 '3624 '4223 '3642 '3642 '3642 '3642 '3642 '3678

4000 - 5000 '4352 '3850 '38S0 '3850 '3850 '3850 '4569 '3872 '3872 '3872 '3872 '3872 '3914

5000 - 7500 '5818 '5167 '5167 '5167 '5167 '5167 '6514 '5195 '5195 'SI9S '5195 '5195 '5258

7500 - 10,000 '7935 '7142 '7142 '7142 '7142 '7142 '8281 '7175 '7175 '7175 '7175 '7[75 '7246

10,000 - 15,000 ',0,723 '9682 '9682 '9682 '9682 '9682 ',1,,76 '9726 '9726 '9726 '9726 '9726 '9816

',3,990 '131773 $13.773 ',3,773 $13.773
,

'14,154 ~'4,'54 ',4,154 ~'4,91515.000 - 22.000 13,773 14,642 14,154 14.154



Application of regression analysis
equations to traffic zones was facili-
tated by the use of a comnuter program
to calculate and tabulate the results
for a selected area which was con-
tributing all of its waste to the seven
major sites surveyed. The regression
equation developed is simply the equa-
tion of the line which best represents
all the points plotted for observed
responses (solid waste quantity) versus
variables (area or population, etc.)
for all the traffic zones. The selected
area was composed of traffic zones of
an approximate like size and character.

The study found the sanitary land-
fill, the most feasible process for the
study area, would be required in
some form regardless of which of the
potential processes might prove. fea-
sible in the future. Other recom-
mendations included formulation of
a disposal agency for each couty
and establishment of a Regional
Policy Board. Alternate plans were
developed for each county for
supplementary fuel. hauling and
landfills.

REGRESSION ANALYSIS EQUATIONS·

Y'l'r,"457 +11.,,113(11'
+.on'n u,l + "',IU(I,)'" IITAIL UI~LOy .. r:IIT. ()(,I

'" IIO\IIII''''TU'".O
[II'LO'IIIIIT, iXa'

!lOIS'USO"'L ILOCI
lit,.V,"II ..... I,

'" !lWELUN, UIIIT., 111',1

'" IIlTA'L,EII'LO,WINT, 1~ll

nOI UUOItAL ILOCI
IXSI

,.. IIITAII. III'LlllI1II1T, till'
COIIIIIIIICI'L
."nl-I'
"AIILlIl 1111 1. .... 0 un: -

II""U',,"CTUIIIII', IXII

(JOI ~~~~::ti.ILOCl! 'I,.

'.'4.1411 + 0.04041t 11,1+
0.04lU (111+ 11.17011,1

y. 1.IlISI +0.07100411,1
to.U'" u:,]+IO.''''I,1

Y_I,OOln -0.0111401111
.. 0.0414" 11.'+ 0.1101111 ••'"OUtTIU"'1.

....lTt-"
KAULU t51 ""'"U'Io'TIj,,,,,.

II"LonU:'iIT. 1111]

11411.'.01l1l-TII.lIII-
'OIl'''''IOII,COIIIIIU-
..ICATIOn a UTU.1fI1I , (1.1

*EOUATIONS OEVfLOPEO FOR USE IN TRAfFIC ZONES IN SELECTED AREA ONLY



Automobile Disposal/
Reuse Report
Minnesota Pollution Control
Agency
This study investigated problems asso-
ciated with disposal of old and
abandoned automobiles and other scrap
metal in the State of Minnesota. It
covered both major population centers
and rural areas. Henningson. Durham
& Richardson suggested solutions for
removing legal and economic impedi-
ments to the movement of abandoned
vehicles into an extant scrap recy-
cling system.

@)@)
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fROM: ST. CLOUD, MINNESOTA

TO: rZI ST. PAUl., NPLS 17311111

• DULUTH 114711111

fROM: GRAND RAPIDS. MINNESOTA

TO: IZ1 ST. PAUL, NPLS (2371111)

• DULUTH (BI ... I I

fROM; AUSTIN. "'HNESOTA

TO: IZa ST. PAUL, MPl.S (10BIII1)

• OULUTH 126"",1)
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FROM: MARSHALL, MINNESOTA

TO~ ~ ST. PAUL, NPLS 116~",il

• DULUTH 12801111)

FROM: WINOHA, MINNESOTA
EZI ST. PAUL, NPLS 112~mi)

TO;
• DULUTH 1281111il

FROM: MOORHEAD, MINNESOTA

l?ZJ ST. PAUL. NPLS 12351111)
TO:

• DULUTH 1252.0

AUTO SCRAP
TRANSPORTATION COST

L. E GENQ

The study determined the number of
scrap processors who accept and proc-
ess motor vehicles and the market for
prepared ferrous scrap metal. This
demand is partially created by steel
mills and foundries in the state. It is
materially aided by national and inter-
national scrap demand and by rail and
water transportation advantagesenjoyed
by Minnesota.

•• BALER OR PRESS

•• SHREDDER

.·SLABBER

1969 AUTOMOBILE
REGISTRATION TOP
10 COUNTIES

1969 AUTOMOBILE
REGISTRATION
COUNTIES 11_ 25

@ ~g~~UT~~~K1910

@ ~~J~¥~it~iN1969

AUTO SCRA PPING
OPERATIONS IN MINNESOTA



AUTOMOBILE
DISPOSAL - REUSE

Because of legal and economic impedi-
ments, the existing scrap recyle sys-
tem could not cope with all existing and
accumulating scrap problems, espe-
cially in remote rural areas. The study
showed the need for increased recy-
cling facilities based on projections of
auto registrations and corresponding
increases in auto scrappage.
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Automobiles not recycled are likely to
become an aesthetic problem. The
report urged adoption of a comprehen-
sive legislative and educational pro-
gram for collection, storage, transpor-
tation and disposal of scrap metal. The
State of Minnesota has passed the
necessary laws, implemented the plan,
and it is now in operation.
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Solid Waste Control
Minnesota Pollution Control Agency

Henningson. Durham & Richardson
conducted a comprehensive state-
wide analysis of the problem of solid
waste management for the State of
Minnesota. Broad recommendations
dealt with solutions to problems of
pollution; short and long-range goals
were proposed for the Solid Waste
Division of the Pollution Control Agency
with recommendations for organiza-
tional structures and staff. Pertinent
studies by other groups and legisla-
tion regarding solid waste disposal
were also reviewed.

Three forms of legislation were pro-
posed: a bill amending a state statute
to include land pollution and solid
waste matters as part of the Pollution
Control Agency's responsibilities; a
bill for a new comprehensive Solid
Waste Disposal Act to provide ade-
quate powers to cities. villages. towns.
boroughs and counties to manage solid
waste problems; and. a bill for a Solid
Waste Disposal District Act to allow
creation of solid waste districts to
manage solid waste problems.

TABLE _11_'._' _ BASIC DATA REDUCTION. LAND DISPOSAL SITE INVESTIGATION REPORTS PAGE 1
LISTED DEC. lb. 1968 - STATE 22 (MINN.) REGION 6

ALL SANITARY SUBSTANDARD
~ LANDFILLS LANDFILLS

'I. SITE OPERATED BY

% RESPONSE 100.00 100.00 100.00
SAMPLE SIZE 3Z3 007 JIb
" PUBLIC AGENCY 8Z.04 4l.85 82.91
"PRIVATE AGENCY 17.95 57.14 17.08

ia, SITE OWNED BY

"70 RESPONSE 99.07 85.71 99.36
SAMPLE SIZE 323 007 JIb
% PUBLIC AGENCY b7.S0 33.33 68.15
.,. PRIVATE AGENCY 3Z.50 66.66 31.84

13. IS OPERATION REGULATED BY A HEALTH AUTHORITY

"II RESPONSE 100.00 100.00 100.00
SAMPLE SIZE '" 007 31'
.,. YES lO.56 4l.85 lO.06
"'NO 79.43 57.14 79,93

IF YES INDICATE LEVEL OF PRINCIPAL AUTHORITY

'f. RESPONSE 96.9Z ZOO.OO 96.77
SAMPLE SIZE 065 003 060
.,. COMMUNITY Z8.57 66.66 Z6.66
L,~ COUNTY 66.66 33.33 68.33
.,. STATE 3.33
.,. OTHER

TABLE VIlI-1 AMENDMENTS TO CHAPTER 116

A BILL FOR AN ACT

RELATING TO THE POLLUTION CONTROL
AGENCY: AUTHORIZING CONTROL OF SOLID
WAST E DISPOSAL METHODS AND PRACTICES:
PROGRESS REPORTS ON CONTROL AND ABATE-
MENT OF AIR AND LAND POLLUTION; AMEND-
ING MINNESOTA STATUTES 1967; CHAPTER 116,
BY ADDING A SECTION; SECTION 116.01: 116.06,
BY ADDING SUBDIVISIONS 9 AND 10; SECTION
116.07 SUBDIVISIONS 2 AND 4 BY ADDING A
PARAGRAPH; 116.07 SUBDIVISION 5; SECTION
116.08 BY ADDING A PARAGRAPH; SECTION 116.08,
SUBDIVISION 2 AND REPLACING SECTION 116.09.



A survey of representative solid waste
practices in the state was conducted
in cooperation with the Solid Waste
Program. U.S. Public Health Service.
U.S. Department of Health. Education
and Welfare. and the MPCA. The infor-
mation gathered became part of the
National Survey sponsored by the Solid
Waste Program. It will also be used
for planning by Minnesota agencies
interested in the problem.

The survey was conducted using three
forms to obtain necessary data: Land
Disposal Investigation Report to obtain
information about disposal sites.
including community served. controls.
capacity. operation evaluation. quan-
tities. equipment and costs; Community
Description Report for information
about size. organization. storage.
collection. disposal and budget and
fiscal matters; and. Facilities Inves-
tigation Report for obtaining operating
characteristics and capabilities of all
solid waste reduction or disposal
facilities other than land disposal sites.

Breakdown of Costs of Sections of Projects
Eligible for Water Polllltion Control Funds

Refer to Figllre 1 of 1959 Preliminary Report

North Plant 1/1 So lIth Plant 1/2

1. Site Preparation and Finis hing $ 91,000.00 $ 40,000.00

2. Bar Screen, Grit Removal and
Flow Measuring 73,000.00 34,000. OU

3. Control Bui.Iding and Lift Station 77,000.00 45,000.00

4. Primary Clarifiers 85,000.00 30,000.00

5. Trickling Filters 330,000.00 76,000.00

6. Final Clarifiers 79,000.00 28,000.00

7. Digesters 145,000.00 85,000.00

8. Sludg e Beds 79,000.00 28,000. GO

9. Plant Piping 180,000.00 67,000.00

10. Electrical and Miscellaneous 61,000.00 34,000.00

$ 1,200,000.00 $ 467,000.00
PIllS 200/. Overhead and
Contingencies 240,000.00 93,000.00

Project Cost $ 1,440,000.00 $ 560,000.00

Outf al l Sewers

1-A 3011 1600' $ 21,200. 00
27" 3500' 40,600.00
21" 2500' 23,100. 00

2-A 1811 6200' <;1 Inn nn

OEPJ.RTM£NT OF
HEAL TH. e.OUCATION, AN~ WELFARE
PU.I-IC HEAL.TH IEf,VICE

EXHIBIT Ill-I Page 3

COMMUNITY SOl.ID WASTE PRACTICES

COMMUNITY OESCRIPTION REPORT~~--,,~~---,~-====-----~~~[IJ
Jb=rL- ~~~D-,- _,----~~~~'"liIb

COL.LECTION ~

o YES L~NO 0 YES DNO '-----;,._.-.J

o YES [_~ NO '-,;-o=Y"E'=~ll:-='O=c:-7=_0 :!
8. ~~J:;TN~~~'i'[f;TI;~'~:!...C: ...OCUE:NSTI~'C~.'~~~~CtN~~1~1~~~~~I';.I';IC"'1. JURISDICTION cO,..,. ...,,""'''--INCORPOA ...T£O "'I-ACES, I-IST

•. oo~. THe: CO ......UNI r v OPEI'IATE 01'1 EXERCI.1!t
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Industrial Organic Solid Waste Disposal
South St. Paul, Minnesota

This engineering reconnaissance study
was undertaken by Henningson, Durham
& Richardson, in a Joint Venture, to
develop a program of collection, pre-
paration. transportation and disposal
of organic solid wastes in the stock-
yards area of South St. Paul. Investi-
gations were made into systems of
waste disposal and transportation. The
joint venture report recommended the
most feasible system based on econom-
ics and reliability.

The report recommended a pipeline
liquid slurry transportation system and
sanitary landfill disposal as the most
practical. Major advantages included
functioning as part of the overall utility
system, use as a collector of other
solid wastes, and reclamation of
landfill areas for landscaping and
future development.

PLAN

See Figure 2, entitled, "General Location Map" for the
location of the stockpiled materials.

The three major industries' contributing the organic
solid wastes, Armour & Co., Swift and Co. and St. Paul
Union Stockyards Co., recognized that the accumulation
of solid wastes was becoming a serious problem. The

industries retained .the engineering firms of Henni!1~son,
, Durham & Richardson, and Macktchan ~ ,~aa,5'~~"t,~

undertake a reconnaissance study and recommend a plan
to provid'e ultimate disposal of the ·organic solid wastes.
being generated on a day-to-day basis and to' incorporate a
means of reducing the stockpiles of the solids wastes that
have accumulated over the years.

LOCATION MAP

PIPELINE LIQUID SLURRY
TRANSPORTATION a SANITARY
LANDFILL DISPOSAL

PIP r LIN E.

p U'-4 P S

LlQU I D
LEACHATE

-----. r~-w~,~:-,,,."""'"
TO SOUTH 5T fJAUL ST P
FOR TREA fr.'ENT OR '-4IXER
FOR SLURRY

PUMP STATION

LAND
FI LL

lA, 18 or IC



Costs of the plant assumed all solids
would be dewatered without use of
mechanical equipment. The pipeline
transporting the slurry would ter-
minate in the landfill proper.

Experimental lagoons were constructed
near a sewage treatment plant to obtain
some indication of the characteristics
of possible slurry solids. The two
lagoons, 8 x l6-feet and 37 inches deep,
were lined with polyethylene film
covered with four inches of clean
sand. A uniform mixture of stockyards
water was used to produce the experi-
mental sludge.

Grab'samples of sludges were taken
as material was pumped into the lagoon
compartments and of the supernatant
which flowed out. Supernatant samples
were tested for total solids, suspended
solids, pH, BOD, phosphate and total
Kjeldahl nitrogen.

Table XI.
Estimated Costs: Plan 2

Incineration

Totll Annual AnnUli Totel
Itam Conrtructlon Colt C.pltal Colt Oparlllnll Colt Annuli Con
DawaterSludge 690,000 66,400 69,600 125,000
DewatarGrit 307,000 24,600 28,300 52.900
Load Sludge & Grit 92,000 7,360 13,500 20,B50
Load Pen & Truck Wastes

Wastes 7.350 5,850 13,200
Incineration 6,136,000 493,000 300,000 793,000

Total $7.226.000 S587,700 $417.250 51,004,960
With 30 Percent Federal

Grant $5,057.000 $411.390 $417,250 S 828,640

Table I.
Dewatering in Experimental Lagoon

Time Depth
Start 33"
16 hours 18
1 day 15
2 days 12
3 days 11
5 days 8
10 days 6%
30 days 5

% Moisture
96.4
91.6
87.0
86.9
86.2
80.1
78.0
76.3

Plrlmtlora Of 8u",'""II"'
Compartmlnt No.1

TotilSolld. 9uI. Salldl BOD PhollPk.u KJ.ldlhlTlmt M,I' M,I' M,n P04Mg/, pH N2M,/l
10Mln. 3720 1340 1780 54.5 8.8 115.815 Min. 2810 220 1470 8.725Mln. 2820 270 1385 58.5 8.8 114.850 Min. 3280 1010 1770 80.0 7.1 127.01 Hr. 20 Min. 3220 al0 1780 8.52 Hr, 2770 80 1150 88.5 7.3 77,22 Hn. 40 Min. 2800 30 1705 8.518Hn. 3830 240 2445 108,5 5.8 34.224 Hn. 3280 eo 2180 181 8.2 44.140 Hrl, 3410 rr, 2980 184 8.0

Paramet,,. Of Supernatlnt
Compartment No, 2

Toul Bolldl au .. Solidi BOD ~~~~~lf ~~I~;'J\Tim. Man M,n Mg/l pH
3Mln, 3280 1110 1780 57.0 7.0 153.97 Min, 2370 40 1060 8.8115Min. 2820 870 1230 7.225 Min. 2280 240 830 48.0 7.7 ~U155MIn. 2340 370 920 61.01 Hr. 30 Min. 2040 10 730 7.32 Hr. 20 MIn. 2090 '30 12815 53,8 7.4 48.818 Hr. 3490 120 2208 113.5 8.824 Hr. 3280 50 1440 184,0 6.3 28,840 Hr, 3130 Tr. 1978 146.0 8.3 27,9



City of Kenosha
Solid Waste Study and Collection Route Design

Kenosha, Wisconsin

1111111111

This report by Henningson, Durham
& Richardson provides the City of
Kenosha with recommendations for
balanced refuse collection routes
workable within the prevailing socio-
economic and political framework.
The new routes provide a tool to
guide management in monitoring the
operation and to aid in future updat-
ing and adjusting of the collection
system. The study area covers nearly
14 square miles with a population of
nearly 80,000 people.

TABLE II-I

SUMMARY OF COLLECTION ROUTE SURVEY

" 62 '6 ,.. 0.75 '00
"

"0 8:30"""- 9-ZO-11

,. ,. ,. '40 0.71 309 aa 79 " 8:30_DAY 9-21-71

6 60 '6 aea 096 ,.. 39 76 .. '0 "0 8:30"ON_ 9-2,1·71

es ,. '" o.n 290 " 32 .2 " ,. "0 8!3OTUESDAY 9-21-71

es ,. '06 0." 32 .. " 8:30TUESDAY 9-21-71 '2

TUESDAY9-2'·7'" re 32 0.66 '0' 73(21 40 ,.
"0 8:30

., '0 ,., 0." ,.. -e '0 >0 22 "0 8'30 During the survey-of existing collec-TUESDAY 9-28-71 '.
tion systems, various trucks were

210 0.1> 36' '0 24 " "0 8:30

followed throughout their daily
WEDNESDAY 9-22-71 " 20

rou-280 10 39 .2 34 " >00 a:3OWEDNESDAY 9-22-11 . ., ,. eee 1.03

tines and notes made des crib-". '" " 2. .. " "0 8:30 wereWEONESDAyg..zg·11
"

,. "'.
'" 0.80 2" >7 ., ., ,. >00 8:30 ing the routes as to number ofWEDNESDAY 9-zg-11 1 ..

dwelling units, collection time, driv-
THURSDAY 9-23-7'''· I 20 '" 0.73 ,.. '20 " .0 " >00 8:30

i~g time and non-collection time.
as

aa 92121
., >00 8:30THURSDAY9-23-11·· 1 IS '" O.60~ 2>0 se

AVERAGES 23. 0.82 2'2 sa " • 0 ,. "
H01£

INCLUDes TIME TO AND FROM THE LANDFILL, FROM THE BARN AND THE ROUTES("
(21 EXCESSIVE TIMES DU~ TO EQUIPMENT BREAI( DOWN.

WEDNESOAY ROUTE
... FRIDAY ROUTE



A computer model simulated condi-
tions to obtain balanced collection
routes. The subsequent printout
provides managment personnel with
data to aid in monitoring and modify-
ing collection routes. A second print-
out is provided for each crew
describing their specific route. A
total of 34 combinations of input
variables were run on the simula-
tion program.

SAMPLE IIMANAGEMENTII PRINTOUT

H.D.R. C U L L E C T I 0 N - 5 J M U L A T ION FOR

KEN<;llHA SOL ID WASTE SYSTEM Bli 0172

ROUTE 5CHEDULF AND CORRESPOND r N(, DATA

TRUCK ROUTE COLLECTION UNITS REFUSE L.P. MIN/DAY
DAY NO SIZE FROM THRU DWELL COM" EQUIV LB/DAY TQIP ROAD TOTAL

2 11 If. 603 61? 146 c; 172 7470 0 16 1162
? 12 16 613 6?R 130 " 1M 6'130 I SO 377
2 13 16 62'1 640 14H n 170 61>hO 0 IS 354
2 14 16 641 1>')7 14f. -; 181 7470 0 IS 377
2 1<; 16 651' 1>7f, \Q/l ? IMi ~?70 I 51> 391
3 I 20 677 6'10 Ih9 f) 1('9 7"05 I 50 388
3 2 20 6'11 70A 1'10 I IIl4 tI?RO 0 16 384
3 3 ,>0 70'1 7;>:>. 1,>4 4? 1<;7 72<10 1 SO J67
3 4 ?O 724 740 171 f) 189 79hC; 0 16 397
3 5 20 741 7SA 3/4 143 .. 1'12 7><52 0 17 40J
3 h 10 75A 1/4 770 If,S n 166 7447 I 49 184

7 ,>0 • 71 (J .., 1'·

RECOMMENDED ORGANIZATIONAL STRUCTURE

DIRECTOR
OF

PUBLIC WORKS

WASTE
SUPERINTENDENT

I FOREMAN IFOREMAN I

DRIVERS

AND
COLLECTORS

1/3 OF CREWS

DRIVERS

AND
COLLECTORS

1/3 OF CREWS

ENGINEERING

DIVISION

Recommendations of the report
included adoption of a new organiza-
tional structure; replacement of all
trucks more than five years old and
refueling and servicing of trucks by
someone other than drivers and col-
lectors; improvement of access roads
to dumping areas within landfill
sites, and adoption of new commer-
cial and domestic collection routes.

I FOREMAN I

DRIVERS

AND
COLLECTORS

1/3 OF CREWS



Regional Solid Waste Disposal Study
Central Piedmont Regional Council of Local Governments

Charlotte, North Carolina

This preliminary report was prepared
by Henningson, Durham & Richardson
for the Central Piedmont Regional
Council of Local Governments for the
purpose of identifying solid waste
practices, systems and needs in the
eight-county area. The study area is
a major trade and industrial center
and is the center of the much larger
Piedmont Crescent which extends
from Southern Virginia through
North and South Carolina into North-
west Georgia. Population of the area
is nearly 1,000,000 and is projected
to increase to 1,500,000 by 1990.
Phase I of this study identified the
solid waste systems and problems;
Phase II will evaluate and develop
specific solutions for these problems.

Four specific areas of investigation Cornrnercial Local Private

are included in the Phase I prelimin- and Industrial Governments Haulers
County No. Sent Replies No. Sent Replies No. Sent Replies

ary report: quantity of distribution
of solid waste in the study area; exist- Cabarrus 27 8 4 3 9 5
ing collection and disposal systems; Catawba 97 37 11 7 3 2
potential of solid waste collection
and disposal concepts and criteria, Cleveland 51 26 8 5 2
and identification of legal constraints. Gaston 124 36 13 9 47 21
The four areas of study were sub-
divided into 52 separate tasks which Iredell 36 21 6 4 3 2

were then scheduled by the crit- Lincoln 19 14 2 2 2 2
ical path method and completed
accordingly. Mecklenbur g * * * * 36 13

Rowan 97 49 10 9 8 5

Union 26 19 4 4 4 3

=Mecklenbur g County was omitted from the cornrnercial-industrial

and local governments mailing because of an extensive detailed

solid waste study currently in progress in the Charlotte-Mecklen-

burg County area.



TABLE tn-t
\ .,

SOLID WASTE PROJECTIONS - CENTRAL PIEDMONT AREA

1971 1973 ~ .rzzz, ~' ~
Cabarrus County

Population 77,832 80,05,4 82,276 84,498 86,720 88.675
CY/Year 254,299 261,288 268,540 275,793 283,720 289,426
Tons /Year 148,000 152,000 156,000 160,000 164,0(}0, 168.000

Catawba County
Population 91,061 94,5,84 98,108 101,632 105,156" 108,480
CY/Year 297,213 308,712 320,214 331,716 343,2U3 354,067
Tons/Year 168,000 179,000 186,000 193,000 199,0"000 206,000

A set of factors relative to popula- Cleveland County
: 79,872tion was developed for predicting Population 74,166 76,068 77,970 8~:,774 83,411

CY/Year 242,070 248,278 254,486 260,694 266,902 272,245
domestic. commercial. industrial. Tons/Year 140,000 144,000 148,000 151,000 1.5,5,000 158,000
municipal and total solid waste gen- Gaston County
eration in a given area. These factors ...

Population 151,800 160,155 168,489 176,823 Hl5,157 193,795
may also be used with employ- CY/Year 495,528 522,729 549,931 577,132 60'4; 333 632,527
ment data when such informa- Tons /Year 288,000 304,000 320,000 345,000 3~~, 000 358,000

tion is available. Iredell County
Population 71,625 72,679 73,733 74,787 75,84,1: 76,580
CY/Year 233,776 237,216 240,657 244,097 247,537 249,949
Tons/Year 136,000 138,000 140, 000 142,000 144,000' 145,000

Lincoln County
'39,401Population 32,790 34,148 35,506 36,864 38, nt'

CY/Year 107,023 111,455 115,888 120,320 124,','/)5%128,600
Tons /Year 62,000 65,000 67,000 70,000 72, 000 75,000

Mecklenburg County
Population 366,236 385,096 403,956 422,816 441,;676 461,002-.1" 'Year 1, 195. 3~" , ~80, 029 1,441,586 15('1,1 " .

Eight of the nine Central Piedmont
counties have adopted some level of
solid waste management regulations.
Union County. at the time of this
report. was considering a model
regulation proposed by the State
Board of Health.

TABLE V-I

STATes OF COl-);"TY SOUD WASTE REGuLATIOX5

C'olle ct icn
Hao Limits Requires Li....e nae s Rc-gu- Regu-

Adopted Stc r auc and at Least Private Issues latcs lates
Rt:;.;ulation Rcnu l at ion s Weeki V lIaulers E.!...!.!!..t.:hisc ~ Eouip.

Cabarrus Yf:.S Yee Yes Yes Yea Ye, Yes

Catawba Ye s Yes Yes Yes Ye s Ye s Ye,

Cleveland Yes Yes Yes Yes Yo, Yes Yes

Gaston Yes Yes :\0 Yes ;\:0 :-':0 Yea

Iredell Yes Yes Yc s Yeo Ye s Ye e Yee
Lincoln Yes :-'<0 ~o No No No No
Mecklenburg Ye s y" :-':0 Ye a No No Yee
Rowan Yes Yes "0 Ye a No No No
Union ~o !'\o No No No No AO

~'By reference 10 State Board of Health Criteria

Requi res

Site Opcrationa:
~ 'Control

"
Yes'~" Ye s

Yes' y"

Yes:!i : Ye a

Y(:s .. Yee

Yes';' Ye e

Operated by County

No j"l. Ye,

Ye s

No ". ;-':0
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(SEE PAGE II- II FOR DISCUSSION I

Materials were sorted by material
classification and potential disposal
process. Each load was examined by
computer to determine if it could
be accepted by the process.

Solid Waste Management Study
City of Charlotte and Mecklenburg County,

North Carolina
,
•

o
o

Hennmgson, Durham & Richardson
conducted an urban system engineer-
ing analysis ofpresent and future solid
waste management systems in Meck-
lenburg County. N.C•. a metropolitan
area encompassing the City of Char-
lotte. The study investigated alterna-
tive collection. transportation and dis-
posal economics. operations and
mangements. Modern computer tech-
niques were used where possible.
Population in the study area is
expected to increase from 347.000
in 1970to 791.000in 1995. The report
recommends consolidation of collec-
tion and disposal systems into one
common area-wide system.

• .,."""u,u_".,n,,,,,,,U"'
•• ", .. ",," '". ,. ...... L c"_•• ,,,"~ .. ,,"-,
..,,, ,,,,,.• ,,"'""""'\"' ''''·''''00



In this study, the multiple regression
analysis technique was used to
determine the mathematical relation-
ships between solid waste quantities
(response) and influencing variables
(population, land use and employ-
ment). The equations developed were
used to calculate future solid waste
generation for each origin-des-
tination zone.

RESPOptSE vs VARIABLES
IY) I Xi}

REGRESSION ANALYSIS EQUATIONS

MULTIPLE
CORRELATIONT-STATISlIC

STANDARD STANDARD
DEVIATION ERROR

(6)T0141.. (39) TOTAL EMPLOYMENT, (XI'
SOLID WASTE

U81 TOTAL POPULATION, (XII

1411 RETAIL EMPLOYEES. IXI)

(2. )OOMESTIC '!l3l TOTAL DWELLING UNITS, IXI)
WASTE BY
HAULER
TYPES

1511 SINGLE FAMILY
DWELLING UNITS,

(39) TOTAL EMPLOYMENT, tXt)

(1)IOO'"'ESTIC (53) TOTALOWELL.ING UNITS,txd
WASTE BY
CITY REFUSE
TRUCK 1391 TOTAL EMPLOYMENT, txtl

(5t) SINGLE FAMILY

DWELLING UNITS, (XII

UNIT OPERATING COSTS FOR EXISTING
METHODS OF SOLID WASTE DISPOSAL

(,2) EQUATION

IXII

Method

12.9

11.9

'.6

77.2 51.8 .,., '" V. '.96'02 + .Q41903{XI) +
.Ol2497 (XI) + .045254 IX.)

r---.-r------------T-----T----r---T----:---~~----------~
.,. I .679

I

Cost Per Ton
(Inc.ludirig

Amortization of
Capital Costs)

1.

2.

Sanitary Landfill

I
I 5.

6.
Baling - Landfill

Composting - Recycle (No Market or Sale
of Compost)

$1. 50 to $3.00

3.

Incineration - Landfill Noncombustibles and $8.50 to $10.00
Residue. (No Stearn or Electricity Resale)

Pulverize - Recycle - Incinerate - Landfill $6.00 to $10.00
(Cost depends on the r.ia r ket for recycle
Material

4. Shredding - Landfill (Possible Recycle) $5.00 to $7.00

$3.00 to $7.00

, $7.00 to $9.00

6.'

6.'

'.7

7..
6.0

4.0 ..

23.4 12B

21.0 11.9

B •• .70' y I -1.37257 + .OZU511 IX I) +
0.0438021)(.) + ,0048424()(11

Y 1_ 3.80852 + 033695 IX I) +
.0047267IX.I+ .025291 (X,I

Continuation of disposal by sanitary
landfill was recommended for the
study area. Major methods of disposal
were considered on the basis of
social, economic and political factors.



Regional Solid
Waste Utilization
Feasibility Study
Southeastern Virginia Planning
District Commission

A study of solid waste utilization for
the Tidewater area of Virginia was
completed by Henningson, Durham &
Richardson. The study area encom-
passed approximately 2,130 square
miles with a population in excess of
769,000. Included in the study area
were the cities of Norfolk, Virginia
Beach, Portsmouth, Chesapeake,
Suffolk and Franklin, and the counties
of Isle of Wight and Southampton.

11111111111111111111
WEST

SOUTHEAST VIRGINIA PLAN~ING DISTRICT COMMISSION SUMMoRY REPORT

TOTAL TRANSFER STATION USAGE
OPERA TING COS T
FIXED COST
H1HL COST

TOTAL PROCESSING STATION USAGE
OPERA TTNG COST
FIXED COST
TOTAL COST

3375.2 TONS PER WEEK
19400.97 DOLLARS PER W,EK

390R.OO DOLLARS PER WEEK
23308.97 DOLLARS PER WEEK

96R1.6 TONS PER WEEK
64142.R3 DOLLARS PER WEEK
18288.00 DOLLARS PER WEEK
A2430.83 DOLLARS PER WEEK

TOTAL LANQFILL USAGE
OPERATI"G COST
FIXED COST

1452.6 TONS PER WeEK
5157.07 DOLLARS PEP WEEK
17BR.OO DOLLARS PER WEEK

TOTAL COST ~945.07 DOLLARS PER WEEK

TOTAL FUEL MARKET USAGf
OPERA TT NG COST
FIXED CIlST
REVE"IUE

7253.7 TO"lS PEP WEEK
10112.11 DDLLARS PER WEEK

6S80.no DOLLARS PER WEEK
65283.46 DOLLARS PE~ WEEK

TOTAL COST -49591.35 DOLLARS PER WEEK

TOTAL METAL MARKET USAGE'
REVENUE
TOTAL COST

978.0 TO"lS PER WEEK
19560.92 DOLLARS PER WEEK

-19560.92 DOLL.RS PER WEEK

TOTAL OPERA TJ NG COST 9AA12.9~ DDLLAPS PER WEFK
TnTAL FTXED COST 30564.00 r)OLLARS PEP WEEK
TOTAL REVE"JUE P4R"-4.38 r)OLLAPS PER WEEK

SYSTEM COST '.4532.~O DOLLAPS PER WEEK
SYSTEM COST 4.60 DOLLARS PER TO"l

A systems approach was used to
determine optimum solutions to the
solid waste disposal problems of the
Tidewater area. Solutions were deter-
mined for each of the eight political
jurisdictions within the Southeastern
Virginia Planning District, as well as
solutions for various combinations of
jurisdictions and regional solutions for
the entire planning district.



o 2 3 4 5 6 789
DUMPING FEE $/TON

10 II 12

For each solution desired, input to the
computer consisted of solid waste
generation rates, population, employ-
ment, a transportation network,
potential facility locations and sizes,
costs associated with facilities and
haul costs. Facilities considered in the
solutions were sanitary landfills,
transfer stations, ·processing plants to
recover metals and shredded solid fuel
pyrolysis plants to produce a fuel gas,
and fuel markets to use solid or
gaseous fuels. Using the minimization
of solid waste haul and disposal costs
as a criteria, the computer model
determined where the solid waste from
each waste generation district should
be hauled and the method of disposal.

Dumping Fee vs.
Fuel Credit



Solid Waste Management Plan
Tri-County Council of Southern Maryland

Henningson, Durham & Richardson
prepared this report for the Tri-
County Council of Southern Mary-
land which summarizes separate
solid waste management plans for
a three-county area. The report iden-
tifies areas in which the Tri-County
Council can assist the counties in
their solid waste management pro-
grams. Population of the study area,
which contains 1,044 square miles,
is more than 115,000 and is expected
to increase to nearly 200,000 by 1985.
The purpose of this study is to ensure
adequate long-range planning to
develop a comprehensive, economi-
cal, practicable and flexible solid
waste management program.
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CALVERT co. CHARLES CO, ST. MARY'S CO.

OTHER, INDUSTRIA L, GOVERNMENT

COMMERCIAL AMOUNT OF" SOLID WASTE

1972 VS. 1985
HOUSEHOLD

'0

The study estimates the three coun-
ties will generate 226,000 tons of
refuse from 1974 to 1985. Accurate
data on quantities of solid wastes
could not be obtained because of the
extensive use of promiscuous and
private dumps. Therefore, data com-
piled by HDR for another area, was
adjusted to local conditions.



The study notes that selection of the
appropriate solid waste disposal
method will depend on circum-
stances in the area at the time in
question. Although Incmeranon,
compacting and recycling were
considered, the report finds that
landfills continue to be the most
economical method for the area.
Only in very large metropolitan areas
where land and haul costs become
excessive do other methods of dis-
posal become potentially comparative.

The report recommends closing six
county dumps and opening two new
sanitary landfills. Other recommen-
dations include: using the "Green Box
System" for rural residents who are
more than five miles from a landfill;
proposal of new county ordinances
to control the collection and disposal
of refuse and to decrease the number
of abandoned autos littering the coun-
tryside; encouragement of counties
to allow their disposal areas to be
used on a regional basis; coordination
of anti-litter program publicity, and
assisting the three counties in updat-
ing their solid waste plans after two
or three years.

Typical Dispos al Pos sibilities

Material Classification
0/0 of Total Weight Arriving at

Landfill Site

Material which can be incinerated

Material which can be composted

Material which can be pulverized or shredded

Material to be considered redoverable for
recycle

71

63

75

30 +

1. Assumptions: 12 year life 1974 - 1985
Depth of Compacted Refuse = 10'

COSTS FOR A TRI-COUNTY REGIONAL LANDFILL

Land Required

From Calvert County
From Charles County
From St. Mary's County

32
137
79

Z48
~

273
Adding 100/0

2. Capital Investment New Cost

a. Land 273 ac , @ 1,000 273,000
b. Initial clearing & grading 27,000
c. Access road gravel 1/4mi 8,000
d. Interior roads, gravel 3 rni 96,000
e. Scale hous e and office 30,000
f. Scales 35,000
g. Equipment shed 20,000
h. Landscaping 1,000
i. Water well and piping 10,000
j. Yard light and electrical 7,000
k. Perimeter fence 13, 000 ft.

@2. 50 32,500

Avg. Work Load

67 tons /day
283
166

516

Annual Cost
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PROJECT DESCRIPTIONS

Industrial Wastewater Management

DESIGN OF A WASTEWATER MANAGEMENT SYSTEM
Behlen Manufacturing Company

MRI characterized the c lient's wastewater streams and developed plans
for a reliable treatment system including reduction of treatment chemicals and the ini-
tiation of a water conservation program. Phase II of this program is ongoing and involves
specific changes in plant operation and equipment as well as needed modifications of the
treatment system.

PRELIMINARY ASSESSMENT OF AIR AND WATER POLLUTION COMPLIANCE
REQUIREMENTS
Industrial Client

From estimated emissions at several manufacturing plants and with the
knowledge of applicable current and anticipated federal, state and local regulations,
pollution problems were identified and priorities for remedial actions were recommended
for each plant.

CHARACTERIZATION OF WASTE FLOWS FOR PREPARATION OF WASTEWATER
MANAGEMENT PLAN
Seitz Food, Inc.

MRI characterized the c lient's wastewater streams and analyzed options
for pretreatment and water conservation. A plan was formulated which will be implemented
when schedules for construction of a municipal treatment plant are finalized, and firm
user fees are set.

DEMONSTRATION OF A WASTE TREATMENT SYSTEM FOR CONFINED HOG-
RAISING OPERATIONS
Environmehtal Protectipn Agency

This program involved the design, construction, operation and evaluation
of a waste treatment facility for handling solid and liquid wastes from 1,000 hogs, for
achieving complete biological stabilization of these wastes, and discharging no liquid
effluents. This program was undertaken cooperatively between MRI and a swine producer
in Northwestern Missouri.

9





USE OF ODOR SUPPRESSANT IN MUNICIPAL SEWERS
Industrial Client

This program consisted of laboratory investigations and field evaluation
of the use of a common organic chemical as an odor suppressant in sewer lines. The
agent prevented anaerobic degradation of raw sewage in the sewer, resulting in the
elimination of odor and the retention of dissolved oxygen in the sewage.

WASTEWATER MANAGEMENT IN A COMMERCIAL CAKE BAKERY
Industrial Client

Bakery operations were analyzed, wastewater streams were characterized,
and bench sec Ie studies were conducted of a process to reduce grease and suspended
solids loadings. Collected data were employed in evaluations of several wastewater
management options, with emphasis on cost and long-term acceptability.

REFINERY WASTEWATER MANAGEMENT
Industrial Client

Parameters were defined for providing suitable wastewater feed to the
refinery's secondary treatment system. Gentle aeration of refinery wastewater removed
emulsified oil and provided oxygen to oxidize sulfide, and thus effected a large reduc-
tion of BOD and toxic materials in the feed to the oxidation lagoon.

ASSESSMENT OF BLUE RIVER POLLUTION
Industrial Client

MRI provided an evaluation of Blue River pollution to determine the
overall effect of the client's operation on the quality of river water.

SURVEY OF WASTES FROM BREWING OPERATIONS
Industrial Client

A study was made of the wastes from a brewing operation in relation to
a city ordinance which regulates discharge of commercial and industrial wastes into the
city sewer system. Removal of suspended solids, reduction in water consumption, and
recirculation of cooling water were recommended as a means of reducing sewage surcharges.

10





Systems and Economic Analyses

THE ECONOMIC IMPACTS OF THE LITTLE BLUE RIVER SEWER PROJECT ON THE
LITTLE BLUE RIVER BASIN
Jackson County, Missouri, Highway and Sewer Department

An analysis of existing economic trends in the project area in association
with current land use patterns was performed to predict economic changes that would
occur as a resu It of the improvements constructed by the sewer d istri ct.

THE POLLUTION POTENTIAL OF THE CONFINED LIVESTOCK FEEDING INDUSTRY
Environmental Protection Agency

It was concluded that the pollution potential of feedlots could best be
controlled by directing animal waste management practices toward returning the wastes
to the land, with essentially no runoff reaching natural waterways. Acceptable manage-
ment practices, compatible with the industry's economic structure and effective in eli-
minating known pollution hazards, were identified.

WATER RESOURCES IN COLORADO
State of Co lorado

This study, a part of an integrated plan for developing and conserving
water resources in Colorado, was used as a basis for policy formulation.

THE ECONOMIC EFFECTS OF THE PLATTE RIVER PROJECT
Chambers of Commerce of Omaha and Lincoln, Nebraska

Specific methods were developed for quantifying the water project en-
hancement benefits in the Platte River study area. The model projected the effect of
river improvements on employment, population, personal income and tax revenue.

MARKET OPPORTUNITIES FOR A NEW WASTEWATER TREATMENT SYSTEM
Industrial Client

The market potential was investigated for a new approach to treating
biodegradable industrial wastewaters. The significant characteristics' of process waste-
waters from major manufacturing industries were identified; present treatment practices
were investigated; projections of future requirements for industrial wastewater treatment
faci lities were made; and a marketing strategy for the new system was proposed.

II





ECONOMIC IMPACT OF CHANNEL IMPROVEMENT ON THE IOWA SEGMENT OF
THE MISSOURI RIVER '
State Development Commission of Iowa

MRI assessed the probable economic effects of the opening of a 9 ft.
navigation channel on the Missouri River in the 18 western counties of Iowa.

COMPARISON OF SYSTEMS FOR TREATMENT OF INDUSTRIAL WASTEWATER
Industrial Client

An engineering evaluation of a commercial water rectification system
was made, to determine whether the system could be used for separating solids or liquids
from liquids, and whether it cou Id be adapted for chemical and biological treatment
of wastes. '

OPPORTUNITIES IN POLLUTION CONTROL AND WASTE DISPOSAL
Industrial Client

A state-of-the-art survey was conducted to determine whether the spon-
sor should enter the pollution control field. Both well-established and experimental
control equipment and processes were surveyed.

A STUDY OF HAZARDOUS WASTE GENERATION, TREATMENT, AND DISPOSAL
IN THE METALS MINING INDUSTRY
Environmental Protection Agency

This current program is to determine the nature and quantities of hazar-
dous wastes generated by metal mining industries (copper, lead, zinc, mercury, uranium,
radium, vanadium and other metal ores), how these wastes are presently treated and
disposal of, the state of the art of treatment and disposal technology which is or could
be used to reduce the disposal hazards, and the costs to industry of implementing ade-
quate control practices.

App Iied Research and Deve lopment

DEVELOPMENT OF TECHNIQUES FOR ESTIMATING THE BACTERIAL POPULATION
OF SEWAGE SLUDGES
Environmental Protection Agency

This program involved the study of obligate anaerobic bacteria in sewage
sludges to determine their role and mechanism in anaerobic decomposition of sludges.

12





o.XYGENATION OF AQUEOUS BODIES USING LIQUID OXYGEN
Environmental Protection Agency

This experimental program was designed to determine the feasibility of
using liquid oxygen as a source of oxygen for polluted waters.

AN INVESTIGATION OF LIGHT-CATALYZED CHLORINE OXIDATION FOR
TREATMENT OF WASTEWATER
Environmental Protection Agency

MRI has shown that the oxidation of organic materials by chlorine in
aqueous medium can be accelerated in the presence of ultraviolet light. The cost of
treating wastewater using this technique has been estimated at approximately 12<;:/1,000·
gal.

STUDIES ON TASTES AND ODORS
Kansas City, Missouri, Water Department

Procedures were developed for rapid determination of organic materials
in raw water which produce taste and odor problems in finished water.

EVALUATION OF DEVICES, METHODS AND MATERIALS FOR THE COLLECTION
AND IDENTIFICATION OF CHEMICAL MATERIALS IN AQUEOUS SYSTEMS
Department of Defense

This program involved the development of sensitive and/or sophisticated
techniques, e.g., mass spectrometry and spot-test analysis, for the detection of trace
levels of organic compounds.

ALUMINA-LIME-SODA SOFTENING PROCESS FOR REMOVING CALCIUM SUL-
FATE FROM BRACKISH WATER
Office of Saline Water

The alumina-lime-soda process principles were developed at MRI as a
means of removing calcium su Ifate from brackish waters prior to desalination. The study
was undertaken to define the process and to assess economics in relation to conventional
lime-soda ash softening.

13





DESALINATION OF WATER BY EXTRACTION UNDER PRESSURE
Office of Saline Water

MRI determined the effect of increasing system pressures on the solubi lity
of water in various organic solvents, and determined which solvents would exhibit the
optimum water transport in this type of desalination process.

SAMPLING AND ANALYSIS OF SELECTED TOXIC SUBSTANCES
Envi ronmenta I Protection Agency

MRI is providing routine as well as high priority sampling and analysis
capabi Iities to determine the levels of toxic substances in the air, water, soi Is or tis-
sues at designated source and ambient locations throughout the U.S. Additionally, a
composite protacol is being developed for selecting sites, conducting the field sampling
and analysis, and evaluating and reporting information.

ANALYSIS OF LIQUID INDUSTRIAL WASTES, STREAM SAMPLES AND SEDIMENT
SAMPLE EXTRACTS FOR TRACE METALS
Environmental Protection Agency

Diverse samples are analyzed for the following metals: Sb, As, Bi,
Cd, Co, Cu, Fe, Pb, Mn, Ni, Se, Ag, Sn, and Zn. Metals are preconcentrated by
solvent extraction and determined by atomic absorption spectroscopy.

Modeling and Projection

WATER QUALITY STUDY OF THE ST. LOUIS RIVER BASIN
Environmental Protection Agency

The Columbia River Model was adapted to the St. Louis River from
Brookston to Lake Superior, and verified at two flow conditions. Industrial and muni-
cipa~ sources of pollutants were identified and quantified; reduced loads, corresponding to
future effluent standards specified by EPA, were defined. Water quality for the two
possible future conditions was calculated by use of the St. Louis River Model.
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POLLUTION MODELING STUDY, NEARMAN CREEK POWER PLANT
Kansas City, Kansas, Board of Public Utilities

The environmental impacts of the Nearman Creek Power Plant, proposed
for construction near Kansas City, Kansas, on the Missouri River, are being assessed.
A three-dimensional predictive model has been developed for prediction of thermal
effects. Air quality predictions will be calculated with a multi-source air quality
dispersion model for stack elevations of 300, 400 and 500 feet.

DISPERSiON OF ORGANIC CONTAMINANTS IN STREAMS
Department of Defense

In this program, field exercises were performed to measure the dispersion
and dilution of slug-injected organic contaminants. A mathematical model which pre-
dicts the shape and magnitude of the concentration-time curve at any point downstream
from the contamination introduction point was developed and verified.

SYSTEMS PROGRAMS FOR THE ANALYSIS OF NONURBAN, NONPOINT SOURCE
POLLUTANTS IN THE MISSOURI RIVER BASIN
Envi ronmenta I Protection Agency

This program is aimed at preparing system models which relate physical
and economic parameters with water qual ity of rivers in the Missouri River Basin. These
models can be used for long-range planning activities for improving water quality in
the basin.

Nonpoint Pollution Assessment and Control

PROCESSES, PROCEDURES AND METHODS TO CONTROL POLLUTION RESULTING
FROM SI LVICULTURAL ACTIVITIES
Environmental Protection Agency

The technical and economic practicability of various methods of control-
ling water pollution from commercial timber operations on forest land in the continental
U.S. were evaluated. The nature of these nonpoint pollution sources preclude the use
of conventional treatment, therefore, criteria for preventive management systems were
deve loped and presented.

15





METHODS FOR IDENTIFYING AND EVALUATING THE NATURE AND EXTENT OF
NONPOINT SOURCES OF POLLUTANTS
Envi ronmental Protection Agency

Methods for identifying and evaluating water pollution from nonpoint
sources, including agricultural, silvicultural, mining and construction activities, were
determined and evaluated for use in water quality planning.

STUDY TO CONDUCT A NATIONAL ASSESSMENT OF WATER POLLUTION FROM
NONPOINT SOURCES
Environmental Protection Agency

This current program involves an extensive information search, analysis
and synthesis of existing data; development, evaluation, and validation of nonpoint
pollution loading functions; and development of a national assessment of water pollu-
tion from nonpoint sources.

A MANUAL OF PRACTICAL METHODS TO ESTABLISH VEGETATION ON STERILE
SOILS
Envi ronmental Protection Agency

MRI is developing a technical reference manual containing information on
practical and economic methods for quickly reestablishing protective vegetative covering
on sterile soils and soil with low inherent fertility, in order to prevent or minimize ero-
sion and runoff from construction sites. The manual is intended for use by federal, state
and local agencies.

USE OF WASTE SULFATE FOR REMEDIAL TREATMENT OF SOILS
Federal Highway Administration

MRI is determining the suitability of waste sulfate-lime mixtures as soil
stabilization agents, and the effects of waste sulfate on the engineering properties of soils.

16
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Robert E. Hogan, P.E.
Vice President

Education:

Bachelor of Science in Civil Engineering, Texas
Technological College. Lubbock, Texas.
Texas Military College. Terrell, Texas

Registration:

Professional Engineer - Texas, Oklahoma,
Arkansas, Louisiana, Mississippi.

Experience
1967 to Present

Henningson, Durham & Richardson, Dallas, Texas,
Vice President and Member of the Board of
Directors. In complete charge of the Dallas and
Texarkansas Offices. Responsible for business
development, coordination, design and construct-
ion management of engineering, architectural and
planning projects throughout the Southwest.
Projects include:

Waterworks: 20 mgd water treatment plant and
65-mile treated water pipeline system, including
pumping stations, elevated and ground storage
tanks and appurtenances for Lake Texarkana
Water Supply Corporation, $6,000.000: 2 million
gallon elevated storage tank for City of
Texarkana: system network studies for the Cities
of Garland, Terrell, Texarkana. Lufkin. and
Lewisville. Texas.
Sewerage: 14 mgd water pollution control plant
and sanitary sewer mains for Alexandria.
Louisiana, $8.500.000: 7 mgd water pollution
control plant and sanitary sewer mains up to 42
inches in diameter. $6.000.000 for City of Lufkin.
Texas: 6 mgd advanced wastewater treatment
plant and sanitary sewer mains for City of
Lewisville, Texas.

Membership:
Past President of the Consulting Engineers Council
of Texas
Served on Nominating Committee of the Consulting
Engineers Council of the United States
Chairman of the 1973 Fall Meeting of the
American Consulting Engineers Council
Texas Society of Professional Engineers
National Society of Professional Engineers

Paving: Big Town Boulevard. 3-mile divided
thoroughfare. $1.300.000 Dallas County. Texas:
numerous paving projects for the Cities of Dallas.
Lewisville. McKinney. Terrell. and Commerce.Texas.
Drainage: Numerous storm sewer projects for the
City of Dallas. Texas. including concrete lined
channels. multiple box culverts. and storm sewers
up to 96 inches in diameter.
Bridges: Polk Street Interchange. $450.000. which
included multiple bridge spans up to 60 feet with
traffic control ramps and intersection loops for
grade separations. for the City of Dallas. Texas.
Solid Waste: Systems Analysis Study for 11-county
region of the North Central Texas Council of
Governments: collection system. transfer station
and landfill disposal sites for City of Garland.
Texas.
Architectural: Civic complex for City of Canyon.
Texas: elementary school at Midlothian. Texas.

Electrical: New electrical supply and distribution
system for City of Marble Falls. Texas.
Dams: New dam and reservoir for Sebastian Lake
Estates near Fort Smith. Arkansas.
Comprehensive Master Plans: Cities of Lewisville.
McKinney, Commerce. Athens. Sulphur Springs.
and Arkansas Pass, Texas.
Urban Renewal: 200-acre project for Alamogordo.
New Mexico.
Code Enforcement: 600-acre project for City of
Dallas. Texas.
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1960 to 1967

Henningson, Durham & Richardson, Dallas, Texas.
Manager of Dallas Office. In complete charge of
the design of waterworks, sewerage, paving and
grading, drainage, bridges, airports. dams and
spillways, subdivisions, architectural projects,
and master planning in the Southwest.

1959 to 1960

Self employed. Own consulting firm, in association
with J. G. Threadgill and Associates, Dallas,
Texas.

1952 to 1959

Forrest & Cotton, Consulting Engineers, Dallas,
Texas. Responsible for design and construction
management on numerous waterworks, sewerage,
paving and drainage projects throughout Texas.

1951 to 1952

U.S. Air Force. Korean War duty with Air
Installations Squadron.

1950 to 1951

Employed with the City of Dallas, Texas,
Department of Public Works, on design of storm
sewers and paving projects.



c. Frank Rasor, P.E.
Vice President

Education:
Bachelor of Science in Petroleum Geology, Texas Tech-
nological University, Lubbock, Texas, 1957.

Registration:
Professional Engineer: Texas, Arkansas, Louisiana, New
Mexico.

General:
Mr. Rasor has extensive experience in project management and coordination related to a broad range of projects
in design, budgeting and scheduling. He has been engaged primarily in waterworks and sanitary sewerage sys-
tem planning and facility design, paving and drainage design, subdivisions and other related planning and
design management activities. As Vice President and Chief Engineer, he is responsible for the overall super-
vision and coordination of design teams composed of architects and engineers of all disciplines.

Experience:
1974 to Present

Henningson, Durham & Richardson. Vice President and
Chief Engineer in charge of overall management and
coordination of the planning, design, and construction
of engineering and architectural projects.

1972 to 1974
Henningson, Durham & Richardson. Assistant Vice
President and Chief Engineer in charge of management
and coordination of engineering and construction of
engineering projects.

1964 to 1968
Henningson, Durham & Richardson. Engaged in plan-
ning and design of municipal waterworks and sanitary
sewerage systems, preparation of general development
plans, preliminary engineering reports and feasibility
studies, coordination and general review of the con-
struction of water and sewerage system facilities.

1961 to 1964
Henningson, Durham & Richardson. Engaged in field
surveys, resident inspection of sewage treatment
plants, outfall sewers, street paving, water transmis-
sion and distribution mains, map drafting, and prepar-
ing plans for construction of bridges, water systems,
sanitary sewerage systems, sewage treatment plants,
pumping stations and other related projects.

Development Studies:
Great Western Investment Corporation, Belton, Texas.
Water Supply and Street and Drainage Improve-
ments study.

Memberships:
Texas Society of Professional Engineers
National Society of Professional Engineers
Consulting Engineers Council of Texas

Southern Hills Service Corporation, Caddo Parrish,
Louisiana. Waterworks and Sewerage System Feasibil-
ity Study.

Shreveport Suburban Utilities Corporation, Caddo
Parrish, Louisiana. Study of projected revenues, pro-
posed improvements to existing systems, and future
improvements.

City of Commerce, Texas. Water Supply Study.

City of Commerce, Texas, Transmission and Water Dis-
tribution System Report.

City of Terrell, Texas. Water Distribution Study.

City of Robinson, Texas. Sanitary Sewerage System
Report.

City of Commerce, Texas. Sanitary Sewerage Systems
Report.

City of Aransas Pass, Texas. Waterworks and Sanitary
Sewer Systems Report.

City of Texarkana, Texas. Arkansas Waterworks and
Sanitary Sewerage Systems Report.

Cities of Northcrest, McKinney, Italy and Newton,
Texas. Water and Sanitary Sewer System Studies.

City of Garland, Texas, Water Distribution Sys-
tem Study.

City of Lewisville, Texas. Water, Sanitary Sewer,
Street Paving and Drainage Study.

City of Lufkin, Texas. Sanitary Sewerage System Study.

Cities of Midlothian and Ovilla, Texas. Regional Water-
works System Study.

(CONTINUED)



Design:
Shreveport Suburban Utilities Corporation, Shreve-
port, Louisiana. Additions to Waterworks and Sanitary
Sewerage Systems.

City of Aransas Pass, Texas. Repair, Repainting and
Modifications of the Existing 500,000-Gallon Elevated
Storage Tank.

City of Midlothian, Texas. Relocation of Water and
Sewerage Mains.

City of Terrell, Texas. 1,000,000 Gallon Steel Elevated
Storage Tank.

City of Terrell, Texas. Additions to Water Transmission
System.

City of Midlothian, Texas. 250,000-Gallon Elevated Stor-
age Tank.

City of Midlothian, Texas. Deep Well, Pump and Motor.

City of Midlothian, Texas. Additions to Water Distri-
bution System.

City of Lewisville, Texas. Utility Relocation.

City of Dallas, Texas. Utility Relocation.

Lake Texarkana Water Supply Corporation, Texarkana,
Texas. Treated Water Transmission Mains.

City of Commerce, Texas. Additions to Water Distribu-
tion System.

City of Robinson, Texas. Sanitary Sewerage System.

City of Sulphur Springs, Texas. Additions to Water
Distribution System and Water Transmission Main.

City of Commerce, Texas. Water Transmission Main.

City of Sulphur Springs, Texas, 750,000 Gallon Elevated
Storage Tank.

Shreveport Suburban Utilities Corporation, Shreve-
port, Louisiana. 750,000 Gallon Elevated Storage Tank.

City of Lewisville, Texas. Sanitary Trunk and Inter-
ceptor Sewer Mains.

Mr. Rasor has been responsible for more than 60 other
projects involving design of water and sanitary
sewerage facilities and street paving and drain-
age improvements.

1957 to 1961
Tidelands Exploration Company. Engaged in subsur-
face exploration for oil reservoirs as a geologist -seis-
mologist, calculating depths of formations, plotting
cross-sections of potential oil fields, and preparing
contour maps of subsurface formations.



William R. Hindman, P.E.
Environmental Engineer

Education:
Bachelor of Science in Civil Engineering, Texas A&M
University, College Station, Texas, 1968; Master of
Engineering in Civil Engineering, Texas A&M Uni-
versity, 1969.

General:
Mr. Hindman is a specialist in solid waste management. He is experienced in planning and directing field
studies, sampling and analysis of waste, collection systems for intermediate waste processing facilities and
final disposal facilities. His experience ranges from facility design to project coordination and on-site inspec-
tion to construction administration.

Experience:

1971 to Present

Henningson, Durham & Richardson. Project Engi-
neer. Responsible for detailed processing and unit
design, preparation of project plans and specifi-
cations, and administration of construction, including
on-site inspection, shop drawing review and project
coordination.

Solid Waste Studies:
North Central Texas Council of Governments. Regional
study for solid waste transportation and disposal.
Study included 11 counties with a projected 1990
population of 4,000,000. Dallas-Ft. Worth, Texas
metroplex was in the study area.

City of Dallas, Texas. Feasibility study for energy
and materials recovery from solid waste.

City of Garland, Texas. Design of 500 TPD solid waste
transfer station.

City of Richardson Texas. Design of 500 TPD solid
waste transfer station.

City of Garland, Texas. Study of city solid waste col-
lection and disposal system.

City of Arlington, Texas. Study of existing solid waste
disposal site and feasibility of continued operations
over remaining site life.

Memberships:
National Society of Professional Engineers
American Society of Civil Engineers
Texas Society of Professional Engineers

Lone Star Energy Company. Developed a solid waste
collection system to serve the Mid-America Industrial
District near Pryor, Oklahoma.

Lone Star Energy Company. Conducted a feasibility
study to continue utilization of the disposal site cur-
rently operated by the City of Paris, Texas.

Texas State Department of Health. Prepared sanitary
landfill permit applications for Dallas County, Texas,
and the Texas cities of Garland, Mesquite, University
Park, Dallas, Bowie, and Richardson.

Facility Design:
City of Terrell, Texas. Design of a 2.5 MGD expansion
to existing water treatment plant.

Texas State Department of Mental Health and Mental
Retardation, Mexia, Texas. Design of wastewater
treatment facility.

City of Terrell, Texas. General review of construction
of 3.0 MGD wastewater treatment facility.

City of Clyde, Texas. Assisted in the design of a water
treatment plant.

1970 to 1971

U.S. Army Corps of Engineers, Assistant Construc-
tion Officer, 18th Engineering Brigade Headquarters,
Republic of Vietnam. Developed road construction
scheduling.

1969 to 1970

U.S. Army Corps of Engineers, Wildflecken, Germany.
Combat Engineer Platoon Leader.





Harvey D. Funk, P.E.
Assistant Vice President

Education:
Bachelor of Science in Civil Engineering, Montana
State University, Bozeman, Montana, 1964; Master of
Science in Civil Engineering, Montana StateUniver-
sity, 1965.

Registration:

Professional Engineer- Montana.

General:

r"""'~·.-".' .
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Mr. Funk is an environmental engineer with extensive experience in all aspects of solid waste management,
project coordination, business development, planning, plant design, in-depth studies and research. His many
projects have included solid waste studies, supplementary fuel systems, energy recovery systems, water
facilities design and maintenance, flow characteristics of pipelines, sanitary landfills, and recycling systems.

Experience:
1974 to Present

Henningson, Durham and Richardson. Assistant Vice
President and Senior Consultant on solid waste
management projects. Responsible for evaluating new
developments in the solid waste field, reviewing
reports and processing designs.

1972 to 1974

Henningson, Durham & Richardson. Section Leader,
Solid Waste Section. Responsible for reviewing all
solid waste production projects including management
and/or technical direction of projects involving sys-
tems engineering, planning and scheduling of major
solid waste projects using Critical Path Methods and
resources analysis; regional planning efforts; design of
solid waste collection, transportation and disposal
systems and facilities including sanitary landfills,
supplementary fuel systems, recycling and studies of
other disposal processes.

Studies and Design:
MoKan Bi-State Planning Commission, St. Joseph,
Missouri. Solid waste management planning study.

City of Dallas, Texas. Resource recovery project.

Southeast Virginia Planning District. Resource recov-
ery project.

City of Kenosha, Wisconsin. Solid waste study and
collection route design.

North Central Texas Council of Governments, Dallas-
Fort Worth, Texas. Solid waste study design.

Memberships:
American Society of Civil Engineers

Cerro Gordo County Solid Waste Agency, Mason City,
Iowa. Solid Waste study.

City of Garland, Texas. Collection and disposal of solid
waste.

City of Ames, Iowa. Supplementary fuel study.

City of Omaha, Nebraska. Solid waste handling
facilities design.

City of Dubuque, Iowa. Collection and disposal of
municipal waste system design.

1971 to 1972

Henningson, Durham & Richardson. Project Engineer.
Projects included: Solid Waste Management Study',
Charlotte and Mecklenburg County, North Carolina;
Solid Waste Management Planning Study, Bi-State
Metropolitan Planning Commission, Scott County, Iowa
and Rock Island County, Illinois. Developed method of
computer modeling of cities for updating and designing
efficient, balanced and economical solid waste collec-
tion routes.

1966 to 1971

Glendive, Montana, City Engineer responsible for
street design and maintenance. Superintendent of the
Water Works responsible for water facilities design
and maintenance and lime-soda water softening plant,
sanitary sewer life station and collection system design
and maintenance, solid waste collection and disposal
program. Also worked as a member of the City-County
Planning Board in developing and implementation of a
comprehensive plan for the City-County Planning
Board Area.

(CONTINUED)



1965 to 1966

Montana-Dakota Utilities, Production and Transmis-
sion Division. Gas Transmission Engineer. Instituted a
testing program for determination of flow character-
istics of the gas company's major pipelines. Served as
Design Engineer on projects involving civil engineer-
ing.

1963 to 1965

Montana State University (summers and part-time
during school term). Research Assistant on large
culvert problems research project. Involved determi-
nation of problems experienced with large culvert
installations and possible solutions to these problems.



Franklin A. Borchardt, P.E.
Assistant Vice President

Education:

Bachelor of Science in Civil Engineering, University of
North Dakota, Grand Forks, North Dakota, 1959.

Registration:

Professional Engineer - Nebraska, Montana.

General:

Mr. Borchardt is an Environmental Engineer specializing in solid waste management, energy and materials
recovery from solid waste, wastewater and industrial waste treatment studies and area-wide water quality
studies. He has served as Project Manager for a number of major water quality and solid waste energy and
materials recovery studies. He has also been project design engineer for several wastewater and industrial
waste treatment plants. Mr. Borchardt has extensive experience as a section leader for the Special Studies
and the Solid Waste Sections of the Environmental Engineering Department.

Experience:
1968 to Present

Henningson, Durham & Richardson. Assistant Vice
President (since 1974) and Special Projects Engineer,
Environmental Engineering Department. Responsible
for project management, studies and research, team
management, business development and client/firm
liaison.

Studies:

City of Des Moines, Iowa. Combined sewer overflow
and water quality study.

City of Charlotte and Mecklenberg County, North
Carolina. Solid waste management study.

State of Minnesota. Statewide Study, Disposal and
Reuse of Abandoned Automobiles.

City of Lexington, Nebraska. Wastewater treatment
plant study.

City of Grand Rapids, Minnesota. Pre-design and pilot
plant studies for secondary treatment of combined
municipal and paper mill wastes.

Omaha, Nebraska - Council Bluffs, Iowa, Metropolitan
Area. Regional water quality study.

Memberships:
Water Pollution Control Federation
American Academy of Environmental Engineers,

Diplomate
American Public Works Association
National Solid Waste Management Association

North Central Texas Council of Governments.
t t-county regional solid waste management study.

City of Dubuque, Iowa. Energy and materials recovery
study.

City of Springfield, Missouri. Energy and materials
recovery study.

Hennepin County and Twin Cities Metropolitan Area,
Minneapolis, Minnesota. Solid waste management and
energy and materials recovery study.

1963 to 1968

Montana State Department of Health. Billings,
Montana. Regional Public Health Engineer. Planned,
directed and executed water pollution abatement pro-
gram for the Yellowstone River Basin. Assisted in
development of statewide stream standards and com-
pliance dates; liaison with municipalities and indus-
tries to develop individual programs. Review of plans
for proposed pollution abatement facilities. Also
responsible for promotion of public water supply facili-
ties. Also responsible for promotion of public water
supply facilities, review of plans, and inspection and
upgrading of refuse disposal facilities and swimming
pools.

1958 to 1963

Henningson, Durham & Richardson. Sanitary Engi-
neer. Planned and directed research and investigation
of proposed wastewater systems and treatment plant
expansions. Tasks included domestic sewages and
industrial waste investigations, sewage treatment
plant hydraulics, operations and operations manuals.

(CONTINUED)



Major projects were: Omaha-Missouri River Sewage
Treatment Plant; Omaha-Papillion Creek Sewage
Treatment Plant Manual; Sewage Treatment Plant,
Fremont, Nebraska; Sewage Treatment Plant Expan-
sion, Waterloo, Iowa; Metropolitan Denver Sewage
Treatment Plant.

1956 to 1959

U.S. Geological Survey, Grand Forks, North Dakota.
Hydraulic Engineering Aide. Collected and evaluated
basic stream-flow data.



Lee O. Snyder, P.E.
Manager

Energy and Materials Recovery Section

Education:

Bachelor of Science in Engineering, University of
Nebraska at Omaha, 1961; Business Management
Program, Golden Gate University, 1974.

General:

Mr. Snyder's general engineering and construction experience starts with project management,
administration, conceptual feasibility studies and carries through to final project completion. It ranges over
many worldwide energy related studies and projects including: processing and compressor plants; pipelines
and related transportation systems for natural gas, coal, crude oil, fuel oil, methanol, liquified natural gas
and related products.

Experience:

1975 to Present

Henningson, Durham & Richardson, Inc. Manager,
Energy and Materials Recovery Section, Environment-
al Engineering Department. Responsible for employee
supervision, project design and coordination, client!
firm liaison and overall study supervision.

Facility Design:

City of Ames, Iowa. Paper reclaiming station. Project
Supervision.

City of Ames, Iowa. Supplementary fuel processing
plant. Project Start-up Manager.

City of Dallas, Texas. Solid waste processing and
transfer station. Project Manager for design of 1,850 to
2,300 TPD transfer station.

City of Omaha, Nebraska. Solid waste handling
facilities. Project coordination for construction of
baling, shredding, recycling and transfer facilities.

Studies:

Southeastern Virginia Planning District Commission,
Norfolk, Virginia. Supplementary fuel pre-design
study. Project Coordination.

Hennepin County, Minnesota. Energy and materials
recovery study. Engineering Manager.

City of Dubuque, Iowa. Solid waste disposal and site
selection study and report. Project Supervision.

City of St. Cloud, Minnesota. Energy and materials
recovery study. Project Supervision.

Olmsted County, Rochester, Minnesota. Energy and

materials recovery study. Project Supervision.

Mecklenburg County, North Carolina. Market analysis
and shredding feasibility study. Project Coordination.

Five County Northwest Region, Minnesota transfer
station feasibility study. Project Management.

Phoenix, Inc., St. Paul, Minnesota. Southwestern
steam energy recovery plant feasibility study. Project
Manager for study for 13,500 T/wk. recovery plant.

State of California, Southern California Urban
Resource Recovery Study. Project Supervision.

DeKalb County, Georgia. Energy and materials
recovery study. Project Supervision.

City of St. Paul, Minnesota. Feasibility study of steam
generation from solid waste. Project Supervision.

State of Montana, Helena, Montana. Energy and
resource recovery study. Project Supervision.

1965 to 1975

Bechtel Inc., San Francisco, California. Pipeline and
Production Services Division. Management staff for
engineering and construction of worldwide petroleum
projects. Assistant Manager of Economics and Systems
Planning Department for the development of diversi-
fied energy related projects.

Among his projects were the engineering and con-
struction of three major off-shore crude oil production
and transportation systems in the North Sea; Alaskan
Pipeline System, Engineering and Construction Impact
Report; Assistant Project Director for the development
of a major crude oil project in Iran and Turkey,

(CONTINUED)



headquartered in The Hague, Netherlands; managed
and participated in engineering design and project
development of several worldwide energy related
feasibility studies.

1957 to 1965

Northern Natural Gas Company, Omaha, Nebraska.
Engineering design and construction of pipeline trans-
mission systems, compressor plants, process facilities
and storage.

1952 to 1956

u.s. Air Force. Engineering and construction of air
bases. Rebuilt Alexandria Air Base, Louisiana; Clovis
Air Base, New Mexico; design and construction of
Etain Air Base, France.

Public ations:

Leaver /Snyder, "The Engineer-Constructor Opportun-
ities and Challenges in Meeting Petroleum Demand",
ASME, April,1973.



John H. Richardson
Environmental Engineer

Education:

Bachelor of Science in Civil Engineering, University of
Texas at Austin, 1974. Master of Science in
Engineering, Environmental Health Engineering, Uni-
versity of Texas at Austin, 1975.

General:

Mr. Richardson is an Environmental Engineer with experience in the fields of wastewater treatment, .water
resources, and solid waste. His studies have included materials procesing for burning solid waste as
supplemental fuel, landfill site analysis, water and wastewater systems analysis, and environmental
assessments. His design work includes conceptual layouts of transfer stations and facility locations as well as
wastewater treatment plants.

Experience:

1975 to Present

Henningson, Durham & Richardson. Environmental
Engineer.

Solid Waste Studies & Design:
City of Richardson, Texas. Conceptual design of 500
tpd Transfer Station.

Southwest Dallas County, Texas. Landfill site selection
analysis.

City of Dallas, Texas. Feasibility study for energy and
materials recovery from solid waste.

City of Garland, Texas. Conceptual design and traffic
patterns, shop drawing review and inspection, 500 tpd
transfer station.

Water & Wastewater Systems
Studies and Design:

City of Highland Village, Texas. Water supply system
evaluation and rate study.

City of Jasper, Texas. Conceptual design of 1.8 mgd
biological treatment facility.

Memberships:

National Society of Professional Engineers
American Society of Civil Engineers
Texas Society of Professional Engineers

City of Garland, Texas. Flow path analysis, 30 mgd
physical-chemical wastewater treatment facility.

City of McKinney, Texas. Environmental assessment
for wastewater treatment facility.

City of Lewisville, Texas. Preparation of sewer use
ordinance.

1970 to 1974

Henningson, Durham & Richardson (summers between
school terms). Assisted in design, project development,
and drafting for solid waste systems, wastewater
systems and water supply system. Responsibilities
included conceptual design of a regional wastewater
system (line and treatment facility locations and sizes),
design of washwater basins, design of an altitude
valve installation, construction cost estimating, data
collection and facilities surveys.

1975

Graduate Thesis: Impact on Water Quality and Water
Resources of Nuclear Power Plants in Texas.





WILLIAM B. HAGOOD/"P. E. '
Civil Enginee r

Education:
Bachelor of Science in Civil Engineering,
Texas Tech University

Expe rience:

June, 1971 to Present
Henningson, Durham & Richardson, Inc; , Dallas, Texas.
Engaged in planning and design of municipal and private waterworks
and sanitary sewerage systems, preparation of general development
plans for waterworks, sanitary sewerage and storm drainage
systems, preliminary engineering and feasibility studies, and
coordination and general review of the construction of water,
sanitary sewerage, and storm drainage system facilities. Sub-
division layout, platting and master planning for waterworks
and. sanitary sewerage systems.

January, 1971 to June, 1971
<, U. S. Army- Corps of Engineers, Fort Belvoir, Virginia.

Construction Draftsman, Chief Construction Surveyor

January, 1970 to January, 1971
Henningson, Durham & Richardson, Inc., Dallas, Texas.
Project Coordinator, Five-County Comprehensive Development
Plan for waterworks, sanitary sewerage and storm drainage systems
for the Ark-Tex Council of Governments. Engaged in water tnaris-;
mission and distribution main design, sanitary sewerage system
design and preparing plans for construction of water systems,
sanitary sewerage systems, water and sewage treatment plants,
pumping stations and other related civil projects.

January, 1968 to January, 1970
Attended Texas Tech University.
Henningson, Durham & Richardson, In c; , Dallas, Texas.
(Summers and part-time) Engaged in resident inspection of water
transmis sion and distribution main construction, outfall and collection
sewer construction, street paving and storm drainage system con-
struction. Also engaged in map drafting and construction plan drafting
for waterworks, sanitary sewerage, and storm drainage systems.

June, 1966 to October, 1966
Texas State Highway Department" Dallas, Texas.
Engaged in resident inspection of Interstate Highway construction.

Membership:
American Society of Civil Engineers





Jay M. Bannister, A.LA.
Architect

EDUCATION:

Bachelor of Architecture, Texas Tech University.

REGISTRATION:

Professional Architect - Texas

EXPERIENCE

1973 to Present

Henningson, Durham & Richardson, Dallas ,Texas.
Architect. Responsible for coordinating design and
production of contract documents, construction of
architectural projects, and architectural business
development.

1966 to 1973

Clutts and Parker, Inc., Architects. Associate from
1969. Project Manager and Project Architect.
Responsible for project administration from in-
ception through completed construction. Exper-
ience is extensive in the design and construction of
elementary and secondary schools; junior college
and university buildings, including science, art,
language, vocational education, physical educa-

tion; churches; office buildings, both low and high
rise; stores; fire stations; park recreation build-
ings; stadiums; colosseums; post offices; court-
houses; residences; and extensive remodeling of
numerous building types.

MEMBERSHIPS:

Corporate Member, American Institute of Arch-
itects

Corporate Member, Texas Society of Architects
Member, Builders Coordination Committee, City of

Garland, Texas

1962 to 1966

Fred Buford and Associates, Architects. Respon-
sible for coordination and production of design
development and contract documents for numerous
educational and institutional projects.

1960 to 1961

K. Houston Miller. Draftsman in residential design.

1958 to 1960

U.S. Army. Specialist in guided missile electronics
and missile systems installation.





Laurie R. Russell, P.E.
Special Consultant

Education:

Bachelor of Science in Mechanical Engineering,
University of Kansas, Lawrence, Kansas, 1943.

Registration:

Professional Engineer-Nebraska, Iowa, Missouri, Kansas.

General:

Mr. Russell has more than 25 years of experience in mechanical engineering as its relates to electrical
generating, heating, fuel storage, refuse disposal and solid waste energy and materials recovery systems. His
projects have included nuclear power plants, steam electric generating stations, coal and gas fire units and
turbine generators. He has also been responsible for project design, office management, preparation of plans
and specifications, equipment specifications and construction supervision of power plants. Besides power
and heating plant projects, Mr. Russell's experience includes cable routing and plans for transcontinental
telephone cable, design of highway bridges, field surveys and aerial photography.

Experience:

1974 to Present

Henningson, Durham & Richardson. Special Consul-
tant on solid waste plant design and refuse fuel firing.

1968 to 1974

Gibbs & Hill, Inc., Omaha, Nebraska. Department
Head-Mechanical. In charge of all mechanical engi-
neering and design in the Omaha office, including: a
341 MW combined cycle plant for Duquesne Light
Company, Brunot Island Power Station, Pittsburgh,
Pennsylvania; two 50 MW gas turbine generator
facility for Omaha Public Power District, Jones Street
Station, Omaha, Nebraska; the control system mod-
ernization for 100 MW Unit, Canaday Station, Central
Nebraska Power and Irrigation District; 20 MW gas
turbine Unit No.1, City of Ames, Iowa; two 66 MW oil
fired units; Thu Due Station, Saigon Power Co., South
Vietnam; new heating plant, University of Northern
Iowa, Cedar Falls, Iowa; 457 MW Nuclear Unit No.1,
Fort Calhoun Station, Omaha Public Power District,
Nebraska; Power Source Study and Report, City of
Ames, Iowa.

1965 to 1968

Gibbs, Hill, Durham & Richardson, Inc., Omaha,
Nebraska. Project Engineer. Responsible for overall
project management for steam electric generating
stations including 33 MW coal and gas fired additions
to the municipal power plant, City of Ames, Iowa, and
three plant modernization projects for Des Moines
Power Station No. 2 of the Iowa Power & Light
Company, Des Moines, Iowa. The Ames project
included completely new coal storage handling and
ash disposal facilities.

1963 to 1965

Gibbs, Hill, Durham & Richardson, Inc., Omaha,
Nebraska. Mechanical Engineer. Responsible for
mechanical design for several modemization-projects
for the Des Moines Power Station No.2 of the Iowa
Power & Light Company, Des Moines, Iowa. These
projects included a comprehensive rebuilding and
centralizing of controls for five turbine-generators and
four boilers and major revisions to the condensate
removal systems of the five turbine-generators to
simplify plant operating labor; and engineering and
construction of a chilled water pipeline system from
the University of Nebraska Power Plant to the
Nebraska State Capital Building in Lincoln, Nebraska.

1961 to 1963

Bucher & Willis Consulting Engineers, Kansas City,
Missouri. Branch Office Manager. Responsible for
design of projects and management of office engaged
in field surveys, aerial photography and preparation of
plans and specifications for a variety of projects
including: cable routing and plans for 300 miles of
transcontinental telephone cable for American Tele-
phone and Telegraph Company; highway bridges for
Johnson County, Kansas and Jackson County, Misosuri.

1954 to 1961

Black and Veatch Consulting Engineers, Kansas City,
Missouri. Specification Group Coordinator. Responsi-
ble for preparation of specifications for equipment and
construction of 25 steam power plant projects ranging
in size from 22 MW to 175 MW.





William J. Hazell
Environmental Engineer

Education:
Bachelor of Science in Civil Engineering, Newark Col-
lege of Engineering, Newark, New Jersey, 1962.

General:
Mr. Hazell has extensive experience in management, project management, supervision and design of material
handling systems. He has performed as an estimator, applications engineer and field engineer writing construc-
tion specifications, preparing bids, analyzing construction blueprints and on-the-job supervision. Under his
direction, a highly-sophisticated, computer-controlled pneumatic tube system was developed. He had designed
and supervised the installation of material handling systems for such places as the Standard Oil Building in
New York City, Immanuel Hospital in Omaha, Nebraska, Shea Stadium in New York City and the Ministry of
Postal Telephone and Telegraph in Teheran, Iran.

Experience:
1974 to Present

Henningson, Durham & Richardson. Environmental
Engineering. Responsible for the development and
design of solid waste and energy recovery systems.

Studies:

Hennepin County, Minnesota. Energy and Resource
Recovery Facilities.

City of Dallas, Texas. Solid Waste, Resource and
Energy Recovery System.

City of Dallas, Texas. Northwest Solid Waste Recovery
and Transfer Station.

1958 to 1974
Powers Regulator Company, Denver, Colorado. Tran-
sitube Division. Served in various capacities including
Mechanical Engineer, Systems Engineering Supervi-
sor, Design Engineering Supervisor, Supervisor of
Engineering Services Section, Design Engineer, Estima-
tor, Applications Engineer and Field Engineer. Con-
ceived, design and supervised the installation of new
and innovative pneumatic tube material handling
systems.





James F. Biermann, P.E.
Mechanical Engineer

Education:

Bachelor of Science in Mechanical Engineering, Iowa
State University, Ames, Iowa, 1966.

General:

Mr. Biermann is experienced in solid waste transfer and energy recovery processes, including the making of
decisions on the economic and environmental feasibility of various processes. He has been responsible for the
design, layout and preparation of specifications and cost estimates for mechanical equipment. Mr. Biermann
has also conducted solid waste transfer, processing and energy reclamation studies.

Experience:

1975 to Present

Henningson, Durham & Richardson, Inc. Mechanical
Engineer. Responsible for solid waste and energy
recovery studies and mechanical equipment design.

Design:

City of Dallas, Texas. Dallas Northwest Transfer
Station. Mechanical Design for 2,000 TPD transfer
station with solid waste processing and future energy
recovery potential.

City of Ames, Iowa. Paper Recycling Center.
Mechanical Design.

Studies:

Hennepin County, Minnesota. Minneapolis-St. Paul
Solid Waste Study.

Phoenix Inc., St. Paul, Minnesota. Energy Reclamation
Study.

1967 to 1974

Aluminum Company of Amerioa, Davenport, Iowa.
Staff Mechanical Engineer. Project Engineer for coil
handling equipment, revision of tandem cold rolling
mill and production facilities for spherical segments of
large liquid natural gas storage tanks.





George F. Haddix, Ph.D.
Vice President

Education:

Ph.D. in Mathematics and Applied Mathematics, Iowa
State University, Ames, Iowa, 1968; Master of Arts in
Mathematics, Creighton University, Omaha, Nebras-
ka, 1966; Bachelor of Arts in Mathematics, Municipal
University of Omaha, 1962.

General:

Dr. Haddix is an expert in systems engineering and its application to both Architecture and Engineering. He
has developed mathematical models and programs for comprehensive basin planning for the Missouri River
Basin, for the optimal design and operation of sanitary landfill sites and for the optimization of operation and
selection of wastewater treatment facilities in river basins. He is the author of a number of scholarly articles
and has taught advanced mathematics at the University of Nebraska at Omaha, Creighton University and
Iowa State University.

Experience:

1975 to Present

HDR Systems, Inc. Vice President and General
Manager of information science time-sharing compu-
ter subsidiary; Henningson, Durham & Richardson,
Inc. Manager, Systems Engineering Department,
performing operations research and systems analysis
for applied management sciences, engineering prob-
lem formulation and research and development.

1974 to 1975

University of Nebraska at Omaha. Associate Professor
of Mathematics and Computer Science.

1971 to 1974

University of Nebraska at Omaha. Assistant Professor
of Mathematics.

1970 to 1974

Henningson, Durham & Richardson. Mathematics
Consultant. Developed heuristic architectural space
allocation program for two dimensional planning
displays. Developed mathematical models and pro-
grams for optimal design and operation of sanitary
landfill sites. Supervised use of these models and
programs for sites in Mecklenburg County, Virginia,

Memberships:

American Mathematical Society
Association for Computing Machinery
Panel of Reviewers, Zentralblatt fur Mathematik

and Des Moines, Iowa. Developed mathematical
models and programs for optimization of operation and
selection of wastewater treatment facilities in river
basins.

1969 to 1971

Creighton University, Omaha, Nebraska. Assistant
Professor of Mathematics.

1966 to 1969

Iowa State University, Ames, Iowa. National Science
Foundation Trainee and Graduate Assistant Instructor
in Department of Mathematics.

1964 to 1966

U.S. Army Corps of Engineers, Hydrology and Meteor-
ology Section. Mathematician. Duties dealt with
problem solving and programming. Develolped statisti-
cal models and programs for Comprehensive Basin
Planning (Missouri River Basin).

1962 to 1964

Aeronautical Chart and Information Center, St. Louis,
Missouri. Missile Support Division Analytical Branch,
Triangulation Section; Computer Facility, and Geode-
tic Section. Cartographer and Mathematician.

(CONTINUED)



Publications:

Haddix, G.F. and Christensen, H.C., "A Model for
Management and Design of Sanitary Landfills", [ourn.
of Com. and Op. Res., Apr., 1974.

Haddix, G.F., and Gerlt, J., "Distribution System
Operation Analysis Model", [ourn. of the A.W.W.A.,
July, 1975.

Haddix, G.F., "Regional Solid Waste Planning Model,
Two Cases", Journ. of Compo and Urban Soc., 1975.

Haddix, G.F., Mordeson, J.N. and Vinograde, B., "On
the Two Main Intermediate Field Towers of a Purely
Inseparable Extension", Math. Zeitschrift, 119, 1971.

Haddix, G.F., Mordeson, J.N., and Vinograde, B., "On
Purely Inseparable Extensions of Unbounded Expon-
ent", Can. [ourn. of Math., Vol. XXI, 1969.

Haddix, G.F., Mordeson, J.N., and Vinograde, B.,
"Lattice Isomorphisms of Purely Inseparable Exten-
sions", Math. Zeitschrift, 111, 1969.

Haddix, G.F. and Mordeson, J.N., "Subbases Applied
to the Existence of Coefficient Fields in Commutative
Rings", Form. Sci., Vol. 21, No.1, 1967.
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MAURICE P. SCHRAG
Senior Environmental Engineer

Mr. Schrag specializes in air pollution control, environmental
health, particulate emission studies and energy-resource recovery processes.
He applies this expertise to the analysis of air pollution control equipment
and the development of new control concepts on several environmental pro-
jects and emission studies. He is also involved in the technical, economic
and environmental assessment of municipal solid-waste energy and material
recovery equipment and processes.

Mr. Schrag is responsible for program activities regarding pollution
control technology and process studies for the St. Louis-Union Electric Re-
fuse Fuel Project. He is currently conducting a program for the EPA that
includes the assessment of technology for the combined firing of refuse-de-
rived fuel with fossil fuels. The latter study includes pollution control
equipment performance for gaseous, particulate and potentially hazardous
emissions from such systems.

Prior to joining MRI early in 1974, Mr. Schrag was Manager-Basic
Research, Research and Development Division, Hart-Carter Company, Minneap?lis,
Minnesota. In this position, he was responsible for budgeting and adminis-
tration of research programs in air pollution control. He planned, supervised
and evaluated pilot plant testing, customer test programs, and competitive
equipment tests; provided technical assistance to the marketing group; and
directed particle size studies. From 1966 to 1969, he was Research Engineer,
Research and Development Department, Carter-Day Company, Minneapolis, Minnesota
where he had responsibility for development of air pollution control devices.
From 1962-1966, he was with Environmental Health Services, Kansas State De-
partment of Health and Air Hygiene, where his primary task was to conduct a
statewide program of consulting services to individuals and industries with
industrial health or air pollution problems. During this period, he also
had direct responsibility for operation of the Industrial, Radiation and Air
Hygiene Laboratory. Activities included environmental monitoring, laboratory
support for all phases of the program, and supervisory responsibility of the
laboratory staff.

Mr. Schrag is a member of the Air Pollution Control Association,
the American Industrial Hygiene Association and the Health Physics Society.
He received the B.S. in Nuclear Engineering (1962) from Kansas State Univer-
sity. Also to his credit are additional courses in Business Administration,
Occupational Health, Air Pollution and Radiation Protection.
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LARRY J. SHANNON
Head, Environmental Systems Section

Oro Shannon has extensive experience in various areas of environ-
mental sciences with particular expertise in air pollution control technology
and solid waste management. He has managerial responsibility for programs
dealing with the systematic study of processes, plants, and industries and
their interaction with the environment. He has directed and participated in
programs involving assessment of particulate pollution from stationary sources,
definition of the chemical and physical properties of particulate pollutants,
analysis of the state of the art of technology for control of small (sub-
micron sized) particles emitted from stationary sources, assessment of
feasibility of emission standards based on particle size , assessment of re-
source recovery technology suitable for use with municipal refuse, and for-
mulation of a statewide solid waste management program.

Before joining the MRI staff in 1969, Dr. Shannon spent 6 years
as a senior chemical engineer with United Technology Center, a Division of
United Aircraft. At UTC he was involved in a variety of programs in the
fields of combustion dynamics and solid rocket combustion. He was also
Principal Scientist on an Air Force Office of Scientific Research program
to define the mechanisms of solid propellant ignition. During the course
of these programs, he was involved in the investigation of composite solid
propellant and monopropellant deflagration and decomposition processes,
analysis of advanced propulsion systems, analysis of heat transfer charac-
teristics of rocket motor ignition systems, analysis of solid propellant
burning rate catalysis, design and construction of equipment for studying
solid propellant ignition and combustion processes, design of instrumenta-
tion for measuring heat fluxes from radiant energy sources, design of equip-
ment for photographic studies of combustion processes, and design of high-
pressure combustion chambers.

Dr. Shannon is the author or coauthor of 12 published technical
articles and is coauthor of chapters in three technical books. The articles
and chapters deal with subjects in the field of air pollution and combustion
dynamics of solid rocket propellants. He is a member of Air Pollution
Control Association, American Institute of Aeronautics and Astronautics
and Sigma Xi, The Scientific Research Society of North America. Dr. Shannon
received a B.S. (1959) in Chemical Engineering from Seattle University and
a Ph.D. (1963) in Chemical Engineering from the University of California
(Berkeley).
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DOUGLAS E. FISCUS
Senior Environmental Engineer

Mr. Fiscus is experienced in environmental pollution control, ma-
terials handling systems, plant automation and structural engineering.
Currently, he is serving as the on-site test engineer for the St. Louis-
Union Electric Refuse Fuel demonstration project being conducted for the
Environmental Protection Agency in which combustible refuse is being pro-
cessed and mixed with coal for firing steam generating boilers.

Prior to joining MRI in 1974, Mr. Fiscus was division engineer,
Grain Division, Pillsbury Company, St. Louis, Missouri, where he was re-
sponsible for design and installation of grain storage structures, and the
fabrication and installation of materials-handling equipment. He was also
responsible for establishing plant safety inspection programs. From 1970
to 1974, he was Staff Mechanical Engineer for Pillsbury in Minneapolis. In
this position, he was engineer on a project team constructing a new five-
story R&D building, responsible for control systems, air conditioning, steam
flow, and building utilities. He also designed an instrumentation system
for an experimental baking oven, worked on a food processing system, served
as air pollution coordinator for the corporation with the added responsi-
bility of noise control, conducted plant pollution surveys arid designed
pollution control systems. In the area of noise control, he has conducted
several industrial plant sound surveys and attended acoustical engineering
seminars sponsored by General Radio Company and Purdue University. On
leave from Pillsbury to the Louis Dreyfus Corporation, he served as engi-
neering consultant in developing a complete cost estimate for air pollution
control for the Port of Houston Public Grain Elevator. Prior to that he
was with Cargill, Inc., from 1960 to 1970. During the last seven years of
that period, he was Senior Research Engineer, Grain Research Laboratory,
Minneapolis, where he did basic research on materials handling and plant
automation. Using high-speed photography techniques, he studied product
damage caused by materials handling, designed specialized pneumatic convey-
ing systems, served as an engineering consultant for 20 automated product
sampling systems and worked on automation of plant operations. Prior to
that, he served as assistant grain elevator manager at LaCrosse, Wisconsin.

Mr. Fiscus has several publications in his areas of expertise and
has three patents in pneumatic conveying. He is a registered Professional
Mechanical Engineer in the State of Minnesota and is a member of the Air
Pollution Control Association. He received the B.S. in Agricultural En-
gineering (1960) from Iowa State University.
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CAPABILITIES

HENNINGSON, DURHAM AND RICHARDSON·





Henningson, Durham & Richardson 3700 Republic National Bank Tower Dallas, Texas

Established in 1960, the Dallas Office is
headed by Vice President Robert E. Hogan.
The Dallas operation provides architectural,
engineering and planning services for
clients in Texas, Oklahoma, Arkansas,
Louisiana, Mississippi, New Mexico and
other parts of the Southern United States.
This office has completed city planning
proj ects and designed and supervised
construction of sewage treatment and water
treatment facilities, water distribution and
sewage collection systems, pumping sta-
tions, storage tanks, schools, commercial
and industrial buildings, municipal com-
plexes, streets and drainage, solid waste,
bridges, dams, airports, electrical systems,
and other projects. Support facilities are
available from the home office in Omaha,
Nebraska, as needed.

Cheerful atmosphere welcomes visitors to
HDR's Da11as Office.



Attractive conference room provides accommodations for private
discussions with clients and for special HDR staff meetings.

Vice President's secretary and reception area.

Office of Vice President Robert E. Hogan

Comfortable drafting facilities are important tools.



I
I

HDR Place
Omaha, Nebraska

The headquarters building of Hen-
ningson, Durham & Richardson,
~ocated in Omaha, Nebraska, is con-
ptructed with three basic materials-
earth, concrete and glass -which
were used to establish the design
hrinciples as a natural expression of
(he hilly site location. The building
houses more than 250 architectural
~nd engineering specialists and sup-
bort personnel.

Home office, Henningson, Durham & Richardson



HDR Place
Omaha, Nebraska

The main lobby on the third floor
is typical of the restful surroundings
in which our men and women work.
The lobby is based on a cuniform
design with east-west and north-
south corridors intersecting at the
circular reception desk. The non-
directional design is reflected in the
ceiling mirror of exterior glass. Live
plants throughout the building carry
the exterior landscaping into the
building.



ST RWCTUIBAI!.

....

Master planning', physical and functional analyses,
design of health care facilities, commercial develop-
ments, office and administration buildings, industrial
and educational facilities, libraries, civic 'and
correctional complexes.

Complete interior design, space planning, color selec-
tion, selection and design of furnishings, draperies and
carpeting for health care facilities, offices, schools,
banks, clubs and restaurants.

MEC.HAN!ICAL

ELECTRICAL

Framing materials, selections studies and structural
design of parking garages, hospitals, office buildings,
schools, industrial plants, aircraft hangars, bridges,
transmission towers, water and wastewater facilities,
liquid and solids storage facilities, waterfront struc-
tures.

ENVIRONMENTAL

TRANSPORTATION

PLANNING

SYSTEMS

ECOSCIENCES

Energy conservation, total energy plants, heating,
ventilating and air conditioning, natural gas systems,
industrial design, materials handling, fire protection,
medical gas, plumbing, and sanitary waste ventilating
systems.

Fossil-fueled power plants, steam plants, transmission
and distribution systems, electric system planning and
design, outdoor area and street lighting systems,
complete building lighting, power distribution, com-
munications, fire detection and alarm systems.

Energy and materials recovery, solid waste studies
and design, water resource and water quality man-
agement studies, water and wastewater treatment
plants, sanitary and storm sewers, industrial waste
abatement, air quality, environmental analysis.

Transportation planning, traffic engineering, transit
studies, highway corridor and functional studies, land
development, flood control, design of rapid transit
systems, highways, airports, bridges, municipal street
improvements.

Master planning and urban design, capital improve-
ment programming, land use studies, site assessments,
feasibility investigations, public participation pro-
grams and zoning studies.

Information processing, research, data acquisition
and analysis, computer operations, architectural and
engineering software, word processing, office automa-
tion, computer graphics.

Baseline studies and environmental assessments for
electrical generating plants, surface mining, offshore
oil drilling, weather modification, community and
regional land use, local and basin-wide liquid and solid
waste treatment and disposal facilities.
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Since 1917, Henningson, Durham & Richardson has
grown from a small engineering company to an
international consulting firm offering complete profes-
sional services in architecture, engineering, planning,
systems and ecosciences. The map shows selected
projects the firm has successfully completed.



A RCH IT ECT U RE

Master planning, physical and functional analyses,
design of health care facilities, commercial develop-
ments, office and administration buildings, industrial
and educational facilities, libraries, civic and
correctional complexes.





Mohave County
Hospital
Kingman, Arizona

The desert setting and surrounding
mountains are reflected in the design
of the Mohave County Hospital. The
sawtooth arrangement provides a view
for each room while giving protection
from the sun at all times.

The 70,000 square foot facility has 76
beds, expandable to 150. All ancillary
services are sized for the ultimate
planned capacity.

The laundry and mechanical equipment
are on the lower floor. Other ancillary
services are on the first floor. The sec-
ond floor houses the obstretical depart-
ment and general medical/ surgical beds.
The third floor has medical/ surgical
beds.



Mohave County
Hospital
Kingman, Arizona

Surgical recovery room.



International office building in Control Data complex mirrors surrounding countryside

Control Data Corporation
Bloomington, Minnesota

Entire site development was considered in Henningson, Durham and
Richardson's Master Plan for Control Data Corporation. In the com-
puter firm's headquarters complex are the international headquarters
office building and a semi-conductor microcircuits production and
research facility.

The three mirrored towers of the office building reflect the surrounding
wooded countryside and Long Meadow Lake. The firm's industrial park
is behind the highrise which has a central wing 15 stories high and
back two wings containing 12 floors each.

The 600,000 square foot building is made of black curtain wall and
gold-reflective glass on a structural steel frame. It houses 2,500 employ-
ees with parking space for that number.

Executives park their cars in a 173-automobile lot in the concourse
level. Employees can stroll on the landscaped terrace located off the
first floor lunchroom.



Microcircuits research facility design incorporates vibration sensitive areas

Master plan of Control Data headquarters complex in Bloomingt

Control Data Corporation
Bloomington, Minnesota

Heavy vibration generating equipment is sta-
tioned in the center of the microcircuits build-
ing on the Control Data headquarters site. The
two wings in the "H" principle three-story
building have vibration sensitive areas through-
out because of the criteria involved in the manu-
facture and testing procedures of microcircuits.

The 135,000 square foot building has space
for 350 cars. The Control Data Complex houses
2,022,000 square feet of buildings and provides
space for 8,587 cars.
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L. A. Mills Elementary School
Midlothian, Texas

The L. A. Mills Elementary School has
eight classrooms, a 62-foot by 42-foot
multi-purpose cafetorium, kitchen"
administrative office, lounge, storage
rooms, and other necessary supporting
facilities. The one-story building
of masonry construction has 11,650
square feet. The construction cost was
$114,150.00.



Boone County Hospital
Columbia, Missouri

A three-phase construction program is planned to add 350
beds to the Boone County Hospital. The present facility has
244 beds.

The first building program will add approximately 100 beds
and needed ancillary services. The design also provides for
expansion of ancillary departments as more beds are added
or as the need arises. Some existing areas also will be
remodeled.

The four-story addition will be of red brick and white pre-cast
concrete construction to complement the existing structure.



U.S. Post Office
Phoenix, Arizona

The automated mail handling
facility and Post Office at Phoe-
nix includes a two-story office
area, a one-story mail handling
terminal, and a vehicle main-
tenance facility.

All energy needs in the $5,200,-
000 project are supplied by a
natural gas total energy package.
The work area is of concrete
construction with a flat con-
crete slab roof. Walls are pre-
cast exposed aggregate con-
crete panels. The two-story
office area is a fire proofed
steel construction with con-
crete floors, steel deck roof and
plastered walls.

The front exterior is curtain
wall and exposed aggregate
panels.

I
I



U.s. Post Office
Phoenix, Arizona

These two postal mechanical
mail sorters (photo above) at
the Phoenix Post Office will
handle up to two million letters
a day.

Four slides like the one pic-
tured at right are used to dis-
tribute parcel post. Mail is
handled on approximately one
mile of conveyor equipment
after being sorted by employees
with the help of 500 feet of
monorail sack sorter equipment.

The facility is served by 96 in-
coming air, rail and truck ship-
ments. More than one million
pieces ofmail are handled a day.

,
\



INTERIORS
Complete interior design, space planning, color selec-
tion, selection and design of furnishings, draperies and
carpeting for health care facilities, offices, schools,
banks, clubs and restaurants.





Mr. Durham's office

HDR Place
Omaha, Nebraska

The custom carpeting in the office
of Henningson. Durham & Richard-
son President Charles W. Durham
is woven from the design of a thumb-
print. The room is paneled in rose-
wood.

Mr. Durham's office and conference
area is decorated with a variety of
items collected on his world-wide
travels. including an antique copper
Aztec calendar from Mexico. The
tapestries. and many others through-
out the building. were designed and
executed by the late South Ameri-
can artist Genaro de Carvalho.

President's conference area



Mr. Durham's reception area

HDR Place
Omaha, Nebraska

The executive dining room is furn-
ished with an antique dining set
from the 19th Century Virginia home
of Vice President John C. Calhoun.
Antique wooden shields from an
Austrian fencing school line one
wall and the mirrored ceiling con-
tinues the effect of the building
exterior. The room also doubles as
a conference room.

Mr. Durham's reception area is en-
hanced by a Genaro tapestry and
potted greenery.

Executive dining room



Architectural central administrative core

HDR Place
Omaha, Nebraska

A number of small conference rooms
are available on the fourth floor for
conferences between architects and
clients. Professional periodicals and
reference books are readily at hand.

Small architectural conference area



Photo-mural in large conference room

Architectural Vice President's office

HDR Place
Omaha, Nebraska

Photo-mural in the office of the Vice
President for Architecture. like
others in the fourth floor offices.
depict classic designs in architec-
ture. These executive offices are
grouped around a central adminis-
trative core.

Large conference rooms are avail-
able when required for architect-
client meetings. These. too. are
done in reds and blacks with classic
design photo-murals.



The Interior Design Department contains many ideas
for client inspection.

Audio-visual room is one of the most complete and
modern of its kind for multi-media presentations.

Duplicating Services is capable of handling jobs of almost any size.

I



Typical of HDR's drafting rooms in the Omaha Office.

Decor of drafting and design rooms enhance the efficiency of work.



STRUCTURAL

Framing materials, selections studies and structural
design of parking garages, hospitals, office buildings,
schools, industrial plants, aircraft hangars, bridges,
transmission towers, water and wastewater facilities,
liquid and solids storage facilities, waterfront struc-
tures.





C5-A Hangar
Altus A. F. B., Oklahoma

Designed to completely house the world's largest aircraft the
Lockheed C5-A Transport, Henningson, Durham & Richardson
(Denver Office) provided architectural, structural (Jorgensen
& Hendrickson) and coordination services, for Penner Con-
struction Co., the contractor. This was a "design and build"
project, by the Fort Worth District, Corps of Engineers. The
hangar is located at Altus A.F.B., Oklahoma.



C5-A Hangar
Altus A.F.B., Oklahoma

Designed to completely house the
world's largest aircraft the Lockheed
C5-A Transport, Henningson, Durham
& Richardson (Denver Office) provided
architectural, structural (Jorgensen &
Hendrickson) and coordination serv-
ices, for Penner Construction Co., the
contractor. This was a "design and
build" project, by the Fort Worth Dis-
trict, Corps of Engineers. The hangar
is located at Altus A.F.B., Oklahoma.

View of center roof trusses.

Basic steel framing during construction.



MECHANICAL

Energy conservation, total energy plants, heating,
ventilating and air conditioning, natural gas systems,
industrial design, materials handling, fire protection,.
medical gas, plumbing, and sanitary waste ventilating
systems.





U.S. Post Office
Phoenix, Arizona

Five 700-horse power, natural
gas engines, each driving a 500-

I
kilowatt generator (above), pro-
vide enough energy so that sev-
leralunits can be held in reserve.
Engines are automatically alter-
'nated for even wear and power
'supply.

Adjacent to the engine room are
boilers and chillers (photo at
right), which convert waste en-
gine heat to warm the building
in the winter and, through ab-
sorption air-conditioning, cool
it in summer.

I'he engines run at 1200 revo-
i.utionsper minute and use 8400
cubic feet of natural gas per
hour.



Nashua Corporation Omaha, Nebraska

The Nashua Corporation coats
paper electrostatically. One un-
desirable by product is an odor-
ous, flammable solvent vapor.
Our mechanical engineers de-
signed an air handling system
which draws air past the coat-
ing heads and into the solvent
mixing and color room where it
is returned to the outside at-
mosphere through the room
exhaust system. Excess air is
returned to the air handling
units.



ELECTRICAL

Fossil-fueled power plants, steam plants, transmission
and distribution systems, electric system planning and
design, outdoor area and street lighting systems,
complete building lighting, power distribution, com-
munications, fire detection and alarm systems.





EN"I RONM ENTAL

Energy and materials recovery, solid waste studies
and design, water resource and water quality man-
agement studies, water and wastewater treatment
plants, sanitary and storm sewers, industrial waste
abatement, air quality, environmental analysis.





Water Treatment
Plant
Borger, Texas

This conventional water treat-
ment plant has a nominal initial
capacity of 5,000,000 gallons a
day and is designed for econom-
ical expansion to 10,000,000gal-
lons a day. Included in the fa-
cilities are chemical feeders,
two rapid mixers, three floc-
culators, three clarifers, four
rapid sand filters, a raw water
pump station and a transfer
pump station with clear well.
The plant features a central
control system and bulk chem-
ical storage and handling facil-
ities. The plant, designed as a
joint venture project, also con-
tains offices, laboratory, meter-
repair shop, lunch room, and
chemical storage area.



Chemical Feeder Room.

Water Treatment Plant
Borger, Texas

Central Control Room for electrical and metering equipment.

Rapid sand filters and filter control room.



lake Texarkana Water Intake Structure
Texarkana, Texas

This intake structure was constructed by
Marine equipment in deep water. A con-
necting bridge provides access for mainten-
ance and operations. Designed by Henning-
son, Durham & Richardson to accommodate
large flucuations in water levels, the initial

.capacity is 26,000 G.P.M. with capabilities of
expansion of 42,000 G.P.M. This structure is
part'bf a system which supplies water to a
paper processing mill. Cost of the intake
structure was $600,000.



Lake Texarkana Water Intake Structure
Texarkana, Texas



This 1,500,000 gallon elevated water storage
tank serves the City of McKinney, Texas. The
$239,510 project included the concrete founda-
tion, cathodic protection system, seven-foot
chain-link fence, and 24-inch connecting water
main. The tank is 91 feet in diameter.

Water Storage Tanks
McKinney, Texas

This 500,000-gallonelevated water storage tank
was raised an additional 29 feet. The $51,910
project included repainting the tank and adding
a cathodic protection system and a 7-foot chain-
link fence.



250,OOO-Gallon Elevated Storage Tank

300,OOO-Gallon Ground Storage Tank, Pumps
Utility Building and Deep Well

Waterworks
Improvements

City of Midlothian, Texas

The projects included in this water-
works improvement program for the City
of Midlothian. Texas. were designed
by our firm and consist of a 500-GPM
deep well drilled 2.350 feet deep. a
300.000-gallon reinforced concrete
ground storage tank with two 500-GPM
high service pumps installed thereon.
and a 250.000-gallon elevated storage
tank. The construction cost of these
improvements totals $261.260.



SEWAGE
TREATMENT PLANT
LEWISVILLE, TEXAS

This sewage treatment plant expan-
sion in 1970 increased the hydraulic
capacity of the plant from 0.85 mil-
lion gallons per day to 1.755 mil-
lion gallons per day, and it was
designed for a population equivalent
of 10,000.

Included in the major items of the
$238,000 expansion were additional
pumping facilities, clarifier-digester
unit, trickling filter, an additional
oxidation pond, final clarifier, sludge
drying beds, and chlorination equip-
ment.

OUTFALL SEWERS
Involved in the development of sew-
age facilities for Lewisville, Texas,
was the construction of three (3)
miles of outfall sewers and the relo-
cation of an existing sewage lift sta-
tion and force main. Vitrified clay
pipe used on the project ranged in
sizes from 8 inches through 27 inches.
The 1970 project was constructed at
a construction cost of $304,000.

NEW TRICKLING FILTER AND FINAL CLARIFIER IN
FRONT OF THE OXIDATION PONDS



SEWAGE
TREATMENT PLANT
FARMERSVILLE, TEXAS

This new sewage treatment plant
was built for the City of Farmers-
ville, Texas, at a cost of $126,500.
The plant was designed for a popu-
lation equivalent of 3,000 with a
hydraulic capacity of 0.60 million
gallons per day. The project, com-
pleted in 1963, included a pump sta-
tion, clarifier-digester, trickling fil-
ter, final clarifier, sludge drying
beds, and chlorination equipment.



TRANSPORTATION

Transportation planning, traffic engineering, transit
studies, highway corridor and functional studies, land
development, flood control, design of rapid transit
systems, highways, airports, bridges, municipal street
improvements.





Camp Wisdom Road-Dallas, Texas

Camp Wisdom Road
City of Dallas, Texas

Our firm designed paving and drainage
improvements on Camp Wisdom Road
from Polk Street to Interstate Highway
35E. This is a major east-west thorough-
fare in the southern portion of Dallas
and consists of two 30-foot reinforced
concrete slabs eight inches thick
divided by a 14-foot median. It was
constructed complete with left turn
lanes. sidewalks. and driveways. A
storm sewer system with pipes as large
as 78 inches in diameter. complete
with inlets and other appurtenances.
was designed to handle the drainage
along and across this roadway.

Construction cost was $345.000.



Douglas Street-Maene Creek Overpass Yankton, South Dakota

RESIDENTIAL PAVING-PLATTSMOUTH, NEBRASKA

BEFORE

AFTER



Crosstown Route
Dallas, Texas

The Crosstown Route was developed in
the Eastern sector of Dallas to alleviate
two traffic problems. It provides a
major thoroughfare connecting Fitz-
hugh, Barry and Collett Avenues with
such other major streets as Haskell,
Grand and Lindsley Avenues and the
R. L. Thornton Freeway. It also
provides convenient access to and from
the Texas State Fairgrounds and the
Cotton Bowl.

The roadway was constructed for the
City of Dallas complete with left-turn
lanes, sidewalks and driveways. The
pavement cross-section consists of two,
3D-foot slabs divided by a 14-foot
median. To handle drainage in the
area, a storm sewer was designed in
conjunction with the paving. It has
pipes varying in size from 15 to 21
inches complete with inlets and other
appurtenances.



Easton Road
Dallas, Texas

Improvementswere made on this major
thoroughfare in Dallas so it could
handle greater volumes of traffic.
Paving and drainage improvements
were also made on the section from
Garland Road east to East Zacha
Drive. Wider medians and left-turn
lanes were provided at Garland Road
and Zacha Drive, and a special cross-
ing was constructed at the Gulf Coast
and Santa Fe Railroad tracks.

The paving cross-section consists of
two, 3D-foot reinforced concrete slabs,
each eight inches thick, divided by a
four-foot median. Storm sewers rang-
ing from 18 to 36 inches, complete with
inlets and other appurtenances, were
built to handle drainage.



Record Crossing Road
City of Dallas, Texas

Collector streets, as well as residential
type streets, have been designed by
our firm. On Record Crossing Road, a
collector street in the City of Dallas,
we designed the section from Stemmons
Freeway to Harry Hines Boulevard. For
the most part, the pavement is 44 feet
wide and eight inches thick. Drainage
improvements include a storm sewer
system with pipes varying in size from
15 inches to 45 inches.
The construction cost was $190,000.



Simpson-Stuart Road
City of Dallas, Texas

Simpson-Stuart Road was developed
as a major east-west thoroughfare in
the southeastern sector of the City of
Dallas from Bonnie View Road to
Golden Gate Drive. The road also pro-
vides access to Bishop College.

This $243.000 project consists of two
30-foot reinforced concrete slabs eight
inches thick divided by a 14-foot median.
It was constructed complete with left
turn lanes. sidewalks. driveways and
retaining walls. Drainage along the
roadway is handled by a storm sewer
system. complete with inlets and other
appurtenances. which were also de-
signed by our firm.

Simpson-Stuart Road-Dallas, Texas



Big Town
Boulevard

Dallas County, Texas

Our firm prepared construction
plans and specifications for approxi-
mately 3.1 miles of four (4)-lane con-
crete divided street, having two (2)
24-foot traffic lanes with a 32-foot
median, along with appropriate storm
sewers, bridges, sidewalks, signals,
and utilities. This thoroughfare is
from the intersection of Oates Drive
to the intersection of Forney Road
and is located in the eastern section
of Dallas County.

Drainage improvements included
approximately 17,611 linear feet of
reinforced concrete storm sewer
ranging in sizes up to 72 inches in
diameter. Also included in the proj-
ect was a triple 7-foot by 3-foot
reinforeced concrete box culvert.

Construction cost was $1,334,704.



Big Town Boulevard
Dallas County, Texas



Bridges-Dallas, Texas

Bridges
City of Dallas, Texas

These bridges cross Peak's Branch at
. Lagow Street and at Spring Street in
the City of Dallas, Texas. Of reinforced
concrete slab construction and com-
plete with sidewalks, handrails and
abutments, these bridges cost $90,000.

The Lagow Street bridge has a 40-
foot-wide roadway and three spans,
two 32 feet 6 inches long and one 40
feet long. The Spring Street bridge
has a 40-foot-wide roadway and two
27-foot-Iong spans.



Joe's Creek
City of Dallas, Texas

Major drainage improvements were
designed by our firm for the City of
Dallas on Joe's Creek, a tributary of
the Trinity River. This project is located
north of Walnut Hill Lane and extends
from west of Harry Hines Boulevard
eastward under Denton Road and the
M.K.&T. Railroad.

It consists of concrete channel lining
6 inches thick with a 24-foot wide bot-
tom and 1.5:1 side slopes. Triple 10-
foot-by-9-foot reinforced concrete box
structures, complete with headwalls
and guard rails, were constructed
under Harry Hines Boulevard and
Denton Road. A special box structure
was built under the M.K.&T. Railroad.
The improvements are designed for a
storm water flow of 2,509 cubic feet
per second.

The construction cost was $265,000.



PLANNING
Master planning and urban design, capital improve-
ment programming, land use studies, site assessments,
feasibility investigations, public participation pro-
grams and zoning studies.





I
Trident Support Site
Bangor, WashingtonI

Henningson, Durham & Richardson
was the sponsoring firm and directed
the Joint Venture in master planning
the 7,000 acre Trident Support Site for
the U.S. Navy. The site is located due
west of Seattle on the Kitsap Peninsula
within sight of the Olympic Mountain
Range. It includes four miles of Hood
Canal shoreline leading into Puget
Sound and the Pacific.

When construction is completed in
1985, this development will employ
nearly 10,000 people and house more
than 100 individual support facilities
for the Trident Nuclear Submarine and
Weapons System. Of critical impor-
tance in planning the Trident site was
the potential impact of this develop-
ment upon the environment. Environ-
mental impact analysis and community
involvement programs were conducted
concurrent with preliminary planning
efforts to ensure an environmentally
protective master plan for the site.



Master Planning
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The 12-month planning effort for the Trident Support
Site involved preparation of both a preliminary and a
final master plan, an environmental impact statement,
preliminary engineering and transportation studies
and architectural design control standards.

A planning methodology was utilized which would
accommodate interim decisions and allow expansion of
most facilities from at least 10 to a possible 20
submarines.

MODE DENSITY

,."homo a
A

Tlldent
Support ISite,

Plan C consisted of a high-density pedestrian scale
campus plan for the personnel support area of the site
with a bus transportation network to all industrial and
waterfront employment areas. Although the Final
Master Plan reflects certain changes to this prelimi-
nary plan, the basic theme remains constant.
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C '"The Conceptual Tree was instrumental in narrowing
down the 81 potential site concepts to the three which
were selected for futher development. Environmental
assessments and preliminary engineering studies were
prepared for each, with Plan C emerging as the most
viable alternative.



Trident Support Site
Bangor, Washington

Waterfront planning for the Trident
Site involved several interrelated
factors -- observing quantity/distance
criteria for explosives. eliminating the
need for further land acquisition, and
preserving the environment of the
shoreline and the abundant shellfish
beds.

The Delta configuration, which locates
the drydock and two refit piers 200 feet
from shore, was selected from more
than 20 waterfront concepts. This
deep-water siting of piers and dry-
docks avoids extensive dredging and
the resultant adverse effects on the
marine environment.

Drydock & Refit. Berths
Delta Configuration

LEGEND-

1 Service Facility
2· Waterfront Shop Facility
3 Tool Box Shed
.4 Logistic Hatch Shed
5 SUBSAT Building
6 Barricade
7 Electrical Sub- station
8 Trailer Parking

Onsite operations involve the inter-
relationships of three major functional
areas -- submarines. support supplies
and manpower. and surrounding com-
munity. For this reason. transportation
studies became a critical input to the'
planning effort. The recommended
transportation plan is one which uti-
lizes fringe parking for most employees
and a series of onsite bus loops which
interconnect all functional areas. This
bus system also interfaces with a
regional bus system from the offsite
community.



Core Complex

TRAINING

The Community and Personnel Sup-
port area of the plan, the "Core",
creates a compact pedestrian environ-
ment where facilities are grouped in
relation to interface frequency. Vehi-
cular accessibility is achieved by
aggregating parking and service ve-
hicles on the periphery of the Core and
clustering all facilities within a five-
minute walking distance. In addition to
creating a pleasant living and work
environment, this functional plan pro-
vides a strong framework for design
and development control by the Navy
throughout the construction period.
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SYSTEMS

Information processing, research, data acquisition
and analysis, computer operations, architectural and
engineering software, word processing, office automa-
tion, computer graphics.





HDR's Control Data 6400 is hub of HDR Data Network.

Information
Processing

Henningson, Durham & Richardson, in
1960,was one of the first architectural
and engineering firms to maintain its
own computer facility. This leadership
in computer technology continues today
with the Control Data 6400 computer
located in the headquarters office pro-
viding HDR planners, designers, archi-
tects and engineers with information
processing on demand.

The CDC 6400 is operated by the
KRONOStimesharing monitor program
capable of servicing more than 500

remote terminals concurrently. With
timesharing, each terminal user feels
the CDC 6400 is completely under his
control. Inexpensive, easily transport-
able terminals permit a user access to
the 6400by telephone from any location
in the United States.

The HDRData Network is the prlncipal
computer network used by HDR. Other
users sharing the resources of this net-
work at their own locations use ter-
minals compatible with their speciftc
requirements.



Typical terminals used with the
6400 are:
Video Display-gives a visual, or soft,
copy display which replaces cards
and paper for input and output data.
Portable Terminal- available to the
HDR staff for access to the 6400
from a project site, home or any loca-
tion where computing is needed.
Teletype-used in HDR as a com-
puter access from branch offices and
also TWX/TELEX communication
terminal. One teletype serves as a
graphics terminal with its hookup to
a CalComp 563 plotter. This plotter
is used for contour mapping, sub-
division mapping, roadway cross-
section rendering, and finite element
data display.
Medium-Speed Terminal - operated
when large amounts of input and out-
put data must be transmitted between
the 6400 and a remote site.

In addition to the HDR Data Network,
the HDR staff is able to use other com-
mercial networks in conjunction with
the CDC 6400. Some of these networks
offer similar equipment so that impor-
tant programs and data can be operated
if the 6400 requires maintenance. Con-
tact with these networks is also neces-
sary for applications requiring the
largest computers available.

These commercial networks include the
Control Data CYBERNET6600 network,
Bloomington, Minnesota, and the
McDonnell- Douglas Automation IBM
360-195 central site in St. Louis, Mis-
souri. The communications computer
for the network interface is capable of
accessing computer equipment made
by any major manufacturer.
Computer Program usage at HDR is
a continuing research and development
process. The staff maintains an up-to-
date set of programs developed through
their own efforts and acquired from
other developers. HDR is constantly in
contact with computer user groups
such as Automated Procedures for
Engineering Consultants (APEC), Civil
Engineering Program Associates (CEPA)
and Control Data VI- Member Group
(VIM) in order to exchange ideas and
programs leading to the best possible
computer usage.

Overview of CDC 6400.

Portable terminal.



Video display.

Medium-speed remote terminal.

The following list is representative of
computer applications undertaken
within HDR:
Programs for the 6400

- Science - Operations Research
- Systems Analysis
K-Rate Reaction
Multiple Linear Regression
Nonlinear Regression
Correlation Table
Critical Path Method
Corporate Simulation Model

- Engineering
Water Distribution Analysis
Sanitary Landfill Soil Volumes
Clarifier Sizing
Solid Waste Collection Routing
Solid Waste Analysis
Wastewater Plant
Operations Report

Digester Tank Analysis
Vertical Profile Calculation
Drainage Calculation
Cut and Fill Computations
Bridge Design
Retaining Wall Design
Backwater Curves

- Architecture
Design

Heuristic Space Allocation
Room Finishing Schedule

Structural
Concrete Beam Design
Concrete Column Design
Composite Beam Analysis
Truss Analysis
Pile Group Analysis
Deflection Calculations

Electrical
Electrical Lighting Calculations
Electrical Rate Schedule
Load Flow Calculations
Short Circuit Analysis
Fault Current Programs
Cable Sag and
Tension Calculations

Radial Line Analysis
Transformer Analysis
Economic Conductor Solutions

Mechanical
Heating and Cooling
Load Requirements

Duct Sizing Program
Economic Energy Analysis
Pipe Flexibility Program

-Planning
Population, Land Use,
Employment Model

Community Renewal Programs
Land Use Calculations



- General Program Library
Text Editor
Text Composer
Desk Calculator
Free Format Input Program
Questionnaire Analysis
Matrix Operations
Depreciation
Amortization

Programs for Host Computers Used in
Conjunction with 6400

-Control Data CYBERNETNetwork
Mathematical Programming
Solid Waste Facility Selection
Water Distribution
Equipment Selection
Landfill Soil Optimization
PERT Time and Cost
- McDonnell-Douglas Automation
Integrated Civil Engineering
System (ICES)
Structural Design - STRUDL
Coordinate Geometry-COGO

Federal Highway Administration
Bureau of Public Roads
Urban Transportation
Bureau of Public Roads Urban
Transportation Planning Battery

The responsibility of operating the HDR
computer facility rests with HDR Sys-
tems. Inc. HDR Systems is the informa-
tion processing subsidiary of HDR. The
professional staff of HDR Systems con-
sists of engineers. mathematicians and
computer scientists with advanced
college degrees at the masters and
doctoral levels.
The HDR Systems staff is organized
into three groups.
Resea.rch Group to perform all corpo-
rate research pertaining to advanced
technologies. This group is composed
of a nucleus of full-time personnel sup-
ported as required by consulting spe-
cialists on a part-time basis.
Applications Group to develop ideas
resulting from analysis done with the
Research Group. Data acquisition and
testing of ideas are done within
this group.

Computer Operations Group to run com-
puter equipment and programs used
by HDR Systems and other users to
solve their problems. The corporate
data communications responsibility
rests with this group.

Teletype unit with CalComp Plotter.

Terminals bring computer to user.



ECOSCIENCES

Baseline studies and environmental assessments for
electrical generating plants, surface mining, offshore
oil drilling, weather modification, community and
regional land use, local and basin-wide liquid and solid
waste treatment and disposal facilities.
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£ Ecological Suitability for Development

Site Development
A series of micro-scale natural systems overlays
assisted in determining the site areas best suited for
intensive development. Conceptual site planning in-
cluded 1,400 units of family housing as well as all other
onsite facilities.

The Planned Unit Development shown below clusters a
mixture of housing types into two areas peripheral to
the Core. Recreational facilities, neighborhood con-

venience outlets, community facilities and open spaces
are integrated within the housing clusters while
maintaining an environment sensitive to natural site
features. A 10-15 percent cost-savings is realized by
reducing the amount of pavement and utility runs in
this type of development. All of these efforts for the
Trident Site will assist in creating a quality living
environment, distinctive among military bases
throughout the world.

West Family Housing
~
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I
I



Trident Support Site
Bangor, Washington

Determination of overall architectural
style and treatment and the recom-
mendation of building materials were
responsibilities of the Trident Joint
Venture in addition to master planning
the site.

A design control guide was prepared
for use by the Navy in coordinating
individual design elements during the
construction phase. This guide esta-
blishes the architectural design theme,
conceptual landscaping, graphics and
lighting standards.





Trident Support Site
Bangor, Washington

Determination of overall architectural
style and treatment and the recom-
mendation of building materials were
responsibilities of the Trident Joint
Venture in addition to master planning
the site.

A design control guide was prepared
for use by the Navy in coordinating
individual design elements during the
construction phase. This guide esta-
blishes the architectural design theme,
conceptual landscaping, graphics and
lighting standards.



CAPABILITIES

MIDWEST RESEARCH INSTITUTE





Field Equipment

A wide variety of equipment is avai lable to obtain and analyze aqueous
samples from process streams, natural water sources, receiving streams, holding ponds,
and sewage systems.

Mobile Units - 3 motorized vans
Electric generators
Continous wastewater sampler
Current meter for stream flow

Portable Laboratory - A Hach Model DR-E L with all the accessory
equipment for the field analysis of waterfor --

Acidity, Free and Total Hardness, Total
Alkalinity Hydrogen Sulfide
Bromine Iron
Carbon Dioxide Manganese
Chloride Nitrate Nitrogen
Ch lori ne N i tri te Nitrogen
Chromate Oxygen, Dissolved
Co lor ph, Wide Range
Conductivity Phosphate, Ortho and Meta
Copper Silica
Fluoride Su Ifate
Hardness, Calcium Turbidity

Portable Colorimeter Test Center - A Hach Model AC-DR completely
equipped for detailed analysis of water for--

Aluminum Nickel
Barium
Boron
Chromate, Sodium
Cyanide
Cyanuric Acid
Detergents
Hydrazine
Hydrogen Su Ifide
Iodine
Me r"ury

Nitrogen
Ammonium

Oxygen Demand, Chemical
Oxygen Demand Index
Phenol
Selenium
Si Iver
Tannin-Lignin
Volatile Acids
Zinc

Supporting Instruments and Equipment
Precision Scientific dissolved oxygen analyzer with 25 ft probes
One complete set of Fisher and Porter variable-area flowmeters
Buchler Instruments chloridometer
Precision volumetric calibration equipment
Portab Ie spectrometer
Portable Sartorius balance
Field ovens for solids determinations at I03-I05°C
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Analytical Laboratory Equipment

MRI is well equipped with research grade instruments for performing
chemical end physical anaiyses in the following areas:

Gas chromatography: Ten chromatographs including a Micro-Tek Model
GC 2500-R-R/DPTF-(F), a Micro-Tek Model GC 200R/DPF(F), a Micro-Tek Model
MT-550, a Micro-Tek Model 220, Varian Aerograph Model 204-B, a Micro-Tek Mod! I
GC-2000-MF, a Bendix Model 2500 Biomedical GC equipped with dual FID and Ni6

EC detectors and a mu Iti linear temperature programmer, and a Varian Aerograph Model
1400 equipped with dual thermal conductivity detectors and gas sampling valves.

Liquid chromatography: A Waters ALC-GPC-301 Liquid Chromatograph
with refractive index and ultraviolet detectors, Waters 201 Liquid Chromatograph with
refractive index detector, Waters 202 Liquid Chromatograph with UV detector, Waters
Model 600 Solvent Programmer, and two Waters Model 600 Chrornctoqrcphy Pumps.
Chromatograph accessories include various columns, packings, baths, fraction collectors,
and high pressure pumps to facilitate liquid-solid, partition, liquid-liquid, and gel
permeation chromatography.

Infrared, ultraviolet, visible, and fluorescence spectrophotometry:
Eleven spectrophotometers including two Perkin-Elmer Infracord Spectrophotometers
Model 137B, a Cary 118-C UV-Visible Spectrograph, a Beckman IR-12 Grating Spec-
trophotometer, two Beckman DK -I's and one DK -2 Spectroref lectometer and Spectro-
photometer, a Wilks Scientific Model 8B Internal Reflection Spectrophotometer and an
Aminco-Bowman Spectrophotofluorimeter.

Atomic absorption spectrophotometry: A Varian Techtron AA-IOOO equipped
with a Model 63 Carbon Rod Atcmizer, a Varian Techtron AA-5 equipped with an Ebert
monochrometer with variable slits, a Varian Aerograph A-25 recorder, a four-lamp solid
state power supply mounted on a rotating turret, and air/acetylene and nitrous oxide/
acetylene grooved titanium burners. An entire complement of lamps is avai lable for
atomic absorption analysis.

Mass spectrometry: An Atlas CH-4B Mass Spectrometer {medium-resolution}
equipped with a Varian 620/i Computer and a Varian Data Systems Statos 2110 Electrostatic
Printer-Plotter. Also, a GC-MS system consisting of a Bendix Chromatograph, speciafly
modified for venting or trapping, and interfaced to the Atlas CH-4B Mass Spectrometer
via a two-stage helium separator.

Nuc lear Magnetic Resonance Spectrometry: A Varian HA-IOO Spectrometer
equipped with a variable temperature accessory and probes for multiple nuclei, Varian
A-60 Spectrometer, and a Varian C-1024 Time-averaging Computer.

Electron and optical microscopy: A Unitron Polarizing Microscope equipped
with a heated stage and photographic attachment. A Hitachi Model HU-IIE Electron
Microscope equipped with controlled temperature stages and all the accessories necessary
for the preparation of transmission specimens.
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Microanalytical analysis: A microanalytical laboratory equipped with an
F&M Model 185 Carbon-Hydrogen-Nitrogen Analyzer, a Mechrolab Model 301 Vapor
Pressure Osmometer, 'a Thomas-Ogg Combustion Apparatus, a Coleman Automatic Nitrogen
Analyzer, and a Sargent Micro C-N-O Analyzer.

Thermal analysis: A Du Pont 900 Differential Thermal Analyzer equipped
to detect transition temperatures from -140°C to 900°C. A differential scanning calori-
meter is also available for quantitative studies, and a Perkin-Elmer Model TGS-I Thermal
Gravimetric Analyzer.

Oxygen demand analysis: A conventional Winkler analytical system in-
cluding 120 BOD bottles, standard volumetric equipment, a 20°C-100% relative humidity
incubator, a Hach Model 2173 Manometric BOD Apparatus, and a conventional COD
analytical apparatus and accessories.

Library

MRI maintains a current reference library with significant collections in
major fields. Over 600 periodicals are received and the total holdings exceed 5,000
bound volumes. Readi Iy accessible to the MRI staff are the Linda Hall Library of Science
and Technology and the Clendening Medical Library of the University of Kansas Medi-
cal Center. The holdings of Linda Hall Library number 500,000 volumes and more than
14,000 current serials. The Clendening Medical Library has approximately 119,000 volumes
and receives 2,000 serials.

In addition, MRI has extensive files of technical reports and papers on
hand as a result of numerous projects on air and water pollution and on solid waste
management. This information is organized as the Environmental Pollution Information
Center (EPIC). Each document is indexed for ready search and retrieval.

Computer

The MRI Computation Center provides a wide variety of computer capa-
bilities. Batch-mode operation is provided by a DATA 100 terminal that interfaces with
large computer systems -- CDC 6400, CDC 6600, UNIVAC 1108, IBM 360(40, 50, 65,
and 85), and IBM 370. Th is variety of systems allows MRI staff to use appropriate capa-
bilities for each application, as well as giving our clients access to extensive computer
cppabilities -- Control Data Corporation, University Computing Company, McDonnell-
Douglas Automcfion Center, Boeing Computer Service, and United Computing System.

In addition to the batch-mode capability provided by the DATA 100 ter-
minal, MRI staff members have available remote time-sharing teletype terminals that
operate in the interactive or conversational mode with a CDC 6400, a UNIVAC 1108,
or a GE 635.

8
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