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MREU ORD .,.......... 

author and compiler of Design L'at$ for Field rurineerá 

accumulated data. short cuts in design and information used on gen- 

eral civil engineering projects from inoeption to completion. Abet 

of this data was loose- leafed or held in folders with appropriate 

headings. His colleagues and friends advised him to compile this 

data in reference book form so that others in the same profession 

might gain some value from his engineering practice. 

Most of the author's time has been spent in the pursuit of de- 

sign and construction of projects which would benefit and enrich 

mankind. In order to accomplish this goal he has constantly strived 

to find economical short cuts so that more could be accomplished in 

less time. 

These chapters may need to be augmented by the practicing en. 

gineer in accordance with his requirements. The book has purposely 

left out redundant information which may be obtained from treatises. 

It is intended for the engineer who may be stationed in isolated 

areas in the far corners of the earth and who does not wish to be 

hampered with unnecessary weight but still have at his command the 

required reference data. 

Particular emphasis has been placed on the investigation of a 

specified project prior to its design. Outlines are provided so that 

pertinent data may not be overlooked by the investigating engineer. 

Often in the desert heat or in frame arctic wastes the urge has been 

had 



to complete investigations and surveys as soon as possible in order 

to conserve human energy or to return to a more pleasant climate. 

The investigating engineer may leave the area and not take into con. 

sideration all of the facets that affect the overall design. This 

is only a human trait to which all people are subjected the will 

to survive. This volume will reduce the investigation period by 

providing necessary outlines for investigation of the project. It 

outlines briefly requirements of a report in accordance with the 

project's need and purpose. 

The volume presents typical contract forms which have been 

found to be generally adequate. It gives typical design analyses 

for the project reviewer and for information of clientele. Tables 

are provided in a manner close to the subject so that reference 

search time is reduced. Also presented are points which have 

at one time or another bewildered the author. 

Short cuts, charts and tables are provided to assist the en. 

gineer in selection of the type of project to design. This volume 

of the reference book covers. but is not limited to, project investi. 

gation. reporting, contracting, designing and construction in the 

fields of water supply and drainage and includes phases of civil 

engineering used on municipal. military and foreign projects. 

A great deal of reference material which has been proven sound 

has been borrowed from others. Some data, considered old. have been 

and are still used universally by eminent engineers and corporations. 

._ 



Age alone does not disqualify an axiom. The original inventor, as 

we may call the mathematician. of integral or differential calculus. 

trigonometry and some of our basic laws in science. discovered these 

axioms before the time of Christ. They are still in use today and 

probably will withstand th test cf time forever. 

So it is with this volume .- tried and true like old wine. 

Enjoy it. reduce your working time and feel secure that your project 

will have a better chance to withstand the elements. 

. 
. 



DESIGN DATA FOR FIELD ENGINEERS 

I. ENGINEERING FIELD INVESTIGATION REPORTS, 

TYPICAL DESIGN ANALYSES, SPECIFICATIONS AND CONTRACTS 

Introduction 

Tais chapter of Design Data for Field Engineers consists of points 

to be considered in investigating data on engineering projects. Out- 

lines and check lists are included to remind the investigating engi- 

neer of factors which influence the project design. 

Outlines for data to be considered in writing technical reports, 

progress reports or field condition reports are included as a guide to 

the engineer. 

Other data such as typical design analyses, proposal forms, con- 

tract documents and related documents are presented to guide the engi- 

neer in preparing contract agreements on small projects. Legal advice 

should be obtained, if available, from legal advisors of the country 

concerned to be sure all local laws are adhered to and to prevent liti- 

gation or arbitration. 

What is an Engineer? 

An engineer is a person who employs the forces of nature to the 

use of man and builds the structures using the forces of nature and 

the qualities of material in the most economical manner to meet his 

needs. 

' 
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He is both an expert and a specialist. The following excerpt 

admirably highlights this. (Mitchell, n. d. ) 

"As an expert, what is your opinion in this matter ?" was the 
question asked of one of the men in a conference. He replied, 
"I am no expert, but if you wish my opinion as a specialist, I 
shall be glad to give it." Thus was emphasized a very definite 
distinction between the two terms. 

The dictionary defines a specialist as a person who has 
devoted Himself to the study of a particular branch of art or 
science, and thereby has acquired a particular or special 
knowledge of the subject. The expert is defined as a person 
who has been taught by use, practice and experience. The ex- 
pert is the artisan. One may become an expert piano player 
without ever becoming an artist. One may be an expert in 
surgical operations -- the art of surgery -- and in any num- 
ber of manual skills, physical operations, maneuvers, proc- 
esses and calculations. But in philosophy, for example, which 
is a science, a philosopher is necessarily a specialist of 
knowledge in that field. George Washington was a specialist 
in statecraft, an expert in warfare. This might also be said 
of General MacArthur, being careful not to confuse statecraft 
with politics. 

The specialist is a modest person who says, 'I have 
studied the subject carefully and from what I have learned, 
I have formed a certain opinion. Further study may reveal 
information that may modify my present opinion to some ex- 
tent.' The expert says, 'I have been, and seen, and done, 
and I know the answer.' And likely as not, he will be contra- 
dicted by another 'expert' who also has 'been and seen and 
done', but probably has been along another path, seen from a 
different viewpoint, and done with other tools. Both may be 
wrong. When experts disagree, as they often do, it is neces- 
sary to consult a specialist on the subject, and, from the 
details of the conflicting experiences viewed in the light of 
thorough study upon the subject, endeavor to find out the 
true answer. 

Being an expert is a difficult role to play in any field. 
To maintain a reputation as an expert is no easy matter; it's 
a competitive rating. The specialist is not competitive; his 
ears, and eyes, and his mind are open. And even when retired 
from active service, the specialist may continue as an in- 
terested inquirer and thereby maintain, and even improve, his 
status as a specialist. 

f 
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In the progressive life of our nation we have need of 
both the expert and the specialist. It is when we find the 

two combined in one person that we have one of the most use- 

ful of our citizens -- the engineer." 

Canons of bt pics for dears 
(Engineers' Council, 1946) 

Foreword 

"Honesty, justice and courtesy form a moral philosophy, 
which, associated with mutual interest among men, constitutes 

the foundation of ethics. The engineer should recognize such 

a standard, not in passive observance, but as a set of dy- 

namic principles guiding his conduct and way of life. It is 

his duty to practice his profession according to these Canons 

of Ethics. 

As the keystone of professional conduct is integrity, the 

engineer will discharge his duties with fidelity to the public, 

his employers and clients, and with fairness and impartiality 

to all. It is his duty to interest himself in public welfare, 

and to be ready to apply his special knowledge for the benefit 

of mankind. He should uphold the honor and dignity of his 

profession and avoid association with any enterprise of ques- 

tionable character. In his dealings with fellow engineers he 

should be fair and tolerant. 

Professional Life 

The engineer will cooperate in extending the effective- 

ness of the engineering profession by interchanging informa- 

tion and experience with other engineers and students and by 

contributing to the work of engineering societies, schools 

and the scientific and engineering press. 

he will not advertise his work or merit in a self - 
laudatory manner, and he will avoid ail conduct or practice 

likely to discredit or do injury to the dignity and honor of 

his profession. 

Relations with the Public 

The engineer will endeavor to extend public knowledge of 

engineering, and will discourage the spreading of untrue, un- 

fair and exaggerated statements regarding engineering. 

,s 

' 
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He will have due regard for the safety of life and health 
of public and employees wno may be affected by the work for 
which is is responsible. 

He will express an opinion only when it is founded on 
adequate knowledge and honest conviction while he is serving 
as a witness before a court, commission or other tribunal. 

He will not issue ex parte statements, cr :ti.:.sstr or 
arguments on matters connected with public policy which are 
inspired or paid for by private interests, unless he indicates 
on whose behalf he is making the statement. 

He will refrain from expressing publicly an opinion on an 
engineering subject unless he is informed as to the facts re- 
lating thereto. 

Relations with Clients and aployers 

The engineer will act in professional matters for each 
client or employer as a faithful agent or trustee. 

He will act with fairness and justice between his client 
or employer and the contractor when dealing with contracts. 

He will make his status clear to his client or employer 
before undertaking an engagement if he may be called upon to 
decide on the use of inventions, apparatus, or any other thing 
in which he may have a financial interest. 

de will guard against conditions that are dangerous or 
threatening to life, limb or property on work for which he is 
responsible, or it he is not responsible, will promptly call 
such conditions to the attention of those who are responsible. 

He will present clearly the consequences to be acted 
from deviations proposed if his engineering judgment is over- 
ruled by nontechnical authority in cases where he is respons- 
ible for the technical adequacy of engineering work. 

de will engage, or advise his client or employer to en- 
gage and he will cooperate with, other experts and specialists 
whenever the client's or employer's interests are best served 
by such service. 

He will disclose no information concerning the business 
affairs or technical processes of clients or employers without 
their consent. 

. 

O 
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He will not accept compensation, financial or otherwise, 
free more than one interested party for the same service, or 
for services pertaining to the same work, without the consent 
of all interested parties. 

He will not accept commissions or allowances, directly or 
indirectly, from contractors or other parties dealing with his 
client or employer in connection with work for which he is 
responsible. 

He will not be financially interested in the bids as or 
of a contractor on competitive work for which he is employed as 
an engineer unless he has the consent of his client or employer. 

he will promptly disclose to his client or employer any 
interest in a business which may compete with or affect the 
business of his client or employer. He will not allow an in- 
terest in any business to affect his decision regarding engi- 
neering work for which he is employed, or which he may be 
called upon to perform. 

Relations with 13611R44~41 

The engineer will endeavor to protect the engineering 
profession collectively and individually from misrepresenta- 
tion and misunderstanding. 

He will take care that credit for engineering work is 
given to those to whom credit is properly due. 

He will uphold the principle of appropriate and adequate 
compensation for those engaged in engineering work, including 
those in subordinate capacities, as being in the public in- 
terest and maintaining the standards of the profession. 

He will endeavor to provide opportunity for the profes- 
sional development and advancement of engineers in his employ. 

He will not directly or indirectly injure the professional 
reputation, prospects or practice of another engineer. How- 
ever, if he considers that an engineer is guilty of unethical, 
illegal or unfair practice, he will present the information to 
the proper authority for action. 

He will exercise due restraint in criticising another engi- 
neer's work in public, recognising the fact that the engineer- 
ing societies and the engineering press provide the proper form 
for technical discussions and criticism. 

9 
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He will not try to supplant another engineer in a 
particular employment after becoming aware that definite 
steps been taken toward the other's employment. 

He will not compete with another engineer on the 
basis of charges for work by underbidding, through reducing 
his normal fees after having been informed of the charges 
named by the other. 

He will not use the advantages of a salaried position 
to compete unfairly with another engineer. 

He will not become associated in responsibility for work 
with engineers who do not conform to ethical practices." 

The Engineering Report 

Engineering Reports 

Engineers often feel inadequate and, consequently, reluctant to 

write an engineering report. However, for an engineer to be of value 

to his employer or client, he must be able to convey the information 

collected in the field for promotion of a project, development of an 

industry, construction of a new project, modernization of an existing 

plant, or design, research operations reports, reports on failures or 

"post- mortens ", tests, evaluations and many others as dictated by the 

need. 

These reports may vary in style according to the intent and re- 

quirements. If a report is to be submitted to officers of a large or- 

ganisation, it will of necessity require a more complete background 

introduction than if it is submitted to those close to and knowledge- 

able of the subject of the report. Thus it may be only an informal 

letter or it may be a formal report. Whichever is required, it is 

`" F 
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important to recognize that all engineering reports have three char- 

acteristics in common: 

1. They seek to present a solution to an engineering problem or 

to give specific information on some definite project. 

2. They are written in conformity with a literary form that 

has been evolved in an attempt to promote clarity, definiteness, and 

convenience to the reader. 

3. They should be brief, concise, clear and complete in order 

to convey the information required without redundancy or irrelevant 

material. 

The engineering report differs from other forms of technical 

writing in that, in general, it entails the presentation of evidence 

bearing upon a specific problem as well as the solution to the prob- 

lem. 

Engineering reports range in length from brief letters to books 

of hundreds of printed pages. They may be handwritten although they 

are usually typewritten or printed. 

The general elements of an engineering report, in the order in 

which they appear. are: 

The title page; 

The preface or the letter or letters of transmittal; 

The table of contents; 

The abstract (not always introduced); 

The text or main body of the report; 

The summary or statement of conclusions; 

7 



The appendices (not always included); 

The index (if the report is long enough to require one). 

Woman engineer reports on a project located some distance from 

the home office it is necessary that the report include the names and 

positions of persona contacted and resume of each person's ideas, 

plans, data given and recommendations, and, submitted as an appendix, 

a chronological report of reactions of the persons contacted. The 

engineer may not use all data given but it will be useful for the 

supervisor evaluating the report. 

Field Reports 

Tlo field report is the medium through which the engineer con- 

veys his findings, surveys and recommendations to the home office for 

design. 

The field engineer must have adequate knowledge to evaluate that 

information which is necessary to effect a feasible, adaptable and 

economic design of the project. To guide him on the various designs, 

a standard field information guide (Exhibit A) and check list (Ex- 

hibit i) are included in this book for several types o projects. 

Lista of this kind are useful as a guard against omissions in field 

investigation and in the compilation of the report. Ether factors 

such as prices of local labor and materials and availability of vari- 

ous craftsmen and contractors in isolated places are necessary in the 

report in order for the estimator to adequately determine the cost of 

a particular project. This information naturally suet be completed 

prior to departure from the field. 

8 
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Progress Reports 

Monthly or interim progress reports are presented to show the 

following: 

1. >tcoua1 physical progress; 

2. Financial picture of the job; 

3. Budget adherence. 

To determine if the project is being constructed at the most rea- 

sonable cost it is highly desirable that direct unit costs be estab- 

îis ied as early as possible and that indirect unit costs to added upon 

completion of a structure. Unit costs should be broken down into com- 

ponents of a structure such as 

1. Cost per unit of concrete; 

2. Cost per unit of forming; 

3. Coot per specified weight of reinforcing steel; 

4. Cost per unit of excavation; 

5. Cost of dewatering structure; 

6. all cost; 

7. Fuel cost; 

8. Other costs as needed to complete the total cost picture. 

Oftentimes progress reports do not contain all that is required 

to give a definite picture of the project. Therefore, included here- 

in as a guide is Exhibit C, a listing of information previously re- 

quested in the monthly progress report on a largo multi- project cost - 

plus- fixed -fee contract. The client was a foreign government. 

- 

' 
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Report Appraisal idi (U. 3. Department of Agriculture, 1952) 

This appraisal guide is intended to assist you in planning, 

writing and editing your own reports or in indicating to others the 

specific weakness of reports submitted to you for editing. 

before appraising a report, be sure to determine its exact pur- 

pose. What response is desired from the reader -- or readers? 

Can you answer "les" to the following questions? 

Is the report: 

1. Complete? 

a. Does it give all the information necessary to accomplish 

its purpose? 

b. Does it answer fully all questions likely to be in the 

reader's mind? 

2. Concise? 

a. Does the report include gal the essential facts? 

b. Are the ideas expressed in the fewest words consistent 

with clearness, completeness and courtesy; have irrele- 

vant details and unnecessary repetition been eliminated? 

3. Clear? 

a. Are all facts arranged in proper sequence; are they 

directed to the interest of the reader? 

b. Is the language adapted to the vocabulary of the reader? 

c. Do the words exactly express the thought? 

d. Is the sentence structure clear? 

e. Is each paragraph one complete thought unit? 

, 

A. 
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4. Correct? 

a. Is the accuracy of all factual information beyond 

question? 

b. Are all statements in strict conformity with policies? 

C. Is the report frees from: (1) grammatical errors, (2) 

spelling errors, (3) misleading punctuation? 

5. Appropriate in tone? 

a. Is the tone calculated to brim about the desired re- 

sponse? 

b. Is the report free from antagonistic words or phrases? 

c. Is it free from hackneyed or stilted phrases which may 

suggest that our business methods are as outmoded as 

our language? 

d. Are the 

mefactyswoyr+ganiseedrto 

hold the reader's interest 
and to cary conviction? 

6. A tt rac ;irel., displayed? 

a. Can the reader readily know the RE12141 of the reports? 

b. Are the main parts easy to finds conclusions, recom- 

mendations, supporting data? 

C. Are headings, subheadings, underscoring, italics, ta- 

bles, charts and other devices for effective display 
used appropriately? 

d. Will the physical appearance of the page create a favor- 

able impression upon the reader? 

' 

' 

' 

, 
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How effective is the report as a whole? To what extent is it 

likely to accomplish its purpose, obtain the desired response and 

build good will? In other words, now do you rate its general effec- 

tiveness? Underline the word which best expresses your rating: 

Outstanding Good Passable Unsatisfactory 

Passable: Report has minor weaknesses, but will "do ". 

These weaknesses indicate opportunities for improvement 

in future reports. 

Unsatisfactory: Report has major weaknesses and there- 

fore should be rewritten. 

. 

.., 
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OUxLTNL FUR FULD RhPUR26 

1. To whom, from whom and date 

2. Authority 

a. Order number and date 

b. Date of travel 

c. Credentials 

3. Purpose of field trip 

4. Route travelled and dates 

5. Persons contacted and positions they hold 

6. Consultations with each person contacted 

a. Problem presented 

b. Discussion 

c. Conclusion or decisions made or recommended by official 

visited 

7. Other pertinent data such as: 

a. Condition of roads, etc. 

b. Difficulties encountered 

c. Unrelated engineering data obtained or observed 

Socasaas of information 

Recommandations 

Appendices, maps, etc. 

Chronological daily diary including report on observations 

and disc; <ssious, and promises made with local officials. 

13 

. 

' 

r 

9. 

10. 

11. 

1 

8. 
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Exhibit B 

TYPICAL CHECK LIST ©F (imam. FIELD INFORMATION 

1. Survey of Property 

a. Topographic 
b. Names of streets, roads, orientation 
c. Location of existing structures 

2. Electrical Information 

a. Power supply -- municipal or private company 
b. Generator unit -- volts phase 
a. Sise, 1.W., diesel or other 
d. Type of equipment. American? European? 
e. Cost of electricity per K.W. 
f. Do the local authorities consider electricity necessary 

for the project? 

3. Water Information 

a. Water supply -- municipal or private 
b. Source -well? other? 
C. Is there adequate supply? 
d. Capacity of well 
e. Type of pumps 
f. Storage tanks? 
g. Location of storage tanks, if any 
h. Type of water lines 
i. Water sample -- one quart 
j. Location of river, if any, and any history of floods in area 

4. Heating Information 

a. Heating system, if any 
b. Type of boiler 
o. Capacity 
d. Fuel -- type, grade, availability 
e. Cost of present installation 
f. Type of equipment. American? European? 
g. Recommended method of heating 
h. Peak temperature readings, summer and winter 
i. Prevailing winds 

` 
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5. Sewage Disposal Information 

a. Type of disposal system, if any 
b. Location 
c. Capacity 
d. Soil type 
e. Number of toilets existing 
f. Number of toilets required 
g. Rainfall data 

6. Contractors 

a. Number of general contractors available locally 
b. Names and records of work performed by these contractors 

(List on separate sheet) 
c. Recommendations 

7. Local Conditions and Prices for Use of Estimating Department 

a. Job conditions 

(1) Nature of soil: Gravel? Clay? Loam? Sand? 
Requires loosening by pick? 

(2) Average depth of groundwater belog natural ground 

(3) Rock types Granite? Limestone? Other? 
General depth below natural ground 
Give location sketch 

b. Material prices 
Length 

Materials Unit Unit Price Source of Haul 

Cement 
River sand 
Desert sand 
Gravel or crushed rock 

Reinforcing steel 
Galvanised iron sheets 
Common brick (red) 
Face brick (white) 
Face brick (red) 
Sundried brick 
Plaster 

Lima 
Rubble stone 
Dressed stone 
Cement tile 
Terrazzo tile 
Timber 

.. 
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c. Prevailing labor rate 

Classification Cost per hour 

Common labor 
Concrete workers 

Concrete finishers 
Steel workers 
Carpenters 
Masons 
Plumbers 
Electricians 
Mechanics 
Plasterers 
blacksmiths 
Tinsmiths 

d. Arf other pertinent information. 

Reported by Date 

. 

. 

. 
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Exhibit C 

SAMPLE FOR MONTHLY PROGRESS REPORT 

1. `Title, page 

2. Table of contents 

3. Summary -- A concise statement of progress 

4. Body 

a. Present pertinent information concerning past performance; 

i.e., difficulties in acquiring materials, Methods which 

have proved unsatisfactory. 

b. Record of successive stages of a construction unit: 

(1) Engineers' progress 

(a) Field 

(b) Office 

(2) Construction process 
Actual Estimated 

Percent of Cdmple ion Completion 

Description Completion, Date Date 

c. Actual and estimated costs 

(1) Unit costs 

(a) Direct 

(b) Indirect 

(2) Completed structure (actual/final) 

Administrative 

Engineering 

Labor -- local, third country, American 

Equipment amortisation 

Materials 

d. Miscellaneous comments 

. 

' 

- 

(a) 

(b) 

(c) 

(d) 

(e) 
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(1) Supplies and materials -- local, imported 

(2) Equipment - condition, adequacy 
(3) Weather -- floods, wind, heat, cold, etc. 

Effect of weather on progress. 

5. Inventory of mayor supplies and materials 

a. On :land beginning of month 

b. Received 

c. In transit 

d. Used 

e. On hand end of month 

6. Constri:.ot; on equipment distribution 

7. Fuel report 

8. Personnel 

9. Appendix -- Submit such itkims which are preferably not included 
in the main body but which give the reader a better understanding 
of the project's progress. 

a. Graphs 

b. Computation and d&ta sheets 

c. Tabulated statistics 

d. Diagrams and drawings 

e. Maps 

f. Hydrographie reports 

g. Photographs 

h. Blueprints 

i. Index 

. 

. 

' 

- 
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Engineer's Contract Agreement 

A typical Contract Agreement between the engineer and his client 

is presented in Exhibit D. It has proved fully adequate on many proj- 

ects in the past. 

Other standard forms of Contract Agreement between Engineer and 

Architect and between Architect and Engineer on the following basis: 

1. Percentage, 

2. Multiple of direct personnel expense, or 

3. Professional fee plus reimbursement of expenses 

may be obtained from the National Society of Professional Engineers, 

2029 K Street, Northwest, Washington, D.C. 

Other suggested Forms of Contract Agreement for use in connection 

with engineering construction projects have been prepared jointly by 

the American Society of Civil Engineers, 33 West 39th Street, New York, 

N. Y., and the Associated General Contractors of America Inc., 20th 

and E Streets Northwest, Washington 6 D.C., and may be obtained by 

writing them at the above addresses. 

f 



ENGINEERING SERVICES 

THIS ACUMEN? 
nineteen hundred 

CONDITIONS 

made the day of 
c19), by and 

20 

Exhibit D 

between 

herein called the Owner, and 
hereinafter called the Engineer, 

W IT ESSL H: That, Whereas, the Owner intends to build a 
concrete drat, controls therefor, clearing and grubbing reservoir, 
supply and distribution pipe line and appurtenances thereto for a 
domestic water system, said work being located in 

NOW, riEREFC :: p., the Owner and the Engineer for the con- 

sideration :rain named agree as follows: 

Tho Engineer agrees to perform for the above -named work, 
professional services as outlined in ARTICLE I. 

The Owner agrees to pay the Engineer at the rate of six 
(6) per cent, herein called the basic rate, computed upon the lowest 

bona fide bid or bids and payable as stated in the said conditions 
and to yaks any other payments and reimbursements arising of of 

said Conditions. 

The paries hereto further agree to the following: 

ARTICLE I -- The Engineer's Services 

The Engineer's professional services consist of the neces- 

sary conferences, preparation of drawings, specifications and other 
contract documents and estimates of cost and quantities, general 
assistance in obtaining and analysing bids and general supervision 
of construction. 

ARTICLE II - The Engineer's Fee 
The fee payable by the Owner to the Engineer for the per- 

formance of the above services is the percentage, hereinbefore defined 
as the basic rate, computed upon the cost of the work in respect of 
which such services have been performed, subject however to any mod- 
ifications growing out of these Conditions of Agreement. 

.TYPICAL CONTRACT FOR 

0I? .,1iGIMMENT 

. 

_ 

. 

' 
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ARTICLE III - Extra Services and Special Cases 
If after a definite scheme has been approved the Owner 

makes a decision which, for its proper execution, involves extra 
services and expense for changes in or addition to the drawings, 
specifications or other documents, or if a contract be let by cost 
of labor and material plus a percentage of fixed sum, or if the 

Engineer is put to labor or expenses by delays caused by the Owner 
or Contractor, or by the delinquency or insolvency of either, he 
shall be equitably paid for such extra services and expense. 

ARTICLE IV - Abandonment or Suspension of Work 
Should the execution of any work designed or specified by 

the Engineer or any part of such work be abandoned or suspended, the 
Engineer is to be paid in accordance with or in proportion to the 
terms of ARTICLE V for the service rendered on account of it up to 
the time of its abandonment or suspension. 

ARTICLE V -- Payments 

Whether the work be executed or whether its execution be 
suspended or abandoned in part or whole, payment to the Engineer on 
his fee is, subject to the provisions of ARTICLE IV, to be made as 
follows: 

First payment of 

to be made on or before , except should the 
work be abandoned for any reason, the payment of 

shall be made on or before 

Second payment of to be made 

Succeeding payments to be made on the first of each month 
for months at the rate of 
per month. 

The final payment shall be made not later than fifteen (15) 
days after completion of the work and shall be a sum equal to the 
rate or rates of commission arising from this Agreement, computed upon 
the final cost of the work. 

No deductions shall be made from the Engineer's fee on ac- 
count of penalty, liquidated damages, or other sums withheld from pay- 
ments to contractors. 

1---------- 
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ARTICLE VI - The Owner's Decision 
The Owner shall give thorough consideration to all sketches, 

drawings, specifications, proposals, contracts, and other documents 
laid before him by the Engineer and, whenever prompt action is neces- 
sary, he shall inform the Engineer of his decision in such reasonable 
time as not to delay the work of the Engineer nor to prevent hire from 
giving drawings to contractors in due season. 

ARTICLE VII -- Supervision and Inspection 

The Engineer will endeavor to guard the Owner against defects 
and deficiencies in the work of contractors, but he does not guarantee 
the performance of their Contractors. The supervision of an Engineer 
is to be such as may be necessary for the proper execution of the work. 

The Owner snail supply and pay for the services of an in- 
spector whose qualifications are approved by the Engineer and who 
shall be continuously employed until completion of the work. 

ARTICLE VIII - Preliminary Estimates 
When requested to do so, the Engineer will make or procure 

preliminary estimates on the cost of the work and he will endeavor to 
keep the actual cost of the work as las as may be consistent with the 
purpose of the system and with proper workmanship and material but no 
such estimate can be regarded as other than an approximation. 

ARTICLE IX -- Definition of the Cost of the Work 

The words "The cost of the work" as used in Articles II and 
VI hereof are ordinarily to be interpreted as meaning the total of 
the contract sums incurred for the execution of the work, not includ- 
ing Engineer's, Legal and Administrative fees. 

ARTICLE I -- Ownership of Documents 

Drawings and specifications as instruments of service are 
the property of the engineer whether the work for which they are made 
be executed or not. 

ARTICLE II -- Successors and Assignments 

The Owner and the Engineer each binds himself, his succes- 
sors and executors, administrators and assigns to the other party to 
this Agreement, and to the successors, executors, administrators, and 
assigns of such other party in respect of all the covenants of this 
Agreement. 

. 

, 

' 
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The Engineer shall have the right to join with him in the 
performance of this Agreement any Engineer with whom he may in good 
faith enter into partnership relations. In case of the death or 
disability of one or more partners the rights and duties of the 
Engineer, if a firm, shall devolve upon the remaining partner or 
partners. 

Except as above, neither the Owner or the Engineer shall 
assign, sublet or transfer his interest in this Agreement without 
the written consent of the other. 

The Owner and Engineer hereby agree to the full perform- 
ance of the covenants attained herein. 

IN WITNESS WdEREOF they have executed this Agreement the 
day and year first above written. 

In Presence of OWNER 

ENGINEER 
a 

d 

r 

Er IN WM 

By 
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Specification Writing 

For better and Clearer Specification Writing 

Is specification writing a lost art? Robert A. Dennison, Jr. 

(Dennison, 1962) has this to say: 

"Never in public work history has the need for better speci- 
fication writing been more important. But with the shortage of 
engineers upon us, fewer and fewer engineers are being developed 
to master this forgotten art. It is with this critical situation 
in mind that the following observations on specification writing 
are offered. 

"A specification is, or should be, a clear and accurate de- 
scription of the technical requirements for a material, product, 
or service, including the procedure by which it will be determined 
that the requirements have been met. The technical requirement 
should not exceed the minimum required to perform the function of 
the material, product, or service specified. 

®Format of specifications should generally be similar to the 
following: 

Title 
Description 
Materials 
Construction 
Measurement 
Payment 

"Style is an essential part of specification writing. A 
good style will insure accuracy, brevity, clearness and simplic- 
ity. The purpose and effect of a specification should be evident 
from its language and the language should convey one meaning 
only. 

"The choice of words is important. They should be plain and 
well understood. No unnecessary word should be used. In this 
connection a Taboo List is offered: 

Don't Use Use 

at his option may 
any material worth salvaging salvable material 
payment shall be made payment will .... 



any or all 
it is intended 
such 

it shall be incumbent upon 
it shall be the duty 
is hereby authorised 
must 
it the contractor reo elects he may 
engineer shall 
shell be interpreted to mean 
means and includes (restrictive) 
Wagons of 

25 

the definite article 
shall 
the definite article 
shall 
shall 

mar 
shall 

the contractor may 
engineer will 
means 
includes or means 
by 

"Rules should be used when drafting specifications as well 
as when performing other engineering Inactions. The following 
drafting rules are suggested as a guide in the preparation of 
specifications* 

1. Language. Use correct ¡English. Langoags used should be so 

*lass that it convoys the emus meaning to every intelligent 
reader. 

Z. Consistency. Use the same arrangement and firm of expres- 

sion throughout, toles. the älsssisig rewires variations. 

3. Choice of words and phrases. (a) Select short, familiar 
words and phrases that beet express the intended meaning aoeerdi34 

to canon and approved usage. (b) Do not use synonyms and do 
not use the some ward in different serene. (a) Use pronouns 

only if their antecedents are unmistakable. (d) Do not use the 
words 'said', 'aforesaid', 'hereiaaaboYre', 'betosrranticada 
whatsoever', or similar words of reference or emphasis. (e). 

Do not use the expression i or'. 

4. Brevity. (a) Omit every needless word. (b) It a word 
has the same meaning as a phrase, use the word. (o) Use the 

/stuufi.est 

sentences wish bring out the moaning 

full 

intended. 

,,,,., 
5. Pull Treatment. Brevity is desirable, but iti..i. treatment 
of the subject matter is more desirable. Greater harm may often 
be done by a specification which dismisses a complicated subject 
with a few sweeping sentences than by one that is verbose or too 
repetitious. Avoid both extremes. 

6. Punctuation. Punctuate carefully. Recast the sentence it 

a change in punctuation might chante a its meaning. 

7. Lnuaesrrticeaae. Always consider whether an enumeration of 
particulars is necessary. It is almost impossible to make the 
enumeration exhaustive, and accidental omission may be construed 
as implying deliberate exclusion. 

i 

" 

. 
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8. Precision. The ultimate prevision in the language of a 
specification is that a person reading in bad faith cannot mis- 
construe it. Strive for this precision. 

"There has been much controversy over specifying results 
rather than methods when drafting specifications. Advocates of 
end result specifications maintain: 

1. When specifying methods it is impossible to hold the con- 
tractor to definite results. 

2. Contractors may prefer a more efficient method. 

3. Methods tend to weaken the independent contractor relation- 
ship and discourage initiative. 

4. More efficient inspection procedures may be followed. 

"Advocates of method specifications maintain: 

1. Much construction work is too complex for end -result treat- 
ment. Few items lend themselves to this method. 

2. A lack of trained personnel and quick methods for testing 
make an across- the -board treatment inadvisable. 

3. 'End- results impose upon contractors the entire responsi- 
bility for results achieved in construction work. 

"Certainly the end result type of specification cannot be 
either accepted or rejected on an over -all basis. Both methods 
and end re ult types may be used with great effect in drafting 
specifications. However, a word of caution -- do not use methods 
and end - results in the same specification. This can create a 
situation of impossibility of performance which will cause opera- 
tional and legal complications. 

"A word should be said about the advisability of using lump 
sum versus unit price payment. Where the work may be classified 
under a few items and exact quantities can readily be determined 
in advance the lump sum method should be used. Where, however, 
many items exist and exact quantities cannot precisely be fore- 
told unit prices will be simpler. 

"It should be noted that courts have held that the loss 
from a destruction of uncompleted work undertaken by the contrac- 
tor, where the destruction was caused by an act of God and nei- 
ther party was at fault, will rest upon the owner under the unit 
price method and upon the contractor when the lump sum or fixed 
price payment is used. (Tacoma Dredging Co. v. U.S., 52 Ct. Cl. 
447; c.f. The Arundel Corp. v. U.S. 130 Ct. Cl. 688). This prin- 
ciple should be considered when the method of payment is selected. 

, 

, 

. 
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"There is a tendency for some bidders to unbalance a lump 

sum price when it is to be performed early in the contract 
to 

allow easy financing of the project. If the lump sum price is 

inserted in the bid schedule as a fixed amount this disadvantage 

may be alleviated. To retain competitive 'bidding, the bidders 

may be allowed to vary the fixed price by a specified 
percentage. 

"Accurate plans and understandable specifications have 
never 

been needed more than at this time. It is hoped that the obser- 

vations offered can contribute some small effort in 
this direc- 

tion." 

Phraseology and Manner of Presentation of Specifications 

The following instructions for presentation of specifications 
for 

government contracts are included as a guide for specification 
writing. 

1. Do not use special or colored cover sheets. The cover 

s:eet shall be of same paper as succeeding pages. Sleets shall 

be d by 14i inches which is standard Government size 
and is re- 

quired to facilitate filing and handling. kimeograph on both 

sides of the sheets; elite type is preferred. 

2. The specifications snail be divided into the following 

divisions: 

a. Principal sections (1, 2, 3, etc.) 

b. Paragraphs (1-01, 3-04, etc.) 

c. Subparagraphs ((a), (b), (a), etc.) 

d. Sub -subparagraphs ((1), (2), (3), etc.) 

Each division shall have a title. A single subparagraph or a 

single sub- subparagraph should not be used; when only 
one such 

subdivision would occur the requirements should be included 
in 

the basic paragraph or subparagraph, as applicable. 
Subdivi- 

sions below sub -subparagraph should be avoided. 

3. Under General Requirements do not say "the work con- 

sists of ". Drawings should show scope; if necessary to list 

certain parts say: "the work includes ". 

4. The cleaning of window glass, mirrors, floors, etc. 

is specified in the contract form; do not repeat in specification. 

5. The cleaning up of premises is in the contract form; 

do not repeat in specification. 

6. In lieu of reference to accompanying drawings and/or 

Officer in Charge of Construction, use the words "as 
shown ", 

' 

, 

' 
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"as indicated ", "as detailed" or "as Approved", "as directed ", 
"as permitted ", but not "as shown on drawings" or "as approved by 
the Officer in Charge of Construction". Reference to drawings is 
usually unnecessary. 

7. Du not use the expression as directed by the Officer 
in Charge of Construction ". Where some detail is left to the 
discretion of the Officer in Charge of Construction, e.g., color 
of Paint, or the exact point where the contractor may dump sar- 
plus excavated material, say "as directed ". 

8. Do not use the expression "to the satisfaction of the 
Officer in Charge of Construction ", or "satisfactory to the Offi- 
cer in Charge of Construction ". The "General Clauses ", and the 
contract form state specifically that all work must meet the 
approval of the Officer in Charge. 

9. Make reference to standard Government specifications 
only where applicable. Do not repeat in the project specifica- 
tions work requirements that are already specified in the 
referenced standard specifications. Where standard specifica- 
tions are to be referenced, but certain requirements therein are 
to be modified, such modifications must be stated. Specify the 
class of concrete, floor finish, or type of fixture, or sheet 
metal desired, but do not repeat the basic requirements which 
are not changed. Repetition of requirements that are not changed 
will require the bidder to compare carefully the standard speci- 
fication with the repetition to ensure that no change is con- 
tained therein. 

10. The Government contracts and deals directly with a 
prime (general) contractor. When referring to the contractor, 
it is "the ", but never "this" or "mason" contractor or subcon- 
tractor. 

11. The Officer in Charge of a project is designated and 
known as the "Officer in Charge of Construction ". 

12. Do not be verbose. Be brief and to the point. Do not 
use "etc." -- the term is too indefinite for bidding and inspec- 
tion purposes. 

13. It is better to be definite and wrong than to be in- 
definite and force the bidders to guess. Give the bidders defi- 
nite information upon which to base their bids, even though it 
requires assumptions; this provides a basis for change orders 
after the actual conditions are determined. If a reasonable es- 
timate of indeterminate work of consequence cannot be made, 
state that such work will be required and an adjustment made 
therefor. 

, 

. 

e 
. . . , . . . 
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Example: Do not use statements such as: "All unsuitable 

material encountered in the subgrade for the roads shall be ex- 

cavated and disposed of as directed and the excavations back - 

filled with approved material" unless followed by: "adjustment 

therefor in the contract price and/or time for completion of the 

work will be made in the same manner as provided by the contract 

form ". 

14. Do not give any information not necessary to the prepa- 

ration of the bids or to the execution of the contract; e.g., 

unit stresses when the work is fully detailed, or loadings, which 

should be placed upon the drawings. 

15. Do not repeat a thing once stated. While repetition 

may be intended for emphasis, its use may became a source of er- 
ror when corrections become necessary and are made in one place 

but lost sight of where the same statement appears elsewhere; 

this leads to ambiguity and contradiction. 

16. The specifications are intended to amplify but not to 

repeat the drawings, hence do not repeat information which is 

covered fully by the drawings; e.g., the drawings show studs are 

to be 2 by 4 inches, their spacing to be 16 inches on centers, 
etc., the specifications state whether they are to be southern 

pine or Douglas fir. The drawings show "what" goes "where"; the 

specifications state "quality" and "how to do it 

Examples: 

(a) "The dimensions of all concrete work and amount of 

steel reinforcement shall be as indicated. Where not indicated, 

the walls and slabs shall be proportioned, etc.," should read: 

"Where dimensions of concrete work and amount of reinforcement 

are not indicated, the walls and slabs, etc." 

(b) "Expansion joints shall be provided in the con- 

crete trenches where and as indicated on the drawings." Omit -- 

such statements are totally unnecessary. 

(o) "Manhole frames and covers shall be installed in 

the concrete manholes to provide access to the equipment. They 

shall be of the sise indicated and shall be provided w_Lth cast 

iron frames and cast iron covers as shown" should read: "Man- 

hole frames and covers shall be cast iron." This in turn should 

be omitted if marked properly on the drawings. 

17. Do not use expressions such as "The work required shall 

include, unless stated specifically otherwise, the provision of 

all materials for and the installation of all concrete, including 

reinforcement, necessary to the construction and completion of 

the work in accordance with the drawings, the specifications, 
and the intent thereof." This sentence means but little, for 

- I 

. 
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unless the intent of the drawings and specifications is indicated 
more adequately elsewhere, the sentence adds nothing, particular- 
ly in view of its phrase, "unless stated specifically otherwise ", 
when, as a matter of fact, there is often no exception to be 
made. For a particular project, to which such might be applic- 
able, this statement should be changed to read: "General re- 
quirements. -- The concrete work includes column footings, wall 
footings, first floor of storeroom, and pipe trenches." In most 
cases, this paragraph can be omitted advantageously as an exami- 
nation of the drawings indicates clearly the exact limitations of 
the several classes of work and a definition in the specifica- 
tions of their scope is superfluous and may be contradictory by 
failure to mention something shown clearly and intended to be 
included. 

18. Minimize the use of cross references and in no case use 
paragraph numbers for this purpose. If necessary to refer to a 
particular paragraph, do so by its title and the section title 
under which it is to be found. Cross references of the following 
type are totally unnecessary: "Painting of the woodwork is 
covered under 'Painting'." or "Painting is specified hereinafter." 

19. Do not place upon the contractor the responsibility for 
the possible inaccuracy in, or the lack of, information on the 
part of the Government, e.g., never use sentences similar to "Al- 
though the drawings indicate approximately the conditions that 
are likely to be found, intending bidders should satisfy them- 
selves as to the actual conditions, for while they are believed 
to be as shown, the Government does not guarantee the accuracy 
of the information given, and bidder shall assume all responsi- 
bility in the use of such." Remember that the Government is re- 
sponsible for the accuracy and sufficiency of the information it 
gives to bidders or contractors. 

20. Do not include "warranties" under each paragraph cov- 
ering equipment. Warranty is covered by the contract form. 

21. Do not set up a paragraph in the various sections en- 
titled "Work not included ". Specify the work that is included 
under the respective sections. We are dealing with a prime con- 
tractor only, who will be responsible for all work, except work 
that is clearly specified and/or shown to be done by the Govern- 
ment directly or indirectly. 

22. All excavation, trenching, backfilling, grading, fills, 
etc., should be specified under one section entitled "Earthwork ". 
This includes also trenching and related earthwork in connection 
with underground piping, manholes, electric ducts, and manholes 
of the mechanical and electrical trades. 
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23. Specify all concrete work under one section; this in- 
cludes all structural and architectural concrete, concrete paving, 
concrete ducts, manholes, etc. 

24. Specify all steel, iron and metal work, except sheet 
metal work, under one section. Sheet metal work shall be speci- 
Lisa under "Roofing and sheet metal ". 

25. Optional materials. -- The bidder shall be given the 
option to base his Lid price on the use of various materials 
within a specified range, e.g. he may base his price on the use 
of aluminum, steel or wood for windows; also wood, hollow metal 
or steel for interior partitions. If such optional materials 
are permissible and desired, they should be specified in the 
project specification. 

26. Misuse of words. 

(a) Do not confound laz and all; e.g., "Any defects 
shall be made good, etc." should reads "All defects shall be 
made good, etc." 

(b) Do not confound either and both; e.g., "Sheet 
metal shall be painted on either side," should read: "Sheet 
metal shall be painted on both sides ". "Either" implies a choice. 

(e) Do not confound or and and; e.g., "It shall be 
free from defects of workmansnip amid material which would impair 
its strength or durability. Interchanging the two words in this 
sentence results in an entirely different meaning. 

(d) Words having va:.led or indefinite meanings should 
be avoided. Examples: 

(1) The equipment shall be removed from the 
building during the alteration thereof and shall be installed 
after completion of the alterations. Do not say: "The equip- 
ment shall be removed and replaced as indicated ". 

(2) The existing culverts shall be removed and 
snail be installed in the new locations. Do not says "The 
existing culverts shall be replaced as indicated on the drawings ". 

(3) The electrical wiring shall be renewed. Do 
not say: The electrical wiring s =gall be replaced" as this im- 
plies reinstallation of the old wiring. 

(e) °Provide" is defined as "furnish and install". 
When material and /or equipment are furnished by the Government, 
directly or under other contracts, for installation by the con- 
tractor the term "install" should be used; however, the contrac- 
tor may be required to "provide" foundations, fastenings, etc. 
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for the installation. If the word "install" is used alone, the 
bidder or contractor has a right to assume, on the basis of the 
definition cited; that the Government will ',furnish" the eater al 
in question. 

(f) "Option" shall be used only when the contractor is 

permitted the choice of materials and/or methods specified; e.g., 
"may be of concrete in lieu of brick at the option of the con - 
tractor". 

(g) Avoid ungrammatical omission of the articles; e.g., 

"Contractor shall paint ceiling of office" should read "The ceil- 
ing of the office shall be painted ". 

27. Use of abbreviations and symbols. -- In general the use 
of abbreviations should be avoided except in the case of those 
weigh are well understood and accepted and can be used econom- 
ically; e.g., psi, cfm, kw. The use of ft., in., lbs., %, does 
not offer groat savings. The use of symbols is undesirable for 
three basic reasons: (a) most are difficult to produce on a 

typewriter and stencil, (b) they frequently have more than one 
meaning, (c) the typist may not know what is intended and thus 
cannot produce the proper symbol, e.g., plus and/or minus shall 

be spelled out (in one specification an elevation read " -100" 
when it should have been "plus 100" ang necessitated reopening 
of bids); feet ('), inch ( "), degree ( ) pound and number (I) 

should be written out, except that number may be abbreviated 
(no). In the text it is preferable to spell figures, except 
where trey give dimension "ten buildings, 100 feet long "; how- 
ever, "one" and "zero", where used singly shall always be spelled 
out. Never use both the written and numeral figure "ten (10) ". 

Practice for Technical Drawings 

The engineer overseas will find the following European standards 

for technical drawings very useful. 

Site Plans. it.e plans are usually over -detailed because munici- 

pal authorities and Town Engineers require complete data for project 

approval. 

Foundation Plane. Foundation plans vary widely according to type 

of building, soil quality and location. When piling is involved, there 

is no difference between the American and the European way to indicate 

it. However, for small buildings without heavy loads, details of 
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foundation fall into the structural drawings and the complete 
prepara- 

tion of the foundation plan and details is left in 
the hands of con- 

tractors, after the contract has been awarded. 

architectural: 

Floor Plans. For important buildings, floor plans are prepared on 

1:50 scale with very few details (1 :10 or 1 :20 scale). For medium and 

small size buildings, plans are usually 1:100 scale. However, one must 

point out that Municipalities do not generally request 1 :100 scale 

plans. The indications of dimensions are generally kept to a minimum. 

Sections and Elevations. Sections and elevations vary according 

to the architect. Some architects are devoting their thinking mainly 

to elevations; in such case elevations are over- drawn. However. in 

several cases, the finishing of elevations is determined after the 

contract has been assigned (types of windows, marble, sill, etc.) In 

this case the architect will intervene with additional 
details during 

construction and will fit the material purchased 
by his client to his 

elevation design. The same procedure is followed for doors, floor 

finish, cove bases, etc. This, in Italy at least, is especially caused 

by the large variety of finishing materials used and the 
practical ab- 

sence of any standards in the characteristics of windows, 
doors, etc. 

goofin.K. Waterproofing is generally not detailed because the 

contractor is responsible for its efficiency, and he 
in turn relies on 

a subcontractor who does nothing but roofing. Everything is based on 

tradition and personal knowledge. 

Steel 3truoturee. There are two cases: 
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1. The engineering firm prepares complete drawings to 

permit contractors to bid on the same structure. 

2. The engineering firm a schematic of the steel 

frame (single line) indicating loads and types of structures requested, 

referring generally to existing specifications - railroad specifica- 

tions, public works specifications -- for details, stresses, etc. The 

various bidders prepare and submit preliminary shop drawings, with few 

details to snow how they intend to solve it. Complete shop drawings 

are prepared after the contract has been awarded. At this stage, shop 

drawings are not different from American structural drawings. 

Reinforced Concrete. The contract is awarded on preliminary 

drawings showing the position of and beams. Then the contrac- 

tor submits his final drawings and calculations to the client's archi- 

tect- engineer for approval. It is in his interest to save as much as 

possible on the quantity of steel and concrete; it is the arc:'itect- 

engineer's responsibility to approve the proposed structure and he is 

held responsible for it. 

Plumbing and Air Conditioning. The engineering office prepares 

a brief description outlining the conditions to be obtained. The var- 

ious constructors called to bid (directly by the client or by the main 

contractor) are requested to submit complete design. Such drawings 

are generally schematic. For important buildings, after the contract 

has been awarded, good contractors prepare a very complete set of 

drawings including riser diagram, details of typical installations, 

etc. The part& of masonry connected with plumbing and air condition- 

ing are detailed by the contractor after being awarded the job. 
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Often the first payment is issued to the contractor upon submission 

of the drawings of masonry openings, trenches, etc. This creates fre- 

quent occasions for discussions and changes. 

Many architects do not devote enough thinking to the necessary 

space for piping and ducts. This produces some wasteful changes dur- 

ing construction (poking holes in walls after they are almost finished, 

etc.). Obviously it is good practice to avoid this system. 

Electrical design. Same problems as for Mechanical; design is 

generally limited to a minimum. m m. 

,,ewers and Roads. Due to the system adopted (at least in Italy) 

to handle these jobs by quantity (so such per meter) and the tradition 

of Italian engineers to work in a rough, mountainous country, the 

project is very detailed and complete. 

Proprietary Nassees 

It has been said that the use of proprietary names in specifica- 

tions demonstrates the inability of the specification writer to de- 

scribe performance or physical requirements and therefore indicates 

inexperience and ignorance. According to William P. Vickers (Vickers, 

1960) this is not necessarily true. He states: 

"In the case of private practicing architects and engineers, 
the client places complete confidence in them and relies on their 
professional judgment to specify the best quality item commensu- 
rate with the project budget, and the specification writer is 
permitted to name specific items whiW, he believes will best meet 
the clients' requirements. Oftentimes the client may demand that 
a particular item of his own choice be specified by the Architect 
or Engineer. That item is then specified by proprietary and 
trade names, model numbers or other appropriate identifying des - 
ignation, and bids must be based on that particular item. This 
is the so- called closed specification. The private Architect or 
Engineer can insist that the specified item be furnished and 
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installed in the project, and any substitution proposed by the 
Contractor must meet with the specifier's approval. 

"The mere specifying of a proprietary name in this case does 
not necessarily mean that the specification writer is unable to 
describe the item's performance. It is an indication rather that 
the specification is intended to establish a definite basis of 
cost, quality, performance and appearance, the extent of which is 
usually well known by the specifier, architect, engineer, and 
possibly the client; and this will be the standard for the com- 
parison and evaluation of any proposed substitution. 

"If the specifier so desires, he can readily obtain informa- 
tion about any specific item from the volumes of data available 
to him or he can very soon procure such from the manufacturer or 
his representative who are always ready and willing to be of ser- 
vice. The specifying of a proprietary item does not indicate the 
specifier's inability to describe the various characteristics of 
such items. 

"In the case of public agencies preparing specifications for 
their various clients, and where public funds are involved, it is 
the general custom to write an Open type specification -- that 
is, one which very thoroughly describes the item required in 
terms of function, construction, quality and appearance, and at 
the same time indicates no preference for any one particular item 
by name. 

"This type of specification does not necessarily indicate 
that the specifier is any more experienced or literate than the 
specifier who merely uses a proprietary name. 

"Both types of specifications have their proper place, their 
good points and bad points. Open type specifications, such as 
these written by public agencies, are usually voluminous, and the 
bidder must waste much valuable time analysing, digesting, inter- 
preting and trying to cull the facts from the adjectives. After 
mentally wading through all the very painstakingly written am- 
biguities, the bidder may still not have a clearcut picture or 
identification of a particular item required by the intent of 
the specification, and he must make an important decision that 
may determine his success or failure in getting the award of con- 
tract. Such decision may very well mean the loss of a good bid 
and bidder for the project. 

"The adage, 'Call a spade a spade,' would seem to be very 
appropriate in public agency specification writing. If a 'spade' 

(proprietary name) in specified, the reader immediately has a 
mental picture of the item, be it a 'shovel' or northing else, 
and this knowledge planes him in the right frame of mind to more 
clearly understand any subsequent descriptive and technical re- 
quirements. 
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"Before going to great lengths, and beating around the bush, 

to spell out dozens of technical requirements regarding materi- 

als, construction performance, appearance and other pertinent 

features, it would be far better to start out with stating a pro- 

prietary and trade name, and model number if any, and one or two 

other names of competitive competitive items. The specifier could then pro- 

ceed to enumerate various minimum requirements acceptable, after 

first making certain that the named items do meet the minimum re- 

quirements to be set forth. 

"The naming of the item in the beginning of the specifica- 

tion would tend to eliminate the air of mystery which usually 
surrounds open type specifications and would enable the bidder 

to immediately get down to 'brass tacks' and determine the spe- 

cific requirements. 

"The practice of using proprietary names, whether it be in 

open or closed type of specifications, is of great value not only 

to bidders, but also to the estimators of both the Contractor and 

the public agency. such practise results in more realistic esti- 

mates, more intelligent bids, and lower bid prices. 

"The use of proprietary names is of great value to the 

checker of shop drawings and manufacturer's data. Very often, 
such drawings and data are not checked by the specifier but by 
some other person not entirely familiar with the project and 

possibly not even with the particular item specified. If a pro- 

prietary name is not used, it then becomes necessary for the 

checker to go through the same tedious process as the bidder, 

analysing, digesting, interpreting, and trying to get to the 

facts. How much time would be saved here if the specifier had 

only used a proprietary name in the first place I Why concert 

what is wanted in a lot of verbose language in order to avoid 

using a proprietary name. 

The confusion does not end here. After the contract is 

awarded, the shop drawings checked and approved, and the item is 

delivered to the job site for installation, it becomes necessary 

to sane another interpretation of the specifications. The In- 

spector on the job site will not permit any item to be installed 
until he knows it meets the requirements of the specifications 

and has been approved. Now it becomes necessary for the Inspec- 

tor to wade through the same mixed -up hodge -podge of ambiguities 
and redundant statements and endeavor to ascertain if the item 

delivered for installation is the one specified. How much time 

would be saved here if only a proprietary name had been used in 

the first place! The Inspector would have a pretty good idea of 

what the item should look like and he could soon determine if the 

item delivered is the one specified and permit the Contractor to 

proceed with the installation. 
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"One of the dangers of writing strictly open type specifi- 
cations is the tendency of some writers to copy one manufacturer's 
specification for a particular item with features that one manu- 
facturer alone can produce. This copying usually is done almost 
verb t'i, and the writer coyly refrains from mentioning the manu- 
facturer's name in a false attempt to write an open specification. 
Such plagiarising is not only unfair to the manufacturer whose 
specification was copied, but is also unfair to all other manu- 
facturers of equally competitive products. Each manufacturer 
has certain features (usually patented) in his product that his 
competitor does not, and vice versa. The manufacturer whose 
specification was not used is burdened with the ease of seeking 
approval in order to bid his product by proving its quality to 
the item which was specified. This not only wastes his time but 
the time of the Architect, Engineer and specification writer. 

"A true open specification is one in which certain accept- 
able minimum requirements are spelled out and such minimum re- 
quirements can be met by several manufacturers, whether their 
names are mentioned or not. Any item meeting the minimum require- 
meats would be acceptable. 

"One of the dangers of using proprietary names and one of 
the most common faults of specifiers is the practice of naming 
two or three proprietary items, one or more of which is not en- 
tirely *separable with the other, particularly in price range. 
The bidder will naturally figure on the lower cost item because 
it is to his advantage to do so. This may not necessarily be the 
quality of item the client desired, or the quality intended to be 
specified by the writer. If the writer knowingly writes such 
specifications in the hope that the higher quality item will be 
furnished at the cost of the cheaper item, he is just engaged in 
wishful thinking. The writer should be absolutely sure that all 
items named are in the same quality category and price range. 

"Another danger in using proprietary names is that of simply 
specifying a manufacturer's name without indicating the item's 
trade name, model number or other identifying designation. The 
vario s manufacturers make many models of a certain item rind. in 
various price ranges. The use of proprietary names without spe- 
cific designation of the item required is no specification at all. 

"Still another danger is that of simply using the trade name 
of the item desired without further qualification. The specifier 
has no assurance that the quality of the item has not been down- 
graded or will not be. This is not likely to happen in the case 
of rep table manufacturers. They all, however, reserve the right 
to make changes in their products without notice and this is 
cited here only as a possible weakness in a specification if cer- 
tain roc e irc ment s are not spelled out. 
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"In view of these facts, it would appear to be wise to spec- 
ify one or more comparable proprietary names and specific model 
numbers or trade names in the forepart of the specifications and, 
in addition, spell out certain minimum requirements such as con- 
struction, perform use, a)pearance and other pertinent features, 
all of which the named items would provide. This would form a 
definite basis for bidding purposes and for evaluation of the 
relative merits of any so- called 'equal' item that may be pro- 
posed for substitution. It would also make for better competi- 
tion, lower bids, and save the client money. 

"Sometimes, even Public Agencies have occasion to specify 
one particular proprietary item because no other item will meet 
their specific requirements; in this case there is no alternative 
but to specify the name and specific requirements of the item re- 
quired. 

"In the case of public agency specifications it should be 
spelled out that use of proprietary names should not be construed 
to indicate a preference or an automatic approval by the agency 
of those parti ..1a3 items, 

"When any particular product is manufactured by many com- 
petitors and such products are comparable and acceptable, the 
proprietary names should be rotated occasionally to eliminate use 
of one or two preferred names over and over again. 

"This would be the sincere, impartial way for everyone con- 
cerned and make for happier clients, contractors and middlemen. 

"The writer *herald use all the skills at his 
command to write a clear, complote, concise and accurate epeci- 
f:ea'.ion that can be read and understood by anyone concerned. 
He should not bury the reader in an avalanche of ambiguities, in- 
accurate and redundant statements, that do nothing but use more 

paper, confuse the reader and increase the cost of the project. 

"Judicious use of proprietary names will tend to enlighten 
the reader of the specification and save time and money fc.1 

everyone concerned." 
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The Construction Contract 

Bidders Preoualifioation 

A typical Bidder's Prequalification questionnaire, together with 

financial statement form, is included as Exhibit E, 

Form of Proposal 

A typical Form of Proposal for a road and bridge construction is 

included as Exhibit F. 

Contract Agreement 

A typical Contract Agreement (in this ease for road and bridge 

construction), together with bond Form, is included as Exhibit G. 

Contract Change Order 

A typical Contract Change Order is included as Exhibit H. 

Other Reports 

A typical Preliminary Estimate Summary (Exhibit J) and a Concrete 

Inspection Report (Exhibit K) are included to snow information re- 

quired to estimate per cent of completion of the project. 

Partial Payments 

A Periodical Estimate for Partial Payment form (Exhibit L) is 

included as a guide for the engineer. 

40 

A 



Exhibit E 

'ADDER'S PRNOALVïrtATIt9N QUE3TlUNNAIRF. 

Submitted to: 

Submitted by: 

Principal Office: 

The signatory of this questionnaire guarantees the truth and accuracy 
of all statements and of all answers to the interrogatories herein 
made. 

1. how stag' years has your organization been in business as a 
general Contractor, or your present business name? 

2. How many years experience in construction work 
has your organization had? 

(a) Aso general contractor? 

(b) As a sub -contractor? 

3. Corporation or co- partnership information. 

If a corporation, answer triage: 

(a) Capital paid in cash. 

(b) When incorporated. 

(c) Incorporated in what state? 

(d) Vice -President's name. 

(e) name. 

If a co- partnership, answer these: 

(a) Date of organization. 

(b) Whether partnership is general, limited, or association. 

(c) Name, address and age of each partner. 

r 
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4. List of projects your organization has completed in the 

last three years: 

Contract 
Amount 

Class of work Date Com- 

plated 

Name, Address 
of Owner 

Use blank sheet if additional spans is needed. 

5. List the construction projects your organisation has under way 

on this date. 

Contract 
Amount Class of Work 

Percent 
Completed 

Name and Address of 

Owner or Contracting 
Officer 

Use blank sheet il additional space is needed. 

6. Have you ever failed to complete any work awarded you? 

If so, when and where? 

7. has any officer or partner of your organisation ever been an 

officer or partner of some other organisation that failed to com- 

plete a construction contract? If so, state name of 

individual,other organization and reason therefor. 
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8. Has any officer or partner of your organization 
complete a construction contract handled in his 
If so, state name of individual, name of owner, 
therefor. 

ever failed to 
own name? 
and reason 

9. In what line of business, other than this, are you financially 
interested? 

10. What is the construction experience of the principal individuals 
of your organization? 

Individual's 
Name 

Present Location 
or Office 

Years of 

Construction 
Experience 

In What Capacity 

Use blank sheet if additional space is needed. 

11. For what corporation or individual have you performed work? 
Date Location Owner 

12. For what cities have you performed work? 
Date Location Owner 

13. For what State Commissions or Departments have you performed work? 
Date Location Owner 

` 
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14. Have you ever performed any contract work for the U.S. Govern - 

ment? 
Date Location 

15. In what manner have you inspected the proposed work? Explain in 

detail. 

16. The work, if awarded to you, will have the personal supervision 

of whom? 

17. Do you intend to sublet any portion of the work? If so, 

state what portion, the probable amount of the subcontract, and, 

if known, the names and addressee of the sub -contractors, the 

amount and type of their equipment, and their financial re- 

sponsibility. 

18. From which sub -contractor do you expect to require a bond? 

19. Have you made contracts or firm offers for any of the materials 

required for the work on which your bid is submitted? 
If so, state what material. 

20. What equipment do you own that is available for the proposed work? 

towel- 
tity 

Item 
Description, 
Sims, etc. 

Condi- 
tion 

Years of 
Service 

Present 
Location 

Lise blank sheet if additional space is required. 
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21. Ghat equipment do you intend to purchase for use on the proposed 
work should the contract be awarded you? 

uuan- 

tity 
Item 

Description, 

3ise, etc. 

Approximate. 

Cost 

Use blank sheet if additional space is required. 

22. Do you propose to rent any equipment for the work? 

It so, state type, quantity, and reason for renting. 

23. Give condensed current financial statement as per following 
pages. 
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Bidder's or Contractor's Financial Statement 

Condition at close of business on day of 19 

(1) Cash on hand $In bank $ Total $ 

(2) Notes Receivable 
(a) Due within 90 days 
(b) Due after 90 days 
(a) Past due 

(3) Accounts Receivable from completed contracts, 

exclusive of Claims not approved for payment 

(4) Sums earned on uncompleted contracts shown by 

Engineer's or Architect's estimate 
(a) Amount receivable after deducting 

retainage 
(b) Retainage to date, due on completed 

contracts 

(5) Accounts Receivable from other sources 

(6) Deposits for bids or other guarantees 
(a) Receivable within 90 days 
(b) Receivable after 90 days 

(7) Interest accrued on loans, securities, etc. 

(8) Real Estate 
(a) Used for business purposes 

(b) Not used for business purposes 

(9) Stocks and Bonds 
(a) Listed -- present market value 
(b) Unlisted -- present market value 

(10) Materials in stock not included in Item (4) 

(a) For uncompleted contracts 
(b) Other material -- present value 

(11) Equipment -- book value 

(12) Furniture and Fixtures -- book value 

(13) Other Assets 

TOTAL ASSETS 
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LIABILITIES 

(1) Notes Payable 
(a) To bank -- Regular 
(b) To banks for certified checks 
(c) To others for equipment obligations 
(d) To others exclusive of equipment 

obligations 

(2) Accounts Payable 
(a) Not past due 
(b) Past due 

(3) Real ;state encumbrances 

(4) Other liabilities 

(5) Reserves 

(6) Capital Stock paid 
(a) Common 
(b) Preferred 

Surplus (Net north) (7) 

Ú O N T s N O E 

TOTAL 

I L I T I B S 

(1) Liability on Notes Receivable, 
discounted or sold 

(2) Liability on Accounts Receivable, 
pledged, assigned or sold 

Liability as bondsman 

Liability as guarantor on contracts or on 
other accounts 

Other contingent liabilities 

TOTAL CONTINGENT LIABILITIES 

(3) 

(4) 

(5) 
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24. Give name of surety that will famish your performance and 
labor bond in case contract is awarded to you. 

25. Mill yoz:, upon request, fur;,ieh detailed financial statement? 

Dated at 

STATE OF 

COUNTY OF 
OS. 

,,..day of 19 

of Organisation 

ili1 I 111 11 1 I 

being duly sworn, 

deposes and says that he is of 

Name of Organisation) 

and that the answers to the foregoing questions and all statements 

therein contained are true and correct. 

Sworn to before rue this day of 19 

Public 

My Commission Expires 

. 

. 

(Name 

4 

Notary 

- 
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Exhibit F 
Contract No. 

FORA OF 

PROPOSAL 

for 

ROAD AND BRIDGE CONSTRUCTION 

196 --___ 

Proposal of 

Date of Receiving Eids 

.........:..ir,.... 
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TO BIDDERS 

Work upon which Bids are to be Received 

The work upon which bids are to be received is as described under 
the section "Description of Work to be Done and Special Provisions ", 
pages and 

Time and Place of Receiving Bids 

The time and the place at which bids will be received are as sta- 
ted in the section "Description of Work to be Done and Special Provi- 
sions", pages and 

Submission of Proposals 

Each proposal must be presented under sealed cover to the 
at the time and place fixed for the receiving of bids 

and must be made identifiable by a notation upon the outside of the 
cover stating that it is a proposal and giving the name of the par- 
ticular project to which it applies. 

All proposals must be made in the proposal form provided for that 
purpose. They must give the prices proposed, both in writing and in 
figures,, and they must contain all signatures, names, addresses and 
other information called for. 

Specifications and Plans 

Tne work covered by this proposal shall be dons in accordance 
with the provisions, specifications, terms and requirements set out in 
the Standard Specification and Contract Agreement Form in use by the 

for both highway and bridge construction 
at the time bids are called for, supplemented by the special provi- 
sions given upon the sheets inserted between pages and hereof, 
and supplemented by the plans, profiles and other information on file 
in the office of the or 

R copy of the Standard Specification and Contract Agreement Form 
above referred to will be furnished to the bidder upon request. 

Contract 

The contract into which the successful bidder shall enter shall 
be of the form given in standard contract form. 

Surety Bond 

A surety bond will be required for the faithful performance 
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of the contract, having as surety thereon an incorporated surety coils- 

pany licensed to transact such business in the and 

satisfactory to the . Personal surety will 

not be accepted. 

The aunt of :.he surety bond shall be the same as the amount of 

the contract. 

It is agreed that the contractor shall, within ten days (not in- 

cluding Sunday) from the date of receiving from the said 
the contract prepared and ready for execution, and 

before commencing the work hereunder, furnish the said 
a corporate surety bond as above provided, for the 

faithful performance of the contract in all respects, and the con- 

tract shall not be binding until said bond is so furnished and ap- 

proved by said , and, if not so furnished 

within the ten days herein specified, may, at its 

option, determine that the bidder has abandoned the contract, and 

thereupon the security accompanying this proposal shall be forfeited, 

and the same shall become the property of the 

The form of security bond shall be tout given in the standard 

fora issued by the. 
In connection with contracts for paving work, the surety bond 

shall apply to, and guarantee, the satisfactory compliance of the con- 

tractor with the requirements in regard to the Duarantee of workman- 

ship and materials and the maintenance of pavement for a one -year 

period as set out in the contract and specifications. 

Bid Quantities Approximate Only 

The bid quantities in this proposal are only an approximate esti- 

mate of the quantities of work involved, being given as a factor for 

the computation of the total amounts of bids, upon which basis such 

bids are to be compared. The Owner does not expressly or by implica- 

tion agree that the actual amount of work will correspond therewith, 

and reserves the right to increase or decrease the amount of any 

class portion of the work as may be deemed necessary or expedient 

by Engineer. 

ghán,es in Plans, Specifications or Quantities 

The Owner reserves the right to, at any time prior to the hour of 

opening bids, make such changes or corrections in plans, specifica- 

tions or quantities as may appear to the Owner or the Engineer to be 

necessary or desirable. Bidders will be notified of such changes or 

corrections by letter mailed to the contractor's address as it appears 

it :uie files of the Owner, or an announcement of such changes or cor- 

rec ions will be made immediately prior to the opening of bids and 

bidders will be given opportunity to withdraw their bids. 

.._ 

' 

' 

. 

. 

. 

' 

' 

. 

. . 

f 



. 

T,.e Owner will not be responsible for failure of bidders to re- 
ceive notifications sent out as above stated or for failure of bid- 
ders to withdraw their proposals after announcement of changes or 
corrections in plans, specifications or quantities, and all proposals 
opened will be understood to be based upon the changed or corrected 

plans, specifications or quantities, and all bidders will be bound 

thereby. 

Amamination of Plans, `site, çondition. etc. 

It is understood tnat the contractor, before signing this pro- 
posal, has made a careful examination of the attached conditions and 

of the plans, specifications and contract agreement; that he has fully 
informed himself as to the quality of materials and character of work 

required; and that he has made a careful examination of the location 

and condition of the work and the sources of supply for materials. 

The Owner will in no case be responsible for any loas or for any 

unanticipated costs that may be suffered by the contractor as a re- 
sult of the contractor's failure to fully inform himself in regard to 

all conditions pertaining to the work. 

¡Ikon Patented Pavements or of Special Desii 

Any person, firm or corporation in response to the notice and ad- 

vertisement for bids, under the conditions imposed upon the bidders in 
the notice inviting such, bids, or by law, may submit a proposal and 
bid to make the improvement with a patented pavement, or unpatented 
pavement of special design of the character and type described in such 

notice; provided, however, that every such proposal and bid to make 
the proposed improvement with a patented pavement or unpatented pave- 
ment of special design shall be accompanied by and there shall be sub- 
mitted therewith specifications for laying and constructing such 
patented pavement or unpatented pavement of special design, desig- 

nating the quantities and proportions of the several materials and 

ingredients composing such patented pavement or unpatented pavement 

of special design, and the kind, quality and standard of materials and 

ingredients shall be determined and tested in the manner designated by 

the standard specifications of the Owner, and shall also provide the 
manner of laying and constructing the pavement. and mixing and pre- 
paring the materials and ingredients thereof, all with the same mi- 

nuteness of detail as is provided in the standard specifications of 

the Owner. 

The owner, agent or licensee of any patented materials, patented 
mixtures, patented process or patented structure, who desires to nave 
any of his said patented articles used in construction of any public 

hi ways of the state, shall comply with the provisions of Sections 
of the Code. 

_ - _- -rT 
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Pilling in Proposal Form 

The bidder must submit his proposal on the proposal form con- 
tained herein. The blank spaces in the proposal must be filled in 
correctly, where indicated for each and every Lem for which a quan- 
tity is given, and the bidder must state the unit prices (written in 
ink, both in words and numerals) for which he proposes to do each item 
of the work contemplated. 

Prohibition of Alterations 

Proposals which are incomplete or which are conditioned other 
than as herein authorised, or which contain any erasure, alteration, 
addition, or item not called for in the itemised proposal or which 
contain any irregularity of any kind, or which are not in conformity 
to law, may be rejected as informal. 

3.ädinjs on More than One Project 

A bidder who desires to bid on more than one project at a single 
letting, but who desires to protect himself against receiving the 
award of more projects than he is equipped to handle, may bid on any 
number of projects, securing the protection desired by writing in on 
page of the proposal fora for each project bid on, a statement 
limiting, either by number of projects or by total of contract amounts, 
the volume of work that may be awarded to him. The statement shall be 
written into the proposal form for each and every project bid on, and 
in each case the wording shall be the same. 

If the volume of work is to be limited by the number of projects, 
the wording of the statement must be as fellows: 

"This bid is conditioned upon ay (or our) not being awarded 
contracts for more than of the projects on which I 
(or we) have bid at this letting." 

If the volume of work is to be limited by the total of the con- 
tract amounts, the wording of the statement must be as follows: 

"This bid is conditioned upon my (or our) not being awarded 
contracts at this letting for an aggregate, total amount in ex- 
cese of Dollars ($ )." 

The bidder shall make no qualification of his bids which will 
reserve to himself the runt to choose, from among two or more proj- 
ects, the project or projects for which he will accept contract a- 
wards. Any selection of projects that may need to be made shall be 
made by the Owner. 
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Withdrawal of Proposal 

Permission will not be given to withdraw, modify, or explain any 
proposal after it has been deposited with the ;)caner, except as pre - 
viously provided. 

Proposal Guaranty 

Bach bid shall be accompanied by casa, a bidder's bond, or a cer- 
tified check made payable to , for an amount equal 
to at least five (5) per cent of the total amount of said bid, and no 
bids shall be considered unless such cash, bond or check is enclosed 
therewith. 

Should the successful bidder to whoa the contract is awarded fail 
to execute the same within ten days (not including Sundays) from the 
date of receiving the contracts prepared and ready for execution, or 
fail to execute and deliver the contract and contract bond as required, 
or fail to commence work, or fail to satisfactorily prosecute sasses in 
accordance with the terms of the contract, such cash, bond or check 
shall, if the Owner so orders, be forfeited to the Owner, and, at the 
option of the Owner, the award may be withdrt wn and the contract can- 
celled. 

If a bidder's bond is given, it shall be executed upon the Own- 
er's Proposal Form (Form 2A), a copy of which form is found herein. 

The form blay, be detached for convenience in execution if desired. 

Oporv.. ̂ g of Proposals 

Proposals shall be opened and read in the presence of the 
and in the presence of bidders or their representa- 

tives submitting proposals, and any others who may be interested. 

Total Amount of Bid 

The total amount of bid for the purpose of determining the 
amounts of bidder's depoetts and surety bond and of comparing the bids 
snail tic the total sum computed from the approximate estimate of the 
quantities of work involved, and the unit prices proposed in said bid. 

Preetualification of bidders 

Bids for projects estimated to cost more than $10,000 will be 
received only from bidders who have prequalified as required by the 
provisions of of the laws. 

. 
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l.ificatl.on of kidders 

Each bidder submitting bids for projects estimated to cost less 
than $10,000 must be prepared to submit for consideration with his 

bid such record of his work and further evidence as may be required 
by the Owner regarding his experience and ability in similar work as 
wall as a statement showing his financial standing and assurance that 
he has or will promptly provide suitable and sufficient plant, labor 
and equipment for each of the different kinds of work. 

Failure to furnish on request such a record of work and evidence 

of capacity, the inclusion of any falso or misleading statemem.s 
therein, or the omission of any important part thereof, shall be suf- 
ficient cause for the rejection of the bid. 

T. e bidder's experience, ability, responsibility and record of 
work will be considered in determining time beet bid. 

Riant to Reject Fcor,oaale 

The Owner reserves the right to reject any or all proposals and 

to waive technicalities as it may deem best for the interests of the 
Owner, and it reserves the right to do the work by day labor if, in 
its opinion, the best interests of the Owner will thereby be promoted. 

Award of Contract and Return of Proposal Guaranties 

All proposals shall be submitted subject to acceptance within 

thirty days from the date of opening, and the bidder will not be bound 

for a longer period except by special agreement. 

All proposal guaranties, except that of the successful bidder, 
shall be released within three days after the award of the contract or 

the rejection of the bids. In case of deferred action, the proposal 

guaranties of all but the three lowest bidders may, at the option of 
the Owner, be released at an earlier date, and in no case will the 
proposal guaranty of any but the successful bidder be held for more 
than thirty days without the consent of the bidder. 

The proposal guaranty of the successful bidder will be held un- 
til the execution of the contract is completed and until a satisfac- 
tory surety bond is furnished. 

sß 
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Description of Work to be done and 'special Provisions 

On this sheet or on s..eets inserted at this point should be given: 

(a) The time and place of receiving bids; (b) A description of the 

work to be done, giving the length of the project and the kind of 

work; (c) A description of the location of the work; (d) The date 

prior to which the work is to be completed; and (e) Such special pro- 

visions, requirements and explanations as are necessary to adapt the 

printed specifications and provisions to the conditions pertaining in 

connection with the particular work to be done, and as are necessary 

to make definite provision for, and to insure concordant understanding 

in regard to all details not elsewhere provided for. 

r 
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PROPOSAL 

To the 

The undersigned, as bidder, declares: 

That only persons or parties interested in this proposal as 

principal are those named herein; 

That this proposal is made without collusion with any other 

person, firm or corporation; 

That he has carefully examined the plans, spec i:icatio:ia, and 

form of contract therefor on file in the. office of the 

or the 

That he has personally inspected the actual location of the work . 

and all other local conditions affecting it; 

That he submits this proposal subject to the terme and condi- 

tions stated in the preceding "Instruction to Bidders "; and 

That ne has satisfied himself as to the quantities and condi- 

tions and understands that in signing this proposal he waives a1] 

right to plead any misunderstanding regarding the same. 

He also proposes and agrees: 

That if this bid is accepted, he will contract with said 

in the said form of contract, to provide all necessary 

machinery, tools, apparatus, and other means of construction, and to 

do all the work and furnish all the materials specified in the con- 

tract, in the manner and time therein prescribed, and according to 

the requirements of the Engineer ae therein set forth; and 

That he will accept as full payment therefor the amount earned 

under the contract as computed, in the manner described in the speci- 

fications, from the quantities of the various classes of work per- 

formed and the respective unit prices bid as set out in the follow- 

ing schedule. 

' 
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NLT:tC. '!'.i 

Notice is hereby given teat pursuant to an order of 

of the day of , 196 , sealed proposals 

addressed to the of , 

and endorsed: "Proposals for 
IA 

will be received by the at its office in the 
until o'clock N, 

of the day of , 196 , and 

at that time and place will be publicly opened and read. 

All proposals must be made upon blank form to be obtained from 

the at his office, 

must ;ive tee prices proposed, both in writing and azure,* and mast 

be signed by the bidder, with his address. 

Each bid presented shall be accompanied by cash, a bidder's 

bond, made payable to , or a certified check, 

made payable to the of 

for an amount oval to at least five per cent of the amount of said 
bid, and no bid will be considered unless so accompanied. Should 

the suceesaful bidder to whoa the contract is awarded fail to exe- 

cute same within five days (not including sand) from the date of 
notification of such award, such cash, bond or check shall be for- 

feited and become the property of . All cash, 

bonds or checks will be returned to the unsuccessful bidder who 

subs. tied the same. 

A bond will be required for the faithful performance of the 

contract in a sins oval to ,.?ie 4T.indred per cent of the total amount 

of the bid. 

All bids are to be compared upon tee following approximate es- 

timate of tale quantity of work to be dons: 

Item l 

Item 2 

Item 3 

. 
(Items continued as necessary) 

The foregoing estimate of quantities is approximate only, be- 

ing given as a basis for the comparison of bids, and the Owner does 

not expressly nor by implication agree that the actual amount of 

work will correspond therewith but reserves the right to increase 
or decrease the amount of any class or portion of the work as may 
be deemed necessary or expedient. 

'MOTOR, 
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Plane may be seen and forms of specifications and the contract 
may be obtained at the 

The Owner reserves the rift to reject any and all bids or to 
accept the bid deemed best for 

Quantities estimated by: 

Dated at 

4...111110 

0.11.11111.111101. 

196 Owner 

(pecial binding sheets may be typewritten and inserted at this point. 
ample form follows.) 

- 
Item 
ho. 

toms with Unit Prices 

Written in Words 
Unit Bid Price Amount : , 

Dollars Cents Dollars Cents 

1. 

2. 

... 

The party by whom t::is proposal is submitted, and by wham the 
contract will be entered into in case the award is cads to him, is 

(Name of Bidder 

(14 (a corporation, partnership, or an individual) -- 

, 

, ., . 

- 

Bid 
' I 

- 
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doing business at 

(Give Bidder's address) 
which address is the address to which all communications concerned 
with this proposal and the contract should be sent. 

, City and Stat®, 

The names of the president, treasurer, and manager of the bid- 
ding corporation, or the names and residences of all persons and 
parties interested in this proposal as partners or principals are as 
follows: 

Address 

The tame of the surety by which the surety bond covering the con- 
tract, if awarded, will be furnished, and the name and address of the 
surety's local agent are as follows: 

Name of 3urst3. 

Name of Agent 

Address 

Accompanying this proposal is 
(Bidder's Bond, Cash, or Certified Cheek) 

in the amount of 
($ ) which amount is not less than five per cent of the 
bid. 

If this proposal shall be accepted and the undersigned shall fail 
to or neglect to contract as aforesaid, and to give corporate surety 
bond as herrinbefore provided, with surety satisfactory to the 

within ten days (not including 
Sunday, from the date of receiving from the 

the contract prepared and ready for 

Name 

- ...,,.._ 

- 
. 
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execution, the may, at its op- 

tion, determine that the bidder has abandoned the contract, and 

thereupon forfeiture of the security accompanying this proposal 
shall operate and the same shall be the property of the 

Dated 

_(Signature of bidder) 
(Legal name of Pe person, firm or corporation) 

By 
(Name) 

(Title) 

.$ , 

111.411, 
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PROPOSAL BOND 

(Form 2A) 

KNOW ALL MEN BY THESE PRESENTS, That we, 
, as principal, 

and the 
a corporation duly organised under laws of the state of 
having its principal place of business at 
in the state of , and authorised to do busi- 
ness in the state of , as surety, are held and 
firmly bound unto the , in the full and 
penal sum of five per cent of the total amount of the bid of said 
principal for the work hereinafter described, for the payment of 
which, well and truly to be made, we bind ourselves, our heirs, ex- 
ecutors, administrators and assigns, and successors and assigns, 
firmly by these present. 

The condition of this bond is such that, whereas, the principal 

herein is herewith submitting his or its proposal for the following 

hilOnny construction, to wits 

said bid and proposal, by reference thereto, being hereby made a 
part hereof. 

NOW, `t' _EREPORS, if the said proposal and bid submitted by the 
said principal be accepted, and the contract be awarded to said 
principal, and if the said principal shall enter into and execute 
the said contract and shall furnish bond as required by the 

of , within the Acme fixed by 
said , then this obligation shall be void; otherwise 
to remain in full force and effect. 

Signed and sealed this day of 

Countersigned at 

this day of 

Principal 

Surety 

' 

6z 

e 
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Exhibit G 

CONTRACT AGREEMENT 

THIS AGREEMENT, made and entered into, in quadruplicate, this 
day of , 196_, by and 

between the , in the state of 
hereinafter called the Owner, by the 

of said , party of the 
first part, and 

live name of contractor 
a 
Otate whether a corporation, a partnership or individual) 

doing business at 

(Give contractor's recognised address 
and having interested in it as copartners or as president, treas- 
urer and manager, the following individuals: 

Name Address 

hereinafter called the contractor, party of the second part. 

WITH SSETH: That the said contractor, in consideration of 
the sums to be paid to hilt by said Owner in the manner and at the 
times hereinafter provided, and of the other covenants and agree- 
ments herein contained or made a part hereof, hereby agrees for 
himself, his heirs, administrators, su cesoore and assigns, to per- 
form and to complete the work hereinafter described, furnishing the 
necessary machinery, tools, apparatus, materials and labor, and do- 
ing all things in connection therewith in accordance with the plans, 
specifications and provisions herein referred to or hereto appended, 
and in accordance with such modifications of the same and directions 
as may from time to time be made or given by the Engineer: 

Plans, Specifications and Provisions: 

The plans in accordance with which the work is to be performed 
shall be understood to consist of all drawings or reproductions of 
drawings, made or to be made, pertaining to the work to be performed 
under the contract or to any feature connected therewith. 

The specifications and general provisions in accordance with 
which the work is to be performed shall be the same as the specifi- 
cations and general provisions given in the printed form entitled 
"Specifications and Contract Agreement for ", 

and " ", as issued by the 
under last date of issue, 

. 
* 

O 
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except that wherever in those specifications and general provisions 
reference is made to the 
the or other departments or of- 
ficials, the reference shall be understood to be the Owner which is 
the party of the first part under this contract, to the Engineer or 
other person selected by the Owner to supervise the work, or to the 
other corresponding departments or officials, and except as those 
specifications and general provisions are qualified and supplemented 
by the special provisions hereto appended. 

Contract Document 

The documents comprising this contract consist of this contract 
agreement, the appended special provisions and schedule of contract 
prices, the specification and contract agreement form issued by the 
Owner, the plans attached hereto, and the plans for the work as pre- 
pared and displayed for the information of bidders prior to the time 
of receiving bids. All of the above mentioned documents snail have 
the sans force and effect as though all of the same were fully in- 
serted herein. 

payments: 

In consideration of the faithful performance of the work herein 
embraced, in complete accordance with the provisions hereof, the 
said Owner agrees to pay to the said contractor the amount due him, 
computed in accordance with the provisions hereof, from the quanti- 
ties of work actually performed and the unit prices named in the 
appended schedule of contract prices, and to make such payments in 
the manner and at the times stated in the general provisions which 
are a part hereof. 

IN WITNESS the said Owner executes this contract, and 
the said contractor does sign and seal the name as of the day and 
year in this contract first above mentioned. 

ATTEST: 

In the presence of: 

Party of the First Part 

Party of the 3scond Part 

1 

_ ,, 

. 
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. 
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Description of Work to be Done and Special Provisions 

On this sheet or on sheets inserted at this point should be 
given: (a) A description of the work to be done, giving the length 
of the project and the kind of work, (b) A description of the loca- 
tion of the work, (e) The date prior to which the work is to be com- 
pleted, and (d) Such special provisions, requirements and explana- 
tions as are necessary to adapt the printed specifications and pro- 
visions to the conditions pertaining in connection with the particu- 
lar work to be done, and as are necessary to make definite provision 
for, and to insure concordant understanding in regard to all details 
not elsewhere provided for. 

65 
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3cheduls of Contract Prices 

Payment for work done under this contract shall be made at the 
unit prices listed below. The quantities given are approximate only, 
and it is neither expressly nor by implication agreed that the actual 
amount of work to be done and paid for will correspond therewith. 
(Sample of Schedule follows:) 

Item Items with Unit Prices 
No. Written in Words 

Unit Price Amount 
Cents Dollars OEMs úoliars 

1 

2 .......... 

The schedule of unit prices may, if desired, be typewritten and 
inserted at this point. 

When alternate items are included, the unit prices for all alter- 
nates should be shown, but only the amount of the alternate accepted 
should be extended into the amount column. 

, 
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BOND TO ACCOMPANY CONTRACT 

KNOW ALL HEY ET THESE PRESENTS: That we, 

and 
as , principal, 

are jointly and severally held and bound unto 
, as surety, 

in the amount of 
for the payment of which we jointly and severally bind ourselves, our 
heirs, executors, administrators and assigns, and successors and as- 
signs, firmly by these presents. 

THE CONDITION OF THIS BOND IS SUCH 

That, whereas the said principal herein has made and entered in- 
to a certain contract, copy of which is hereto annexed, with the 

which contract, together with the plans, specifications, general pro- 
visions, special provisions and schedule of contract prices, is here- 
by made a part hereof, whereby the said principal agrees to furnish 
certain materials and to perform certain work, and to undertake cer- 
tain other obligations, all of which things he agrees to do in ac- 
cordance with the certain terms, conditions, requirements and speci- 
fications set out in said contract. 

NOW, THEREFORE, if the principal herein shall faithfully and 
truly observe and comply with the terms, conditions and provisions of 
the said contract in all respects, and shall well and truly and fully 
do and perform all matters and things by him undertaken to be per- 
formed under said contract, upon the terms proposed therein, and 
within the time prescribed therein, or as extended as provided in the 
general provisions; and shall indemnify and save harmless the said 

, its officers and 
agents, against any direct or indirect damages that shall be suffered 
or claimed, or injuries to persons or property during the construc- 
tion of said work, and until the same is accepted; and shall promptly 
pay all laborers, mechanics, subcontractors and materialmen, and all 
persons who shall supply such laborers, mechanics or subcontractors 

with materials, supplies or provisions for carrying on such work, and 
all just debts, dues and demands incurred in the performance of such 
work; and shall pay said such liquidated damages as 
may accrue to it under said contract; and shall in all respects 
faithfully perform said contract according to law, then this obliga- 
tion is to be void, otherwise to remain in full force and effect. 

(Signatures of both principal and surety, and date of 
signing are here affixed.) 

_ 
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CHANGE ORDER 

68 

iibit H 

Project No. Location Date 

Payments The payment for work done under this Change Order shall be 
paid for one Agreed Unit Price, Agreed Lump Sum Price, Cost -Plus- 
Percentage Basis. (Strike out two). 

Reason for Change Orders 

Agreed Prices (State Estimated Quantities and Unit Prices used in 
arriving at Agreed Price.) 

-----1Use additional sheet if necessary 

This Change Order increases, decreases (strike out one) the Contract 

Sua from by to $ 

This Change Order will increase, decrease (strike out one) the time 

of completion calendar days. 

Signatures on following page. 



Change Order No. For the Municipality: 

For Approved by: 

Title: 

Consulting Engineer: 

Prepared by: 

Title: 

Approved by: 

Titles 

Municipality of: 

For the Contractor: For the Government of 

Approved by: 

Accepted by: Title: 

Title: 

Note: This Change Order is not valid unless signed by all four 
Parties, or all Parties concerned. 

. 
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For 

Take -Off by Estimated by Project No. 

Checked by 

Approved by Sheet of 

PRELIMINARY ESTIMATE,. SUMMARY 

Location 

70 

Exhibit d 

Approved Date 

Item 
Unit Item Sub- 

Quantity Unit Price Total Total 

Notes: 

-. 

No. .. 

I 

,.... 

- - 
I 

- -= 
- __ 

---- - - 



CONCH E IN3P,LCTICN REPORT 

Project Date 

Supplier Truck No. 

Contractor 

Nominal mix 

28 days .._.._..,..a 
Slump Required 

Cement 

Sand 

71 

Exhibit K 

Class or Type 

Gravel 

Water 

Admixture 

Moisture - Fine Agg. 

Per cent - Coarse Agg. 
_ 

Load No. Cu. yds. 

Rated Truck Capacity, Cu. Yds. 

Time Left Plant 

Time Arrived at Job Site 

Dry Wt. 
per Cu. Yd. 

_._....__..,.. 

Note: Truck Ticket for Transit Mix 
to be filled out by plant inspector. 

Wet Batch Wt. 
per Cu. Yd. 

Signature 

1 

tom,-.NM. 
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PER40b:WAL MINIM FOR PARTIAL PAI`iiLNT 

For the period 

Location Type of Project 

Contractor's name and address 

Contract price, $ 

(Lump sum) 
Owner's name and address Estimated cost, 

(Unit price) 
Estimated cost, $ 
(Force account) 

Contract No. 

Estimate No. 

L 

, inclusive 

Detailed Estimate Work Performed to Date 

Item 
No. 

(1) 

Number 
and Kind 
of Units 

(2) 

Unit 
Price Cost 

(3) 

Esti- 

mated 

(4) 

Number 
of Units 

(5) 

Amount 
Earned 
to Date 

(6) 

Value of 
Uncom- 
plated 
Work 

(7) 

Per cent 
Comm- 

plate 

(8) 

Totals 

to 

pate 

Pchibit 

_ 

$ 

_., 

I 

I . 
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Certificate of Contractor or His Duly Authorized Representative 

To the best of my knowledge and belief, I certify that all 
items, units, quantities and prices of work and material shown on the 
face of Sheets of this Periodical Estimate are correct; 
that all work has been performed and materials supplied in full ac- 
cordance with the terms and conditions of the corresponding construc- 
tion contract documents between (Owner) 
and (Contractor) 
and all authorized changes thereto; that the following is a true and 
correct statement of the contract account up to and including the 

last day of the period covered by this estimate and that no part of 
the "total amount due" has been received: 

(a) Total amount earned (col. 6) $ 

(b) Retained percentage ---- ---- -- $ 

(c) Total earned less retained percentage --- $ 

(d) Total previously approved $ 

(e) Amount due this estimate $ 

(f) Unpaid from previous estimates - ---- -- $ 
(g) Total amount due $ 

I further certify that all claims outstanding against 
(Contractor) for labor, materials and 

expendable equipment employed in the performance of said contract 
have been paid in full in accordance with the requirements of said 
contract, except such outstanding claims as are listed below or on 

the sheet,* which statement contains all claims against the con- 
tractor which are not yet paid, including all disputed claims and 
any claims to which the contractor has or will assert any defense. 

Contractor By 

Date Title 

_ - 

- ---- 

-- - 
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Certificate of Owner'spervising Engineer or Architect 

I certify that I have verified this Periodical Estimate, and 
that to the best of my knowledge and belief it is a true and correct 
statement of work performed and materials supplied by the contractor, 
and that the contractor's certified statement of his account and the 
amount due him is correct and just, and that all work and material 
included in this Periodical Estimate have been performed in full ac- 
cordance with the terms and conditions of the corresponding construc- 
tion contract documents and authorized changes thereto. 

Date Title 

Certificate of the Project Engineer in Charge 

I certify that all work and material included in this Periodical 
Estimate have been inspected by me or my duly authorized assistants 
and have been found to comply with the terms and conditions of the 
corresponding construction contract documents and authorised changes 
thereto. 

Name BY 

Date Title 

Remarks 

* Warning to Contractor: If no claims are outstanding against 
the contractor, the clause "except such outstanding claims as are 
listed below or on the attached sheet, etc." must be deleted from the 
last paragraph of the contractor's certificate before the contractor 
signs it. 

- 

' 

By 
' 

. 

. 

. 

Name 
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Exhibit g 

TYPICAL DESIGN ANALYSIS 

For 

AIRFIELD, 

I. Runway and Related Facilities 

II. Drainage 

III. Pavement 

IV. Night Lighting Installation 
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TYPICAL DESIGN AIi4LYSIS 

For 

BLANI AIRFIELD 

I. Runway and Related Facilities 

1. General: The grading of this project area has been designed to 
meet the requirements contained in the Engineering Manual. The high- 
est type of field was adopted in accordance with requirements. Cri- 
teria presented under Type 4 of Table I in the above referenced 
manual were used in the airfield design. 

A topographic map of the area involved was prepared together 
with an accurate center line profile of the existing surface along 
the proposed runway. 

A finished profile was established paralleling the existing gen- 
eral surface as closely as possible and still meeting the requirements 
of maximum permissible gradients and minimum sight distances. 

The elevation of the finished profile noted above was then ad- 
justed to insure a balanced cut and fill to insure economy in the 
earthwork operation. 

Special consideration was given to the following features in the 
preparation of this design: 

a. Economy of construction. 

b. Positive drainage for the entire project area. 

c. Positive drainage for adjacent areas. 

d. Suitable grades for proposed future construction. 

e. Visibility requirements. 

2. Runway Grading: The grading design of the runway area provides 
the following characteristics, all of which are in conformity with 
established criteria: 

a. Minimum signt distance -- 6000 feet from points elevated 
nine feet above the surface of the proposed pavement. 

- 
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b. Maximum longitudinal grade -- one per cent (down in 

direction of take 

c. Maximum rate of longitudinal change in grade -- 0.167 per 
cent per 100 feet. This low rate of grade change was ob- 
tained by the introduction of a parabolic vertical curve 
5000 feet long. 

d. Transverse grade from center line is uniform throughout at 

1.5 per cent for proper drainage. 

3. Taxiway Grading: The grading design of the taxiway areas is in 

full accordance with established requirements of the Engineering 
Manual. Gradients were held at a minimum consistent with economy to 

facilitate and reduce the hazards of ground operations. The following 

characteristics apply: 

a. Maximum longitudinal grade 1.16 per cent. 

b. Transverse grade from center line -- 1.5 per cent through- 

out to insure proper drainage. 

c. Maximum rate of change in longitudinal grade -- 0.165 per 

cent per 100 feet. 

d. Minimum sight distance between any two points elevated 8.7 
feet above the surface of the proposed pavement -- 1000 feet. 

4. Shoulder Grading: The designed grades provide for shoulders 

parallel to runway and taxiway center lines as well as around the 

perimeters of aprons. The following characteristics apply: 

a. Runway shoulders are 50 feet wide with a transverse grade 

of two per cent. 

b. Taxiway shoulders are 12 -1/2 feet wide with a transverse 
grade of two per cent. 

C. Apron shoulders are 12 -1/2 feet wide with a transverse 

grade of two per cent. 

5. Apron Grades: All paved aprons were graded to insure proper 

drainage. The maximum grade designed for these areas is two per cent 
and the minimum 1.5 per cent, all in the direction of surface drain- 

age 

6. Other Graded Areas: 

An over -run strip 1000 feet long and 400 feet wide is provided 

at each end of the runway with longitudinal grades corresponding 

' 
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to the paved runway grades projected and the transverse 
grades of two per cent. 

Clear zones outside of the over -run stripe are graded for a dis- 
tance of 750 feet normal to the over -run strip center lines. 
Grades in the clear zone and outside the over -run strip are 
limited to 10 per cent maximum in the direction of surface drain- 
age. 

Surfaces within the project area not covered by the design fac- 
tors enumerated above have the following characteristics: 

a. No grade within 500 feet of the runway center line exceeds 
10 per cent in any direction. 

b. No grade within 150 feet of the taxiway center line exceeds 
5 per cent in any direction. Transverse grade two per cent 
minimum. 

c. Where the perimeter of the project area meets the existing 
ground surface, slopes of 1 on 2 were adopted for reasons 
of economy. 

II. Drainage 

1. General: The drainage facilities have been designed in conform- 
ity with the requirements of Class A drainage as described in Table I, 
General Classification of Drainage Requirements for Airfields, in the 
Engineering Manual. The drainage system indicated on the referenced 
drawings has been designed to provide positive drainage for the area 
proposed for development under the project as well as the adjacent 
developed area. 

2. Type of Drainage Facilities: The storm drainage facilities con- 
sist of a system of open channels, ditches and reinforced concrete 
pipe culverts. 

3. Rainfall: The greatest rainfall recorded at the Blank Airfield 
during the past five years is 4.4 inches over a six -hour period. 
Rainfall intensity data covering this area is not available. 

4. Storm Design: 

a. For the purpose of this design an intensity of 4 inches per 
hour for a 15- minute storm has been used; approximating the 
Standard Supply Curve as published in the Engineering Man- 
ual. The assumed intensity is the equivalent of the severi- 
ty of storms in the southern part of the United States oc- 
curring once in two years. 
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b. The drainage run -off for the area has been computed by the 
rational formula: ( Aci, in which 

Ç. is the run -off or peak discharge of watershed in c.f.s. 
due to maximum storm assumed; 

A = Area of watershed in acres; 

i Intensity of rainfall in inches per hour based on con- 
centration time. Concentration time is the time required 
for rain falling at most remote point to reach the discharge 
point under consideration. It includes overland flow time 
and channel flow time; 

c Coefficient of run -off (1.0 for paved areas 
(0.6 for unpaved developed areas 
(0.3 for undeveloped areas 
(0.45 for sparsely developed 
(areas 

c. Overland flow time was read from a nomograph contained in 
the Data Book for Civil iingineers by E. B. Seelye, con- 
sidering length of strip, character of ground and slope. 

d. Channel flow data was determined from Scobey's chart for 
the solution of the gutter formula. 

e. The greatest critical time of run -off at peak load for the 
designed systems is 30 minutes (occurring in Area G). It 
is apparent from the standard supply curve used in this 
analysis that the system will drain this most Critical part 
of the developed area for any extended period during a rain- 
fall of 2.9 inches per hour. 

f. All culverts used in this project are reinforced concrete 
pipe. The sizes of pipe culverts required were determined 
by Manning's formula as indicated in the nomograph con- 
tained in the Engineering Manual. 
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BLANK AIRFIELD DRAINAGE 

CULVERT CAPACITIES REJ:Ï1ù4D TO ,REMOVE DESIGN 
STORM RUM-OFF WITHOUT TEMPORARY PONDING 

Block Area in Acres 
Concentration 
Time in Min. 

Total 
Concentration 

Tits 
Minutes 

Q 

c.f.s. 

Slope 
of 

Culvert 
% 

Number and Size 
of 

Pipe Culvert No. Paved 
Csl.O 

Unpaved 
Cß.6 

Overland 
Flory 

Channel 
Flow 

.. . 

13.5 16.2 

._.. 

5.0 21.2 58 1.078 1 - 36" 

D 23.0 53.2 5.5 13.8 19.3 209 0.818 4 - 36" 

E j 14.65 29.78 10.5 11.7 22.2 112 0.952 2 - 36" 

F 26.1 50.0 5.5 14.5 20.0 202 0.921 4 - 36" 

H 14.3 25.82 5.5 17.89 23.39 283 1.00 5 - 36" 

I 18.1 36.9 15.4 10.3 25.7 129 1.25 3 - 30" 

J 11.4 17.7 5.5 21.5 27.0 329 1.80 5 - 36" 

0-1 6.04 14.9 16.0 6.67 22.67 53 2.27 1 -- 30" 

G-2 9.38 14.5 22.4 7.52 29.92 53 1.045 1 - 36" 

. 
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5. Stream Diversion: 

a. The southwest portion of the area to be developed is tra- 
versed by a small flowing stream. In order to complete the 
new grades covered by this design it is necessary to divert 
this stream through a new channel around the end of the 
area to be developed. 

b. The cross section and grades of this new cannel are de- 
signed to keep velocities low enough to avoid erosion and 
to provide ample waterway for the quantities of water to 
be expected. 

o. At the point that this stream enters the relocated culvert 
under Highway No. 1 a drop structure in the form of a slu- 
ice or chute has been provided to control the flow. 

d. Computations covering this design follow: 

Drainage Area 
Determination of Critical Time 

of Run -off 

Average section (natural channel) 

Wetted perimeter P Am 17.5 ft. 

Section area a A se 76.3 sq. ft. 

Hydraulic radius !t /P = 2.78 

Slope in feet per ft. . Diff r.1ev = .0151 
Distance 

Distance channel flow D 21.200 ft. 

Velocity in ft. per sec.. (Butter) gz 9.2 ft /sec 

Time channel flow © mi 38.5 min. 

Time overland flow 20 minutes 

Total time as 58.5 min. 
Say 1 hour 

. 
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.termination of Run -off 

Area Acres TYPe rcun -off 
Coefficient 
c - Run -off 

Run -off 
in c.f.s. 

(Supply curve 
Rainfall 1.8) 

A 53.9 Undeveloped .3 29 

B 94.2 Undeveloped .3 51 

C 48.3 Handstand area .7 61 

D 24.7 Ha*dst -end area .7 31 

E 24,5 Hardstand' area .7 31 

F 155.0 Hardstand area .7 195 

G 78.5 Partially developed .55 78 

H 58.4 Well developed .65 68 

I 115.1 Partially developed .55 114 

J 789.6 Sparsely developed .45 640 

Discharge from drained field and pavement 
from runway drainage design. 

(Discharge - J, Part A) 329 

Total 1,627 cfs 

*Areas indicated on topographic maps on file. 

' 
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Determination of Velocity in New Channel 

Manning Formula: V 

62' 

10' 

Typical Section 

1 to 4 Slope 

1,486 x R2/3 x 
S1/2 

n 

Where N = .0225 

R = Hydraulic radius = = = 3.84 

S = .002 ft per ft slope 

Assumed depth of flow = 6.5 ft 

J = 2210. x 3.842/3 x .0021/2 
.0225 

= 66.04 x 2.452 x .04472 

V 

83 

= 7.2 ft /sec, maximum 

(This velocity will occur only under extreme conditions.) 

Q = AV = 1675 as (adequate) 

6-1 

= 

P 



Determination of Flow in 
Existing Chanel above Culvert 

Determination of V 

Average Section 
Flood Flow 

V =-11.6-6 213 1/2 

where N coefficient of roughness, assumed at .0225 

hydraulic radius 
wp 

then 

, 20 
5 =I 1370 s'a .008 

.2 (14 x 8) + 2(51 x 8) ma 44 + 112 156 sg. ft. 

'VP 
= 14 + 216.5 + 82 Ea 33.4 

Rall"ja '13/ 4.67 
33.4 

V is x 4.672/3 x .0061/2 
.0225 

.01 156 x 7.5 1170 c.f.s. 

'm 7.5 ft. per second 

84 

This quantity is indicated from existing physical conditions and 

evidence of nigh water levels in the existing culvert, This re- 

sult substantiates the adequacy of Q as determined on preceding 
pages. From the preceding computations and existing conditions 

it is evident that the new channel and chute as designed are ade- 

quate to serve the purpose intended. 

Q & 

x 
' 

= 

R 

A, 

1.486 

Q = 
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III. Pavement 

1. General: 

a. The pavement construction to be accomplished under this 
project consists of a runway, taxiways and warm -up and 
parking aprons for heavy bombers; taxiways and a warm -up 
apron for medium bombers; and hardstands for ground control 
approach equipment and their access roads. The design of 
the pavement is based on criteria set forth in the Engi- 
neering Manual. 

b. The pavement of the runway, taxiways and part of the park- 
ing apron consists of asphaltic concrete laid on a pre- 
viously compacted crushed coral rock base course. The pave- 
ment of the warm -up aprons at both ends of the runway and a 
portion of the parking apron is non -reinforced concrete 
laid on a compacted subgrade. The over -run strips, 1000 
feet at each end of the runway, the shoulders of the runway 
and the shoulders of the taxiways are to be turfed, all in 
accordance with requests by the using agency. 

2. Subgrade Capacities: 

a. Material on which the pavement for this project will be 
placed is a brown to reddish brown sandy clay and is uniform 
throughout the area to be paved. 

b. Flexible Pavement Areas. CBR tests conducted on undisturbed 
specimens taken from the approximate elevation of the pro- 
posed subgrade at 18 locations along the runway gave values 
varying from 10+ to 28 and averaging 18 +. The lower CER 
values occurred generally in areas of low density. With 
the control of compaction during construction resulting in 
densities approaching optimum higher Chits than those in 
present low density areas will obtain. Remolded epeei.nrl, 
of material obtained from identical locations as undis- 
turbed specimens gave an average CER of 16 +, thereby pro- 
viding a close check on undisturbed tests. Since test re- 
sults on undisturbed specimens are recognised as being more 
indicative of the CER than those of remolded specimens a 
CBR of 18 was selected for flexible pavement design on this 
project. 

c. Rigid Pavement Areas. Results of two field plate bearing 
tests conducted in locations where concrete pavement is pro- 
posed indicate an average "K" value of 75 which value was 
used for design of rigid pavement. 

' 
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3. Pavement Thickness: 

a. Flexitle Pavement. Using a CBE value of 18% for the sub - 
grade material and design curves as referenced in paragraph 
la above, the combined thickness of asphaltic surfacing and 
base course is as follows: 

175,000 lb. loading Heavy plane runway 16" 

175,000 lb. loading Heavy plane taxiway 18" 
63,000 lb. loading Medium plane taxiway 12" 

b. The Engineering Manual establishes 6" as the minimum for 
this type of pavement under heavy plane loadings; however, 
due to the present emergency and insufficient quantity of 
available asphalt a 4 -inch, thickness of surfacing was 
adoped with a corresponding increase in thickness of base 
course. An additional two inches of surfacing may be 
added at such time as the supply of asphalt permits. 

e. Rigid Pavement. With a "K" value of 75 and a concrete 
flexural strength of 700 psi at the end of 28 days, adopted 
as a standard for this work, the thickness of the concrete 
pavement as read from design curves furnished by the Chief 
of tnginssrs, required thicknesses are as follows: 

Heavy plane apron 16" 

Medium plane apron 13" 

The edges of the concrete pavement shall be thickened ap- 
proximately one -third of the thicknesses as shown above, 
as required by the Engineering Manual. 

4. Hardstand Pave manta: 

The pavement of the hardstands shall be 6 -inch thick concrete 
and the access roads shall nave a 2 -inch asphaltic concrete pavement 
laid on an 8 -inch compacted crusted coral rock base course. The 

above thicknesses are based on a wheel load of 5000 pounds as speci- 
fied by the using agency. 

IV. Night Likntii ; installation, Runways "A" and "C" 

1. .Type of Lights for Runways: The present Runway "C" is designed 
for contact lighting only; all lights are on one circuit, with no 
approach lights. The proposed Runway "A" is designed for high - 
intensity night lighting, and approach lights at each end. Taxiways 
are lighted. 

2. General Design Features: The following items embrace major fea- 
tures of the standardized runway lighting installation and color 
coding sequence which is employed on all Airfields. 
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a. High -intensity lights are arranged in two parallel lines 
five feet from runway edge, 200 feet apart longitudinally. 
Individual lights in one row are opposite a corresponding 
light in the other line. The "lighted path" created by the 
two rows of lights in general consists of: 

(1) The approach zone marked with red lights on the left 
and yellow lights on the right for 3000 feet on Run- 
way "A" only. 

(2) The safe landing surface marked with white lights. 

(3) The last 1500 feet of the safe landing area is a "cau- 
tion zone" defined by the use of half - yellow color 
screens which appear white when approaching and yellow 
when taking off. 

(4) The ends of the runway or "thresholds" are marked by 
lines of green lights at right angles to the runway 
lights which must be cleared to make a safe landing or 
take -off. This color sequence is standard for all 
United States airfields --Army, Navy or civilian. 

b. Flush type runway lights are arranged in the same manner as 
high -intensity lighting units, with respect to color se- 
quence and distances, for Runway "C ". 

a. Taxiway lights are blue in color and approximately 200 feet 
apart, with standard of four lights on each side of taxiway 
exits from runways. All taxi lights are flush units. 

3. Electrical Circuits: 

a. All circuits consist of two single conductor No. i direct 
burial cable with 5000 volt insulation at 6.6 ampere (simi- 
lar to street series lighting system). Runway "C" has one 
circuit for all lights. Runway "A" has seven circuits. 

b. All circuits run back to the regulator house adjacent to the 
control tower. Switch controls and intensity selections are 
dual, from either the control tower or the regulator house, 
as determined by the position of the transfer switches as 
operated from either location. 

c. Number of circuits, length of cable, kind and number of 
lights, wattage per light and watts lost per thousand feet 
of cable (30W), and total kilowatts per circuit are listed 
in Circuit Load Table following. The total load is 
50.93 KW. 
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Circuit Load Table 

Circuit #1 Phase #1 
30 H.I. Approach Lights 
18 M.Ft. Cable 

88 

0 225 6.75 KW 
30 W 22.24.1a 7.29 KW 

Circuit #2 Phase #2 

3 H.I. Runway Lights 225 W 0.68 KW 
11 H.I. Caution Lights 225 W 2.46 KW 
2 H.I. Threshold Lights 225 W 0.45 KW 
4 Flush Threshold Lights 65 W 0.26 KW 

18 Taxiway Marker Lights 65 W 1.17 KW 
13 M.Ft. #8 Cable 30 W 0.39 KW 5.41 KW 

Circuit #3 Phase #3 
18 H.I. Runway Lights 225 W 4.05 KW 
16 Taxiway Marker Lights 65 W 1.04 KW 
12 M.Ft. #8 Cable 30 W 0.36 KW 5.45 KW 

Circuit #4 Phase #3 
20 H.I. Runway Lights 225 W 4.50 KW 
16 Taxiway Marker Lights 65 W 1.04 Kip 

14 M.Ft. #8 Cable 30 W 0.42 KW 5.96 KW 

Circuit #5 Phase #3 
4 H.I. Runway Lights 225 W 0.90 KW 

12 H.I. Caution Lignts 225 W 2.70 KW 
2 H.I. Threshold Lights 225 W 0.45 KW 
4 Flush Threshold Lights 65 W 0.26 Kíß 

10 Taxiway Marker Lights 65 W 0.65 KW 
19 M.Ft. #8 Cable 30 W 0.57 KW, 5.53 KW 

Circuit #6 Phase #1 
30 H.I. Approach Lights 225 W 6.75 KW 
25 M.Ft. #8 Cable 30 W 0.75 KW 7.50 KW 

Circuit #7 Phase #2 
47 Flush Runway Lights 
20 Flush Caution Lights 
68 Taxiway Marker Lights 
8 Flush Threshold Lights 

25 M.Ft. #8 Cable 

Circuit #8 Phase #2 
166 Taxiway Marker Lights 
37 M.Ft. #8 Cable 

30 W 
30 W 
65 W 
65 W 
30 W 

1.41 WA 
0.60 KW 
4.42 KW 
0.52 KW 

0,75 KW 7.70 61 

30 W 4.98 KW 
30 W 1.11 6.09 KW 

Total Load a. al 

. 
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4. Electric Power Services Power will be supplied from the under- 
ground 13.8 KV system now being installed from the power plant to 
a manhole adjacent to control tower. Prom this manhole 13.8 KV cable 
will be run to the transformer vault in the regulator building to two 
15 KVA and one 25 KVA transformers which will step the voltage down 
to 4160/2400 volts. This is the operating voltage for the bright- 
ness regulators (series transformers) for the runway lighting. The 
additional 10 KW is for single phase lighting for the control tower. 
Emergency power is supplied from a 50 KW low voltage generator and 
is stepped up to 4160/2400 volts in the regulator room with two 15 
KVA transformers and one 25 KVA transformer. 
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i)63 iGN A A LYS IS 

for 

WATER SUPPLY 

Raw Water Intake and Treatment Plant 

gÚ 

Exhibit N 

The source of supply is the Blank River. Raw water is pumped by 
three centrifugal pumps and delivered to the treatment plant. After 

treatment the pure water is stored in a clear well from which it is 

pumped by four centrifugal pumps into the distribution system. 

The description of the different components of this water sup- 

ply system will be presented under the following headings: 

1. Raw water intake and pump station 

a. Raw water intake chamber 
b. Raw water pump station 

2. Raw water supply pipe 

3. Treatment plant 

a. Raw water flow controllers 
b. Clarifiers 
c. Filters 
d. Neutralisation 
e. Disinfection 
f. Interconnecting piping and controls 
g. General service building 

h. Clear water well 

4. Filtered water pump station 

5. Filtered water supply pipe 

6. Distribution system 

a. Elevated water tanks 
b. Distributing mains 
c. Blank River crossing 
d. Port area 

' 
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1. Raw Water Intake and Pump Station 

The raw water intake and pump station on the Blank River is lo- 
cated near the northeast corner of Tract 

The reinforced concrete structure of the raw water intake and 
pump station is composed of two parts: a, Raw water intake chamber 
and b, Raw water pump station. 

The front of the structure lies behind the pienccad line which 
can be distinguised by a series of wooden piles already existing near 
the site. 

A foot bridge or walkway will give accese to the raw water intake 
and pump station from the bank of the river. 

For details of raw water intake and pump station see drawing 
No. 

a. Raw eater Intake Chamber: This chamber is a rectangular 
reinforced concrete structure of sufficient dimensions for 
housing four suction pipes and four strainers. The four 
suction pipes are of 400 mm (16 ") diameter each and are 
placed in a horizontal plane parallel to each other. 

Raw water will enter the intake chamber from the upstream 
and downstream sides through two rectangular gates. The 
opening of the gates is 40" x 60" maximum and the gates 
can be closed by two single -faced sluices operated by hand 
wheels which will be installed on top deck of the intake 
chamber. The elevation of the bottom of the gate opening 
should be 8.35 so that at low water two-thirds of the 
opening remains full. 

A ladder will provide access to the inside of the intake 
chamber from the top deck. 

Four 16" galvanized or cast iron strainers will be installed 
vertically to the end of the suction pipes. The four suc- 
tion pipes pass through sealed holes into the raw water 
station basement. The pipes should be perfectly sealed in 
the reinforced concrete wall to prevent any penetration of 
water into the raw water pump station basement. At peak 
hours, three of the suction pipes will convey water to the 
treatment plant. The fourth suction pipe will serve as 
standby. 

. 
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b. Raw Water Pump Station: The rectangular reinforced concrete 
structure of this pump station adjoins the raw water intake 
chamber. The raw water pump station consists of a main 
floor and a basement. 

(1) Raw Water Pump Station Basement: 

In the basement there will be installed four centrifu- 
gal mixed flow or axial flow pumps for conveying raw 
water to the treatment plant. The cipacity of each 
pump is 160 liters per second (approximately 2540 
U . ". GPM) and the four pumps will be installed in two 
rows of two each. The total read of each pump is ap- 
proximately 8 meters (26.3 ft.) and its RPM is 880. 

The centrifugal pumps are electrically operated. The 
electric motors are installed on the main floor and 
the drive is through a vertical shaft with necessary 
bearings. Provisions should be made for priming the 
pumps in case this becomes necessary. 

The suction pipes which pass through the intake cham- 
ber wall will be connected to the suction side of the 
raw water pumps. A gate valve and a non -return check 
valve will be installed on each suction pipe. Clogging 
of the suction pies should be prevented by suitable 
means. 

The discharge pipes of the pumps will be of 350 mm 
(14 ") diameter and will combine into a 600 mm (24 ") ") 

header before leaving the basement. A gate valve and 
a check valve will be installed on each discharge pipe. 

The pump station basement should be watertight and it 
should be accessible from the main floor. Provision 
should be made for draining the raw water pump sta- 
tion basement floor. 

(2) Raw Water Pump Station Main Floor: 

On the main floor of the pump station, four electric 
motors will be installed vertically to drive the raw 
water pumps. The electric motors will be 30 h.p. each, 
3 phase, 50 cycle, 380 volts, 1000 RPM. A switchboard 
will be installed on the wall of the main floor with 
four motor starters for the electric motors. 

The lubricating oil containers and maintenance equip- 
ment necessary for the proper operation of the electric 
motors and the centrifugal pumps should be housed in 
wall cabinets, containers, lockers, etc. housed in the 
main room. 
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The floor of the main room should have an elevation 
of 13.50 to prevent flooding during high tide. 

The top deck of the raw water intake chamber should 
be accessible from the main floor. 

Provisions should be made for lighting and ventilating 
the main floor. 

The foot bridge or walkway which connects the bank of 
the river to the raw water pump station should be wide 
enough to permit transportation of all pump station 
and intake equipment. A hand railing is required an 
each side of the walkway. 

An overhead crane will be installed to facilitate 
movement of heavy equipment. 

2. Raw Water Supply Pipe: 

The common header into which the pump discharge pipes are cony 
bind will form the first part of the raw water supply pipe. The ele- 
vation of the top of this supply pipe should be 12.90 and the pipe 
will lead from the raw water pump station basement to the entrance of 
the treatment plant. The total length of this pipe is approximately 
400 meters and its diameter is 600 mm (24"). The necessary gate 
valves, bends and other fittings should be provided for this pipe. 

This pipe will be laid horisontal ands' will have an earth cover 
of two feet (60 cm.) throughout its course. 

3. Treatment Plant: 

For treatment plant site location and survey see drawing No. 
The treatment plant has a total daily capacity of 26,000 cu.m. 
(6.8 million U.S. gallons) and is composed of the following parts: 

a. Raw Water Flow Controllers: 

The raw water is pumped from the Blank River by three cen- 
trifugal pumps and conveyed to the treatment plant through 
a 600 mm (24 ") supply pipe. 

At the entrance of the treatment plant two 600 mm pipes, 
each of which conveys the raw water to one clarifier, are 
branched off from the supply line. On each of the two 
branch pipes there should be installed a flow controller 
valve and a flow meter. 
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Provisions should be made for future connection to the 
supply pipe of two additional branch pipes. 

Provision should also be wade for taking samples of raw 
water before it enters the clarifiers. 

b. Clarifiers s 

Two accelerated type clarifiers will provide for the coagu- 
lation and sedimentation of raw water after it passes through 
the flow controllers and meters. The two clarifiers should 
be operable in series or parallel to each other, depending 
on the quality of raw water. The clarifiers should have 
enough capacity to handle an average flow of 2540 gpm. 

Coagulation will start in the primary reaction chamber of 
the clarifiers after the raw water has completely mixed 
with the coagulant and will be completed in the secondary 
reaction chamber. The coagulant will be aluminum sulfate 
or any other reagent which may prove to be more effective 
after operation tests. Then the slurry mixture will enter 
the separation chamber where the settling takes place. 

Feeding of the reagent will take place in dry powder form 
and the feeding pipe will lead from the dry feeders to the 
primary chamber of the clarifiers. A rotor impeller driven 
by an electric motor installed on top of the clarifier will 
cause cemplete mixing of the reagent with the raw water. 

The rising rate of the clarifiers in the separation zone 
should be approximately two gallons per minute per square 
foot and the retention period of each clarifier should not 
be more than 50 minutes. 

Extraction of the settled sludge takes place periodically 
and automatically by a timer- actuated valve. 

The treated water will be collected by means of radial 
leunders and will be delivered to the filters. 

The maximum liquor depth in the clarification units should 
not exceed 3.5 meters so as not to overload the soil. The 
safe bearing power of the soil has been determined to be 
0.5 kgs. per square centimeter (0.5 tons per square foot) 
and the footings and foundations should be designed ac- 
cordingly. 

Inasmuch as the quality of raw water determines the extent 
of treatment to be provided, a sample test made of Blank 
River water is hereby given for the sake of guidance: 
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pii. t.3 
Turbidity 144 ppm 

Total hardness 169.4 ppm 

Alkalinity (Phenolphthalein) 18 ppm 

(.ethyl range ) 90 ppm 

Chlorides 127.2 ppm 

Calcium 48.27 ppm 
Magnesium. 18.24 ppm 

Sulfates 28.8 ppm 

Nitrates .... 5.425 ppm 

Silica. ppm 

c. Filters: 

After clarification. the water will be conducted to a bat- 

tery of rapid sand or anthracite filters of concrete con- 

struction. The number of the filter units should not be 

less than eight for flexibility of operation. 

The filtration rate should not exceed 4.5 cubic meters per 

hour per square meter of filtering area. 

Washing of the filters will be by reverse flow of water and 

compressed air. or by any other acceptable process. gash 

water will be supplied by a pipe tapped on to the clear 

water pump discharge line. Air will be furnished by two 

electrically driven blowers of proper capacity so that one 

will supply the normal delivery of air and the second will 

serve as a standby unit. The blowers will be located in the 

general service building. An automatic device is required 

for the washing of the filters according to a pre -determined 

cycle. 

Waste water from the washed filters will flow in concrete 

or metal gutters and will be discharged into the Blank River. 

The filter control valves will be electrically or hydrau. 

lically operated and of the floor -stand type equipped with 
a hand wheel for manual operation from the filter control 

gallery. Each filter should be equipped with an efficient 

regulating device and a loss -of -head gauge. 

d. Neutralization: 

Neutralization is required inr. order to adjust the p of the 

filtered water. The treated water should have a pH from 

7.2 to 8.0. 

The neutralizing chemical will be lime or any other chemi- 

cal proved to be effective for ; control. The point of 
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application of lime should ha determined by the contractor. 
The method of feeding will be in dry powder fora, and pro- 
visions should be made for feeding and storing the neutra- 
liser. 

e. Disinfection: 

The last step in the treatment of Blank River water is its 
disinfection or sterilisation designed to eliminate the 
pathogenic bacteria. Disinfection will be effected by 
feeding liquid chlorine into the filtered water. 

The chlorinators will be of flow -rated solution -feed type 
and will be installed in the general service building. All 
necessary parts and accessories, including the testing out- 
fit, for correct operation should be provided. 

Storage space for a one -month supply of chlorine should be 
provided. 

f. Interconnecting lipinL and Controls: 

The different components of the treatment plant are con- 
nected to one another by means of pipes, valves, fittings 
and controlling appurtenances so that each of the components 
can be shut off and the flow of water can be controlled in 
all stages of treatment. 

The sludge extracted from the clarifiers, the waste water 
from the filters, and the overflow from the clear water well 
will be conducted into drains and discharged by gravity in- 
to the Blank River. During high tide when the above waste 
cannot be discharged by gravity, it will be conducted to a 
sludge pit from which it will be pumped into the river. 

Wash water for filters will be withdrawn from the clear 
water pump discharge line by a pipe tapped on to it and 
leading to the filter battery at the proper pressure. This 
pressure should be controlled by the use of a pressure - 
reducing valve to reduce the pressure from 35 kgs. per 
square meter to the value of effective washing. 

Float valve control of raw water pumps, chlorinators, etc., 
should be installed in the clear water reservoir, together 
with all electrical controls, wiring, conduits, etc. to the 
control panel in the raw water pump house. 

g. General Service Building: 

This building will house the filters, the reagent feeding 
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equipment, the air blowers, the chlorinators, storage for 
chemicals and chlorine, laboratory with office space, toi- 
lets, showers and proper ventilation facilities. No central 
heating is required. The laboratory and office areas should 
be provided with evaporative -type coolers with distribution 
ducts controlled by adjustable louvers and grills. 

h. Clear Water Well: 

The filtered water will enter the clear water reservoir 
after being chlorinated. This reservoir will be constructed 
of reinforced concrete. It is rectangular in shape and has 
a total capacity equal to a quarter of the total average 
daily demand. The reservoir will have two separate com- 
partments. The reservoir should be perfectly protected 
from contamination and should have an earth cover. 

The suction pipes of the treated water pumps will lead to 
the bottom of the clear water reservoir. 

For the general arrangement of tie treatment plant com- 
ponents see drawing No. . 

i. The natural ground has an average elevation of 12.50 at the 
treatment plant site. In order to protect the plant from 
being flooded by high tide, the elevation of the whole site 
area should be raised to 13.50. The water table is very 
high in the city; therefore the foundations of the build- 
ings and structures comprising the treatment plant shall 
not be laid lower than 12.00, otherwise the buoyancy has to 
be considered in design. All structures shall be so de- 
signed that they can be emptied with the river water at el- 
evation 12.62. 

The bottom of the clear water reservoir should be at eleva- 
tion 10.40 with its overflow at 12.70. 

Clarity of the water at the outlet of the filters will be 
measured with a platinum wire immersed in the water at a 
depth of 30 centimeters. 

All necessary laboratory fixtures and equipment, spare or 
replacement equipment should be furnished to maintain un- 
interrupted operation of the treatment plant for two years. 

4. Filtered Water Pump Station: 

The reinforced concrete building of this pump station is designed 
to house the four filtered water centrifugal pumps and the two diesel 
generator units which will provide power to run the treatment plant 
and raw water pumps at emergency. 
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The centrifugal pumps will be of the double -suction, single - 
stage, horizontally split -case type with the following characteris- 
tics: Two of the pumps will nave a capacity of 150 liters per sec- 
ond (2378 U.S. GPM) each and will be driven by two horizontal elec- 
tric motors of 110 hp, 3 phase, 50 cycle, 1450 RPM each. The other 
two pumps will each have a capacity of 500 liters per second (4756 
U.S. GPM) and will each be driven by a 220 hp, 3 phase, 50 cycle, 
1450 RPM horizontal electric motor. The suction head of all the 
pumps is 5 meters (16.4 ft.) and their discharge head is 34 meters 
(111.5 ft.) 

The four pumps and electric motors will be installed in the 
main hall of the pump station parallel to each other with sufficient 
working space between them. 

Four suction pipes (two of 200 mm and two of 300 mm diameter) 
will lead from the bottom of the clear water well to the suction side 
of the pumps. The discharge pipes of the two smaller pumps are of 
250 mm and those of the two larger pumps are of 350 mat diameter, and 
all four pipes will combine into a 600 ram header before leaving the 
treated water pump station. A combination foot -valve strainer will 
be installed on the suction side and a gate valve on the discharge 
side of each of the centrifugal pumps. 

At peak hours, three of the pumps will be working with the fourth 
unit serving as standby. 

The two diesel generator units each provide 200 hp in order to 
run the plant at half capacity when emergency arises. The two units 
will be installed parallel to each other with sufficient working space 
between them. 

At normal conditions the power required to run the plant will be 
provided by the city electrical distribution system. A transformer 
unit must be installed in a special room in order to transform the 
11,000 volt city current to 380 volt current used in the plant. A 
control panel with all the necessary :inters and electrical instru- 
ments is required. 

An overhead crane of 2.5 tons capacity should be installed in the 
main hall of the pump station. 

Provisions should also be made for an office and a workshop, toi- 
lets, shower facilities, proper light and ventilation, and storage 
space for the fuel and lubricating oil used by the diesel generators 
and the centrifugal pumps. 

For details of the filtered water pump station see drawings 
No. and ho. 
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5. Filtered Water Supply Pipes 

The common header (600 mm in diameter) into which the four dis- 
charge pipes of the filtered water pumps combine will form the first 
part of the filtered water supply pipe. The total length of this 
pipe is meters and its course runs along the course of a future 
street and will lead to the first elevated steel tank. Provisions 
must be made to install necessary fittings and appurtenances on this 
pipe so that future branches can oe connected to it to withdraw water 
for future streets. Sufficient number of drinking fountains and fire 
hydrants will also be installed along the course of this pipe. The 
pipe will have a minimum two -foot earth cover throughout its course. 

The pipe which conveys the filter wash water will be tapped on 
to the supply pipe after it leaves the filtered water pump station. 

6. Distribution Systems 

Drawing No. shows the general arrangement of the distribu- 
tion system in the city. 

a. Llevated Water 'ranks: 

In order to provide sufficient pressure head throughout the 
distribution system and supply the peak demand, nine ele- 
vated steel tanks nave been designed with a total capacity 
of 4500 cubic meters (approximately 1,200,000 gallons). 
They are located at five different sites. 

Drawings ï o. and snow the site surveys of the nine 
elevated tanks. Drawings No. to show the de- 
tails of the elevated steel tank structure. 

The elevation at the bottom of the two 500 cubic meter tanks 
located at the eastern end of the distribution system is 26 
meters, and that of the other tanks is 16 meters, 

Each tank 15 equipped with a float valve to shut the float 
off when it is full. 

The minimmt. ^.ensure head at the remotest point in the sys- 
tem is 15 meters (49.2 ft.) 

Tank No. 9 will be installed close to the port area and will 
supply the additional demand in that area during the peak 
hours. 

The elevated steel tanks should be insulated to keep the 
temperature of the water within desirable limits. 

A ladder will be installed for each tank to provide access 
to it from the ground. 
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Each tank will have a standpipe leading from the ground to 
the tank along the axis of the supporting structure. 

The two tanks which are installed side by side will have 
separate intakes and a common drain. 

Provisions should te made for cleaning the inside of the 
tanks when required, and for draining the tanks. 

b. Distributing Mains: 

The following cast iron mains, equipped with all the neces- 
sary fittings and appurtenances, will be laid along the 
streets with a two -foot earth cover: 

Nom. Diameter Length 

600 mm (24") 
500 MR (20") 

4080 meters 

700 m. 
400 mm (16") 1650 m. 

350 Ili (14" 470 m. 
300 am (12" 9550 m. 
200 mm ( 8") 6000 m. 
150 at (6" ) 1600 m. 
100 at (4" ) 6150 m. 

The appurtenances ordered for the distribution system in- 
clude 42 underground fire hydrants and 144 water spouts lo- 
cated at proper points. In addition, 6860 meters of two- 

inch cast iron pipe has been ordered for secondary streets. 

At proper points, laundry and washing facilities have been 
provided. 

The distribution system is designed in a grid pattern to en- 
sure full circulatory movement of water and to prevent stag- 
nation. 

A complete description of the distribution system and de- 
tails of the construction specification are on file. 

c. Blank River Crossing: 

At point A -5 of the distribution system there will be a 

crossing of a 14" pipe which will supply the water required 
for the naval base and for that section of the city. It 

will cross the Blank River along a highway bridge which will 
be constructed at the same point. 
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Design Criteria 

1. Raw Water Intake and Pump Station 

a. kale eater Pumps 

Number: Four (three operating, one standby). 
Type: Axial floe or mixed flow, centrifugal, vertical, 

electrically operated. 
Capacity of each pump: 160 liters per second (2540 gpm). 
Total head of each pump: 8 meters (26.3 ft.). 
RPM of pumps: 880. 

Inlet diameter: 400 nus (16 "). 
Outlet diameter: 350 rem (14 "). 
Characteristics of electric motors: 30 hp, 3 phase, 50 

cycle, 380 volts, 1000 RPM; vertical with motor 
starters for across -line starting. 

A gate valve is required on each intake pipe. 

b. Raw Water Intake 

Number of suction pipes: Four. 
Diameter of suction pipes: 400 mm (16 "). 
Elevation at top of intake strainers: 8.75 (at least two 

feet lower than law water level). 
Number of intake strainers: Four. 

c. Raw Water Intake Structure 

Length: Sufficient to house four intake pipes and four 
strainers. 

Width: Internal width should be not less than 2.5 meters. 
Height: Internal height should be 6.20 meters. 
Elevation: 13.50 at top of structure. 
Gates: Two on upstream and downstream sides. Height: 60 ", 

Width: 40 ". 
Elevation of gate opening: 8.35 at the bottom. 
Gates should be operated from top of structure. 

d. Raw Water Pump Station 

Sise: Sufficient to house above -described pumps and motors. 
Elevation of main floor: 13.50 (see drawing). 
The pumps should be housed in the basement. 
The electric motors should be installed on the main floor. 
An overhead crane is required. 
A switchboard is required for the electric motors. 
The basement should be accessible from the main floor. 
All outlet pipes from pumps should combine into a 600 me 
delivery pipe. 
The front of the intake structure should not trespass 
the pierhead line. 

' 

' 

' 

. 

' ' 
' 

` 

" 

1. 

' 

' 
' 

. 

- 

J 



e. Raw Water Supply Pipe 

Diameter of pipe: 600 mm (24 "). 
Length of pipe: Approximately 400 meters. 
Elevation of top of pipe: 12.90. 
Pipe should be laid underground. 

2. Water Treatment Plant 

Plant location: 200 meters west of Blank River bank. 
Plant size: 138 meters long, 96 meters wide. 
Soil conditions at plant site: Laminated soft clay and silt; 

safe bearing capacity: One -half ton per square foot at 
ground water level 2 -1/2 feet below ground surface. 

Plant capacity: 26,000 cubic meters per day maximum or 
4800 gpm approximately. 

Operation hours: 20 (can be extended to 24 hours). 
components: 

a. Influent pipe sise: 24" leading from low-head pump 
to accelators. 

b. Valves and pipe connections to by -pass one or both 
accelators. 

c. Accelator type clarifiers: Two working in series or 
separately. Rising rate of clarifiers: Two gallons 
per minute per square foot of area. Required area 
for each clarifier: 2383 square feet approximately 
(in the separation sons). Each accelator should have 
the following essential parts: 
(1) primary mixing and reaction chamber 
(2) secondary reaction chamber 
(3) separation chamber 
(4) collecting launders 

(5) rotor -impeller with variable speed drive 
(6) walkway with hand railing 
(7) concentrator discharge 
(8) quick -opening drain valve 

Retention period of each accelators 50 min. maximum. 

Turbidity of raw water: 2000 ppa MILXIMUIt, 
Turbidity of treated water shall not exceed 10 ppm. 
Hardness of raw water: 169.4 ppa. 
Hardness of treated water shall not exceed 100 ppa. 
Coagulant used: Aluminum Sulfate. 
Type of feeder: dry - volumetric. 
Chemical used for neutralisation: Lime. 
Chemical used for softening: To be determined by 
tests. 
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d. Rapid sand filters: Eight filter units. 
Rate of filtration: Two gallons per minute per 
square foot. 

Depth of sand: 27 - 30 inches. 
Size of sand: Optional. 
Total filter area required: 2383 sq. ft. approx. 
Area of one filter unit: 298 sq. ft. approximately. 
Ratio of length to width of filter unit: 1.25 to 1.33. 
Automatic rate of flow controllers. 
'hash water taken from treated water main to town. 
Wash -water gutters: Lateral. 
Gutter spacing: Six feet. 
Number of gutters to each filter unit: Four. 

e. Clear water well. 
Capacity: One- fourth total daily consumption. 
Elevation of floor: 10.40. 
nervation of overflow: 12.70 

3. Blank hiver Chemical Analysis 

The following data presented are maximum concentrations obtained 
from tests made from samples taken to date. They are to be adjusted 
by further tests to be made while the plant is being designed: 

pIí 8.3 
Turbidity 144.0 ppm 
Total hardness 169.4 ppm 
Alkalinity (phenol phthalein) 18 ppm 

(methyl orange) 19 ppm 
Chlorides 127.2 ppm 
Calcium 48.27 Ppa 
Magnesium 18.24 ppm 
Sulfates 28.8 ppa 
Nitrates 5.425 ppa 
Silica 20 ppa 
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Exhibit 0 

DESIGN ANALYSIS 

for 

BLANK VETERINARY STATION 

1. Treated Water Demand 

a. Drinking Water for Non - Resident Animals 

20 small animals + 5 gals. per day 100 gals. 
5 large animals 6 10 gals. per day 50 

b. 171!_nng and Cleaning 

20 small animale ( 10 gals. per day 200 
5 large animals @ 20 gals. per day 100 

Sub -Total 450 

c. Attendant Consumption 

10 persons ! 40 gals. per day ..400 

Total treated water demand 850 gals. 
850 x 3.8 In liters per day 

d. Criteria 

(1) Total treated water average demand s 850 ga.bs /day 

(2) Average demand, 8 hr. basis 
850 

8pe 60 

(3) Maximum peak by fixture demand, 
for internal plumbing ffi 35 gpm 

2. Source 

The water source for the veterinary station will be the munici- 
pal water supply system of Blank city. 

The pressure in the city mains at the veterinary station site 
is not sufficient for the required service. The city water supply 
treatment facilities consist only of sedimentation and sand filtra- 
tion. There is no chemical treatment. This degree of treatment 
does not constitute the accepted standard for a potable water sup- 
ply. The water is turbid and murky. 
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It is proposed to install a pressure filter and chlorination 

facilities for the potable water supply. The water will be pumped 

with a centrifugal pump through a pressure filter, which will float 

on the system, into a small storage tank (1.50 x 1.50 x 1.00 meters) 
on the roof. 

It is proposed to install fire hydrants and hose bibs for 

sprinkling of lawns direct from centrifugal pump on the raw water 

pipe line system. 

3. Pressure Requirement: 15 psi at each building. 

4. Filter 

Select one modern pressure filter of stock size to give a ca- 

pacity of 170 gallons per hour and to be designed to withstand an 
inlet pressure of 60 psi. The loss of head through the filter is 

10 feet. The filter area is to be one square foot per two gallons 

per minute. 

5. Chlorination 

Select one liquid chlorine machine to provide a minimum chlo- 

rine residual of 0.4 ppm at the end of the pipe line system, to be 

controlled and metered automatically by the water demand. This ma- 

chine is to be installed on the pipe line after filtration. 

6. Determination of Pumping Requirement 

Total requirement a 850 gallons per day 
3 -hour pumping period 

8!0 
5 gpm pumping rate 3x 0 

3 m. suction head 

4 m. loss of head through filter and piping 
m. tank height (on the roof) 

12 m. total pump head Assume 15 meters (50 feet) 

Centrifugal pump, 5 gpm, total heed 50 feet (15 a.) 

One electric motor, 1/2 hp, 2900 RPM 

7. Pipe Lines 

The size of the pipe system will be governed by the maximum peak 
fixture demand. 

All pipes are standard galvanised iron conforming to interna- 

tional specifications. 
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Sanitary Sewage Design Demand 

The amount of sewage is based on the amount of water consumed 
or used by the attendants. 400 gallons per day. 

Estimated maximum sewage in guardhouse by fixture demand: 6 gpm. 

Estimated maximum sewage in veterinary building for domestic use: 
8.4 gpm. 

The animal sewage and wash water. 450 gallons per day, will be 
disposed of into the liquid pit. 

9. Sewer Lines 

The line from guardhouse and veterinary building will be six - 
inch concrete sewer pipe on a slope of 0.62 per cent. This slope 
will give a velocity of two feet per second at peak flow periods. 

10. Septic Tank 

Capacity of the septic tank: 
400 gallons per day x 3. = 3.E 1520 liters = 1.5 cubic meters 

Retention period: 24 hours 
Volume for sludge: 20 per cent 
Required volumes 

1.5 cubic meters for digestion 

1.5 x 20% = 0.3 cubic meters for sludge 
Total: rr cubic meters 

Assume size of tanks l m x 2 m= 2 square meters 
Depth of tanks 1.20 m plus 0.30 m. for sludge or 1.50 meters 

1 x 2 x 1.5 = 3 cubic meters 
Chlorination .Nixing Chamber: 

Retention period 15 minutes 
Capacity of mixing chamber: 3 x 1000 x 15 

24 x 60 31 liters 

Lae a chamber 0.2 x 0.2 
Depth: 31 = 0.78 m. Assume 0.80 meter 

2 x 2 

11. Chlorination 

Chlorination of the effluent of the septic tank has been pro. 

vided because effluent outlet and tile disposal field are within the 
veterinary station site and the effluent from the veterinary station 

contains various contagious bacilla which. if not disinfected, 

may cause epidemics. 

The chlorinator selected is a small calcium hypochloride ma.. 
chine which adds calcium hypochloride solution directly into an ef- 
fluent mixing chamber attached to the septic tank. The chlorinator 
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is to be installed in a small building above the septic tank and 
chlorination chamber. 

12. Discharge of Sewage Effluent 

The septic tank effluent 
distribution chamber and from there into 
consisting of drain tile laid 

The sub -surface disposal 
solids. 
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will be discharged by gravity into the 
the distribution tile fields 

in the ground with open joints. 

is relatively free from suspended 

The percolation rate of the soil is two gallons per square foot 

per day. 

The sludge in the septic tank will be removed periodically with 

a hand pump. 

13. Clay Pipe for Tile Field 

Total average daily flow is 400 gallons per day. 
Rate of percolations Two gallons per day for one square foot 

per day. 

aa 200 square feet absorptive area. 200 x 0.0929 al 19 aq.m. 

The effective absorptive area of the trench: 4 square feet 

200 = 50 feet. 50 x 0.305 16 m. 

Assume 17 meters of clay pipe; 

14. Distribution Chamber for Tile Field 

For 17 meters (56 feet) 6" clay pipe. 

6" pipe = 0.196 square feet 

56 x 0.196 = 11 cubic feet 
11 z 7.5 = 83 gallons (U.S.) 
83 x 0.75 aa 62 gallons 
62 x 3.8 = 640 liters = 0.3 cubic meters 

Size of distribution chamber: 0.60 x 0.60 x 1.00 meters 

15. Manure Pit 

The water which is used for washing stalls, cleaning animals 
and for animal consumption is 450 gallons per day. A manure pit is 

to be used for its disposal. Assume the liquid manure pit is to be 

2mx2mx2i. 

The dry manure is placed by wheelbarrow on a concrete platform 
next to the liquid manure pit for storage. The liquid will drain 
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into the liquid manure pit with the stall wash water. The liquid 
manure pit is to be emptied by hand with a liquid manure or sludge 
pump and removed by tank truck to be used as fertiliser. 

The liquid manure pipe line will be connected from the stalls 
to the manure pit with a six -inch concrete sewer pipe laid on a 
slope of two per cent. 
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DESIGN ANAL' 

for 

BLANK SLAUGHTERHOUSE 
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1. Location 

The slaughterhouse site is located in the southwest part of the 
city of eighty meters south of the new school building. 

2. Water System 

a. Water Demand far Slaughtering 

The total water consumption in a European public slaugh- 
terhouse for all services, including slaughtering varies 
from 500 to 750 liters per slaughtered animal, 500 in 
large slaughterhouses and 750 in small. The water con- 
sumption is to some extent proportional to the sise 
(weight) of the animals. The average carcass weight of 
large and small animals slaughtered in European slaughter- 
houses varies from 100 kg. to 150 kg. The average weight 
of animals slaughtered in this slaughterhouse will, be- 

cause of the small cattle and the great number of sheep, 
goats and lambs, only be about 30 kg. or about one- fourth 
of the European average. Therefore the water consumption 
in Blank Slaughterhouse will be ÌL© or 187 liters; 
assume 200 liters. 4 

For 10 cows and 150 sheep 
160 animals x 200 
32,000 liters 
32,000 x 0.264 

b. Water Source 

The potable water for 
from the Blank City water 

c. Piping System 

Supply line 4 -inch 
Distribution 2 -inch 
Distribution 3/4 -inch 

Sanitary Sewage Disposal 

The sanitary sewage from the water closets will be collected 
and conveyed through a six -inch concrete sewer line to the dry well, 
one -meter diameter. 

day at 200 liters per animal: 
32,000 liters per day 
32 cubic meters 
8,500 gallons per day 

;zL;hterFxruss is to be supplied 
system. 

910 meters 
140 meters 

25 meters 

l 
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4. Slaughterhouse Wash Disposal 

The waste and wash water from the slaughterhouse will be col- 
lected and conveyed to a bar screen, grease trap, septic tank and 
leaching pit (dry well). 

The size selected for each appurtenance is as follows: 

a. Bar Screen 

32,000 liter per day= 8,500 gallons per day 
Time for animal slaughtering: 4 hours 
8 00 - 35.5 gm 8500 

6ß 60 un 0.60 gallons per second 

The maximum flow is taken as 250 per cent of the average 
flow plus infiltration. 

Peak flow: 0.60 x 2.5 = 1.5 = 5.7 liters per second 
Assumed b liters per second = 0.21 cubic feet per second 
Minimum velocity through openings = 1 ft. per second 
Sise of bar screen: 

0.21 + 0. - 0.21 square feet = 0.02 square meters 1 2x4 
Assume size 0.60 x 0.40 x 2.40 meters 

b. Grease Trap 

Detention period is 15 minutes. 
6 liters per second x 60 seconds - 
360 x 15 - 5400 liters = 5.4 cubic 
Assume 6 cubic meters 
Size of grease trap: 3.7 x 1.10 = 
Depth of water 6 m 1.45 meters 

4.10 

360 liters per minute 
;asters 

4.10 square meters 

c. Septic Tank 

Total equivalent, 1 hog 2 persons 40 cap /day 
Slaughtering time: 4 hours, 40 animals per hour 

Say 
0 

as animal per minute 

Assume 3 hours detention period 

3 x 60- x 2= 240 equivalent persons 
240 x 40 - 9600 gals /day x 3.8 =t 36,500 liters = 
36.5 cubic meters for 24 hours 

Size: 6 meters length, 3 meters width and 2 meters depth 
plus 0.50 for sludge capacity a 2.50 meters depth 
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d. Blood Collection Basin 

Volume of blood per animal: Sheep, 2 liters 
Cattle, 10 liters 

150 sheep x 2 : 300 liters blood 
10 cattle x 10 = 100 

Total 400 liters = 0.4 cubic meters, 
assume 0.5 cubic meters 

Sise of basin: 

The blood from the slaughtered animals will flow through 
a trench to the blood collection basin. 

5. Manure Disposal 

The dry manure will be deposited on a concrete platform adjoin- 

ing the septic tank. 

The sise selected is 10 meters 1:3 meters. 

The liquid manure and wash water from the shed are to be con- 

veyed to a liquid manure pit. The pit is to be emptied by hand with 

a liquid manure or sludge pump and removed by tank truck to be used 
as fertilizer. 

Amount of dash Water: 

160 animals o 10 gallons per day = 1600 gallons 
1600 x 3.8 = 6,000 liters = -6 cu. m. capacity for one day 
Capacity for one week: 6 x = 42 cubic meters 

Sias of Liquid Manure Pits 

6 meters length, 3 meters width 
23 meters depth + 0.50 meters clearance 
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TECHNICAL SPECIFICATIONS 

ROAD CONSTRUCTION AND ASPHALTIC CONCRETE PAVEMENT 

2.30.1 Scope 

The work covered by this section of the specifications con- 
sists of furnishing all labor, equipment, mixing plants and materi- 
als, and performing all operations in connection with the construc- 
tion of a prepared subgrade, a crushed rock base course, and a fin- 
ished surface of asphaltic concrete, in strict conformance with the 
lines, grades, elevations, cross sections and dimensions shown on the 
project drawings and complying with these specifications. 

2.30.2 Materials 

1. Crushed rock. Crushed rock shall be uniform and shall be 
obtained from designated quarries from which all overburden has been 
removed prior to blasting. It shall show no tendency to air -slake 
or undergo change when exposed to the weather, and shall not con- 
tain roots, leaf mold or other organic material. Crushed rock for 
base course material shall conform to the following gradation: 

Percentage by 
Sieve Size of Sieve Openings Weight Passing 

Designation Millimeters Sieve 

3" 
lit 

No. 4 
No. 200 

76.2 100 

25.4 25 - 65 

4.760 10 - 30 
0.074 Less than 10 

2. Prime coat. Bituminous material for the prime coat, if 
shown, specified or directed, shall be approved by the Chief Engineer 
prior to application. 

3. Mineral aggregate for surface course. Mineral aggregate 
for use in asphaltic concrete shall consist of crushed rock derived 
from sources previously approved for such use by the Chief Engineer. 
It shall be clean, hard, sound, and free from deleterious coatings, 
disintegrated material, lumps of clay, or particles of vegetable 
matter and shall show no tendency to stripping when agitated in 
water after having been coated with asphaltic cement. That portion 
of the aggregate retained on a No. 4 sieve shall be known as the 
coarse aggregate and that portion passing the No. 4 sieve shall be 
known as the fine aggregate. The grading of both the coarse and 
fine aggregate shall be uniform and the relative proportions of the 
various fractions shall be such that the two sizes can be mixed to 
form a composite aggregate which shall be within the limits for 
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gradation hereinafter specified. Should there be a shortage of ma- 
terial passing the 100 and 200 -mesh sieves, an additional quantity 
of finely powdered aggregate may be added as a filler to correct 
this deficiency. The grading of the composite mixture of fine and 
coarse aggregates entering the mixer shall be within the following 
limits: 

Sieve 
Designation 

Size of Sieve Openings 
Millimeters 

Percentage by Weight 
Passim Sieve 

1" 25.4 100 
3/4" 19.1 95 - 100 
1/2" 12.7 75 - 90 
No. 4 4.760 45 - 60 
No. 10 2.000 35 - 47 
No. 40 0.42 23 - 33 
No. 80 0.177 16 - 24 
No. 200 0.074 6 - 12 

All aggregates proposed for use in asphaltic concrete, when mixed 
with the proper amount of asphaltic cement, shall not show exces- 
sive swelling. 

4. Asphaltic cement. Asphaltic cement shall be of the best 
quality obtainable from the Abadan Refinery. The penetration of 
petroleum asphalt shall be between 40 and 50. 

5. Mixture of aggregate and asphaltic cement. The mixture 
of aggregate and asphaltic cement is known as asphaltic concrete. 

a. Percentage of asphalt in mixture. The quantity of 
asphaltic cement to be added to the combined aggregate may vary be- 
tween 5.5% and 8.5% by weight with the exact amount to be deter- 
mined by the Chief Engineer from the results of laboratory tests 
of the materials to be used. The relative quantities of the ma- 
terials to be used shall be proportioned in such a manner as to 
produce a mixture which, when thoroughly compacted by laboratory 
methods, will have the following characteristics: 

Stability - 910 kilograms minimum 
Flow - 16 maximum 
Per cent voids in total mixture - 4 to 6 
Per cent voids filled with asphalt - 75 to 82 
Density - maximum 

b. of materials. All materials entering 
the mixer shall to accurately proportioned, either by weight or by 
volume. If proportioning is by volume, means shall be provided to 
insure a uniform flow of each ingredient and to lock each control 
gate or other device in its required position. Means shall also be 
provided to permit the rate of flow of each ingredient to be checked 
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from time to time by weighing. A positive interlocking device 
shall be provided between the controls for the flow of asphalt and 
the flow of aggregate. 

c. Drying of aggregates. Dryers shall be of an approved 
design and of sufficient capacity to deliver she required quantity 
of aggregates at a moisture content not exceeding one -half of one 
per cent without overheating during the drying process. The removal 
of undue amounts of fine aggregates due to excessive draft shall not 
be permitted. The stacks shall be equipped with dust collectors un- 
less the Chief Engineer rules otherwise. An indicating pyrometer 
or thermometer shall be installed in such manner as to show, at all 
times, the temperature of the aggregates entering the mixer exceed 
350 degrees Fahrenheit. 

d. beating of asphalt. The asphaltic cement shall be 
heated by means of steam coils or electric heating units to a tem- 
perature which will permit efficient miring with the aggregate, but 
which shall not exceed 325 degrees F. at any time. A thermometer 
having a scale from 250 degrees F. to 450 degrees F. shall be in- 
stalled in the asphalt line at a location convenient for observation. 

e. The heated aggregates and asphaltic cement 
shall be thoroughly mixed together in a continuous mixer of an ap- 
proved type. The angular position of the mixing paddles on the 
shaft of the mixer shall be adjustable, and the rate of flow of ma- 
terials through the mixer shall be so regulated as to produce a mix- 
ture of uniform color and consistency with all aggregate particles 
thoroughly coated with asphaltic cement. All materials shall be 
mixed for a minimum of 45 seconds. The mixing time shall be compu- 
ted by dividing the dead load capacity of the mixer in pounds by the 
output in pounds per second. The temperature of the mixture at the 
time of discharge from the mixer shall be the lowest temperature 
which is sufficient for workability when to the point of 
use, but in no case shall it exceed 350 degrees F. nor fall below 
275 degrees F. 

6. Sagging. Samples of crushed rock, aggregate and all other 
materials used in the construction of the road, including the as- 
phaltic concrete, shall be submitted by the Contractor to the Chief 
Engineer for testing prior to the beginning of construction of the 
section of road in which the materials are to be used. These sam- 
ples shall represent the minimum quality of materials which will be 
incorporated into the work, and any materials incorporated into the 
work which are of poorer quality than the samples, such as crushed 
rock or aggregate of improper gradation, insufficient hardness, or 
of lesser durability than the submitted samples, shall be removed 
from the work by the Contractor and replaced with proper materials at 
the Contractor's expense. 
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7. Testing. All tests necessary to determine compliance with 
the requirements specified herein shall be performed in a laboratory 
approved by the Chief Engineer prior to installation of the tested 
materials into the work at the Contractor's expense. Field testing 
to determine compliance with density and other requirements will be 

performed by the Contractor at his expense under the supervision of 
the Chief Engineer. 

8. Storage of Materials. Storage of materials shall be such 
as will protect them from the weather, from theft, and from other 
loss or damage. Storage conditions shall be approved by the Chief 
Engineer. 

2.30.3 Equipment 

All equipment, tools and machines used in the performance 
of the work covered by this section of the specifications shall be 
furnished by the Contractor and shall be subject to the approval of 
the Chief Engineer. They shall be maintained in satisfactory work- 
ing condition at all times. Work done by unapproved equipment shall 
be redone at the Contractor's expense with approved equipment if re- 
quired by the Chief Engineer. 

2.30.4 Surveying 

1. All surveying necessary for the accomplishment of the work 
shall be done by the Contractor, at his expense, under the super - 
vision of the Chief Engineer. The Contractor shall give the Chief 
Engineer not less than twenty -four hours' notice of his intention to 

do any surveying work in order that arrangements can be made for 
supervision and checking. The Contractor shall also provide, with- 

out extra charge, all necessary instruments, appliances, labor, and 
any other materials which the Chief Engineer may require for check- 
ing the survey work. 

2. General plans and drawings furnished by the Chief Engineer 
are intended only to give a comprehensive idea of the work contem- 
plated, and the Chief Engineer shall not be held responsible for 
their accuracy. The Chief Engineer will furnish all bench marks 
necessary for survey work, and the Contractor shall make all neces- 
sary surveys using these bench marks as reference points. These 
bench marks shall be carefully preserved by the Contractor. 

3. The Contractor shall draft, in accordance with these sur- 
veys, all plans and drawings which are necessary for the completion 
of the work, and shall submit these plans and drawings to the Chief 
Engineer for approval. The final as -built drawings shall be fur- 
nished as required under General Conditions. 
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2.30.5 Drainage Works 

1. Excavation and backfilling for catch basins, concrete 
drain pipe, manholes, sidewalks, and other concrete and brick work 
shall be in accordance with sections 2 and 4 of Division Division II of these 
specifications. 

2. Gutters, curbs, catch basins, manholes, sidewalks and oth- 
er brick and concrete work shall be constructed as shown on the 
drawings. These works shall not be backfilled until permitted by 
the Chief Engineer, and no operations which require trucks, rollers, 
or other heavy equipment to be brought near such work shall be car- 
ried out until permitted by the Chief Engineer. 

3. Placing of the base course and pavement shall be carried 
out at such times and in such a way as to eliminate danger of damage 
to gutters, curbs, catch basins, manholes, sidewalks and other brick 
and concrete work, and to eliminate the necessity of tearing up any 
base course or pavement after it has once been laid. 

4. Concrete pipe for drainage purposes shall be as specified 
on the drawings or approved by the Chief Engineer. 

2.30.6 Preparation of Subgrads 

1. Layers. Subgrade fill shall be placed in layers having a 
maximum compacted depth of fifteen centimeters, with the least de- 
sirable material on the bottom and the best material on on the top. 
Compaction of the subgrade shall be as follows: 

Top 15 centimeters in fill or cut areas 95 per cent 

15 centimeters to 30 centimeters below the 
surface in cut areas 90 per cent 

Below the top 15 centimeters in fill areas 90 per cent 

Compaction in layers less than fifteen centimeters thick 
may be necessary for practical reasons because of the character of 
the material and the type of compacting equipment used. The sur- 
face of the subgrade shall be struck off and levelled and, when 
necessary, scarified and wetted, then finally rolled with the addi- 
tion of sufficient moisture to prevent drying out prior to placing 
of the base course thereon. When materials are too wet they shall 
be drained or worked until optimum moisture content is attained. 
When dry, they shall be sprinkled with water and mixed until opti- 
mum moisture content is attained. Soils which weigh less than one 
thousand six hundred kilograms per cubic meter shall be wasted or 
mixed with heavier soils to obtain the required density. The Con- 
tractor shall be responsible for the stability of the subgrade and 
shall repair at his own expense all damage caused by careless or neg- 
ligent work or damage due to natural and usual causes. 
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2. Surface of subgrade. The surface of the subgrade shall be 

struck off and compacted to the elevations shown on the plans. The 

subgrade surface shall be capable of supporting the Contractor's 
equipment without subsidence bulging or rutting. High spots shall 

be shaved down and low spots shall be filled with approved material 
and rolled or tamped to give a degree of compaction equal to that of 

the rest of the subgrade. 

3. Protection of subgrade. The surface of the subgrade shall 

be protected against injury from traffic, flooding, erosion or other 

causes, and shall be maintained in a satisfactory condition until 

the base course is laid. Drainage shall be provided to permit water 

run -off at low points and obstructed areas. 

2.30.7 Shoulders. 

Where shoulders are specified, the same conditions shall 
apply as for subgrade preparation. Rollers shall overlap shoulders 
when rolling subgrade, base course and pavement. Finished shoulders 
shall be firm against the pavement. 

2.30.8 Placing of Base Course. 

1. The crushed rock shall be spread evenly over the entire 
area to be compacted, then rolled at a rate for each roller not in 
excess of twenty cubic meters per hour. Additional rollers shall 
be provided when the spreading is greater than this rate. Rolling 
shall progress gradually from the sides to the center of the road. 
One -half of the roller shall overlap the previously rolled por- 
tion. The rolling shall continue until the aggregate is thoroughly 
set, the interstices of the material are reduced to a minimum, and 

creeping of the material ahead of the roller is no longer visible. 

Rolling shall continue until the base material has been compacted 

to a density not less than ninety -firs per cent After each layer 
of fifteen centimeters or less is rolled, a suitable smooth three - 
wheeled roller weighing not less than ten metric tons shall compact 
it to the required density. Blading and rolling shall be done al- 
ternately as required or directed to obtain a smooth, even and 
uniformly- compacted base. The depth of the base course shall be as 
shown on the plans. Additional water in such amounts as are neces- 
sary to obtain optimum moisture content for the density required 
shall be applied to the selected material during rolling operations. 
The finished base course shall be of the compacted thickness shown 
or specified and protected from the weather and maintained in an 
approved condition until the asphaltic concrete is applied. 

2. The surface shall not show any deviations in excess of one 
centimeter when tested with a three -meter straight edge applied in 
any direction. Any deviation in excess of this amount shall be cor- 
rected by loosening, adding or removing material, reshaping and com- 
pacting as directed. When the course is to be constructed in more 
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than one layer, the smoothness requirements specified above shall 
apply only to the top layer. The surface of the underlying layers 
shall be finished to a reasonably even contour as approved by the 
Chief Engineer. 

2.30.9 Prime Coat 

A bituminous prime coat of the material specified herein 
shall be applied to the previously prepared base course before 
paling of the asphaltic concrete. The prime coat shall be applied 
by an approved pressure distributor in quantities of not less than 
ninety hundredths liter nor more than two and twenty -five hundredths 
liters per square meter. The exact quantities, which may be varied 
to suit field conditions, will be determined by the Chief Engine 
The prime coat shall be applied only when the base coarse is free 
of dust and is dry or contains moisture not in excess of that which 
will permit uniform distribution and a penetration of about five 
centimeters. No traffic shall be allowed on areas which have re- 
ceived a prime coat until the desired penetration has been obtained. 

2.30.10 Placing of Pavement 

1. The asphaltic concrete wearing surface shall have a thick- 
ness after compaction as called for on the project drawings. It may 
be placed in one or two layers as the Contractor may elect or the 
Civil Engineer requires, provided that it shall comply with the re- 
quirements for smoothness of surface finish and degree of compaction 
specified herein. 

2. The asphaltic concrete shall be transported to the point 
of spreading in suitable vehicles having tight bodies and equipped 
with tarpaulins, canvas, or other suitable material for covering 
the load while en route from the mixing plant to the work. The in- 
side surface of all vehicles used for hauling bituminous mixtures 
shall be clean and lubricated with a thin film of light oil immedi- 
ately before loading. Excessive lubrication shall not be permitted. 

3. The asphaltic concrete shall be spread and partially corn 
pacted by means of self -propelled mechanical spreading and finish- 
ing equipment which shall be provided with a screed or strike -off 
assembly capable of spreading a blanket of the asphaltic concrete, 
of uniform thickness and density, to the required width and cross 
section without the use of side forms. The spreading machines shall 
be so operated as to prevent any segregation of the coarse and fine 
portions of the mix and to produce a surface of uniform texture. 
No asphaltic concrete shall be spread on a wet subgrade, nor shall 
more be spread than can be finished within the daylight hours of the 
same day. 
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4. After spreading, the asphaltic concrete shall be compacted 
by means of self -propelled rollers. Rollers shall be of the three - 
wheeled, tandem, or three -axle type. All rollers shall be in good 
mechanical condition, shall operate smoothly and shall reverse with- 
out jerking or backlash. The three ,iheeled roller shall weigh not 
less than ten metric tons and shall have a compression on the rear 
wheels of not leas than fifty -eight kilograms per lineal centimeter 
of roller width. Tandem rollers shall weigh not lees than eight 
metric tons. At least three rollers, one of which shall be of the 
three - wheeled type, shall be used for the first seventy -five metric 
tons per hour. For each additional fifty metric tons per hour, or 
part thereof, an additional roller shall be put in use. Rolling 
snail be primarily in a longitudinal direction and shall commence 
at the edges and progress toward the center of the pavement. Cross 
rolling or diagonal rolling may be required wherever needed to pro- 
duce adequate compaction or to eliminate surface irregularities. 
Rolling shall be continued until the density of the pavement is 
equivalent to ninety -three to ninety -six per cent of the theoreti- 
cal density of a voidless mixture of the same materials. The fin- 
ished surface of the wearing course shall have no irregularities in 
excess of sixty -five hundredths centimeter when tested with a three - 
meter straight edge and shall be smooth and even with a uniform tex- 
ture throughout. It shall be true to line, grade, elevation and 
cross section and shall be free of lumps or depressions. 

2.30.11 Seasonal and Temperature Limitations 

No bituminous material shall be applied when the air tear 
perature is below forty degrees Fahrenheit nor when the air tempera- 
ture within the preceding ten hours has been below thirty -five de- 
grees Fahrenheit, unless written permission is obtained from the 
Chief Engineer. 

2.30.12 basis of Payment 

1. Accepted work will be paid for at the Unit Bid Prices for 
the various items of work shown on the Proposal Form. 

2. In general,excavation, fill and embankment will be paid 
for on a cubic meter basis. 

3. Crushed rock base course will be paid for on a square me- 
ter basis with additional crushed rock, if required, on a cubic me- 
ter basis. 

4. Asphaltic concrete will be paid for on a square meter 
basis. 

5. Asphalt for the prime coat will be paid for on the basis 
of metric tons. 
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6. Only quantities which have been measured jointly by the 
Contractor and the Chief Engineer will be considered for payment. 
Measurements of quantities made only by the Contractor will not be 
accepted as basis for payment. 
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Exhibit R 

TYPICAL SPECIFICATIONS 

for 

MECHANICAL W JIPHENT FOR WATER SUPPLY 

1. Scope of the Work 

The Vendor shall furnish and install the following items of 
equipment in the existing well in Blank City: 

a. One deep well turbine pump with drive gear, draw -down 
facilities and 20 cm. diameter pressure gauge reading 
from zero to ten kilograms per square centimeter. 

b. One diesel engine power unit. 

c. The necessary concrete base or foundation for the equip- 
ment. 

d. The necessary pumping test of the equipment. 

e. Furnish and deliver to the pumphouse the required spare 
parts. 

f. Furnish complete operating, maintenance and repair in- 
structions and a spare parts list. 

2. Materials and Workmanship 

The equipment shall be new, of best quality and free from any 
defects which might render the equipment unsuitable or inefficient 
for the use for which it is intended. Workmanship shall be in ac- 
cordance with the best trade standards for this type of work. 

3. Painting 

All exposed surfaces of the equipment and piping shall be 
either factory painted or given one primer coat and two coats of 
approved paint after erection and installation. 

4. Deep Well Turbine Pump 

The Vendor shall furnish and install in the existing 10 -inch 
diameter well one seven stage Model g QBE Worthington vertical tur- 
bine pump for a capacity of 200 GPM with 200 ft. total head at 1750 
RPM. Pump shall be provided with a suitable enclosed type column 
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with required high grade bearing supports, interconnecting members, 
other components and a dependable means for proper lubrication, 
heavy type strainer, suction pipe, impellers, bowls, heavy duty 
solid -line steel drive shaft 200 feet long, discharge pipe, draw - 
down facility complete with copper pipe, hand air pump, air valve, 
gauge and necessary tubing. In addition, the Vendor shall furnish 
and install the required flexible drive shaft with flange connec- 
tion connecting the pump to the drive gear engine. The alignment 
of the pump shaft shall be as plumb and straight as the existing 
well permits and shall be demonstrated to the Engineer before ac- 
ceptance. Under this item the Vendor shall also furnish and install 
suitable right angle gear drive of 30 HP with 2:3 ratio in order 
that the pump may be operated at its rated speed by the power unit. 

5. The Diesel Engine 

The Vendor shall furnish and install in the pumphouse one die- 
sel type Lister engine, 30 HP, at a governed speed of 1200 RPM. 
The engine shall be equipped with all necessary accessories includ- 
ing fuel injection pumps, fuel filters, oil bath, air cleaner with 
precleaner of 67 per cent efficiency, muffler, battery operated 
electric starter complete with battery and with provision for hand 
starting. The engine shall have suitable and adequate lubrication 
and cooling system and shall deliver full power at governed speed 
at continuous operation without evidence of overheating. The engine 
exhaust pipe shall be extended to the outside of the building. The 
radiator shall have sufficient capacity to insure proper operating 
temperature of the engine under all conditions. Engine shall be 
equipped with a standard oil pressure gauge, temperature gauge and 
sll other instruments necessary for proper operation including an 
enclosed clutch which will make it possible for the engine to be 
started and operated for a short period of time until it is warmed warmed 
up without load. 

6. Concrete Equipment Base 

The Vendor shall construct a concrete base for the foundation 
of the equipment of an area and depth as recommended by the manufac- 
turer and approved by the Engineer. Equipment anchor bolts for the 
equipment shall be securely embedded in the concrete and the equip- 
ment shall rest on a bed of 1:2 cement mortar. Bases shall be de- 
signed to properly support the equipment, provide the required sta- 
bility and maintain accurate alignment. The Vendor shall do the re- 
quired excavations down to solid foundation, back -filling, and pro- 
vide concrete forms which will give a smooth concrete finish with 
all exposed edges of concrete oheaferred. Concrete shall have a 
minimum of three hundred kilos of Portland cement to the cubic meter 
of aggregate consisting of approximately 0.45 cubic meters of clean, 
well graded sand and 0.85 cubic meters of clean, well graded coarse 
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aggregate. The concrete shall be kept moist for at least seven 
days and shall be properly cured before the equipment is mounted 
thereon. 

7. Pumping Test 

The Vendor shall, after the equipment is installed, conduct a 
pump test of the equipment for a period of not leas than seventy -two 
hours by constant pumping with a minimum discharge rate of 200 GPM 
at 80 feet pressure head. 

8. 'Spare Parts 

The Vendor shall furnish and deliver to the pi.mphouie in Blank 
City the following spare or replacement parts properly labelled for 
the diesel engine: 

4 - Cylinder head gaskets 
5 - Fuel filter wicks 
3 - injector nozzles 
2 - Fan belts 
1 - Complete set of piston rings 

9. Operating, Maintenance and Repair Instructions 

The Vendor shall furnish complete operating, repair and main- 
tenance instructions for the pump, drive gear and engine with a 
parts list for all equipment furnished. 

10. Guarantee 

The Contractor shall guarantee the equipment for the period 
normally specified for this type of equipment, but in no case for 
less than a period of twelve months from the date of acceptance. 

During the period of guarantee, all equi or parts thereof 
disclosing defects in design, material anà or workmanship shall be 
replaced by the Contractor without cost or unnecessary delay to the 
Owner. 
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Exhibit S 

TYPICAL SPECIFICATION 

for 

STEEL WELL CASINO 
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TYPICAL SPECIFICATION 

for 

STEEL WELL CASING 

1. Definitions 

Owners Wherever the word "Owner" appears herein, it shall re- 
fer to the 

Engineer: Wherever the word "Engineer" appears herein, it shall 
refer to or their authorized repre- 
sentative who, while acting within the scope of his authority, is en- 
gaged in the inspection of the work either in the Vendor's shop or 
in the field. 

Vendor: Wherever the word "Vendor" appears herein, it shall refer 
to the party undertaking and contracting for the furnishing of the 
material hereafter specified. 

2. Scope of Contract 

The Vendor shall furnish C.I.F. Blank City approved and tested 
steel well casing, lifting caps and casing shoes as hereinafter 
specified at the earliest possible delivery date. Vendors shall 
base their proposal on the following items and quantities: 

Item No. Quantity Unit 

1 4,000 Meter 

2 6,000 Meter 

3 
4 
5 
6 

40 
60 
40 
60 

Each 
Each 
Each 
Each 

-inch 

8-inch 

10 -inch 
8 -inch 

10 -inch 
8 -inch 

Description 

nominal diameter 
well casing 
nominal diameter 
well casing 
nominal diameter 
nominal diameter 
nominal diameter 
nominal diameter 

3. Specification -- Steel Well 

steel 

steel 

lifting cape 
lifting caps 
casing shoes 
casing shoes 

1. The following specification is intended only to define 
the standard of the items and to provide Vendors a means of making 
their quotation on other corresponding standards providing they sub- 
mit with their proposal full details, dimensions and weights for the 
consideration of the Owner. 
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2. Seamless steel well casing and drill pipe shall conform 

to German Standard Specification December 1951 DIN 4918 or approved 

equal. 

3. Steel shall conform to German Standard ST 55.29 or ap- 

proved equal, with a tensile strength of from 78,000 to 92,000 

pounds per square inch. 

4. Ten -inch nominal diameter steel well casing shall have a 

minimum wall thickness of seven millimeters (0.276 inches) and a 

minim= outside diameter of two hundred sixty -seven millimeters 
(10.500 inches) and a minimum inside of coupling diameter of two 

hundred forty -three millimeters (9.567 inches) and the weight of 

the finished pipe including joints shall be not less than 30.843 

pounds per foot. 

5. Eight -inch nominal diameter steel well casing shall have 

a minimum wall thickness of seven millimeters (0.276 inches) and a 

minimum outside diameter of two hundred sixteen millimeters (8.500 

inches) and a minimum inside of coupling diameter of one hundred 

ninety -two millimeters (7.559 inches), and the weight of the fin- 

ished pipe including joints shall be not less than 24.728 pounds 

per foot. 

6. The permissible variation in outside diameter shall be 

plus or minus 1.0 per cent, wall thickness minus 12.5 per cent, and 

the specified weight plus 10 per cent to minus 7.5 per cent for a 

single pipe. 

7. Steel well casing and drill pipe shall be furnished in 

random lengths of from five to eight meters. The length shall be 

measured between the pipe ends less the free length of the spigot 

thread. 

8. Joints shall be threaded and designed to withstand the 

extensive use of up- knocking jars or thirty -ton hydraulic casing 

jacks for the procedure of extracting the casing from the well if 

required. Welded joints will not be considered. The threads shall 

be cut concentrically in such manner that two pipes screwed to- 

gether form a straight line. The threads shall be cut so as to 

assure that a joint screwed together at the mill will keep tight 

when subjected to the required internal hydrostatic pressure test. 

The thread length engaged shall be cut in full and the screw shall 

begin with a full thread. All threads shall be checked as to their 

true size by applying a thread gauge. Threading shall be À.P.I. 

standard or equal. 

9. All casing and drill pipe shall have smooth inner and 

outer surfaces. Slight unevenness or shallow longitudinal grooves 
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due to the process of manufacture will be permissible provided that 
the thickness is not reduced below the permissible limit. Pipe 
shall be as cylindrical as possible and straight to the eye. The 
pipe ends shall be sufficiently bevelled on the inside in the case 
of external threads and on the outside in the case of internal 
threads, in such manner that round edges result in order to prevent 
the pipes or string of tools being caught in the well. 

10. Each single pipe shall be subjected to an internal hydro- 
static test of eleven hundred forty pounds per square inch and show 
no Leakage when being lightly hammered. The manufacturer shall sub- 
mit proof of testing= on a Works Certificate certifying that the pipe 
and connections have been subjected to all of the tests required by 
German Standard DIN 4918 or approved equal standard. 

11. The trade -mark of the manufacturer shall be stamped on 
each pipe in the same location with a steel stamp. 

12. The outside diameter, wall thickness, total length, weight 
without packing, the destination and the Owner's order number shall 
be plainly painted on each pipe with white oil paint. 

13. A protective coating shall be applied to the whole of the 
exterior of the pipe except for the thread, for protection against 
rust. The threads shall be greased with an appropriate lubricant 
in order to prevent water from filling the thread fillets. Iron 
cape and nipples shall be provided for use as thread protection and 
they shall be tightly screwed on to insure that they will not become 
detached in transit or by handling. 

4. Specification - Liftuz Caps 

1. Materials shall conform to the following German Standards, 
or approved equal: 

Material Standard 65.29 
Bolt Standard 50.11 
Thread DIN 4918 

2. Lifting caps shall be designed for attaching by means of 
external threads on the lower end to the nominal diameter pipe speci- 
fied and shall have a stop ring and lifting pin with handle and a 
safety pin. 

3. Vendors shall include complete details and dimensions of 
the lifting caps they propose to furnish. 

4. Lifting caps shall be given a protective coating for pro- 
tection against rust and shall be wired so as to prevent the loss of 
the lifting pin and/or safety pin. The threads shall be greased and 
protected with caps. 
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5. Each lifting cap shall have painted on it with white oil 
paint the nominal pipe diameter and the Owner's order number. 

5. Specification -- Casing Shoes 

1. Materials shall conform to the following German Standard 
Specification, November 1951, DIN 4919 as revised, or approved equal: 

Material Standard 65.29 (tensile strength 41 to 

48 tons per square inch) 
Thread DIN 4918, Sheet 2 

2. Casing shoes shall be designed for attaching to the first 
or lower section of the nominal diameter pipe specified by means of 
internal threads on the upper end in order to protect the casing 
from damage during driving. The lower end of the casing shoe shall 
be 60 degrees wedge bevelled and the cutting edge shall be hardened. 

3. Vendors shall include complete details and e.imensions of 

the casing shoes they propose to furnish. 

4. Casing shoes shall be given a protective coating for pro- 
tection against rust, and the threads shall be greased and protected 
by nipples. The hardened edge shall be protected by wiring on a 
wooden protector. 

5. Each casing shoe shall have painted on it with white oil 
paint the nominal pipe diameter and the Owner's order number. 

6. Delivery Time 

Vendors shall state in his or their proposal the number of line- 

al meters, if any, of each nominal diameter steel casing conforming 

to the above specification and the number, if any, of lifting caps 

and casing shoes for each nominal diameter sise steel casing which 
he or they have available for immediate shipment and shall also state 
the number of calendar days from the receipt of purchase order re- 
quired for the shipment of the total quantities ordered. Time, be- 
ing the essence of this specification, will be considered in the 
award of the contract. 

7. Insurance and Freight 

Vendor's quoted prices shall include insurance and freight to 
the Port of blank City, and also the delivery of the items on 
dockside. Any duties or other taxes occasioned by this purchase 
will be assumed by the Owner. 
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8. Price to be Firm 

The Vendor's quoted price shall be firm and binding for the 
thirty -calendar -day period following the official time for submitting 
proposals. The Owner will issue a Purchase Order within this thirty - 
day period period and the price shall be as originally quoted during the 
life of the contract regardless of price fluctuation. 

9. Owner's Right to Proposals 

The Owner reserves the right to reject any and all proposals 
without reason either wholly or in part depending on price and time 
of delivery. 

10. Alternate Proposals 

Vendors may offer alternate proposals for pipe, lifting caps and 
casing shoes other than those specified provided that they comply 
with the minimum requirements and are standard products, and provided 
the alternate will not present products which are inferior to those 
covered in the specifications. All deviations shall be fully ex- 
plained with a statement of the effect, if any, on the performance, 
quality, size, weight and time of delivery. 

11. "mint 

Upon receipt of shipping documents for each lot shipped con- 
signed to the Owner at Blank City showing date of shipment, name of 
vessel, weight, cubage, insurance certificate, etc., the Owner will 

pay to the Vendor from a Letter of Credit established at the offici- 
al rate of exchange established by the Government of and the 
official country of the Vendor ninety per cent of the price of the 
items shipped. Upon delivery at the docksite the Owner will pay a 
second payment of an additional five per cent after inspection, 
measurement and acceptance; and a third and final payment of five 
per cent will be made when the entire purchase is delivered. The 
cost of all inferior pipe, lifting caps and casing shoes will be 
deducted from the second and third payments. Final payment will be 
made within fifteen days after final delivery and acceptance. 

12. Penalty for Delay 

The Vendor agrees that for each and every calendar day delay 
beyond the shipping date stated by the Vendor, the Owner may deduct 
one -tenth of one per cent of the cost of the pipe, lifting caps and 
casing shoes, not shipped. 

ti 
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Exhibit T 

BLANK TECHNICAL AND SOILS LABORATORY 

The Blank Technical and Soils Laboratory is designed to cover 
a wide field of work in soil mechanics, geology and the testing of 
materials. As an indication of its capacity, listed below are types 
of equipment available and some of the main tests which can be car- 
ried out. 

In addition to the tests specified below, work of a general na- 
ture concerned with site investigations and analysis for stability 
and foundation problems, geological surveying and assessment of ag- 
gregate and mineral resources, and construction control and testing 
can be undertaken. Technical discussions on investigations, design 

or testing can be arranged with the laboratory staff, and if special 
tests are required these can usually be arranged. 

The laboratory is equipped with the following field equipment: 

Three power augers for shallow borings up to five meters 
deep and 48 inches diameter, fitted with 3 -inch plate 
bearing test equipment. These can be adapted for con- 
crete core cutting and can also be fitted with CBR equip- 
ment. 

Two drilling rigs for deep borings in soil, up to about 
25 meters. 

Mobile plate- bearing equipment for plate- bearing tests 
up to 30 inches diameter. 

Mobile CBR equipment. 

In -situ density apparatus. 

In -situ vane test apparatus. 

Two mobile laboratories wnioh can be fitted out for any 
type of site investigation work or construction control 
which does not require installation of heavy testing ma- 
chines. 

Following are some of the facilities available: 
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1. Soils 

a. Classification tests of soils 

Classification by particle sise distribution, limits of 
consistency and specific gravity. 

b. Technical properties of soils 

Compaction characteristics, bearing properties, consolida- 
tion, sheer strength either direct or triaxial with pore 
pressure measurement with cell pressures up to 100 pounds/ 
square inch, and permeability by constant or falling head 
peraMlMters. 

c. Chemical testa on soils 

Inorganic analysis. 
,quantitative organic matter. 
pH value. 

2. Mineral AgAreRates 

Particle sise distribution. 
Organic content. 
Shape, abrasion and impact tests. 
Strength, resistance to weathering. 
Density. 
Compatibility with bitumen. 
Chemical and mineral analysis and geological classification 

visually or with microscopic examination. 

3 ock 

Same as for mineral aggregates. 
Cutting and crushing of cores up to 1 -1/2 inches by 4 inches 

or cubes up to 6 inches. 
Preparation of thin and polished sections for microscopic work. 
For crushing rock samples there is a small Pegson jaw crusher. 

4. Bituminous Materials 

a. Bitumen 

Composition and properties. 

b. Bituminous mixes 

Stability, bearing capacity and bulk density of bitumi- 
nous mixes for design. 

. 
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Analysis of mixed material for aggregate properties and 
particle sise distribution, and composition and proper- 
ties of bitumen. 

5. Concrete 

a. Aggregates 

As item 2, except static immersion test. 
Alkali - Silica reactivity. 

b. Cement 

Physical and chemical properties. 

c. Concrete 

Strength and water absorption. 

d. Steel and Steel Reinforcement 

Strength and chemical analysis. 

6. water 

Water analysis for any specified purpose except bacteriological. 

7. Photography, 

Construction progress photographs. 
Technical photography as required. 

8. Library 

The library is equipped with engineering reference books, vari- 
ous standard specifications including A.3.T.M., and current 
issues of engineering magasines. 
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II. WATER SUPPLY 

Introduction 

An extensive discussion of the theory of design of various types 

of water systems is not possible in a handbook; therefore this chap- 

ter is confined to a synopsis of the subject and the presentation of 

sufficient check data for the engineer to prepare surveys, to evalu- 

ate sources of supply and to determine the type of system to design. 

To further assist the design engineer. graphs, charts and forms, 

both in reproducible and fixed form, are included to facilitate the 

designers at their work and to make, in all probability, a more com- 

plete design in a shorter period of time. A report on development 

of a water supply system is also given as a guide (See Exhibit U). 

How to Develop a Water Supply System 

When the need of a water supply system for a city, town or unin- 

corporated community is known, the city or town council or represent- 

atives of the community appoint an engineer with whom they discuss 

preliminary arrangements for a report on the feasibility of the proj- 

ect. Discussions are held on possible water sources and the plan and 

extent of system which the community desires. The engineer later 

presents his preliminary report on the feasibility, practicability 

and general layout of the proposed system in accordance with state 

laws; he also presents preliminary cost estimates and an annual 

operating and amortization schedule. 



ijE 

The community committee or the city or town council decides if 

the scope of the project is adequate and whether the people can afford 

the estimated cost. If the system is to be constructed with funds ap- 

proved by a bond election, steps must be taken by the community to en- 

gage an attorney for the formation of a legal bonding district. 

After a community water district is formed and directors are duly 

elected, these directors have authority to enter into contract with 

the engineer for the design and construction of a water system. (See 

sample Contract Agreement, Exhibit D). The engineer under contract or 

the city engineer completes the design and makes a detailed estimate 

of the cost of construction. 

The water district or municipality now has both the information 

and authority to call an election for authorization by vote of the peo- 

ple to bond the district, city or town for the funds required to con- 

struct the water supply system. 

In many instances, and preferably so, the community residents pur- 

chase their own water bonds. These instruments, in units of 100 to 

1000 dollars, should always be negotiable and callable upon request. 

A successful system increases the value of the property many fold. As 

water users increase in numbers, the bonds become more valuable and 

they may be called in and a reduction in interest rate offered by 

bankers and financiers. In event the bonds are not callable, the com- 

munity or city is i required to continue paying the higher interest rate 

until all bonds are paid. Although this may appear to be a duty of 

the attorney, it also affects the engineer as he may be able to fore- 

cast community growth and expansion requirements. 

. 
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It is the duty of the engineer to make final surveys, complete 

final designs and drawings, write specifications and, with the attorney, 

advertise for bids for construction of the system. It should also be 

his duty to inspect all construction and to brief the operators on 

operating procedures. It is customary for the district to retain the 

engineer on a retainer fee basis to assist in operation of the system. 

This is recommended by the engineer so that he may protect his de- 

signed system and, incidentally, his own reputation against defects in 

operation by unskilled operators. 

Factors Affecting Design of Water Supply Systems 

The investigation to determine all factors affecting the design 

of a water supply system is probably the most important step in its de- 

sign. This survey should be made by an engineer experienced in the 

field of water supply engineering. The fact that an engineer has de- 

signed a gravity water system or a municipal water distribution system 

does not necessarily qualify him as an experienced water supply engi- 

neer. Several aspects of a water system may have to be investigated 

by separate specialists for source development or storage. 

If a river source is to be developed, the engineer should check 

state or country laws on water rights. It may happen that rights to 

a water supply have already been filed on a particular stream and 

there will be insufficient water remaining for the proposed system. 

The writer has found when designing a particular municipal water sys- 

tem that a specified quantity of water was reserved for fish hatchery 
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purposes on each of several streams. Fish hatcheries are usually lo- 

cated on more than one stream; if concentrated on one only, it may be- 

come polluted and affect the health of small fingerlings. It may come 

to pass that hatchery personnel will have to study the effect which 

multiple hatcheries on one stream have on the propagation of fish. In 

the Pacific Northwest, it is becoming difficult to find streams for 

municipal water supply systems due to prior commitments on the avail- 

able water. Fish hatcheries and other enterprises may not appear to 

be of concern to the engineer but they certainly do affect his con- 

sideration of designs of water supply systems in some localities. It 

is therefore necessary to check records in the office of the state en- 

gineer before applying for a water right on a particular stream; this 

is one of the first duties before designing a water supply system. 

The ultimate source may be at an entirely different location than 

first anticipated, which will determine the type of water system to be 

considered. 

When the water source has been determined it is necessary to know 

the firm flow of the source at its lowest stage. This information may 

be obtained from city, county or state records or, in the case of 

navigable rivers, from the Meteorological Department, the Department 

of the Interior, the Bureau of Reclamation or the U. S. Engineers. 

In the event that no records exist, it is necessary to install a gaug- 

ing station or, on a small stream, a permanent weir either recording 

or measured daily by an observer. It may also be necessary to inter- 

view reliable local people as to the maximum, mean and minimum water 

r. 
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levels in the stream from which the flow is determined by area and 

slope of channel. To check the flow, the engineer must also deter- 

mine the drainage area and obtain precipitation records from the 

aforementioned record holders. 

From certain run -off formulas an approximate run -off may be cal- 

culated. It is prudent to state here that there are more than fifty 

different formulas developed which give results varying up to 500 per 

cent. Therefore, these formulas must be used with caution and the 

formulas utilized which have proven in the past to be adaptable to 

the area in which the stream is located. 

The engineer must also check the ownership of lands within the 

drainage area or watershed. If this watershed is timber land and the 

owners intend to remove the trees, the flow in the stream will fluc- 

tuate and a locality may find itself with a water system without wa- 

ter; also the water will carry a heavier load which may change the re- 

quired water treatment. 

At one time the writer was engaged in the design of a water sup- 

ply system with a large spring as the water source. Before construc- 

tion, an extensive survey was made which indicated that the firm flow 

was only 50 per cent of the design requirements. Further investiga- 

tion revealed that during the period of low flow an earthquake caused 

the shifting of coral limestone and opened up fissures in the ground, 

which resulted in a drop in the spring. Under such conditions it is 

very doubtful whether such a water source should be considered and all 

efforts should be made to locate a firmer flow. Springs are generally 



140 

unreliable water sources, and long records of flow must be taken be- 

fore using them on important water supply systems. 

The writer was also concerned with the water supply on a coral 

island in the South Pacific. During military occupation, wells had 

been drilled as necessary to tap the fresh water lens on the island, 

and the water demand from the wells was greater than the supply re- 

plenished by rainfall. The result was that the lens was broken and 

salt water from the sea contaminated the walls. A chemical analysis 

of the water was made and flow records were promptly acquired to de- 

termine what steps had to be taken to prevent loss of the entire wa- 

ter source. T,:is is brought out to inform the engineer that deep 

wells may not be the water source solution. Before drilling a deep 

well, the engineer should consult a geologist to determine the prob- 

able depth of the well and the size of the aquifer. If other wells 

have been drilled within the area, sinking a new well may possibly 

affect the flow of the other wells and possible law suits or claims 

may follow. 

These are a few of tie difficulties encountered during a period 

as a consultant for the military. They are given to alert the engi- 

neer; he must diligently evaluate contingencies that may arise before 

definitely determining on the choice of a permanent water source. 

When the source has been determined, water samples must be taken to 

check the chemical content and bacteriological analysis, from which 

results the engineer can determine if the source is or can be made 

potable and the type of water treatment required. The treatment 
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which is most effective and economical can best be determined after 

consultation with a chemist or water treatment supply manufacturer, a 

sanitary engineer or a medical doctor. 

There is always a counter measure for any living biological or 

chemical reaction; therefore there is always a solution for every 

problem. It is up to the engineer in conjunction with his scientific 

colleagues to find the best answer; but don't give up -- the answer is 

there. 

Sources of Water Supply 

In the search for a water supply the writer has developed the 

following types of sources: streams, rivers, deep wells, shallow 

wells, springs, swamps, skimming tunnels, skimming wells with perfo- 

rated laterals, impounding reservoirs, collection pits, and ghanats 

(underground canals). Also, when no other source was available, ex- 

periments with solar distillation by the writer have definitely 

proved that, although uneconomical, potable water can be made from 

any unpotable source in sufficient quantity to sustain life. 

Stream Source Supply 

As previously mentioned, it is advisable to investigate land 

ownership and any prior claims to the water in a stream source. 

Engineering -wise, the following outlined factors are to be con- 

sidered: 

1. Flow data 

a. Minimum (check governmental records). Use a ten -year 
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period if possible. 

b. Maximum known flood stage (high water measurement) 

2. Area of drainage area (square miles) 

3. Drainage area (type of vegetation cover) 

a. Ownership of land 

b. Current usage and future possible usage 

c. Will the run -off from the basin change materially due 

to change in drainage area usage? 

4. Calculating run -off data. There are at least fifty run -off 

formulas in use in the United States. Care must be exercised to use 

that formula which most nearly meets the conditions for the area used. 

Correlate the results from the selected empirical formulas with the 

flows measured and calculated by the rational run -off formula. It may 

not be reliable to calculate rainfall run-off quantities from empiri- 

cal run-off formulas. The most exact is the actual measurement of 

the stream from high-water marks, slopes, and the area calculation 

method. Hign -water marks specified by old -time residents must be 

verified. Sometimes such marks are exaggerated; however, do not ig- 

nore them. The engineer must weigh the statements of several wit- 

nesses before deciding on the high-water mark elevation to be used. 

5. Methods of stream flow measurement 

a. Run -off formula, Rational Method 

b. Stream flow 

(1) The most reliable information concerning large 

streams is obtained from established gauging stations which use a 
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permanent recording device. The quantity for each elevation in 

stream height is obtained from area and flow meter recordings. 

(2) For small quantities, the weir method is the 

most reliable. The submerged weir is practically the only method 

for measuring quantities in small confined underground water streams 

or streams with low banks. This method is often overlooked by engi- 

neers in measuring potential water sources. 

(3) The slope area method is considered to give only 

a rough estimate of the flow. There are too many assumptions to be 

considered in the formula to give a definite quantity. However, it 

is very handy for areas and conditions where approximations only are 

necessary. 

(4) Another method, that of calculating flows with 

surface velocity measurement, is also considered only an approxima- 

tion and should be avoided if other means are available. There is a 

definite relationship between water area, water depth, wetted perim- 

eter, type of bottom, surface velocity to the average velocity, and 

these cannot be read directly. 

(5) Spillways from dams 

6. Maps and Engineering Data 

a. Available sources for necessary maps and other data 

(1) Governmental agencies 

(a) Federal agencies such as Government Land 

Office, Department of the Interior, Bureau 

of Reclamation, U. S. Engineers, Coast and 

Geodetic Survey 
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(b) State Government: State Engineer, State 

Forester, State Highway Department 

(c) County Government: County Surveyor, County 

Engineer, County Assessor 

(d) City Government: City Engineer 

(2) Private sources: Local engineers, abstract com- 

panies, mapping or blueprinting companies 

Consult your nearest governmental agency for advice as to 

where you may obtain maps best suited to your needs. It might be pru- 

dent to hire aerial survey teams to map a particular area before land 

surveyors are employed. Aerial maps are inexpensive and particularly 

useful for drainage areas of rugged terrain. 

b. Type of maps 

(1) Government aerial contour maps 

(2) Section line survey maps 

(3) Land -use maps 

(4) Highway maps 

(5) Grazing maps 

(6) Triangulation surveys 

(7) Electric power maps 

(8) State park and state forest maps 

(9) Travel bureau and service station road maps 

(10) County road maps 

(11) County Ownership plats 

(12) Subdivision plats 

A 
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(13) City maps 

(14) Recorded ownership and private ownership maps 

c. Elevation data 

(1) Government contour maps 

(2) Coast and Geodetic Survey maps 

(3) State highway monuments 

(4) County records 

(5) U. S. Engineers 

(6) Municipal, water, drainage and improvement 

districts 

d. Triangulation data 

(1) Coast and Geodetic Survey 

(2) U. S. Engineers 

Spring Water Source Supply 

Flow Data. The spring water source supply is generally con- 

sidered one of the least variable flow water sources. Streams are re- 

plenished by the myriad of springs of varied size; and a larger vari- 

ation naturally occurs since it varies with the run -off and melting 

snow. However, even though the flow is considered uniform, caution 

must be taken. The quantity of flow is also affected by the drainage 

area, the type of drainage area cover, the rate of ground water re- 

plenishment through rainfall, the topography, and the geological for- 

mation of the subsoil strata. It is necessary to establish a weir 

gauging station for several years before important intakes and water 

systems are constructed on the strength of a few flow measurements. 
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Geology. It is not intended in this book to present a geologi- 

cal treatise on the action which geology has on a permanent spring 

water source supply. If no long -time gauging stations have been es- 

tablised to record the flow, the sworn -to statements of several old - 

time residents within the area may supply the most reliable informa- 

tion on the firm flow of a spring. 

On one occasion in the experience of the writer, as previously 

mentioned, a spring had been considered for a water source for a 

military installation. The cost for developing tais source was near 

the million dollar mark and the time for construction was limited. 

Immediately a weir was installed to record the flow, during which 

time design of the system was started. Before the design was com- 

pleted an earthquake shook the island, resulting in a greatly re- 

duced spring flow. The reduction was sufficient to abandon the 

project. It was providential that the quake occurred early enough 

to prevent wasting the funds necessary for construction. The reason 

for the reduced spring flow was believed to be tae opening of under- 

ground fissures in the coral substrata. This is not likely to happen 

in streams. 

Again, before designing an important water system using a spring 

source, consult a reliable geologist to estimate the age of the 

spring and the type of substrata and to give an opinion on the re- 

liability of the spring and whether or not the spring source may 

change due to future building or land -use development. (See Figure 2, 

drawing of underground water sources and geological formation.) 
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Method of Measurement. With some exceptions, the same method 

of flow measurement should be used for a small stream as for a spring. 

Underground measurements in caverns are best made with submerged 

weirs. All other springs may be measured with the universal rectan- 

gular or Cipolletti weirs. For small flows, use a triangular notch 

weir. The proper method of weir setting and measurement and the di- 

rect reading tables are included for convenience. 

Cipolletti Weir. This type of weir is used extensively as it is 

simple of construction, easy to handle and reasonably accurate. 

Care should be taken in the location of the weir and the follow- 

ing rules should be observed as closely as possible: 

1. The weir should be of such a size as to give a flow of not 

less than one inch in depth, and the depth of flow should not be 

greater than one -third of the total length of the weir. 

2. The depth of water immediately back of the weir crest should 

be at least two or three times greater than the maximum depth of wa- 

ter flowing over the weir, and the weir box should be of sufficient 

width so that the distance from the edges of the weir opening to the 

sides of the channel or box be three or more times the maximum depth 

of water over the weir crest. Observance of these points is required 

in order to secure full bottom and side contractions. 

3. To secure reasonably accurate results, the velocity of ap- 

proach should not be more than one -half foot per second. 

4. The measurement of the depth of water flowing over the weir 

crest should be made by means of a stake driven or fastened several 

feet from the crest in such a manner shat its top shall be exactly 
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level with the weir crest. The depth of water on the crest is then 

ascertained by measuring from the top of the stake to the surface of 

the water by means of a rule or gauge, as shown in Figure 3. 

./ry¢OOlir-2g o7"1 oe,vfi on Gres rve,r' öOod 
- Love/ Z//742 
--- -- --- -=//I/ai"r Cros - 

71,"!» 

I 

\s-777 \ 
V VV 

Figure 3. Measurement of depth of water at weir. 
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Figure 4. Cipolletti weir notch. 

5. Weirs when used in ditches should be placed in straight sec- 

tions of the channel at a point where the area of the channel is suf- 

ficiently great to materially reduce the velocity of water to the re- 

quirements above mentioned. Where the velocity of approach is too 

great or the surface of the water is ruffled, excellent results can 

be obtained by using baffle boards. 

6. The weir must be placed high enough so that there will be 

no obstruction to the overflow. Air should circulate freely beneath 

the nappe of the overflowing water. 
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7. The weir should be placed at right angles to the stream, 

and the crest of the weir must be level. 

Table I shows the discharge over Cipolletti weirs. 

Triangular Notched Weir. The 90- degree V -Notch weir is suited 

to smaller rates of flow than the Cipolletti weir and gives more ac- 

curate results. It can be laid out with a carpenter's square and cut 

from a wooden bulkhead as illustrated or cut from a steel plate. The 

same care should be exercised in the placing of this weir as that de- 

scribed for the locating of the Cipolletti weir. 

Figure 5. Triangular notched weir. 

The formula for computing flow of water over this weir is 

Q H5/2 where the head, H, in feet is measured from the 

lowest point in the notch to the level of the water surface. The 

measurement of the head should be made by means of a stake driven or 

fastened several feet upstream from the face of the weir in such a 

manner that its top is exactly level with the lowest point of the 

notch. The depth of water is then measured rrom the top of the stake 

to the surface of the water with a gauge or rule, 

Table II is included for convenience. 
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TABLE I. DISCHARGE OVER CIPOLLETTI WEIR 

Discharge in Cubic Feet per Second and Acre Feet per 24 Hours 
over Cipolletti Weir One Foot in Length 

(For Larger Weirs Multiply Values Given by Length in Feet) 

Calculations Based on Formula: Q = 3.367 LH3 /2 

Depth 
on Crest 

In. Ft. 

Cubic 
Feet 

per Sec. 

Acre 

Feet 
per 24 

Hours 

Depth 

on Crest 

In. Ft. 

Cubic 
Feet 

per Sec 

Acre 
Feet 

per 24 

Hours 

1/2 0.04 0.03 0.06 5 0.42 0.92 1.82 

5/8 0.05 0.04 0.08 ¡ 5 -1/8 0.43 0.95 1.88 

3/4 0.06 0.05 0.10 5 -1/4 0.44 0.98 1.94 
7/8 0.07 0.06 0.12 5 -3/8 0.45 1.02 2.02 

1 0.08 0.08 0.16 ; 5 -1/2 0.46 1.05 2.08 

1 -1/8 0.09 0.09 0.18 5 -5/8 0.47 1.08 2.14 

1 -1/4 0.10 0.11 0.22 5 -3/4 0.48 1.12 2.22 

1 -3/8 0.11 0.12 0.24 5 -7/8 0.49 1.15 2.28 

1 -1/2 0.12 0.14 0.28 6 0.50 1.19 2.36 

1 -5/8 0.14 0.18 0.36 6 -1/8 0.51 1.23 2.44 

1 -3/4 0.15 0.20 0.40 6 -1/4 0.52 1.26 2.50 

1 -7/8 0.16 0.22 0.44 6 -3/8 0.53 1.30 2.58 

2 0.17 0.24 0.48 6 -1/2 0.54 1.34 2.66 
2 -1/8 0.18 0.26 0.52 6 -5/8 0.55 1.37 2.71 
2 -1/4 0.19 0.28 0.55 6 -3/4 0.56 1.41 2.80 
2 -3/8 0.20 0.30 0.59 6 -7/8 0.57 1.45 2.88 

2 -1/2 0.21 0.32 0.63 7 0.58 1.49 2.96 
2 -5/8 0.22 0.35 0.69 7 -1/8 0.59 1.53 3.03 
2 -3/4 0.23 0.37 0.73 7 -1/4 0.60 1.56 3.09 

2 -7/8 0.24 0.40 0.79 7 -3/8 0.61 1.60 3.17 
3 0.25 0.42 0.83 7 -1/2 0.62 1.64 3.25 

3 -1/8 0.26 0.45 0.89 7 -5/8 0.63 1.68 3.33 

3 -1/4 0.27 0.47 0.93 7 -3/4 0.65 1.76 3.49 

3 -3/8 0.28 0.50 0.99 7 -7/8 0.66 1.80 3.58 

3 -1/2 0.29 0.53 1.05 8 0.67 1.85 3.67 

3 -5/8 0.30 0.55 1.09 8 -1/8 0.68 1.89 3.74 

3 -3/4 0.31 0.58 1.15 8 -1/4 0.69 1.93 3.83 

3 -7/8 0.32 0.61 1.21 8 -3/8 0.70 1.97 3.91 

4 0.33 0.64 1.27 8 -1/2 0.71 2.01 3.99 

4 -1/8 0.34 0.67 1.33 8 -5/8 0.72 2.06 4.09 

4 -1/4 0.35 0.70 1.39 8 -3/4 0.73 2.10 4.17 

4 -3/8 0.36 0.73 1.45 8 -7/8 0.74 2.14 4.25 

4 -1/2 0.37 0.76 1.51 9 0.75 2.19 4.35 

4 -5/8 
4 -3/4 

0.39 
0.40 

0.82 
0.85 

1.63 
1.69 9-1/4 4 0.77 2.27 4.50 

4 -7/8 0.41 0.88 1.74 9 -3/8 0.78 2.32 4.60 

. 
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0.76 2.23 4.43 
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TABLE I. DISCHARGE OVER CIPOLLETTI WEIR 

(Continued) 

Depth 
on Crest 

In. Ft. 

Cubic 
Feet 

per Sec, 

Acre 
Feet 

per 24 
Hours 

I Depth 
on Crest 

In. Ft. 

Cubic 
Feet 

per Sec. 

Acre 
Feet 

per 24 
Hours 

9 9-1/2 
9 -5/8 

9 -3/4 
9 -7/8 

10 
10-1/8 
10-1/4 
10-3/8 
10-1/2 
10 -5/8 
10-3/4 
10-7/8 
11 
11 -1/8 
11 -1/4 
11 -3/8 
11 -1/2 
11 -5/8 
11 -3/4 
11 -7/8 
12 

12 -1/8 
12 -1/4 
12 -3/8 
12 -1/2 
12 -5/8 
12 -3/4 
12 -7/8 

13 
13 -1/8 
13 -1/4 
13 -3/8 
13 -1/2 
13 -5/8 

13-3/4 ,1.15 
13 -7/8 
14 
14 -1/8 
14 -1/4 
14 -3/8 
14 -1/2 

0.79 
0.80 
0.81 
0.82 
0.83 
0.84 

0.85 
0.86 
0.87 
0.88 
0.90 

0.91 
0.92 
0.93 

0.94 

0.95 
0.96 
0.97 

0.98 
0.99 
1.00 
1.01 
1.02 
1.03 
1.04 
1.05 
1,06 
1.07 

1.08 
1.09 
1.10 
1.11 
1.12 

1.14 

1.16 
1.17 
1.18 
1.19 
1.20 

1.21 

2.36 
2.41 

2.45 
2.50 

2.55 
2.59 

2.64 
2.69 
2.73 
2.78 
2.88 
2.92 

2.97 
3.02 
3.07 
3.12 
3.17 

3.22 
3.27 
3.32 
3.37 
3.42 

3.47 
3.52 
3.57 
3.62 
3.67 
3.73 
3.78 
3.83 
3.88 

3.94 
3.99 
4.10 

4.15 
4.21 

4.26 
4.32 

4.37 
4.43 
4.48 

4.68 

4.78 
4.86 

4.96 
5:06 
5.14 
5.24 

.5.34 
5.42 
5.52 
5.69 
5.79 
5.89 
5.99 
6.09 
6.19 
6.29 

6.39 
6.49 
6.59 
6.68 
6.78 
6.88 

6.98 
7.08 
7.18 
7.28 
7.40 
7.50 
7.60 

7.70 
7.82 
7.92 
8.14 
8.24 
8.36 

8.45 

8.57 
8.67 

8.79 
8.89 

14 -5/8 
14 -3/4 
14 -7/8 
15 

15 -1/8 
15 -1/4 
15 -3/8 
15 -1/2 
15 -5/8 
15 -3/4 
15 -7/8 
16 

16 -1/8 
16 -1/4 
16 -3/8 

' 16 -1/2 
16 -5/8 
16 -3/4 
16 -7/8 
17 
17 -1/8 
17 -1/4 

' 17 -3/8 
17 -1/2 
17 -5/8 
17 -3/4 
17 -7/8 
18 
18 -1/8 
18 -1/4 
18 -3/8 
18 -1/2 
18 -5/8 
18 -3/4 
18 -7/8 
19 

19 -1/8 
19 -1/4 
19 -3/8 
19 -1/2 

19 -5/8 

1.22 

1.23 
1.24 

1.25 
1.26 
1.27 

1.28 
1.29 
1.30 

1.31 
1.32 
1.33 
1.34 

1.35 
1.36 
1.37 
1.38 

1.39 
1.41 

1.42 
1.43 
1.44 
1.45 

1.46 

1.47 
1.48 
1.49 
1.50 
1.51 . 

1.52 
1.53 
1.54 
1.55 

1.56 
1.57 

1.58 
1.59 
1.60 
1.61 
1.62 
1.63 

4.54 
4.59 
4.65 
4.70 
4.76 
4.82 
4.88 
4.93 
4.99 
5.05 
5.11 

5.16 

5.22 
5.28 
5.34 
5.40 
5.46 

5.52 
5.64 
5.70 
5.76 
5.82 
5.88 
5.94 
6.00 
6.06 
6.12 
6.19 
6.25 
6.31 

6.37 
6.43 
6.50 
6.56 
6.62 
6.69 

6.75 
6.81 
6.88 
6.94 
7.01 

9.01 
9.11 
9.23 
9.33 
9.44 
9.56 
9.68 
9.78 
9.90 

10.02 
10.13 
10.24 
10.36 
10.47 
10.60 
10.71 
10.83 

10.95 
11.19 
11.30 
11.43 
11.55 
11.66 
11.78 
11.90 
12.02 
12.13 
12.27 
12.39 
12.51 

12.63 
12.75 
12.89 
13.01 
13.13 
13.27 

13.39 
13.51 
13.65 

13.77 
13.90 
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TABLE I. DISCHARGE OVER CIPOLLETTI WEIR 
(Concluded) 

Depth 
on Crest 

In. Ft. 

Cubic 
Feet 

per Sec f 

Acre 

Feet 

per 24 

Hours 

Depth 
on Crest 

In. Ft. 

Cubic 
Feet 

per Sec, 

Acre 

Feet 
per 24 

Hours 

19 -3/4 
19 -7/8 

20 
20 -1/8 
20 -1/4 
20 -3/8 
20 -1/2 
20 -5/8 
20-3/4 
20 -7/8 
21 

21 -1/8 
21 -1/4 
21 -3/8 
21 -1/2 
21 -5/8 
21 -3/4 : 

21 -7/8 
22 

22 -1/8 
22 -1/4 
22 -3/8 
22 -1/2 
22 -5/8 

1.65 

1.66 

1.67 

1.68 

1.69 
1.70 
1.71 
1.72 
1.73 
1.74 
1.75 

1.76 

1.77 
1.78 
1.79 
1.80 
1.81 
1.82 
1.83 

1.84 
1.85 

1.86 
1.87 
1.88 

7.14 
7.20 

7.27 
7.33 

7.40 
7.46 

7.53 
7.59 
7.66 
7.73 
7.79 
7.86 

7.93 
8.00 
8.06 
8.13 
8.20 
8.27 
8.34 
8.40 

8.47 
8.54 
8.61 
8.68 

14.16 
14.28 

14.42 
14.54 
14.68 
14.80 

14.93 
15.05 
15.19 

15.33 
15.45 
15.59 

15.72ú 
15.86 

15.99 
16.12 
16.26 
16.40 
16.54 
16.66 
16.80 

16.94 
17.07 
17.21 

22 -3/4 
22 -7/8 

23 
23 -1/8 
23 -1/4 
23 

23 -1/2 
23 -5/8 

23 -3/4 
23 -7/8 
24 
25 

26 
27 

28 
29 

30 
31 

32 

33 
34 

35 

36 

1.90 
1.91 

1.92 
1.93 

1.94 
1.95 
1.96 

1.97 

1.98 

1.99 
2.00 
2.08 
2.17 
2.25 

2.33 
2.42 
2.50 
2.58 
2.67 

2.75 
2.83 

2.92 
3.00 

8.82 
8.89 

8.96 
9.03 
9.10 
9.17 
9.24 
9.31 
9.38 
9.45 

9.52 
10.10 
10.76 
11.36 

11.98 
12.68 
13.31 

13.95 
14.69 

15.35 
16.03 
16.80 
17.49 

17.49 
17.63, 

17.77 
17.91 
18.05 
18.18 

18.32 
18.47 
18.60 

18.74 
18.88 
20.03 

21.35 
22.53 

23.75 
25.13 

26.40 
27.68 
29.13 

30.48 
31.80 
33.32 

34.70 

1 

. 
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TABLE II. DISCHARGE OVER 90° V -NOTCH WEIR 

Discharge in Cubic Feet per Second 
Over 90- degree V -Notch Weir 

Calculations Based on Formula: Q = 2.536 H5/2 

Head H 

in Feet 

Cubic Feet 

per Second 

Head H 

in Feet 

Cubic Feet 

per Second 
Head H 
in Feet 

Cubic Feet 

per Second 

.20 .045 .50 .448 .80 1.451 

.21 .051 .51 .471 .81 1.498 

.22 .058 .52 .495 .82 1.544 

.23 .064 .53 .519 .83 1.592 

.24 .072 .54 .544 .84 1.640 

.25 .079 .55 .569 .85 1.689 

.26 .087 .56 .595 .86 1.739 

.27 .096 .57 .622 .87 1.790 

.28 .105 .58 .650 .88 1.842 

.29 .115 .59 .678 .89 1.895 

.30 .125 .60 .707 .90 1.949 

.31 .136 .61 .737 .91 2.003 

.32 .147 .62 .767 .92 2.058 

.33 .159 .63 .799 .93 2.115 

.34 .171 .64 .831 .94 2.173 

.35 .184 .65 .864 .95 2.230 

.36 .197 .66 .897 .96 2.290 

.37 .211 .67 .931 .97 2.350 

.38 .225 .68 .967 .98 2.411 

.39 .241 .69 1.003 .99 2.473 

.40 .256 .70 1.040 1.00 2.536 

.41 .273 .71 1.077 1.01 2.600 

.42 .290 .72 1.116 1.02 2.665 

.43 .307 .73 1.155 1.03 2.731 

.44 .325 .74 1.195 1.04 2.797 

.45 .344 .75 1.235 1.05 2.865 

.46 .364 .76 1.277 1.06 2.934 

.47 .384 .77 1.319 1.07 3.003 

.48 .404 .78 1.363 1.08 3.074 

.49 .426 .79 1.407 1.09 3.146 

f 
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TABLE II. DISCHARGE OVER 90° V -NOTCH WEIR 
(Concluded) 

Head H 
in Feet 

Cubic Feet 

per Second 
Head H 

in Feet 

Cubic Feet 

per Second, 
Head H 
in Feet 

Cubic Feet 
per Second 

1.10 3.22 1.23 4.25 1.36 5.47 
1.11 3.29 1.24 4.34 1.37 5.57 
1.12 3.36 1.25 4.43 1.38 5.67 
1.13 3.44 1.26 4.52 1.39 5.78 
1.14 3.52 1.27 4.61 1.40 5.88 

1.15 3.60 1.28 4.70 1.41 5.98 
1.16 3.68 1.29 4.79 1.42 6.09 
1.17 3.75 1.30 4.88 1.43 6.20 
1.18 3.83 1.31 4.98 1.44 6.31 
1.19 3.92 1.32 5.07 1.45 6.42 

1.20 4.00 1.33 5.17 1.46 6.53 
1.21 4.09 1.34 5.27 1.47 6.64 
1.22 4.17 1.35 5.37 1.48 6.76 

Note: For 60- degree V -Notch Weir: Q = 1.47 H5/2 

To convert c.f.s. to U.S. gallons per minute 

multiply by 448.8. 

. 
.. 

.. 
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Ground Water Supplies 

Ground water supplies, in general, are considered to be water 

stored through the ages in underground reservoirs which generally con- 

sist of porous strata of gravel and sand or fissured rock. The pervi- 

ous layer of substrata in which the water is deposited is called an 

aquifer. The layer may vary from a few inches to several hundred feet 

in depth. The strata underneath the pervious water -laden aquifer is 

usually solid rock or impervious material. Other types of ground wa- 

ter sources may be fresh water lenses over salt sea water and spring 

water. 

Deep Wells. The most common type of ground water supply for do- 

mestic or irrigation usage is the deep well which has been drilled by 

percussion drilling rigs or a boring machine. The success that has 

been encountered with deep wells often leads local officials to be- 

lieve that to drill a well is to get water. To some engineers this 

appears a simple solution to a difficult decision. If someone has had 

the available money or the courage to have attempted a first well and 

found it successful, he was fortunate indeed. The pitfalls of a reli- 

able potable deep -well water system are many. They include salt, one 

of the most common substances on this earth, which comes in several 

forms, all of which are unsuitable in drinking water if present in 

proportions over 250 ppm. Other unknown factors are depth of acquifer, 

chemical content of the water, quantity and duration of flow. Some of 

these variables may be determined from the log of the well. The depth 

of the aquifer and size of interstices in the pervious strata govern 
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the flow of the well. A deep open aquifer will permit a steeper hy- 

draulic gradient in the strata and less internal surface friction; 

consequently a greater flow than from a thin, tight strata. When 

drilling a well, check the flow and chemical analysis of each aquifer 

encountered. If undesirable, these may be sealed off and the well 

deepened to a probable better source. It is therefore necessary to 

start with a well of sufficient bore to permit deepening with a smal- 

ler size. Sufficient outline information has been given on deep wells 

to alert the engineer when choosing or selecting and to guard him as 

to eventualities that may arise on deep well drilling for a potable 

water source. Before drilling a well it is advisable to consult a 

geologist familiar with the locality who may more reliably predict 

the location best to drill and the probable depth. The writer has had 

to increase well depth more than three times the predicted depth, has 

had to abandon heavy producers due to their salinity or pollution 

caused by installations built after the well was established, and has 

had to give up drilling due to excessive depths or dry holes. If a 

good well is found, protect it from disturbance and outside area de- 

velopment and record the information with your official government 

agencies to prevent its loss and to prevent possible litigation in 

event of pollution or loss from outside area development. 

Shallow Wells. Shallow wells are used as a water source where 

the water table or ground water supply is within digging depth with 

pick and shovel. These may not always be ground water sources. In 

some irrigation areas, shallow wells up to thirty feet deep intercept 
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irrigation water seepage and serve families and small communities 

with potable water. It is probable that this water may be high in 

bacteriological count and must be sterilized with chlorine solution 

to kill the B-coli bacilla before using. Check for contamination 

indicated through nitrate and nitrite tests. 

Batteries of shallow wells with radial tunnel galleries are of- 

ten used to skim the fresh seepage waters from unpotable water sour- 

ces for domestic use. 

Filter Galleries. Filter galleries or skimming tunnels are con- 

structed in some localities where a high water table of unpotable 

saline water source exists. The fresh water from surface percola- 

tion, being lighter than the lower and heavier saline water, may be 

skimmed off in filter galleries. These consist of long tunnels ex- 

cavated perpendicular to the general underwater flow line or par- 

tially through radial shallow wells. 

Lake Sources and Swamp Waters 

Lake water sources are generally not considered fresh water 

sources unless sufficient stream or subterranean water inlet permits 

a complete change in volume, varying from a day to a month. The 

time of change -over required is governed by the quality of the in- 

let source, the climate, and its protection from outside elements, 

Swamp waters may be required as a water source in areas of defi- 

cit supplies. These sources may be made into safe potable sources 

with proper treatment. The most difficult waters to treat are the 

saline waters. The ionic process will reduce the saline content but 

. 
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is very expensive to operate and can only be used in areas of low - 

cost energy supply. 

Solar Distillation 

The solar distillation method of evaporating pure water from 

saline sources is gaining popularity in some areas although only a 

few scattered installations are being used. The writer has conducted 

several years of experiments with different types of pilot solar dis- 

tillation plants and has determined that people can live on any part 

of this earth where some type of water exists. (De Jong, 1958) 

Water Requirements 

The water requirement for any city, town, community or munici- 

pality varies with the population, climate, type of livelihood (in- 

dustries, etc.), property values and income of the people. 

It is known that a person requires a certain amount of water to 

subsist; the quantity required is contingent on the availability and 

cost. A person can subsist on, say, one gallon a day which will pro- 

vide for his actual physical needs. It will not, of course, provide 

for the luxuries of life. It is not proposed that this one gallon 

be provided by design as it constitutes subsistence only. Generally, 

for areas of limited water supply, a minimum of ten gallons per day 

per person is used for design purposes. In developed areas where 

the luxuries of life are expected, one hundred gallons per day per 

person is usually provided. This does not include wastes and garden 

irrigation, but this figure may be used safely for urban areas. In 

cheap water supply areas and areas where unmetered charges are made, 

' 
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the demand may be many times more than the one hundred gallons per 

person per day. 

Table III lists water consumption as estimated for various 

household and industrial operations and, where applicable, is useful 

in planning water requirements. These figures were estimated for a 

foreign country but may be equally useful elsewhere. 

. 
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TABLE III. ESTIMATED WATER CONSUMPTION 

Use Litres U.S. Gallons 

Drinking, cooking, cleaning per person 
per day 20-30 5.5-8 

Laundry per person per day 10-15 2.5 -4 
Toilet flushing (each time) 10-15 2.5 -4 
Bath in private house 150 -200 40-52 
Shower bath in private house 50-75 13 -20 
Vegetable garden per square yard per day 5 -10 1.5 -2.5 
Cows, bullocks, etc. -per animal per day 40-60 10-16 
Calf, sheep -- per animal per day 8-20 2 -5 
Cleaning a motor car 200 -300 52 -80 
Cleaning a motor truck 80-100 21 -26 
Schools, per pupil per working day 5 1.3 
Military camps, per man, including messing 100 -150 26 -40 
Hospitals and institutions, per inmate 

per day 100 -650 26 -170 
Hotels, per guest per day 100 -130 26 -34 
Butchers and bakers take 20% more than 

other consumers 
Public baths, per bath, including cleaning 500 130 
Public steam baths, per bath, " up to 700 up to 185 
Public swimming bath, per square yard 

per day 300 80 
Slaughterhouses, per animal (cows, bul- 

locks, etc.) 300 -400 80-105 
Slaughterhouses, per animal (sheep, pigs) 150 -300 40-80 
Market halls per square yard per day 5 1.3 
Railway depots for each locomotive in 

service per day 6M-8M 1590-2120 
Express locomotives per hour 7M-12M 1850-3170 
Freight locomotives per hour up to 9M up to 2380 
Steam engine, non- condensing, per HP 

per hour 
Steam engine, condensing, per HP per hr. 

15 -30 
300 -500 

4-8 
80-130 

Cooling water for diesel engines per HP /hr. 20-40 5.2 -10 
Cleaning cattle truck 2M -2500 530 -660 
Cleaning poultry truck 7M -30M 1850 -7925 
Laundries, per pound of washing 40-80 4.5 -9 
Laundries, per bench per day 1200 320 
Brewery per 100 gallons of beer, less 

cooling 500 -750 130 -200 
Brewery per 100 gallons of beer, with 

cooling 1700 -2250 450 -600 
Dairy per gallon of milk 10-20 3-6 
Processing one pound of wool into cloth 1000 250 
Processing 100 pounds of sugar beets 1500 350 

. 

.- 
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TABLE III. ESTIMATED WATER CONSUMPTION 
(Concluded) 

Use Litres U.S. Gallons 

Manufacture of one pound of sugar 
Manufacture of one pound of high quality 

paper 
Manufacture of one pound of printing paper 
Laying 1000 bricks including mortar mixing 
Laying one cubic yard of concrete 
Weights and measures office per 200 gallon 

calibration tank 
Gas works per 100 cubic feet of gas pro- 

duced 
Fire hydrant or plug per second 
Rural communities per head per day 
Towns up to 50,0u0 inhabitants per head 

per day 
Towns up to 5,000 inhabitants per head 

per day 
Maximum daily consumption approximately 

twice as high as above figures 
Maximum hourly consumption approximately 

15 higher than above figures 

100 

1500 -3000 
400 -600 

750 
125 

1100 

5-8 
5 -10 
60-80 

120 -200 

80-120 

25 

350 -700 
100 -150 
200 
29 -36 

290 

1.5-2 
1.3 to 

16-21 

31 -52 

21 -31 

2.5 

- 

' 
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Water Treatment 

Water Standards and Significance of Impurities 

The following excerpt from Handbook of Applied Hydraulics 

(Davis, 1952) is included for guidance in developing a water sup- 

ply system: 

"The impurities of the greatest sanitary significance in water 

to be used for drinking purposes are the pathogenic bacteria and 

other pathogenic microorganisms. The most serious water -borne di- 

seases are cholera in the Old World and typhoid fever in America, 

but other important human diseases, such as dysentery and diarrhea, 

are known to be water -borne and still others may be. The isolation 

of the causative organism of these diseases from water is impractical 

in routine water examination. Because these diseases are of intesti- 

nal origin and the source of the germs in water is human excreta, the 

presence of sewage in water is evidence of the possibility of the 

presence of infectious organisms. The presence of ammonia and ni- 

trites, and of chlorides in abnormal amounts, is tentative but not 

conclusive evidence of sewage pollution. The presence of the colon 

bacillus (B coli or E coli) whose normal habitat is the alimentary 

canal of man and other mammals is the best evidence of sewage pollu- 

tion. 

"The 191,4 U. S. Public Health Service Drinking Water Standards 

for water used for drinking and culinary purposes on interstate car- 

riers, which standards have been adopted by many public health au- 

thorities and are widely used, require a most probable number (M.P.N.) 

A 
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of coliform bacteria not exceeding one per 100 ml of water for all 

samples collected in any one month. Other requirements of the C.S. 

P.H,S. Standards are as follows: 

"Physical Characteristics 

1. Turbidity snail not exceed 10 ppm (silica scale) 

2. Color shall not exceed 20 ppm (standard cobalt scale). 

3. There should be no objectionable taste or odor. 

"Chemical Characteristics 

1. Lead, Pb, shall not exceed 0.1 ppm. 

2. Fluoride, F, shall not exceed 1.5 ppm. 

3. Arsenic, As, shall not exceed 0.05 ppm. 

4. Selenium, Se, shall not exceed 0.05 ppm. 

5. Hexavalent chromium, Cr+ " '+ /, shall not exceed 

0.05 ppm. 

6. Salts of barium, Ba, hexavalent chromium, Cr 

metal glucosides, or other substances with 

deleterious physiological effects shall not be added 

for water treatment purposes. 

7. Copper, Cu, should not exceed 3.0 ppm. 

8. Iron, Fe, and manganese, hn, together should not ex- 

ceed 0.3 ppm. 

9. Magnesium, Mg, should not exceed 125 ppm. 

10. Zinc, Zn, should not exceed 15 ppm. 

11. Chloride, Cl, should not exceed 250 ppm. 

12. Sulfate, SO 
4 

should not exceed 250 ppm. 

Phenolic compounds should not exceed 0.001 ppm in 13. 

t 

heavy 
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terms of phenol. 

14, Total solids should not exceed 500 ppm but may be 

permitted up to 1000 ppm. 

15. For chemically treated waters, the pH should not be 

greater than about 10.6, the normal carbonate (CO3--) 

alkalinity should not exceed 120 ppm as CaCO3 and the 

total alkalinity should not exceed the hardness by 

more than 35 ppm as CaCO3. 

"Many of the requirements of the U.S.P.H.S. Standards have no 

health significance although they are of aesthetic importance. The 

presence of too much Pb may result in lead poisoning. Lead is not 

present in natural waters but may enter tie water by solution from 

lead services and plumbing systems if the water is corrosive to lead. 

Arsenic, selenium, and hexavalent chromium are all toxic, and their 

concentrations must be limited. The toxicity of copper to man has 

been the subject of much discussion, but it now appears that Cu is 

not injurious up to concentrations of about 20 ppm. The taste of 

water becomes disagreeable when the Cu content reaches about 5 ppm. 

Zinc appears to be safe in drinking water up to concentrations of 40 

ppm, but at that concentration it will impart a milky appearance and 

an astringent taste to the water. Too much magnesium sulphate, MgSO4 

(Epsom salt), and Na2SO4 (Glauber's salt) in water produce laxative 

effect, MaCl and NaNO3 tend to produce thirst, and carbonates and 

hydroxides tend to neutralize the acid of the stomach. Iron is bene- 

ficial to the health but it is objectionable because of red water and 

stains. Manganese is more objectionable than Fe because of stains ' 
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and because of its interference with the orthotolidine test for re- 

sidual chlorine. Its concentration should be limited to less than 

0.1 ppm. 

"The presence of fluoride in concentrations exceeding 0.5 ppm 

may result in mild endemic dental fluorosis (mottled enamel) in 

children, although about 1.5 ppm or more of F is required for severe 

cases. It has recently been found that fluoride in the drinking wa- 

ter is accompanied by low incidence of dental caries (tooth decay) 

in children, and many health officials are now advocating the addi- 

tion of fluorides to drinking water up to about 1.0 ppm in regions 

where caries is prevalent. Because simple goiter has been shown to 

be due to a deficiency of iodine in the thyroid gland, many attempts 

have been made to supply the deficiency in regions where this condi- 

tion is endemic by adding NaI to the water supplies. Studies of the 

relationship of the incidence of goiter to the I content of drinking 

water have given conflicting results, however, and it is probable 

that I in organic combination in foods where it is also more concen- 

trated is more readily assimilated than I in water. Disinfection by 

means of ionic and colloidal silver is growing for swimming ng pool wa- 

ters, but this method should not be used for drinking water until 

more is known about the effects upon the human body of Ag thus in- 

gested." 

r. 
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General Water Treatment 

The following excerpt from U. S. Medical Technical Bulletin 190 

(U. S. 1945) is presented herein as a guide to methods, types of 

field equipment available, and an explanation of how this equipment 

may be used by an engineer in designing a potable water system. 

"Since water may be an important factor in the spread of amebic 

dysentery, treatment of the water to destroy or remove the cysts of 

E. histolytica is important. When troops are separated from their 

normal water supplies and water must be sterilized in canteens or 

Lyster bags, training and discipline are necessary to insure that 

the required amount of chlorine is added to the water and that a 

sufficient time elapses thereafter before the water is consumed. 

Field water purification units must be operated precisely in ac- 

cordance with the directions given herein to assure removal or de- 

struction of cysts. Water purification equipment installed at fixed 

and semipermanent posts, if designed in accordance with good sani- 

tary engineering practice, will ordinarily, when properly operated, 

remove or destroy cysts. 

Residual Chlorine Testing 

"The orthotolidine test for residual chlorine is used in all 

chlorination procedures. The test is made 10 minutes after the chlo- 

rinating agent has been applied. Temperature of the water tested 

should be above 20° C. If the water is cold it may be warmed in the 

comparator tube by holding in the hand until warm before adding the 

orthotolidine reagent. Following addition of the reagent the maximum 
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color developing in five minutes represents the residual chlorine and 

is matched with the standard disc of the comparator. If free chlo- 

rine alone is present the color will flash to a maximum in less than 

a minuta. If chloramines are present the color will be slow in 

forming and may reach a maximum after five minutes. The increase in 

color after five minutes will not be large, however, and should be 

disregarded. 

Preparation for Filtration 

Source of Supply. "The best water available should be used. No 

fixed rule can be laid down in regard to the source of supply. Where 

ground water is available, it is generally preferable. Wells should 

be protected from surface pollution by curbs and covers, and by such 

other means as are locally applicable, as by diverting contaminated 

surface waters, and by guard fences. Surface sources should be in. 

vestigated for gross pollution whenever combat conditions permit in 

the field, and invariable elsewhere. Proper selection of a source and 

its protection against contamination is an important step in produc- 

ing a safe water. When available, a sanitary engineer should be 

utilized for this work and for supervising water treatment procedures. 

Pretreatment. "It is essential that all water suspected of con- 

taining amebic cysts, whether clear or turbid, be coagulated and set- 

tled before filtration. Rrechlorination, with the chlorine being 

added at the same time as the coagulating chemical, is desirable as 

it provides a considerable added measure of safety; the application 

of three to four p.p.m. of available chlorine is recommended. The 

coagulent dosage should be sufficient to give a heavy, rapid settling 

c 
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floc; usually from three to six grains of coagulant per gallon of 

water should be added. Lime or soda ash may be required to acceler- 

ate floc formation. Three 3000 -gallon canvas tanks may be used in 

rotation to permit adequate settling before filtration. The water 

should be settled until the side of the tank is visible to a depth 

of three feet which indicates a turbidity of 8 or 9. This may re- 

quire from thirty minutes to an hour or more depending on how well 

the water has been coagulated. Even with pretreatment, output of 

some filters must be restricted in order to assure removal of all 

cysts. 

Results of Pretreatment. "(1) Experience in the field has dem- 

onstrated conclusively that the pretreatment methods described above 

will result in the production of safer water and of more water. Even 

at an operating rate of 61 gallons per minute per square foot of fil- 

ter surface (10 gallons per minute for the portable and 60 gallons 

per minute for the mobile filter) more water will be produced than 

with maximum rates of filter operation without pretreatment. Reports 

of one field army operating in the European Theater indicate that 

with no pretreatment and with unrestricted rates of filter operation. 

only 61 per cent of all samples taken were bacteriologically potable. 

After pretreatment and restricted filter operating rates were effec- 

ted, approximately 95 per cent of all samples were potable. 

"(2) With pretreatment, filter runs of three to seven hours, 

and in some cases more, can be obtained before backwashing is neces- 

sary. Without pretreatment, filter runs average less than one hour 
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with most surface waters. The delays due to, and the water required 

for, such frequent backwashing more than neutralize the temporary 

higher rates of filtration, so that more water is produced with prop- 

er pretreatment. 

Use of Turbidimeter. "The turbidimeter of the Water Quality 

Set should be used frequently to check performance of all filters, 

particularly when any change in treatment or equipment is involved. 

The turbidity of the finished water is a good index of the efficiency 

of pretreatment and filtration. 

Types of Field Filters 

Portable Water Purification Unit. "This is the filter unit 

normally used by the Corps of Engineers for supplying water to troops 

in the field. It is a pressure type sand filter having a filter sur- 

face area of approximately 1.5 square feet. Tests have shown that 

even when the water is pretreated precisely as indicated above, to re- 

move amebic cysts, output must be restricted to a maximum of 10 gal- 

lons per minute instead of the 15 or 20 gallons per minute at which 

these units are often operated in the field. Unless an exception- 

ally good floc is produced and there is ample settling time, or the 

water is prechlorinated in accordance with above instructions, output 

should be restricted to a maximum of gallons per minute. The wa- 

ter should be postchlorinated if the residual chlorine is less than 

one p.p.m. in the filter effluent. It is desirable each time after 

the filter is backwashed to waste the filtrate for the first two min- 

utes. This permits the floc particles in the coagulated water to form 

' , 
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a layer on top of the sand which aids in the removal of cysts and of 

other material as well. 

"Inspections of the interior of the portable filters should be 

made from time to time to determine the condition and amount of the 

sand. Operation of these units without pretreatment of the water 

may result in clogging the sand with silt or organic matter. Exces- 

sive rates of backwashing are then employed in an effort to clean 

the filter, resulting in loss of sand and a consequent decrease in 

filtering efficiency. The depth of the sand should not fall below 

16 inches, and the sand and gravel layers together should be at least 

20 inches thick. When these minimum limits are reached, the sand and 

gravel layers should be replaced with properly graded materials. 

Mobile Water Purification Unit. "This is a 42 -inch diameter 

pressure -type sand filter mounted, complete with pump, chlorinator and 

other accessories, on a 22 -ton six -wheel truck. The filter surface 

area is about nine square feet. Tests have shown that even when the 

water is pretreated as previously indicated, output must be restric- 

ted to a maximum of 60 gallons per minute in order to insure removal 

of amebic cysts. Unless a good floc and adequate settling are pro- 

vided, and the water is prechlorinated, output should be restricted 

to 45 gallons per minute. After each backwash, the filter should be 

operated to waste for two minutes. From time to time the filter 

should be opened and the condition of the sand bed ascertained, as 

indicated above. In the mobile Unit, the minimum depth of sand 

should be 16 inches. The normal depth of sand is 18 inches and of 
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gravel 9 inches. In all cases, the filter effluent should carry a 

chlorine residual of one p.p.m., postchlorination being utilized if 

necessary. 

Diatomaceous Earth (Diatomite) Filters. "A diatomite filter 

consists essentially of a shell similar to that of a sand filter, 

with several septa or supports for the filtering layer of diatoma- 

ceous earth, and with necessary valves, piping and controls. Vari- 

ous types of septa are used, including fine wire and porous refrac- 

tory materials. A suspension of diatomaceous earth is circulated 

through the filter to form a thin layer on the surface of the septa. 

This layer, which is usually 1 /10 to 1/16 inch thick, representing 

0.10 to 0.15 pound per square foot of surface, forms the filtering 

media. In addition to the original thin layer of diatomaceous 

earth, more can be added at any time during the filtering process. 

This process is termed "slurry feed" and is advantageous with some 

waters in decreasing the frequency of backwashing. Diatomite fil- 

ters will remove amebic cysts and will produce a clear and sparkling 

water; they do not remove all bacteria and usual chlorination pro- 

cedures are necessary. Pretreatment of the water, as previously in- 

dicated, is necessary and conserves diatomaceous earth (filter aid). 

No trouble has been reported due to breaks or cracks in septa, per- 

mitting passage of unfiltered water; if such breaks or cracks should 

occur they would, if small, fill with filter aid and, if large, 

would be indicated by turbidity resulting from filter aid passing 

through the filter. Washing of the filter is accomplished by simple 

reversal of the flow through the filter. From 1.250 to 3,000 gallons 
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of properly pretreated water can be filtered with one pound of fil- 

ter aid, depending on operating skill and the quality of water, and 

some of the used filter aid can be recovered if desired. 

"Two sizes of diatomite filters are available. The 15-gpm unit 

is designed to serve small field units of troops. The 50 -gpm unit is 

designed to replace the portable and mobile purification units de- 

scribed above. The 50 -gpm diatomite filters can be combined into 

multiple groups of units for serving fixed installations such as 

hospitals and posts requiring not more than 500,000 gallons per day. 

"The complete 15 -gpm set consists of a filter and feeder sec- 

tion, two gasoline- engine driven pumps, four 500 -gallon tanks, hose, 

supplies for the production of 40,000 gallons of water, and acces- 

sory equipment. The effective surface area of the filter is 3.6 

square feet. The total weight of all of the above components is 580 

pounds. The heaviest single piece weighs about 65 pounds. The set 

is adaptable for pack -carrying by men or animals. 

"The complete 50 -gpm set consists of a filter unit, equipment 

chest, chemicals (alum, soda ash and activated carbon), filter aid, 

five pumping units, four 3000 -gallon tanks, and accessory equipment. 

Total filter area is about 10 square feet. The heaviest single unit 

is about 300 pounds. Total weight, including sufficient chemicals to 

produce 1,200,000 gallons of water, is 5,700 pounds. Volume is 270 

cubic feet. Thu 50-gpm filter unit, which produces 3,000 gallons 

per hour, is well adapted to supplying water to small fixed and semi- 

permanent installations. If two units are used, operated in parallel, 

about 120,000 gallons of water can be produced daily. For larger 
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installations, four units can be furnished, complete with manifold 

piping and suitable large pumps. Tanks for pretreatment and storage 

can be furnished prefabricated with the filters or can be constructed 

locally. These multiple units will supply up to 240,000 gallons per 

day for the four -unit set. Under average conditions 100,000 gallons 

of water will require for pretreatment about 55 pounds of alum, 15 

pounds of soda ash and about 5 pounds of hypochlorite, and, for fil- 

tering, about 50 pounds of filter aid. The 50 -gpm filter unit is 

available in a smaller set rated at 35 gpm. This contains three 

3000 -gallon tanks, four pumps, lighter hose and smaller quantities 

of chemicals and filter aid. The total weight, including sufficient 

chemicals to produce 300,000 gallons of water, is 3,600 pounds. Vol- 

ume is approximately 160 cubic feet. 

Gravity Type Filters 

Sand Filters. "In fixed rapid sand gravity filters the 

sand bed should be not less than 24 inches thick and the sand parti, 

ales should be properly graded (effective size 0.40 to 0.50 mm and 

uniformity coefficient 1.6 to 2.0). A wash water rate of not less 

than 15 gpm per square foot should be provided. Rate controllers 

are necessary. Filters should be designed to provide for peak load 

flows at the normal operating rate of two gpm per square foot of 

filter surface. Rate of filtration should not exceed three gpm. 

When properly operated, such filters will remove cysts of E. histo- 

lytica. The filtrate should be chlorinated and performance checked 

as previously indicated. 
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Slow Sand Filters. "In areas where construction materials are 

scarce, consideration may be given to the construction of slow sand 

filters. In these, the sand bed should be about 30 inches in depth 

initially and should be renewed whenever the depth falls to 20 

inches. Sand with an effective size of 0.25 to 0.35 mm and a uni- 

formity coefficient of 2.5 to 3.5 is desirable. The filter bed 

should be retained in a tight tank or basin. Late of operation 

should be limited to six million gallons per acre por day. The 

filtrate should be chlorinated." 
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Investigation of Water Supply System 

The following outline is presented as a guide for investigation 

before designing a water supply system. 

1. Boundaries 

a. Maps -- topographic area, street layout, vicinity 

b. Other data -- elevations, bench marks, monuments 

2. Population 

a. Present 

b. Area concentration 

c. Future -- directional growth and extent 

d. Future -- industrial growth and extent 

3. Water Supply Source 

a. Location and elevation 

b. Quantity used; firm quantity available 

c. Type of supply 

d. Mechanical and chemical analysis 

e. Wells -- depth, size of casing, pumps, flow, drawdown, 

cnaracteristics, geological data 

f. Treatment plant 

4. Water Supply Line (Existing) 

a. Location 

b. Size 

c. Type 

d. when installed 

e. Hydraulic gradient 

' 



177 

f. Depth of main 

g. Irrigation uses 

5. Proposed dater Supply and Distribution System 

a. Proposed location 

b. Treatment facilities 

c. Preconceived or users' ideas 

6. Existing and Proposed Sewage System 

a. Location of septic tanks 

b. Location of sewer lines 

c. Method of waste disposal 

7. Buildings 

a. Number of homes 

b. Number of commercial buildings 

c. Concentration per area 

d. Height of buildings 

e. Type of industries -- present and future 

8. Geological Data of Terrain 

a. Boring data 

b. Water table -- seasonal variation, etc. 

c. Ground water 

9. Meteorological Data 

a. Rainfall -- amount, concentration, daily and yearly record 

b. Snowfall -- daily record 

c. Temperature -- daily record maximum and minimum 

' 
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10. Design Data for Water Supply System 

a. Present consumption 

b. Future demand -- domestic and industrial 

c. Fire demand 

d. Pressure requirements 

e. Topographic and contour map 

11. General Conditions 

a. Transportation facilities to site 

b. Local available materials 

c. Labor supply -- availability, type, wage rates 

12. Correlating Facilities 

a. Electric power (existing) 

(1) Voltage and quantity at plant 

(2) Available surplus 

(3) Costs 

b. Electric power (planned) 

c. Other power 

(1) Type 

(2) Fuel available 

(3) Costs 

-ü, 

i 
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Manual of Procedure for Design of Water Systems 

1. Make plan of locality, with contours or elevations. 

Scale: Not smaller than 1:2500. 

2. Deep well data: 

a. Capacity -- Test on 48 -hour flow, simultaneous for all 

wells. 

b. Existing deep well pumps 

(1) Obtain characteristics. 

(2) Test for quantity and pressure. 

(3) Obtain complete pump and drive specifications. Send 

for data if not available from local agent. 

3. Is geological data necessary? If so, make arrangements to 

obtain. 

4. Is a test well required? If so, make arrangements for same. 

5. Obtain bacteriological test of water. 

6. Obtain chemical test of water. 

7. Determine concentration areas of population; draw on the plan. 

8. Calculate quantity for each area -- average and peak flow. 

9. Criteria: 

a. Per capita allowance 

(1) 40 gpcd for piping 

(2) 20 gpcd for storage -- (This quantity was design data 

for areas of limited water supply. Greater or lesser quantities are 

to be determined by the engineer for his particular area. Storage 

quantity is to be determined by type and reliability of pumping 

equipment and water source.) 

- 
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b. Design population -- Present population x 1.25 or 

as determined by other factors. 

c. Peak domestic demand: 

average d (al) x 3 
One hour = 960 (mmin. ) gP m 

Less than 6000 population, may be three times average. 

More than 6000 population, twice average demand. 

For peak hour demand use twice the average demand. 

d. Losses. For leakage, breakage and unaccounted losses, 

provide 15% additional over the demand in the source and 

treatment facilities requirement. 

e. Well requirement: 

(1) Stage I - 50 %. 

(2) Stage II - Total. The total yield is equal to the 

daily demand of water in approximately 16 hours. 

f. Storage requirement: 

(1) Stage I -- 50% of 50% of average daily requirement. 

(2) Stage II -- Total, complete to 50% of average daily 

requirement. 

(3) Storage may consist of ground storage (2/3) with high 

lift pumps and elevated tank storage (1/3) floating 

on the distribution system. 

g. Water main sizes: 

Peak domestic demand or two times the average demand. 

h. Design pressure: Minimum 20 psi, maximum 60 psi. 
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i. Pump stations: 

(1) Pump capacity: Surface supply. 

Provide for break downs and repair to pump and purifi- 

cation units by installing at least one reserve unit 

to give the following capacities: 

Low lift two times average daily demand. 

High lift three times average daily demand. 

Fifty per cent of pumping capacity shall be 

diesel driven. 

(2) Deep well pumps: 

Pumping hours not to exceed 16 per day. 

In case two wells are used, one shall be equipped 

with a diesel driven engine. 

The aggregate capacity of deep well pumps diesel 

driven shall be at least 50 per cent of the to- 

tal required well pump capacity. 

Dual driven pumps may be required. 

(3) Structures: 

(a) Substructure -- reinforced concrete. 

(b) Superstructure -- Noncombustible, reinforced 

concrete, brick, concrete or tile block or 

masonry. 

(c) Roof - steel frame and tin roof or reinforced 
concrete slab construction. 

(4) Filtration plants: 

(a) Capacity - average maximum daily demand on basis 

` 

' 
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of 24 hours operation, plus one standby unit 

reserved for repair and cleaning. 

(b) Settling tanks -- maximum velocity 1.0 ft. per 

minute, preferably 0.1 ft. per minute. 

Detention period not less than four hours for 

plain filtration and two hours for water to be 

softened. 

(c) Rate of slow sand filters -- 5 mgd per acre area. 

(d) Rapid sand filters -- 2 gals. per sq. foot per 

minute. 

(e) Clear well capacity -- 6 hours average demand. 

(f) Phase I -- 50% of ultimate maximum average demand. 

(g) Provide for expansion to ultimate demand. 

(h) Piping and controls for ultimate demand. 

10. Design mat:od: 

a. Hardy Cross calculation method for distribution system. 

b. Snow static pressure at control points. 

c. Show pressure during peak flow period and line quantity. 

d. Show pressure during average flow period and line quantity. 

e. Make pressure contour map. 

f. Use standard calculation charts. 

g. Keep all design sheets on calculation pad; do not recopy. 
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The cumulative demand curve A..B is plotted from 

Typical Consumption Diagram by "Davis ". 

The hours of pumping are assumed to be from 6 AM to 10 PM. 

The straight line ABC is the accumulative pumping capacity line 

drawn from 6 AM to 10 PM. This line indicates the total flow for 

the day. The slope of line A..0 represents the rate of pumping. 

The vertical distance between the intersection of line A..0 with 

ordinate at 10 PM to line AC1B represents the required capacity 

of the reservoir, the quantity being the difference of readings 

shown on the left hand scale. 
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Friction Losses in Pipe 

According to Shaw and Loomis (1951) the Hazen -Williams formula 

has been the most widely used of the many empirical formulas for 

friction losses in pipes carrying water. in a convenient form it 

(100 }1.85 85 
reads: F = .2083 (c ) 

in which F = friction head in feet of liquid per 100 feet of pipe. 

d = inside diameter of pipe in inches. 

q = flow in gallons per minute 

c = constant accounting for surface roughness. 

The formula gives accurate values only when the kinematic vis- 

cosity of the liquid, in the case of water, is at about 60° F. The 

viscosity of the water varies with the temperature. The quantities 

as shown on Figures 10 through 13 are subject to this error which 

may increase the friction loss as much as 20 per cent at 32° F. and 

decrease it as much as 20 per cent at 212° F. Inasmuch as a chart 

can not be plotted as accurately as in a table form, the results may 

vary somewhat but will be accurate within the scopo of this purpose. 

The commonly used values of "cry for the most universally used 

type of pipe material are given below: 

Cement asbestos 140 

Bitumastic enamel lined iron or steel 140 

Cement lined iron or steel 140 

Copper, brass, lead, tin or glass 140 

Wood stave 130 

Welded and seamless steel 100 

' 
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Wrought iron 100 

Cast iron 100 

Concrete 100 

Riveted steel 100 

Vitrified clay 100 

Corrugated steel 60 

To convert the results of friction losses in the charts from 

c = 100 to those listed above, the following multipliers are to be 

applied to correct the charts: 

Value of "c" 140 130 100 60 

Multiplier .47 .62 1.0 2.57 

To convert the results of "q" gallons per minute in the charts, 

multiply the results by the value "c" in per cent. 

Figures 10 through 13, Pipe Size Selection Charts, are in- 

cluded for a quick estimate on pipe size requirements to meet the 

designer's needs on calculating residual pressures. 

Table IV, Relative Capacity and Friction Losses through Pipes, 

is included to alert the designer in the number of smaller pipe 

lines required to equal the same flow and friction loss of the 

larger pipe; also the lower figure in each square gives the pro- 

portion of friction loss of the larger pipe to the intersecting 

smaller pipe. 

Figure 14 (Seelye, 1946) is included as a nomograph to assist 

the designer in estimating any two values (flow, diameter, head loss, 

velocity) when the other two values are given. 

' 

. 

, 
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Chart 1, Water Design Data, in both reproducible and fixed form 

is included as an example to aid the designer in calculating re- 

sidual pressures in a pipe line system. 

Chart II, Water Distribution Calculation Sheet, also in both 

reproducible and fixed form is included for the convenience of the 

designer. 



-
-
y
 

' 
U

 ' I 
_ 

200 

150 

100 

50 

0 5 

Velocity Ft / I 

Sec. 
10 

i 

c. 

a. 

°` 

c 2 

ei, 

J`/ 

Pr 
A d, 

\\i 

2 

Zo 

e 

g5 / Irr \I 
\e 

pin- .' \4 L°S , 

a 
i e i ' °ss of H d 

Head 
10 20 I 30 

Loss Ft /1 oo 
I 40 50 60 

Figure Zp. Pipe size selection chart No. 1 

1" to 2" I.D. C = 100 

0 

, ,1 

c 
j 

U 
{ 

. 

, 

i 



G
al

 /M
in

 
in

 
hu

ñ [ 
Fl

ow
 

U
. 

ST
. 

i
 

10 

9 

8 

7 

6 

5 

4 

3 

2 

o 

191 

0 5 I 

Velocity 
1 

Ft /Sec 
I 10 

,Z 
Ok J J 

. ° : 
co 

IrAr Alli 

A ok 

a. 

O 

PAIMAir 

IIV 
r . 

oss 

oe 

o i 

e\ 

d. 

EPIAPIMPP- 
IIMEMIloo,0 
/ / LOSS ss of Nd 

/ , Head 
5 

Loss Ft /ioo 
I I 10 

Figure 11. Pipe size selection chart No. 2 

3" to 6" I. D. C 100 

_ 

I 

ò 
/ 

, 

11111 



G
a
 /
!
 M
 

l
 

i
n
 

f
h
o
i
s
o
n
d
s
 

10 

5 

o 

1 

0 5 

Velocity 
I 

Ft/Sec. 
I l0 

v 
A 

ó 

\°` 

5 
A. 

os, 

4 

A 

, 5 O 

,a 

At: 2 .\, ` Ar . 

Ì // Head Loss 000"-- 

/ 
Ft /ioo 

a L , 
lo 

ss °f Nd 
ve . 

- 

Figure 12. Pipe size selection chart No. 3 

8" to 16" I. D. C . 100 

-2'a. 

.i 
= 

J ó 
`° 

5 

/ , 
'' °5% 

Nd 

,. 

I / 
,o 

. 

/ 

: 

ß, 

I 

r 



tó
 1 

/M
 i 

t 
U

.S
. 

G
al

 
_ 

I 
I 

i
n
 

20 

15 

IO 

5 

1 

0 

Velocity 

r 
Ft/S% 

0 

Peb- f 
ill 
A 

A 
0 %/11 s -z-A di 

11 0 A4111 /WAil 
IIIMM EMMA MI MIA 
1.111% ill FA ,A ME OM 

AVA iiilli -AN 

LII 
WIAMMEll WM 
ME WA 

MIA 
EWA M. M 

II MOM 
MLA AAA 

MIMI 
II/ MK= 
If EMEME "Pr 
Ad 

rir HI Loss Ft /W° 
Figure 13. Pipe size selection ohart No. 4 

18" to 24" I. D. C . 100 

o 

5 I 

io 

E 
- 

. 



194 

TABLE IV. RELATIVE CAPACITY AND FRICTION LOSSES THROUGH 
PIPES 

3/4 
GALV 

I 

GALV 

11/4 
GALV 

11/2 

GALV 

2 

GALV 

21/2 
G A L V 

3 
GALV 

3 

C I . 

4 
GALV 

4 
C. I. 

6 
C. I . 

8 
C. I. 

IO 
C. I. 

12 

C. 1. 

14 

C. I. 

16 

C. I. 

18 

C. I. 

1/2 

GALV 

2.09 
.25 .078 .021 

3.95 8. I 12.2 

.01 
3/4 

GALV 

1.89 
.31 

3.88 
.08 

5.84 
.04.011 

11.2 

I 

GALV 

2.06 
.26 

3.08 
.124 

6.0 
.036 

9.5 
.016 

16.7 
.005 

11/4 
GALV 

1.49 

.47 

2.88 
.14 

4.6 
.058 

8.2 
.021 

9.9 
.014 

11/2 

GALV 

1.93 

.29 
3.09 

.125 

5.45 
.044 

6.6 

.03 
11.2 

.011 

2 

GALV 

1.59 
.42 

2.83 
.145 

3.42 
.10 

5.76 
.038 

6.1 

.034 .005 
17.7 

21/2 

GALV 

1.77 

.347 
2.15 

.24 
3.62 

. 093 

3.85 
.082 

11.2 

.012 

23.6 

.003 

3 
GALV 

MECHANICAL 
JOINT 

1.21 

. 70 
2.08 

. 26 
2.17 

.237 
6.3 

.033 

13.2 

.008 
23.2 

.003 

3 
C.1. 

14 
CIM 

16 
C I M 

18 

C I M 

1.69 
.38 

1.79 

.34 
5.15 
.048 

11.0 
.011 

19.2 

.004 
31.2 
.002 

4 
GALV 

27.538.8 
.002.001 

1,06 

.867.126 
3.06 6.5 

.031 

11.4 

.011 

18.4 

.005 
29.2 
.002 

41.2 
.001 

4 
C. 1. 

25.9 
.002 

37.0 
.001 .001 

49.6 2.88 
.142 

6. I 

.035 

10.8 

.012 

17.4 

.005 
27.5 
.002 

39.0 
.001 

49.6 
.001 

6 

C. I. 

9.6 
.012 

12.7 

.009 
17.2 

.005 

2.12 
.246 

3.72 
.087 

6.0 
.036 

9.6 
.015 

13.5 

.008 
18.2 

.005 
8 

C. I. 

4.23 
.07 

5.95 
.037 

8.1 

.021 

1.75 

.355 
2.84 
.145 

4.5 
.062 

5.98 
.036 

8.63 
.018 

10 

C. 1. 

2.42 
.196 

3.42 
.103 

4.62 
.058 

1.62 

.41 

2.57 
.172 

342 
.103 

4.94 
.053 

12 

C. I. 
1.49 
.48 

2.11 

.253 
2.86 
.143 

1.58 

.43 
2.25 
.224 

3.04 
.127 

14 

C.1. 

1.41 

.523 .298 
1.92 1.32 

. 598 .301 
1.91 

16 

C. I . 

1.36 

.567 

1.35 
.570 

18 

C. I. 
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If any two values are known (flow, diameter, head loss,velocity), 
the other two values can be found by placing a straight -edge on 
the values known and then reading the desired values. 
Example: A and B are known; C and D are required. 
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CHART -z. WATER DATA DESIGN 
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LOCATION 

PROJECT NO. 

DATE 

BY 

CHART _LL. WATER DISTRIBUTION CALCULATION SHEET of 

Loop Element 
Length of 

Pipe 
ft 

Size of 

Pipe 
in 

q. 

gpm 
105 k 

FIRST ADJUSTMENT 

0. 85 
0. 85 

los k q 

/ I h/ q. 

gpm ft 
0.85 

q. 

SECOND ADJUSTMENT THIRD ADJUSTMENT 

0.85 
lo5 k q gpm 

h 

ft 
0. 85 

q. 

0.85 
105 k q. gpm 

h 

ft 
o. 85 

q. 

FINAL VALUES 

0.85 q. 
105 k q gpm 

h 

ft q,. 
q. 

/ ./// ai // 
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Manual of Procedure for Water Supply System 

Plans and specifications for pipe lines snail contain the fol- 

lowing information: 

1. Plan showing: 

a. Existing surface improvements in the immediate vicinity of 

the work, such as pavements, sidewalks, curbs, gutters, etc. 

b. Existing connecting water mains, showing size and kind of 

pipe as "6 -inch cast iron ", "2 -inch wrought iron or steel ". 

c. Existing and proposed connections, such as tees, crosses, 

etc., giving description thus: "install 4 "x4 "x2" tee ", 

"existing 4 "x2" reducing elbow ", etc. 

d. Center line of proposed pipe, indicating by note thereon 

size and material thus: "install 4" cast iron pipe ". 

e. Existing and proposed hydrants, valves and valve boxes, 

check valves, plugs, etc., indicating size and type. 

f. Existing and proposed manholes, valve chambers, etc. 

g. Easement and/or right -of -way lines. 

h. The map scale, North point, and the location and descrip- 

tion of bench mark. 

2. Profile showing: (Note: For the ordinary installation of water 

pipes to serve as distribution mains, it is not required that a 

profile be submitted; but if it is proposed to construct a water 

supply line to deliver water across ground not substantially 

level, either under pump pressure or by gravity, the following 

shall be observed.) 
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a. Existing ground line. 

b. Grade line of center line of pipe. 

c. If a pump pressure line, show: 

(1) Pump discharge pressure head in feet or in pounds 

per square inch. 

(2) Elevation of center line of pipe at pump discharge, 

at all high and low points in the pipe throughout its 

profile, water level in surge chambers and/or water 

tanks, etc. 

(3) Storage reservoir at outlet end of pipeline. 

d. If a gravity line, show: 

(1) Elevation in figures of water level at source, of cen- 

ter line of pipe at all high and low points throughout 

the profile, water level in surge chambers and/or 

storage reservoirs at outlet end of pipe. 

(Note: Never attempt to show relative heights of tanks, 

depth of wells, etc., by dimensions from natural ground as 

such dimensions are meaningless. If relative heights and 

depths are shown by dimension figures, such dimensions must 

be from a known permanent point, such as top of a founda- 

tion, the relation in elevation of which is tied to other 

features of the plan by having its elevation in feet above 

the datum shown upon the plans.) 

e. If evidence exists of the presence of rock or unusual soil 

conditions such as quicksand, show sufficient borings to 

indicate exact conditions of pipe support. 

' 
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Plans and specifications for waterworks structures shall con- 

tain the following information: 

1. Details of footings. 

2. Plan view showing: 

a. Outline of structure. 

b. Materials to be used. 

c. Connecting pipe lines. 

3. Vertical sections of structure. 

Show as many vertical sections as are necessary to indicate wall 

thickness, reinforcing, location of pipes, valves, etc., the 

natural ground line, foundation, covers, ladders, pipe supports, 

winter protection, etc. 

4. Cross sections of structure or its elements as are necessary to 

show features not covered by item 3 above. 

5. Reinforcing steel bending diagram and mechanical details such 

as inside of valves, windmills, pumps, etc., are not required. 

6. Indicate piping details by simple lines, using standard symbols 

and /or notes where possible. Do not show valves, pumps etc. 

7. In perspective on a place drawing. 

8. Elements of structures carrying stress must be designed for the 

conditions, and sufficient details must be shown to establish 

evidence of the structural stability of the proposed work. 

9. Show complete details for unusual construction such as highway, 

railway, stream or ravine crossings, and for siphons, expansion 

devices, etc. 
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Procedure for Recording Testing Capacity of 

Newly Drilled Deep Well 

1. Name of company which drilled the well. 

2. Name of company testing the well. 

3. Names of personnel testing the well. 

4. Description of equipment used to test. 

5. Description of well with boring log; source of information. 

6. Procedure of testing. 

a. Explain method. 

b. Time of starting test, reading and end of test. 

c. Method of measurement of flow; V -notch weir recommended. 

d. Water sampling -- water sample every four hours. 

e. Drawdown record -- hourly. Readings taken until the 

drawdown reaches to a point about 20 meters above the 

bottom of the well. 

f. Note capacity at each hourly reading. 

g. At 20 meters drawdown capacity from bottom, in deep wells, 

adjust discharge to maintain water elevation for a period 

of 72 hours, to determine maximum well capacity. 

h. Rake sketch of well location and sketch testing arrange- 

ment. 

7. Descriptive procedure 

As soon as the developing is completed, the well is ready to 

be tested; but before the test is started, pumping should be done 

for several hours at the maximum capacity of the well or of the 

A 
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testing apparatus. When there is no longer any apparent fluctua- 

tion in the discharge and the drawdown remains constant, a careful 

measurement of the flow should be made and the drawdown below the 

static level noted. The discharge should then be reduced until the 

drawdown below the static level is only four feet. When this level 

has been maintained for about 15 minutes or the drawdown has become 

constant the discharge and drawdown should be measured accurately. 

The discharge should be increased until the drawdown is six feet. 

The operation should be repeated with drawdown intervals of two feet 

until the capacity of the well or testing equipment has again been 

reached. In this way enough readings may be obtained to indicate 

the performance of the well at different lifts. 

The results of the test should then be plotted graphically on 

a chart. The vertical scale represents drawdown in feet, and the 

horizontal scale represents discharge in gallons per minute. The 

rate of increase in flow per foot of drawdown is indicated by the 

general slope of the line connecting the test points plotted on the 

chart; and the extension of the line beyond the last test point 

gives an indication of what may be expected if pumping is continued 

at higher rates. Such extension, however, should be used with eau_ 

tion as the discharge per foot of drawdown may drop off suddenly 

except where wells penetrate deep into the water -bearing material. 

From the test data, a safe and economical lift can be assumed and 

the factors necessary for the design of machinery to fit the well 

can be determined. 
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The discharge may be measured with a suitable weir. The weir 

can be installed in a properly designed box or in the bank of a 

small reservoir constructed for the purpose. Sometimes a length of 

discharge pipe equipped with an end orifice, properly calibrated, is 

used. An approved flow meter, such as is used by pump manufacturers, 

may also be employed. 
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Air Line Method of Determining Depth of Hater Level 

To determine the distance to water in a well, install a 1/4 

inch pipe or copper tube of known length 10 to 20 feet below the low 

pumping level. Make all joints air tight with white lead or piping 

compound. Connect air pump through tire valve and tube to an air gauge. 

Pump air into the line until the indicated air pressure is con. 

stant. This indicates that all the water has been expelled from the 

pipe. The gauge reading shows the pressure 

necessary to support a column of water of a 

height equal to the depth that the pipe is 

submerged. (Figurel5) 

X = depth to water in feet (required) 

Y = length of air line in feet (known) 

Z = air line water pressure (pressure gauge 

reading). This must be in feet of water. 

Should gauge read in pounds. then con- 

vert to feet by multiplying by 2.31 

Z =Y_ Z 

Samples Assume air pipe is 100 feet long 

from center of gauge to bottom end of pipe; 

also, that the highest gauge reading is 20 lbs. 

Then, Y = 100 feet 

Z = 20 z 2.31 = 46.2 feet 

Z = Y.- Z = 100 - 46.2 = 53.8 feet. 

the depth of water in the well. 

Figure 15. 

' 
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Pump Characteristic and Well Capacity Test 

Valve Installed on the Discharge Pipe 

1. Install pressure gauge on pump discharge pipe. 

2. Start pump and run at normal operating speed (note speed). 

3. Install weir in discharge ditch. 

4. Close discharge valve. 

5. Take pressure reading at no discharge. 

6. Continue taking pump discharge pressure, weir readings and 

engine speed at various valve openings, probably at intervals 

of one turn of the valve. 

7. Note drawdown at each reading. 

Valve Pressure Weir Height Engine Rev. Time 

Closed 

1/4 turn open 

1/2 turn open 

3/4 turn open 

1 turn open 

Continue 

Cpen 

. 



CHART III. PUMP CHARACTERISTIC AND WELL CAPACITY CHART 

Location 

Deep Well No. Pump and Engine Test 

Date 
By 

Size of 
Constriction 

Pipe 

Pressure Depth of 
water over 
900 V weir 

GPM 
calcu- 
lated 

Engine 

RPM 

Pressure 
Head 
Ft. 

Water 
Depth 
Ft. 

Time Notes 

Kg/cm2 # /sq.in. 

í 

ó 
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I. DEVELOPMENT TEST II. CAPACITY TEST 
24 -Hr. Multiple Step 
Drawdown 

1. Method of pumping 

2. Hours of pumping 

3. Discharge rate 

4. Water appearance: 
a. At start 

b. At the end 

III. Operation Test 
Test of Permanent Equipment 

1. Discharge 

2. Depth to water level: 
a. By tape 

1. Water level before start of 
test 

2. First step: 
a. Discharge 

b. Time to reach stable 
condition 

c. Drawdown 

3. Second: 
a. Discharge 

b. Time to reach stable 
condition 

c. Drawdown 

4. Third: 

a. 

b. 

c. 

b. By air gauge 
Length of airline 5. Fourth: 

Max. gauge reading a. 

b. 

c. Other c. 

3. Drawdown 6. Fifth: 
a. 

4. RPM of motor b. 

c. 

5. RPM of pump 
7. Sixth: 

6. Time to reach stable a. 

condition b. 

c. 

7. Water table recovery time 
after stopping the pump 

8. Remarks 

8. Water table recovery time 
after stopping the pump 

. 
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WELL CHARACTERISTICS PERMANENT EQUIPMENT 

1. Name of well 1. Motor type 

2. Owner of well 

3. Location: 
a, Distance to nearest 

town 
b. Direction to nearest 

town 
c. Altitude 

2. Engine or motor make 

3. HP or KW 

4. Phase 

5. Voltage 

6. RPM 
4. Date drilled 

7. Pump: 

5. Driller a. Type 

6. Total depth b. Make 

7. Measured depth to water level: c. HP or KW 

a. By tape d. Capacity 

b. By air gauge: 
Length of airline 
Max. gauge reading, 

e. Total head 

f. RPM 

c. Other g. Length of column 

8. Casing size (s) h. Size of column 

9. Casing length i. Number of bowls 

10. Total casing length j. Length of set of 
bowls 

11. Perforations: 
a. Width k. Depth to intake of 

b. Length 

c. Number per meter 

d. Spacing 

e. Total length of perforated 
casing 

12. Remarks 

pump 

8. Remarks 



RECORD OF WELL OPERATION 
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Date 
Hours 
per day 

; Fuel oil 
+ Liters 
per day 

lit. 

Lub. oil 

Liters 
per day 
@ lit 

Yield 
in 

Liters 

Draw- 
down in 
Meters 

Repairs 
and 

Parts 

Remarks 

@ 
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EXHIBIT U 

RESUBMISSION 

PHASE I REPORT 
RAMHORMOZ WATER SUPPLY 

December 1957 

Purpose of Resubmission 

The Phase I Report of the Ramhormoz water supply project, origi- 
nally submitted on December 5, 1956, is being resubmitted because con- 
clusive geological information disclosed that the specified deep well 
water source was salty and not potable. 

In view of this information a second survey was made to locate 
another water source and to determine the extent of treatment re- 
quired to make it potable. 

A revaluation of the water source is included in the report fol- 
lowing. 

2. Location: Ramhormoz 

Ramhormoz is located in Ostan 6. Although it is situated 85 kil- 
ometers east of Ahwas, the capital of Khuzistan, it is 150 kilometers 
by road. Geographically it is located at latitude 31°161 north and 
longitude 490371 east of Greenwich Meridian. 

The elevation averages 300 meters above sea level. The climate is 
semi -tropical. 

The city is located about 40 kilometers from the two main central 
oil wells of the Iranian Oil Co., namely Aghajari and Haftgel. 

The people in and near the city are agrarian in occupation, raising 
oranges, limes, dates, rice, and vegetables for the outside market. 
The income to the city is very moderate. 

3. Description of Work 

This project consists of the furnishing (except as qualified here- 
in) and installation of a potable water supply and distribution system 
for the city of Ramhormoz. 

Following is a brief list of the various components of the water 
supply system: 

a. Development of diversion point of the water source, 

x. 



b. Settling basin, 
c. Gravity supply line, 
d. Treatment plant and pumping station, 
e. Distribution system with appurtenances, 
f. Elevated storage tank. 

4. Existing Facilities 

The present water supply source for the city of Ramhormoz is both 
the Zardrood river and numerous shallow wells located within the city. 
The river water is preferred by the city residents. Water from the 
shallow wells, from 8 to 20 meters deep, is not used for drinking as 
it is salty and hard. The people claim it gives them indigestion. 

The river water is diverted from the Zardrood river into a large 
canal about 8 kilometers from the center of the city. At a distance of 
6 kilometers from the city center the canal is branched off into three 
supplies, two branches to two villages near Ramhormoz and two branches 
to Ramhormoz city supply. This water source serves all of the irriga- 
tion and drinking water requirements of the city and its environs, ex- 
cept that which is used from the shallow wells. 

The water is conveyed through joobs (open ditches) within the 
city. The continuous use of the joob water causes it to be highly pol- 
luted at the lower part of the city. Due to the highly polluted and 
contaminated water the inhabitants are generally sickly. Many of the 
people have trachoma and other eye diseases which cause the high inci- 
dence of blindness. 

The city has attempted on numerous occasions to construct a water 
supply system; however, the plans made by other agencies were apparently 
too costly since the source selected was at a more or less inaccessible 
location. The intake selected for these schemes was on the Zardroom 
river about 10 kilometers from the city. 

There is no pipe distribution system in the city. The Alnici- 
pality has purchased through Point Four 5,000 meters of 150 mm (6 inch) 
steel pipe for the city water system. The value of the pipe is: 

5,000 meters - 150 mm. steel pipe Rls. 2,327,000 
Transport to Ramhormoz - 250 Km. tt 475,000 

Total value of pipe Rls. 2,802,000 

The value of the canal from the river divergence to village 
branch location is estimated as follows: Canal size: 4 meters wide 
by 3 meters deep, and 2000 meters long. The city uses 50% of the canal 
capacity, therefore the value of this facility to the city is estimated 
at 50% of the value of the canal or Rs. 800,000 

Total value of existing facilities is Rls. 3,602,000 

I 

' 
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A copy of the chemical analysis of the water samples taken in the 
Zardrood river, the canal from the Zardrood river, and the water from 
the shallow wells (20 meters deep) follows herein: 

Also enclosed are copies of two previous chemical tests by another 
laboratory and a bacteriological report by Dr. W. De Graaf, Consultant 
Pathologist of the N. 1.0. C. at Abadan, regarding the type of water 
treatment necessary. 

Translation: 327, October 21, 1957 

Report on result of chemical analysis of water sample labeled 
"Ramhormoz - Zarand River Stream ". 

Number of samples: Two bottles. 
Date sample was received: 8 October 1957 
Date of chemical analysis: 9 October 1957 

Result of chemical analysis: 

pH 7.57 
Hardness of mud (EDTA) 791 mg/1 CO3Ca 
Alkalinity with respect to 

phenolphthalein - mg/1 CO3Ca 
Alkalinity with respect to methyl orange 109 mg/1 CO3Ca 
Chlorides 226 mg/1 Cl 
Calcium 218 mg/1 Ca 
Magnesium 38.6 mg/1 Mg 
Sulphates 186 mg/1 SO4 
Nitrates - mg/1 NO3 
Sodium 88.8 mg/1 Na 

Total of dissolved substances dried at 180° C. -- 1346 mg /1. 

Report on result of chemical analysis of water sample labeled 
"Zarand river near diverging point ". 

Number of samples: Two bottles. 
Date sample was received: 8 October 1951 
Date of chemical analysis: 9 October 1957 

Result of chemical analysis: 

pH 7.66 
Hardness of mud (EDTA) 691 mg/1 CO3Ca 
Alkalinity with respect to 

phenolphthalein - mg /1 C Ca 
Alkalinity with respect to methyl orange 109 mg/1 CO3Ca 
Chlorides 226 mg/1 Cl 
Calcium 218 mg/1 Ca 
Magnesium 38.6 mg/1 ig 
Sulphates 197 mg /1 SC4 

No. 

. 

ti 



Nitrates 
Sodium 

0.21 mg/1 A.o3 

67 mg/1 Ea 
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Total of dissolved substances dried at 180° C. -- 1360 mg/liter. 

Report on result of analysis of water sample labeled 

"Ramhormoz -- shallow well of Agricultural School ". 

Number of samples: Two bottles 
Date sample was received: 8 October 1957 

Date of chemical analysis: 9 October 1957 

Result of chemical analysis: 

pH 7.96 
Hardness of mud (EDTA) 1036 mg/1 CO3Ca 

Alkalinity with respect to phenolphthalein - mg/1 CO3Ca 

Alkalinity with respect to methyl orange 220 mg/1 CO3Ca 

Chlorides 330 mg/1 Cl 
Calcium 328 mg/1 Ca 
Magnesium 61.2 mg/1 ilg 

Sulphates 200 mg/1 SC4 
Nitrates 0.54 mg/1 NO3 
Sodium 114 mg/1 Na 

Total of dissolved substances dried at 180° C.-- 2002 mg/liter. 

Translation: No. 7872, July 29, 1956 

From: Tehran Water Supply Organization 
Subject: Chemical Analysis of Four Water Samples 

In reply to letter dated July 14, 1956, enclosed please find the 
result of chemical analysis of four samples of water of the river and 
deep well in Ramhormoz. 

Chemical analysis of water labeled "Well water 16 meters deep ". 
Date received: July 7, 1956 
Date analyzed: July 8, 1956 

One bottle: 12 ppm Co3Ca 
84 ppm C C 

616 ppm Cc5Ca 
215 ppm Cl 

81.144 ppm Ca 

We also received one bottle labeled "Well water 16 m. deep ". We could 

not analyze it as the content was mixed with dark blue ink. However, 
the sample analysis showed dark blue ink sediment and the figures ob- 
tained are scientifically unimportant. Sgd: Laboratory in Charge. 

. 

. 

. 
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To: Manager, Petroleum Division, 
M.I.S. 

Object of Water Analysis 

To analyze and report on a sample of water collected from river 
five kilometers from Ramhormoz. 
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Fields Chemical Laboratory 
Mas jid_I- Sulaiman 
November 20, 1954 

A/W/4/218 
FCL. 684 

pH value 
Sp. Gravity 60° F 
Total solids dried at 105°C 
Total solids dried at 160 °C 
Silica 
Iron 

Calcium 
Magnesium 
Sodium 
Sulphate 
Chloride 
Carbonate 

Total 

Probable Composition 

Silica 
CaCO,3 

CaS 014 

MgS 
P4a2S 

EaCl 
Total 

Total hardness as CaCO 
Temporary hardness 
Permanent hardness 

7.9 
1.005 

1050 ppm 
1020 ppm 
Trace 
Nil 

190 

58 
144 
413 

170 

107 

ppm 

PPm 
ppm 

PPm 
PPm 
ppm 
ppm 
ppm 

ppm 

Trace 
120 
257 

286 
104 
280 

1047 

ppm 

PPm 
ppm 
ppm 

PPm 
ppm 
ppm 

58 
120 
428 

ppm 
ppm 
ppm 

Sgd: S. Mustoufi 
Fields Chemist 

' 
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Date: Abadan, 24 October 
Your Ref.: 29 September 

From: Rational Iranian Cil Co. 

To: rr. Tim de Jong 
Avenue Villa - Arak, Tehran 

Dear Sir: 

Due to my absence on leave I am somewhat late in answering your 
letter of the 29th of September. 

Tests of the three water samples bacteriologically showed a very 
high colony count (over 1,000,000 per cc of water). The coli count 
was also very high, indicating a contamination with human faeces. 
We found some living protozoa but did not find any flukes; but it is 
very unlikely that we would find any in such a small sample. 

About the question of treatment, this depends mostly on the amount 
of money available and a few other questions such as: 

1. Are you going to use it permanently or temporarily? 
2. Are you going to use it for drinking water only? 
3. What quantity do you need per day? 
4. Have you any water purification plant available? 

The most simple way of treating small quantities of this water 
to make it potable is to boil it and make tea of it. For bigger 
quantities I would recommend a British Army Type Patterson water 
treatment (sedimentation and chlorination). For a permanent instal- 
lation you would need a clarification followed by chlorination up to 
a quantity of one part per million. Chlorination without purifica- 
tion (by sedimentation) is of no use because of the high content of 
organic material in these samples. Regarding the question of the 
flukes, I would advise you to contact the institute of Parasitology 
of the University of Tehran. These people made a survey in Khuzistan 
and have a map with the places and the percentage of infected people. 
It is rather common in this area. 

Sincerely yours, 

Dr. W. De Graaf 
Consultant Pathologist, 

Abadan 

i 

, 

, 
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Memorandum 
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September 4, 1957 

Subject: Geological Information obtained from Engineer Mostofi for 
the City of Ramhormoz 

The City of Ramhormoz is located on flood area and is approxi- 
mately 510 feet above sea level. It is believed that in this flood 

area no water can be found unless the drilling is continued to such 
depth that it will reach to the Fars Boundary formation, which is re- 

cent alluvium formation and where water is available. 

On the west side of the city there is an area of river alluvium 
formation; in this area it could be reached to water approximately 
18 to 20 meter depths but this water is salty. From this first 

aquifer down it is hard clay formation approximately up to 100 meters 
depth. The water at this depth is also believed to be salty. 

Dr. Yaganegi Institute has drilled a well in the city of Sar 
Bandar approximately 300 km. west of Ramhormoz. The elevation of 
this city is 300 meters above sea level. The first aquifer was 

reached at a depth of 50 meters. The water was salty from that depth 
down to 122 meters. The formation is composed of a hard clay layer; 

at the 122 -meter depth they encountered a 4 -meter thick sand layer. 
The water was much saltier than in the first aquifer. Drilling was 
continued up to 132 meters depth and it was found that the deeper 

they drilled the saltier the water became. It is worthy to mention 
that Kampsax has tested the water at different aquifers in this well 

and the final results were that this well could not be utilized for 

the purpose that they wanted. 
Sgd: 

5. Project Analysis 

The selection of the river water source was made after the geo- 

logical report by hr. A. Mostofi indicated that in all probability 
the ground water source would be salty. A copy of the geological re- 
port and sketch are included in the body of this report. 

In accordance with a directive from Plan Organization, the proj- 
ect is designed to be constructed in two stages to conform to the wa- 

ter demand of 75 liters per capita per day (20 gpcd) for the source 

development and storage requirement, and 13Z liters per capita per 
day (40 gpcd) for the supply and distribution system. The second 

stage is to provide the additional 20 gpcd in the source development 

and storage requirement. 

ham 
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The Zardrood river was selected for the water source. The water 
is to be diverted from an existing canal and proportioned to the 
various villages at a diversion structure. 

The water for Ramhormoz will be conveyed into a plain sedimenta- 
tion basin to remove the bulk of the suspended material. An asbestos 
cement gravity supply line will convey the settled water into a clear 
well at the location of the treatment plant. A pumping plant in the 
treatment plant building will lift the water from the clear well and 
pump it through pressure filters and, after chlorination, into the 
city treated-water supply line to the distribution system and elevated 
storage tank. The elevated tank will float on the distribution system. 

The distribution system is laid out in three closed loops. A 
change in the previous pattern for the distribution system, from a 
grid system to a closed loop system, was made as the previous grid 
system was proposed in the future street pattern, and this construc- 
tion is just beginning. There will be little water requirement for 
several years along the new streets when they are completed. The 
present loop system will provide water to the most heavily populated 
areas and give a more thorough distribution to the points of high de- 
mand. In the future, new connecting mains may be laid along the pro- 
posed streets as required and as shown on Dwg. 802. 

The extent of work required for the total project is: 

a. One canal diversion structure -- Stage 
b. One plain settling basin -- Stage I 

c. Gravity asbestos cement pipeline -- 150 mm, 3610 meters -- Stage I 
d. Treatment plant and pump station, as listed, Stages I and II 

(1) One clear well -- Stage I 

(2) Two centrifugal pumps -- Stage I -- Each 150 gpm or 9.5 1 /sec 
145 ft. or 44 m. head 

(3) One centrifugal pump -- Stage II -- 300 gpm or 19 lit /sec 
145 ft. or 44 m. head 

(4) Two diesel engines -- Stage I -- Each 10 HP, 1200 RPM 
(5) One diesel engine -_ Stage II -- 20 HP, 1200 RPM 
(6) One centrifugal pump -- Stage I -- 850 gpm or 54 lit /sec 

60 ft. or 19 m. head 
(7) One diesel engine -- Stage I -- 27 HP, 1200 RPM 
(8) Two pressure filters -- Stage I -- Each capacity 170 gpm 

or 11 liters per second 
(9) One hypochlorinator -- Stage I 

(10) One backwash tank -- Stage I 

(11) One pump house -- Stage I 

e. Distribution system -- Stage I 

f. Elevated Storage Tank -- Stage I 

g. 23 drinking fountains -- Stage I 

h. Six wash platforms -- Stage I 

-- 12.4 m. x 12.4 m. 

-- 150 Cu. meters, 
15 meters high 

. 

. 

I 
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6. Design Criteria 

a. Population. The present population in accordance with 

the census report by the Bureau of Statistics is 7254. For de- 

sign purposes a design factor of 1.25 has been selected to give a 

total design population of 9067. 

b. Water Requirement. The ultimate average daily demand 

has been taken for design purposes at 150 liters per capita per 

day (40 gpcd) for the supply line and distribution system. 

The present average daily demand has been taken for de- 

sign purposes at 75 liters per capita per day (20 gpcd) for the 

treatment plant and elevated storage tank requirement. Provisions 

are made so that the system may be increased to 150 1ped (40 gpcd) 

for Stage II construction. 

The average daily demand is 1374 cubic meters per day 

or 252 gpm or 16 liters per second. 

The pump must provide the average demand plus 20% addi- 

tional for waste, cleaning, leakage, etc.; therefore, the ultimate 

average daily demand is 252 x 120% = 300 gpm or 19 liters per 

second. 

The present average daily demand is 687 + (687 x 20%) _ 

824 cubic meters per day or 150 gallons per minute or 9.5 liters 

per second. 

The peak demand is estimated at 200% of the average 

daily requirement. 

c. Diversion Structure. The diversion structure is de- 

signed to provide the present total flow of 242 cubic feet per 

second (6854 liters per second) to each of the two villages and 

the city of Ramhormoz. Gates are provided to control the required 

amount as needed by each village. There are two gates for the 

city of Ramhormoz. One is to provide control of water for irriga- 

tion and the other gate is to control the water for the potable 

water system. The overflow from the potable water supply will 

be bypassed into the irrigation canal of the city. 

The structure will support the deck of a bridge to 

cross the canal if required at a later date. 

d. Settling Basin. The settling basin is to be constructed of 

rubble stone masonry. The excavation below the clay line is gravel 

which precludes the possibility of constructing it as an open earth 

pit. 

.. 
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The size of storage above the invert of the outlet pipe is 
for one day ultimate demand period. The retention period under proper 
gate opening adjustment is one day. Calculated from the amount of 

turbidity in the raw water, the sediment capacity is 476 cubic meters 
which will permit continuous operation without drainage for a period 
of 180 days. The drain and sediment removal may be throttled to per- 
mit continuous removal of the sediment. 

Baffles are provided to reduce cross currents and excessive 

velocities within the basin which would tend to prevent settling. 

An overflow is provided to prevent damage in event of a too 

large sluice gate opening and to remove the floating material not sub- 
ject to settling. 

The supply pipe is located in the zone of greatest clarity 

of the raw water. 

e. Raw Water Supply Line. The raw water supply line from the 
diversion structure to the treatment plant site is to be asbestos 

cement. This type of pipe was selected because it has a higher car- 

rying capacity, C being 140, and because the cost is less for material 

and construction. The clay type soil is adaptable for this type of 

pipe. Heavy traffic loads are not anticipated over the area where 

this pipe is 1 Id. 

The slope of the ground is .0077 which will permit suffi- 
cient flow through a 6" gravity asbestos cement pipe line to supply 
the average ultimate demand to the treatment plant site. 

f. Treatment Plant. The treatment plant is located near the 

populated environs of Ramhormoz. It is located along a well- traveled 

road which permits ready access for maintenance and operation. 

A clear well is to be constructed in an old clay pit. This 
will store the difference in demand from average to peak and provide 

additional storage in event of a canal break to the diversion struc- 

ture. 

The treatment facilities will consist of two pressure fil- 
ters for a capacity of 170 gpm each at a 2 gpm per square foot fil- 
ter rate. The filters will be backwashed by an 850 gpm diesel -driven 
centrifugal pump, at a maximum pressure of 20 psi. The reservoir for 

the backwash water for the pump will be a treated -water clear well ad- 

joining the raw -water clear well. The backwash water will be dis- 

charged into a joob adjoining the plant and will be used for irrigation 

purposes. 

Two 150 gpm centrifugal pumps will pump the water from the 

raw -water clear well through the filters to the distribution system 

} 
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and elevated storage tank. the pressure filter and two 150 gpm cen- 

trifugal pumps are to be constructed in Stage 1. In Stage II the 

second filter is to be installed with another centrifugal pump and 

diesel engine for 300 gpm capacity. All distribution pumps will be 

designed to provide a minimum of 20 psi in the distribution system or 

a total of 44 meters (144 feet) head including filter losses of 5 psi 

and suction head. 

Disinfection of the water is provided by the installation of 

a hypochlorinator located within the treatment plant. 

g. Treated Water Supply Line and Distribution System. 

The treated water supply line and distribution system will consist of 

150 mm (6 inch) steel pipe line which has been purchased by the Mu- 

nicipality of Ramhormoz and is stored in the city warehouse. 

The steel pipe line is standard weight black iron with 

threaded ends. The pipe is to be cleaned and asphalt painted or 

wrapped before laying to prevent corrosion. 

Push -button drinking fountains are provided for water points. 

Six wash -water platforms are also provided to give people space for 

washing clothes. These platforms have been requested by municipal 

officials. The wash water , which is soapy, is to be discharged into 

dry wells. The present joobs are to be used for irrigation and 

drainage only. 

The Williams and Hazen formula with a roughness factor of 

100 is used to determine pipe friction losses for the steel pipe line. 

The minimum pressure in the system, except immediately ad- 

joining the elevated tank site, is 20 pounds per square inch. 

h. Storage. The estimated storage requirement is determined 

from the mass diagram of storage. The cumulative demand curve is 

plotted from typical consumption diagram by Davis. A copy of the cu. 

mulative demand diagram and the Typical Consumption Curve for water 

supply systems are enclosed herewith. The required storage as shown 
by the curve is 150 cubic meters. The height of the elevated storage 

tank is 15 meters to give a minimum pressure of 20 psi in the distri- 

bution system. 

i. Treatment Plant Building. The treatment plant building will 

house the filters, all pumping equipment and chlorination facilities. 

- - - 
1 
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7. Outline Specifications 

a. Diversion Structure 

Reinforced concrete - C/220 
Cast steel gates -- Calco, Glenfield or equal 
Rectangular single -faced sluice gate (36" x 54 

b. Settling Basin 

Rubble stone laid with 1:3 cement -sand mortar and pointed 
with cement mortar. 

c. Raw Water Supply Line 

Asbestos cement pipe -- International Standard Class B 

d. Treatment Plant 

(1) Clear wells and wash well 

(a) Walls: Rubble stone laid with 1:3 cement -sand 
mortar and pointed with cement mortar 

(b) Bottom: 15 cm C/130 concrete on gravel fill 
(c) Copings: Precast concrete C /130 

(2) Pumping equipment 

Horizontal split case centrifugal pumps with coupling 
for direct connection engine 

Two 150 gpm 145 feet head 
One 300 gpm 145 feet head 
One 850 gpm 60 feet head 
One hand -operating sludge pump 

(3) Power 

Two diesels 10 HP 1200 RPM each 
One diesel 20 HP 1200 RPM 
One diesel 27 HP 1200 RPM 

(4) Pressure filters 

Horizontal pressure filter to withstand a working 
pressure of 100 pounds per square inch, complete with 
all valves and piping, coagulant feeder, gauges, man- 
holes. Filters are 8 feet in diameter and 12 feet long. 

t 
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(5) Chlorination 

One hypoohlorinator, belt -driven manual control, 
type HBDM, Wallace Tiernan or equal 

(6) Piping 

Standard steel pipe, flange connected 

(7) Building structure 

Foundation: 
Walls: 

Roof: 

Floor: 
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Rubble stone with 1 :3 cement -sand mortar 

Brick work laid with 1 :3 cement -sand 
mortar and pointed with cement mortar 
Steel beams and jack arches pointed with 
cement mortar supported on exterior walls 

and interior steel columns 
15 cm. thick plain concrete, Class C /130, 

on gravel fill 
Doors and windows: Wood 

Hardware: Black steel 

(8) Distribution system 

Pipe: Standard steel pipe; screwed ends, asphalt 
pointed or wrapped 

Fittings: Standard steel 
Drinking fountains: Push -button, Glenfield type or 

equal 

Elevated water tank: 
Foundation -- Reinforced concrete C/350 

over rock base 

Steel tank -- AWWA Specs 1)100 -55 

Columns - Steel 
Pipe and Fittings -- Steel 
Stand pipe -- Steel 
Overflow -- Steel 
Other fittings -- Steel 

Wash platform: 
Platform -- Reinforced concrete C/175 
Dry well -- Stone masonry wall with con- 

crete cover 

8. Construction Stages 

a. Stage I 

(1) Construction of diversion structure 
(2) Construction of settling basin 

-Y 
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(3) Supply and install 3610 meters 6-inch asbestos 
cement gravity flow water pipe line 

(4) Construction of masonry clear well and wash well 
(treatment plant) 

(5) Supply and install the following: 
One pressure filter 8 feet diameter by 12 feet long 

with fittings and chemical coagulant feeder 
One hypochlorinator 
Two horizontal centrifugal pumps, each 150 gpm and 

145 feet head 
Two diesel engines, each 10 HP and 1200 RPM 
Cne horizontal centrifugal pump, 850 gpm and 60 

feet head 
One diesel engine. 27 HP and 1200 RPIi 
One hand operating sludge pump 

(6) Construction of masonry pump station 
(7) Construct pipe line 

Lay 5000 meters of existing 6-inch steel pipe line 
with fittings 

Supply and install 500 meters of 6-inch steel pipe 
line with fittings 

(8) Supply and erect one 150 cubic meter 15 meters high 
elevated steel water tank 

(9) Supply and install 23 push -button drinking fountains 
(10) Supply and install 6 wash platforms with dry wells 

b. Stage II 

(1) Supply and install 
One pressure filter 8 feet diameter by 12 feet long 

with fittings, coagulant feeder and appurtenances 
One horizontal centrifugal pump, 300 gpm and 145 feet 

head 
One diesel engine, 20 HP and 1200 RPM 

(2) Distribution system 

9. Estimates 

a. The estimated cost of Stage I construction (1958) shown 
in Summary is 15,380,072 Rials. 

b. The estimated cost for Stage II construction (1962) shown 
in Summary is 1,720,278 Rials. 

c. Total estimated cost, Stages I and II = 17,100,350 Rials. 
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10. Construction Period 

The estimated construction time for Stage I is 12 months. The 
total estimated time to complete this project is 18 months from the 
date of awarding the contract. 

11. Preliminary Plans (Enclosures herewith) 

a. Geological sketch of Ramhormoz 

b. Typical Consumption Curve 

c. Accumulative Demand Curve 

d. Concrete Proportion Chart 

e. Dwg. 148148 -- 801P - General Plan and Hydraulic Gradient 

f. Dwg. 148W8 -- 802P - Distribution System 

g. Dwg. 148W8 -- 803P - Stream Diversion and Settling Basin 
Plan 

h. Dwg. 148W8 -- 804P - Diversion Structure and Settling 
Basin Details 

i. Dwg. 148W8 805P - Pumping Station and Treatment Plant M 
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RAM RIIMOZ WATER SUPPLY 

PHASE I SUMMARY ESTIMATE 

Stage 1 

1. Stream Diversion M Diversion 
Structure and Settling Basin Rls. 1.325,900 

2. Clear and Wash Water Well Rls. 776,500 

3. Pump House Ris. 588,460 

4. Elevated Steel Tank Rls. 2,000,000 

5. Distribution System Rls. 3,402,000 

6. Mechanical Equipment Rls. 1,722,200 
Total Rls. 9,815,060 

Escalation 20% to 1959 1,963,012 

Total estimated cost of work 
to be done Rls. 11,778,072 

Total estimated value of work done 
and material in hand Ris. 3,602,000 

Total Estimated Stage I Cost Rls. 15,380,072 

Stage II 

Mechanical Equipment Rls. 1,092,240 1. 

Total Rls. 1,092,240 

Escalation 51.5% to 1962 Rls. 628,038 

Total Estimated cost, Stage II 

Construction Ris. 1,720,278 

F 



Dollar /Rial Breakdown of Estimated Cost of Project 

Stage I 

Estimated cost of items requiring 

foreign currency (new work only) 

Estimated cost of work in Rials 

Stage II 

Estimated cost of items requiring 
foreign currency (new work only) 

Dollars Rials 

$22,680 

$18,900 
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13,656,392 

Estimated cost of work in Rials 283,878 

-- - 
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DRAINAGE 

Storm Drainage 

Introduction 

Storm drainage is one of the most important aspects in engineering 

design and construction. Water, under control, is, like air, one of 

the most essential of manes resources; without it life cannot be sus- 

tained. It is given to us mainly through precipitation, or at one time 

its origination was from rain, snow and /or hail. This leads us to the 

forces of nature consummating this resource -- the science called "hy- 

drology". 

Hydrologic Cycle. The movement of water as it relates to the 

earth is called the "hydrologic cycle" (Figurel6). The cycle consists 

of the movement of water (from the sea, for a convenient starting 

point) through the processes of evaporation, transpiration, condensa- 

tion, precipitation, interception, percolation and run -off. Each of 

these water transformation processes may occur in various complicated 

forms. 

When sufficiently heated by solar energy or other means, water in 

a liquid state passes into a gaseous state. This phenomenon is called 

"evaporation ". Atmospheric moisture consists of water vapor, clouds 

or fog. Water vapor is the gaseous state of water and is present in 

the atmosphere because of evaporation processes on land or water sur- 

faces. Clouds and fog are created by the condensation of water vapor 

upon nuclei, such as dust particles, in the atmosphere. 

One of the basic functions in the life processes of vegetation 

III. 
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involves the process of taking water from the soil through the roots, 

utilizing it in producing growth and maintaining life, and then dis- 

charging it through pores into the atmosphere as water vapor. This 

process of returning soil moisture to the atmosphere is called 

"transpiration ". 

As water vapor in the atmosphere is cooled, condensation results; 

and when the resulting water droplets obtain a sufficient size they 

fall as rain. If the raindrops pass through zones of temperature be- 

low freezing, hail results. If condensation occurs at temperatures 

below freezing, snow is formed. If condensation of water vapor takes 

place directly on a surface cooler than the air either dew or frost is 

formed, depending on whether the temperature at which condensation 

occurs is above or below freezing. 

Some precipitation is evaporated during its fall. Some precipi- 

tation is intercepted by vegetation, from which a part is subsequently 

evaporated into the atmosphere. This is called "interception ". 

Of the precipitation that reaches the ground, some infiltrates 

into the ground; some runs off over the surface; and some evaporates 

or is transpired back into the atmosphere. When the rate of precipi- 

tation exceeds the rate at which water may infiltrate into the soil, 

surface run -off occurs. On sloping terrain with a thin soil mantle, 

infiltrated water may return to the surface through lateral movement. 

This is known as "subsurface run- off". 

A portion of the precipitation penetrating the ground surface as 

infiltration will percolate into the ground and eventually reach a 
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level which is completely saturated, called the "ground water table "= 

The ground water body may intersect a stream bed where part of it will 

be returned to a body of surface water. 

That portion of water which is not evaporated from the land or 

transpired from plant life will follow paths of various lengths and 

complexities and finally discharge the water into the sea from which 

the cycle began. 

Estimating Run -off 

The provision for control of storm waters or precipitation run -off 

is based on the maximum possible flow in the particular channel in 

question. Be it a river or stream, canal or ditch, bridge or culvert 

or dip of a street intersection, manhole or storm sewer, storage for 

irrigation or hydropower or for controlling floods downstream, each 

must be properly designed to adequately fulfill the requirements of 

the project purpose. Airport drainage determines the usability of the 

airfield during maximum run -off periods, and it often happens that this 

type of construction is most needed during periods of area inundation 

to facilitate rescue operations. The economic factor in many in.. 

stances dictates the extent of control required to prevent excessive 

damage. In dam construction the entire project is based on long -term 

rainfall records, irrigation capacities, power potential, flood con- 

trol and in the design of civersion structures and spillway capacities. 

For safety these structures are designed to adequately accommodate the 

maximum run -off from a storm of such intensity that it occurs only 

once in 100 years or more. 
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Runoff determinations are difficult to make, and in many cases 

must be an estimate based on the engineer's experience. There are 

numerous run -off formulas, each adaptable to a specific area, each 

essentially correct for this specific area, but each cannot be used 

for all locations. The engineer must be experienced in the selection 

of the formula to be used in order to prevent uneconomical construction . 

or underdesign which may cause considerable loss by failure of a struc- 

ture. 

Records of stream flow measurements show that floods with peak 

discharges of low magnitude occur frequently, and maybe several times 

a year, while peak discharges of high magnitude occur only once in a 

century. It therefore is necessary that a comparison of flood peaks 

and their respective frequencies be made. Hydrologists have developed 

a procedure for analyzing stream flow data which gives the average re- 

currence of a particular peak discharge over a definite period of time 

measured in years. This procedure, when applied to the discharge 

records of a stream, will estimate what is known as a 10.., 25- or 50- 

year discharge. Each is a quantity of flow estimated to occur once in 

that period. 

As mentioned before, it normally may not be economical to design 

for the maximum flood period but provisions must be made to protect 

the structure for this discharge. 

When an engineer is in an area where stream gauging records have 

not been kept for a period of years he may of necessity be required to 

rely on high and low water marks, the reports of local inhabitants and 

the existence of those structures which have survived previous flood 

. 



232 

stages. The type of river bank growth is an indication of the occur- 

rence of water levels. In this instance the size of drainage area, 

the slopes of drainage terrain, the type of terrain and coverage, to- 

gether with probable rainfall records checked with each other, will re- 

suit in an estimated runoff flow. This data must be used with caution 

as the various run -off formulas vary according to the area. The many 

unknown factors affect the estimated run -off. 

Rational Method. The Rational Method of estimating run -off ap- 

parently is most universally applied and recommended by eminent engi- 

neers in drainage practice. This method has come into favor because it 

enables the engineer to apply judgment directly to specific determina- 

tions which are subject to analysis, measurement and estimate. It per- 

mits exercise of logical judgment after an analysis of all local con- 

ditions. 

The Rational Method is based on the direct relationship between 

rainfall and run -off. It is expressed by the equation: Q = C i A, in 

which Q = run -off in cubic feet per second from a given area; C = a co- 

efficient representing the ratio of run -off to rainfall; i = the in. 

tensity of rainfall in inches per hour for the time of concentration; 

A = the drainage area in acres as measured. The value of C must be 

estimated from a study of the soil -- the slope, the condition of the 

surface, the imperviousness of the surface and a consideration of 

probable future changes in the surface within the area. The value of 

"i" to be selected depends upon the curves for the intensity of rain- 

fall platted for the local vicinity and the assumed period of 

} 
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recurrence, as well as the period of concentration required for sur- 

face run -off to flow from the most distant point in the area under 

study to the nearest inlet structure or point of collection. Design 

should be governed by the greatest intensity of rainfall during this 

period of concentration and not by some intensity for a shorter period. 

TABLE V. VALUE OF "C" RUN-OFF COEFFICIENT 

Roof surfaces 0.75 to 0.95 
Roadways (asphalt pavement) 0.80 to 0.95 
Roadways (concrete) 0.70 to 0.90 
Roadways (gravel) 0.35 to 0.70 
Impervious soils 0.40 to 0.65 
Impervious soils (with sod) 0.30 to 0.55 
Slightly pervious soils 0.15 to 0.40 
Slightly pervious soils (with sod) - - 0.10 to 0.30 
Pervious soils 0.05 to 0.20 
Pervious soils (with sod) 0.00 to 0.10 

TABLE VI. TIRE OF CONCENTRATION 

Surface Length in Feet Time in I .nutes 

Pavement 100 to 500 
Bare earth 100 to 500 
Sod earth 100 to 500 
Heavy sod and cover 100 to 600 

3 to 15 
5to25 
8 to 40 

10 to 60 

Where particular drainage areas consist of several types of sur- 

faces, the inlet time of concentration must be determined by adding to- 

gether the time for flow over the length of the several surfaces along 

the path from the most remote point to the inlet. 

The graph of Inlet Time of Concentration (Figure 17) is presented 

for determination of inlet time of concentration for different lengths 

of run -off over variable surfaces. 
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A typical intensity duration graph (Figure 18) is included to per- 

mit estimating the intensity of rainfall "i" in inches per hour. A 

similar graph must be prepared for the vicinity for which run -off is 

to be determined. Records must be obtained in order to compile a graph 

to arrive at the most accurate solution. 

Flow in Open Channels 

The volume of flood flow in open channels may be computed by hy. 

draulic principles. The water course must be surveyed for type of 

channel coefficient, the average slope of the stream bed determined, 

and the average cross sectional area at the location of average slope 

calculated up to high water stage. 

Chezy Formula. The most used formula for determining the flow in 

open channels is by the use of the Chezy formulas Q = CA r s 

in which Q = discharge in cubic feet per second; 

A = cross sectional area of drainage channel up to high 

water level in square feet; 

r = hydraulic radius ( "A" divided by the wetted perimeter 

of cross section in feet); 

s = slope (difference in elevation in feet, divided by 

length in feet); 

C = coefficient of roughness of channel. 

Values of "C" for different types of drainage channels are given 

in text books on hydraulics. For approximate computation the follow- 

ing classifications are helpful: 

Clean earth channels C varies from 60 to 80 

Stony earth channels C varies from 45 to 60 

- - - s .. 

_ - _.- _ _ _ 
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Rough rocky aìsanr+ela . .. . . . C varies from to 

Badly obstructed channels .. . « .. C views from 30 to 45 

The value of "C" iteg also be aerated from ¡utters formula for 

more accurate values. (:rM !'laure 20. Diagram for the Solution of 

ävr'tterrs Formula). 

9 6 í 

Figure 19. Cross Section of Chem.& 

Determining flow through above charnel: 

Equivalent waterway area g x x; 
2 +,t6 x 5) + 2 = 

95 sg. ft. 

Wetted perimeter .r.. 10.3 + 6 + 15.F * 32.1 feet 

4draulic radius ... - se 2.96 feet 
32.1 

If C is taken as 45 and 8 0.005. then 
Q C.11 rs . 45 x 95 -)/2.96 .a 0.005 

Answers Q = 521.6 c.f. per second 

The use of empirical formula to estimate the motorway opening area 

required for the design of a culvert does not take the place of other 

procedures for estimating rur-..off and is only to be considered ac sup. 

plementary. 
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Talbot Formula. A good estimate can be made by the Talbot for- 

mula when all the factors that influence run -off are not exactly 

known. This formula takes into account the area of land draining 

into the culvert, the shape, the approximate slope, and an assumed 

rate of rainfall. It presupposes the culvert to be running full and 

that the discharge velocity is at the rate of 10 feet per second. 

A = CM3 /4 in which 

A = waterway opening in square feet 

= area of watershed in acres 

C = a coefficient that depends on the slope and character of 

the watershed, as 

C = 1/5 for flat areas not affected by the accumulation of 

snow, where the length of the watershed is several times 

the width 

C = 1/3 for rolling farm land where the length of watershed 

is about 3 or 4 times the width 

C = 2/3 for rough hilly watersheds having moderate slopes 

C = 1 for steep barren areas having abrupt slopes 

This formula was intended for the midwest where rainfall in- 

tensity of about four inches per hour occurs. One can obtain re- 

sults for other areas by dividing the result by four and multiplying 

by the rainfall rate for the locality considered. 

Table VII gives values of for different watershed 

acreages and different values of C. 
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TABLEVII.WATERWAY AREAS (SQ. FT.) REQUIRED TO DRAIN DIFFERENT 

ACRES, M, FOR EQUIVALENT RAINFALL RATE OF ONE INCH PER HOUR 

M 

acres 

CM 3/4 
feet Values of 

4 
in square 

C =1/5 C =1/3 C =2/3 C=1 
2 0.08 0.14 0.28 0.42 

4 0.14 0.24 0.47 0.71 
6 0.19 0.32 0.64 0.96 
8 0.24 0.40 0.79 1.19 
10 0.28 0.47 0.94 1.41 
15 0.38 0.63 1.27 1.91 
20 0.48 0.79 1.58 2.36 
25 0.56 0.93 1.86 2.80 
30 0.64 1.07 2.14 3.21 
35 0.72 1.20 2.40 3.60 

40 0.80 1.33 2.65 3.98 
45 0.87 1.45 2.89 4.34 
50 0.94 1.57 3.14 4.70 
60 1.08 1.80 3.59 5.39 
70 1.21 2.02 4.03 6.05 

80 1.34 2.23 4.46 6.69 

90 1.46 2.43 4.87 7.31 
100 1.58 2.63 5.27 7.91 
150 2.14 3.57 7.14 10.7 

200 2.66 4.43 8.87 13.3 
250 3.14 5.24 10.5 15.7 

300 3.60 6.00 12.0 18.0 

350 4.05 6.74 13.5 20.2 

400 4.47 7.45 14.9 22.4 

450 4.89 8.14 16.3 24.4 

500 5.29 8.80 17.6 26.4 
600 6.06 10.1 20.2 ' 30.3 

700 6.81 11.3 22.7 34.0 
800 7.52 12.5 25.1 37.6 
900 8.22 13.7 27.4 41.1 

1000 8.89 14.8 29.6 44.5 
1200 10.2 17.0 34.0 51.0 
1400 11.5 19.1 38.1 57.2 
1600 12.7 21.1 42.2 63.3 
1800 13.8 23.0 46.0 69.1 
2000 15.0 24.9 49.8 74.8 
2500 17.7 29.5 59.0 88.4 
3000 20.3 33.8 67.6 101.4 

3500 22.8 37.9 75.8 113.8 

4000 25.2 41.9 83.9 125.8 

4500 27.5 45.8 91.6 137.5 
5000 29.7 49.5 99.1 148.7 

1 
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EXhibits and Charts 

Included are the following outlines for the convenience of 

the designer; also included are calculation forms which may be 

reproduced. 

Exhibit W -- an outline for data to be obtained in surveying 

and investigating flood control projects. 

Exhibit X -- an outline to be followed to provide the essen- 

tials of plans and specifications for open waterway designs as they 

affect structure design. 

Chart IV -- a storm sewer design calculation form, both repro- 

ducible and fixed. 

Chart V -- a design computation tabulation form for inlet and 

storm drain capacity; this is also in both fixed and reproducible 

form. 
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Exhibit W 

OUTLINE FOR INVESTIGATION OF FLOOD CONTROL PROJECT 

1. Boundaries 

a. Maps 

(1) Topographic of area and cross section 

(2) Vicinity and multiplex maps (Army or other source) 

b. Other data -- elevations, bench marks. monuments 

2. Meteorological data 

a. Rainfall -- amount, concentration, maximum intensity, daily 

and yearly records 

b. Snowfall -- daily records 

c. Temperature -- daily record, maximum and minimum 

3. Geological data of terrain 

a. Boring data -- maximum size and average size of river gravel 

b. Water table -- seasonal variation, etc. 

c. Ground water 

4. Construction material 

a. Availability 

b. Type 

c. Quality 

d. Location and distance from the site 

e. Accessibility 

f. Price at the site 

5. Bridges 

a. Existing -- detail of dimensions. type and condition 

b. Requirement by municipality -- number, type and loading 

L 
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6. Drainage area 

a. Area -- width and length, maximum slope 

b, Type of land cover (grass, rock, etc.) 

c. Branch rivers -- number, flow data. etc. 

7. Local information from inhabitants 

a. Flood period -- years of repetition and duration 

b. Maximum water level raised at various points and under the 

existing bridges 

c. Damages occurred 

8. Purpose 

a. Flood control 

b. Irrigation 

c. Flood control and irrigation 

d. Land reclamation 

9. Labor force 

a. Availability 

b. Prices 

c. Local contractors available 

' 
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Exhibit X 

MANUAL OF PROCEDURE FOR DETERMINING FLOWS IN OPEN WATERWAYS 

The following are the essentials of plans and specifications 

for open waterways: 

1. Drainage area above proposed channel in square miles and approx- 

imate slope of stream in feet per mile. 

2. Cross sections of drainage channel and slope of channel high wa- 

ter line, type of channel, etc., to determine flood discharges. 

3. Contour map showing: 

a. Topography at the site including existing channel, existing 

improvements such as bridges, buildings, retaining walls, 

pipes, sewers, etc.; also the line of the proposed drainage 

ditch and any new structures such as diversion dams, re- 

taining walls, riprap, revetments, etc. 

b. Easement and /or right -of -way lines. 

c. Location and description of bench mark, scale of drawings 

and North point. 

4. Profile of proposed channel showing: 

a. Original ground line on center line of proposed improvement. 

b. Flow line gradient of proposed improvement. 

c. Borings to indicate subsoil and rock. 

d. Elevation of sewers, pipe lines, etc. entering or crossing 

proposed channel. 

e. Elevation of high water mark. 

f. Location of drainage divide line. 
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5. Details of proposed cross section indicating excavation section, 

high water elevation, riprap or paving. 

6. Complete details of any existing structures which must be rebuilt 

by virtue of the new construction, such as extension of sewers, 

construction of new headwalls, construction of new retaining 

walls, etc. 

7. Any other information which you feel will aid in presenting a 

clear understanding of the project. 
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DESIGN COMPUTATION TABULATION 
CHART J F 0 R 

STORM DRAINAGE SYSTEM DATE I9 

AREA 

NO. 

ACREAGE 
RUNOFF 

COEF. 

AVE. 

C 

TIME OF CONCENTRATION 

IN MINUTES 
SUBAREA 

RAINFALL 

INTENSITY =1° 

IN. PER HR. 

MAXIMUM RUNOFF 

O =C,I.A 
FROM 

MH, 

O. 

TO 

MN. 

N0. 

LENGTH 

OF LINE 

FT. 

GROUND ELEVATIONS J9 

PIPE 

GRADE 

SEWER 

FT. 

OF FALL OF 

SEWER 

FT. 

VELOCITY 

FLOW 

FULL 

FT /SEC 

CAPACITY 

FLOWING 

FULL 
GPM 

INVERT ELEVATIONS 
LINE 

NO. 

REMARKS 
TOTAL 

A 

PAVED 
C =1.0 

UNPAVED 
C =0.4 

A 

OVER- 
LpNp 

MIN. 

CHANNEL 

MIN. 

TOTAL 

MIN. 

INCRE- 

MENT 

ACCUMU- 

LATER 

UPPER 

MANHOLE 

LOWER 

MANHOLE 
UPPER MH. LOWER MH. 

. 

I 
T_ 

_ 



CHART 
DESIGN COMPUTATION TABULATION 

FOR 
INLET AND STORM DRAIN CAPACITY DATE f9 

7 

ACREAGE 

PAVED 
C= I.0 

A 

UNPAVED 
C =0.5 

A 

RUNOFF 

COEF. 

AVE. 

C 

TIME OF CONCENTRATION 

IN MINUTES 

OVER- 
LAND 
MIN. 

CHANNEL 

MIN. 

TOTAL 

MIN. 

SUBAREA 

RAIN FALL 

INTENSITY- I" 
IN. PER HR. 

MAXIMUM RUNOFF 

Q = C.I.A 
SLOPE OF 

STRUCTURE 

INCRE- 

MENT 

ACCUMU- 

LATED 
DITCH CULVERT 

SIZE 

VELOCITY 

FT. 

PER SEC. 

RATIO 

A /WP 

R 

AREA 

SQ FT. 

QUANTITY 

CU. FT. PER SEC. 

REMARKS 

v 

AREA 

NO. 
TOTAL 

A , 

. 



248 

Flow in Culverts and Conduits 

Pipe sizing for storm drainage is similar to sanitary sewer line 

for capacity and permissible self -cleaning velocities. In many in- 

stances, since laws governing sanitation within municipalities are 

not always required, the pipe slopes have erroneously been reduced, 

resulting in clogged storm drains which are not discovered until a 

flood occurs and flood damage results therefrom. 

Several formulas are used by engineers to determine the flow 

characteristics in pipes and conduits. Many of them give practi- 

cally the same results. 

Manning's Formula. Manning's formula is the most widely used and 

has largely replaced the more complicated Putter's formula. Manning's 

formula: Q = AV = 
1 86 

R2/3 S1'2 in which 

Q = discharge in cubic feet per second 

A = cross -sectional area in square feet 

R = hydraulic gradient in feet = 
area 

wetted perimeter 

V = average velocity in feet per second 

S = slope of gradient 

n = coefficient of roughness of pipe 

The selection of the value "n" is a matter of judgment. The gen- 

erally accepted values for "n" for design purposes are as follows: 

Type of Surface Factor 

Lumber or ordinary iron pipe 0.012 
Concrete pipe 0.013 
Vitrified clay pipe 0.013 
Sewers lined with vitrified brick 0.014 
Corrugated metal pipe, paved invert 0.019 
Galvanized corrugated metal pipe 0.021 
Canals in good condition 0.025 
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The design engineer should keep in mind the importance of main- 

taining a velocity within the pipes sufficient to prevent any de- 

posits of the suspended matter, soil, otc., which are washed into 

the system through the inlets. The mean velocity to prevent the 

deposition of suspended matter in a pipe is usually taken at a mini - 

mum of two feet per second. Velocities below this may cause silting 

and possibly require frequent cleaning. 

The chemical characteristics of the water and the soil through 

and in which the conduit is laid might affect the durability of cer- 

tain drainage materials, causing corrosion and failures. This should 

be investigated and the type of material least affected by these 

chemicals should then be selected for installation. 

The following figures and tables are included for the conveni- 

ence of the designer: 

Figure 21 - Discharge of Pipe Based on Manning's Formula n = .013 

Figure 22 - Discharge of Pipe Based on Manning's Formula n = .015 

Figure 23 - Discharge of Pipe Based on Manning's Formula n a .021 

Figure 24 - Nomograph for computing required size of circular drain, 

flowing full n =.013 or .015 

Table VIII. Two- Thirds Powers of Numbers 

Table IX. Square Roots of Decimal Lumbers for use in Manning's 

Formula 

Balanced Design Procedure for Culverts 

a. Determine 10 -year flood flow. 

b. Determine 100 -year flood flow. 

c. By preliminary application of engineering factors (list 

. ,.. 

__ 
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Figure 21. Diechorge- In Cubic Feet Per Second 
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TABLE VIII. TWO- THIRDS POWERS OF NUMBERS 

Number .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

0.0 0.000 0.046 0.074 0.097 0.117 0.136 0.153 0.170 0.186 0.201 
0.1 . 215 . 229 . 243 . 256 . 269 . 282 . 295 . 307 . 319 . 331 
0.2 .342 .353 .364 .375 .386 .397 .407 .418 .428 .438 
0.3 .448 .458 .468 .477 .487 .497 .506 .515 .525 .534 
0. 4 . 543 . 552 . 561 . 570 . 578 . 587 . 596 . 604 . 613 . 622 

0. 5 . 630 . 638 . 647 . 655 . 663 . 671 . 679 . 687 . 695 . 703 
0. 6 . 711 . 719 . 727 . 735 . 743 . 750 . 758 . 765 . 773 . 781 
0. 7 . 788 . 796 . 803 . 811 . 818 . 825 . 832 . 840 .847 . 855 
0.8 .862 .869 .876 .883 .890 .897 .904 .911 .918 .925 
0.9 .932 .939 .946 .953 .960 .966 .973 .980 .987 .993 

1. 0 1. 000 1. 007 1. 013 1. 020 1. 027 1. 033 1. 040 1. 046 1. 053 1. 059 
1.1 1. 065 1. 072 1. 078 1. 085 1. 091 1. 097 1.104 1. 110 1. 117 1.123 
1. 2 1. 129 1. 136 1. 142 1. 148 1. 154 1. 160 1. 167 1. 173 1. 179 1. 185 
1. 3 1. 191 1. 197 1. 203 1. 209 1. 215 1. 221 1. 227 1. 233 1. 239 1. 245 

1. 4 1. 251 1. 257 1. 263 1. 269 1. 275 1. 281 1. 287 1. 293 1. 299 1. 305 

1. 5 1.310 1.316 1. 322 1. 328 1.334 1.339 1. 345 1.351 1.357 1. 362 
1. 6 1. 368 1. 374 1. 379 1. 385 1. 391 1. 396 1. 402 1. 408 1. 413 1. 419 
1. 7 1. 424 1. 430 1. 436 1. 441 1. 447 1. 452 1. 458 1. 463 1. 469 1. 474 
1.8 1. 480 1. 485 1. 491 1. 496 1. 502 1. 507 1. 513 1. 518 1. 523 1. 529 

1. 9 1. 534 1. 539 1. 545 1. 550 1. 556 1. 561 1. 566 1. 571 1. 577 1. 582 

2. 0 1. 587 1. 593 1. 598 1. 603 1. 608 1. 613 1. 619 1. 624 1. 629 1. 634 
2.1 1. 639 1. 645 1. 650 1. 655 1. 660 1. 665 1. 671 1. 676 1. 681 1. 686 
2. 2 1. 691 1. 697 1. 702 1. 707 1. 712 1. 717 1. 722 1. 727 1. 732 1. 737 
2. 3 1. 742 1. 747 1. 752 1. 757 1. 762 1. 767 1. 772 1. 777 1. 782 1. 787 
2. 4 1. 792 1. 797 1. 802 1. 807 1. 812 1. 817 1. 822 1. 827 1. 832 1. 837 

2. 5 1. 842 1. 847 1. 852 1. 857 1. 862 1. 867 1. 871 1. 876 1. 881 1. 886 
2. 6 1. 891 1. 896 1. 900 1. 905 1. 910 1. 915 1. 920 1. 925 1. 929 1. 934 
2. 7 1. 939 1. 944 1. 949 1. 953 1. 958 1. 963 1. 968 1. 972 1. 977 1. 982 
2.8 1.987 1.992 1.996 2.001 2.006 2.010 2.015 2.020 2.024 2.029 
2.9 2.034 2.038 2.043 2.048 2.052 2.057 2.062 2.066 2.071 2.075 

3.0 2.080 2.085 2.089 2.094 2.099 2.103 2.108 2.112 2.117 2.122 
3.1 2.126 2.131 2.135 2.140 2.144 2.149 2.153 2.158 2.163 2.167 
3.2 2.172 2.176 2.180 2.185 2.190 2.194 2.199 2.203 2.208 2.212 
3.3 2.217 2.221 2.226 2.230 2.234 2.239 2.243 2.248 2.252 2.257 

3. 4 2. 261 2. 265 2. 270 2. 274 - 2. 279 2. 283 2. 288 2. 292 2. 296 2. 301 

3.5 2.305 2.310 2.314 2.318 2.323 2.327 2.331 2.336 2.340 2.345 
3.6 2.349 2.353 2.358 2.362 2.366 2.371 2.375 2.379 2.384 2.388 
3.7 2.392 2.397 2.401 2.405 2.409 2.414 2.418 2.422 2.427 2.431 
3.8 2.435 2.439 2.444 2.448 2.452 2.457 2.461 2.465 2.469 2.474 
3.9 2.478 2.482 2.486 2.490 2.495 2.499 2.503 2.507 2.511 2.516 

4.0 2.520 2.524 2.528 2.532 2.537 2.541 2.545 2.549 2.553 2.558 
4.1 2.562 2.566 2.570 2.574 2.579 2.583 2.587 2.591 2.595 2.599 
4.2 2.603 2.607 2.611 2.616 2.620 2.624 2.628 2.632 2.636 2.640 
4.3 2.644 2.648 2.653 2.657 2.661 2.665 2.669 2.673 2.677 2.681 
4.4 2.685 2.689 2.693 2.698 2.702 2.706 2.710 2.714 2.718 2.722 

4.5 2.726 2.730 2.734 2.738 2.742 2.746 2.750 2.754 2.758 2. 762 
4.6 2.766 2.770 2.774 2.778 2.782 2.786 2.790 2.794 2.798 2.802 
4.7 2.806 2.810 2.814 2.818 2.822 2.826 2.830 2.834 2.838 2.842 
4.8 2.846 2.850 2.854 2.858 2.862 2.865 2.869 2.873 2.877 2.881 
4.9 2.885 2.889 2.893 2.897 2.901 2.904 2.908 2.912 2.916 2. 920 

' 

. 

' 
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TABLE IX. SQUARE ROOTS OF DECIMAL NUMBERS 

Num.- ---0 ---1 ---2 ---3 : --4 ---5 ---6 .---7 ---8 ----9 

.00001.003162 .003317 .003464 .003606 .003742 .003873 .004000 .004123 .004243 .004359 
.08062 .004472 .004583 .004690 .004796 .004899 .005000 .005099 .005196 .005292 .005385 

.00003 .005477 .005568 .005657 .005745 .005831 .005916 .006000 .006083.006164 .006245 

.00004 .006325 .006403 .006481 .006557 .006633 .006708 .006782 .006856 .006928 .007000 

.00005 .007071 .007141 .007211 .007280 .007348 .007416 .007483 .007550 .007616 .007681 

.00006 .007746 .007810 .007874 .007937 .008000 .008062 .008124 .008185 .008246 .008307 

.00007 .008367 .008426 .008485 .008544 .008602 .008660 .008718 .008775 .008832 .008888 

.00008 .008944 .009000 .009055 .009110 .009165 .009220 .009274 .009327 .009381 .009434 

.00009 .009487 .009539 .009592.009644 .009695 .009747 .009798 .009849 .009899 .009950 

.00010 .010000 .010050 .010100 .010149 .010198 .010247 .010296 .010344 .010392 .010440 

.000L .01000 .01049 .01095 .01140 .01183 .01225 .01265 .01304 .01342 .01378 

.0002 .01414 .01449 .01483 .01517 .01549 .01581 .01612 .01643 .01673 .01703 

.0003 .01732 .01761 .01789 .01817 .01844 .01871 .01897 .01924 .01949 .01975 

.0004 .02000 .02025 .02049 .02074 .02098 .02121 .02145 .02168 .02191 .02214 

.0005 .02236 .02258 .02280 .02302 .02324 .02345 .02366 .02387 .02408 .02429 

.0006 .02449 .02470 .02490 .02510 .02530 .02550 .02569 .02588 .02608 .02627 

.0007 .02646 .02665 .02683 .02702 .02720 .02739 .02757 .02775 .02793 .02811 

.0008 .02828 .02846 .02864 .02881 .02898 .02915 .02933 .02950 .02966 .02983 

.0009 .03000 .03017 .03033 .03050 .03066 .03082 .03098 .03114 .03130 .03146 

.0010 .03162 .03178 .03194 .03209 .03225 .03240 .03256 .03271 .03286 .03302 

.001 .03162 .03317 .03464 .03606 .03742 .03873 .04000 .04123 .04243 .04359 

.002 .04472 .04583 .04690 .04796 .04899 .05000 .05099 .05196 .05292 .05385 

.003 .05477 .05568 .05657 .05745 .05831 .05916 .06000 .06083 .06164 .06245 

.004 .06325 .06403 .06481 .06557 .06633 .06708 .06782 .06856 .06928 .07000 

.005 .07071 .07141 .07211 .07280 .07348 .07416 .07483 .07550 .07616 .07681 

.006 .07746 .07810 .07874 .07937 .08000 .08062 .08124 .08185 .08246 .08307 

.007 .08367 .08426 .08485 .08544 .08602 .08660 .08718 .08775 .08832 .08888 

.008 .08944 .09000 .09055 .09110 .09165 :09220 .09274 .09327 .09381 .09434 

.009 .09487 .09539 .09592 .09644 .09695 .09747 .09798 .09849 .09899 .09950 

.010 .10000 .10050 .10100 .10149 .10198 .10247 .10296 .10344 .10392 .10440 

.01 .1000 .1049 .1095 .1140 .1183 .1225 .1265 .1304 .1342 .1378 

.02 .1414 .1449 .1483 .1517 .1549 .1581 .1612 .1643 .1673 .1703 

.03 .1732 .1761 .1789 .1817 .1844 .1871 .1897 .1924 .1949 .1975 

.04 .2000 .2025 .2049 .2074 .2098 .2121 .2145 .2168 .2191 .2214 

.05 .2236 .2258 .2280 .2302 .2324 .2345 .2366 .2387 .2408 .2429 

.06 .2449 .2470 .2490 .2510 .2530 .2550 .2569 .2588 .2608 .2627 

.07 .2646 .2665 .2683 .2702 .2720 .2739 .2757 .2775 .2793 .2811 

.08 .2828 .2846 .2864 .2881 .2898 .2915 .2933 .2950 .2966 .2983 

.09 .3000 .3017 .3033 .3050 .3066 .3082 .3098 .3114 .3130 .3146 
.1Q. .3162 .31Z8 .3194 .3209 .3225 .3240 .3256 .3271 .3286 .3302 

ber I I I 



256 

follows) eliminate from further consideration any type which should 

not be used at the particular site. 

d. Determine size of alternates being considered. 

e. Study conditions at the entrance with the help of profile 

or site plan and consider the effect of headwater pool on natural 

channel, upstream property and the highway embankment. For each de- 

sign still being considered (2 or 3 at most) estimate the cost of 

reasonable protection without freeboard. As part of this step, it 

may be advisable to modify the tentative section selections. 

f. Establish grades or gradient of culvert flow line and es- 

timate velocities at outlet for both the 10 -year flood and the design 

discharge. 

g. Study conditions at the outlet and consider the effect of 

high velocity, eddies or other turbulence on natural channel, down. 

stream property and the highway embankment. For each design, estimate 

the cost of reasonable protection against nominal loss in 10-year 

floods and against serious loss in 100 -year floods. Include energy 

dissipator in estimate unless it can be shown that maintenance charges 

after damage will be less expensive. 

h. Estimate the annual cost, including anticipated maintenance, 

of each tentative balanced design of culvert and appurtenances. For 

the larger st°uctures, this may include a credit for displaced embank- 

ment; for some box culverts there may be a credit for displaced sub - 

grade and s'sb. 

i. Select the most economic combination, giving reasonable 

weight to the following engineering factors and departmental policies. 

' 

' 

- 
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Engineering Factors. There are five principal engineering fac- 

tors which should always be appraised before final selection is made: 

a. Character and stability of underlying foundation material 

on which culvert is to be laid. 

b. Nature and extent of lateral forces acting in the covering 

embankment. 

c. Effect of earth loads from high embankments. 

d. Effect of impact under shallow earth cover. 

e. Accessibility of culvert site. 

In special cases, minor engineering considerations may be suf.. 

ficient to determine type, such as: 

f. Salvage value where installations are temporary. 

g. Facility of extending existing culverts. 

h. Adaptability to jacking under pavements. 

i. Resistance to alkali, salts and acids. 

J. Resistance to abrasive action of stone -laden stream flow 

on the invert. 

k. Desirability of eliminating end walls by cantilevering 

extension. 

1. Advantage of contracts, reflected in bids, of using one 

type of culvert throughout the contract. 

Time -Saver for Culvert Design 

In describing his Time -Saver for Culvert Design (Figure 25) 

George P. Fulton (n.d.) says: 

"Anyone who has done hydraulic computations for depths 

less than full in circular pipe knows the tedious work neces- 

sary in the many trial and error steps. The nomograph 
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presented here accomplishes such computations in a fraction 

of the time required for longhand methods. 

"Other labor savers similar to this nomograph are avail- 

able. but several charts -- one for each hydraulic function or 

one for each pipe size -- are needed to accomplish the same 

results. This nomograph has the advantage of presenting all 

the possibilities of design at a glance on one sheet. 

"The nomograph was developed as a time -saving device in 

the design of highway culverts laid on steep grades. In such 

culverts the pipe size is controlled by the entrance condi- 

tions, but it is important to know what flow pattern occurs 

in the pipe from the entrance to the outlet. Velocities must 

be found to determine the scouring effect on the pipe itself 

as well as on the channel at the outlet. 

"Invaluable aid has been provided by the nomograph in 

solving drawdown curves, finding velocities at different 

depths and in calculating critical flow. 

"A straight line through any two values on the three sets 

of scales on the left of the nomograph's pivot line establishes 
normal slope for a quantity and velocity. This is practically 
independent of pipe size, since several pipe sizes that carry 

a given quantity of flow at a given slope, between the limits 

of D/d from 0.3 to 0.8, will have flow areas that vary only 

two per cent from the mean. For all practical purposes, with.. 

in such limits, there is one velocity for any flow quantity 

and slope. 

"A second line from the intersection of the first line 

and the pivot line through a point on the pipe size scale, 
establishes D/d or depth of flow for that pipe size. Critical 

flow points are indicated on the pivot line by connections to 
the respective pipe sizes. When a third line is drawn from 
the quantity scale to the Dc /d scale for the same value of D/d 
determined in the previous step, the relation to critical flow 

is established. If the pipe size critical point is above the 

intersection of this third line and the pivot, the flow is 
above critical depth and if the critical point is below the 
intersection, the flow is below critical depth. A line drawn 
through the critical point on the pivot line and a value on 
the quantity scale indicates critical depth for that quantity 

on the Dc /d scale. The velocity head scale has been added for 
use in problems involving entrance less and energy. 

"The chart uses the Tanning formula with n = .015. Compu.. 

tations for other factors can be made by proportioning flow to 

" 
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n = .015. Since flow in a pipe for depths between 0.8D and 
full is unstable, and since design for low depths of flow is 
not economical, the nomograph has been limited to values of 
D/d of 0.3 to 0.8. Uniform flow problems can be solved di.. 
rectly and all the hydraulic values requiring tedious calcu- 
lations in non -uniform flow problems are available." 

Drainage Location 

Excerpts from the State of Washington Dual for Engineers 

(Washington, 1956) are included for information and for conveni- 

ence to the designer. 

Extreme care should be given to a study of drainage areas in 

order to determine the quantity of water to be provided for. Gen- 

erally it is not expected that the ordinary highway will be construc- 

ted so that no part of it will be inundated by peak floods such as oc- 

curred in various parts of the state of Washington in 1894 and 1948. 

Rather, the attempt should be to provide facilities which will handle 

the storm water flow of frequent storms easily and which can handle 

the less frequent storms without excessive damage to the highway or 

to developments that would be affected by the inadequacy of the high. 

way structures to handle the extreme high waters. 

The logical procedure in drainage design is, first, to estimate 

the magnitude and frequency of peak rates of run -off. A first -hand 

knowledge of local run -off characteristics based on years of experi- 

ence is always desirable. Good records of stream flow, particularly 

with respect to stage and discharge of annual floods, provide means 

for estimating the magnitude and frequency of floods on the stream 

gauged and, to a lesser extent, on streams similarly situated but not 

gauged. Flood-flow formulas as published in engineering handbooks are 
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useful as a guide to judgment in the absence of any stream -flow meas- 

urements, but should be used with caution, since each was developed 

with respect to a given area or region and is of doubtful validity 

outside that area. The science of hydrology has not developed to 

the point where it is possible to estimate magnitude and frequency of 

flood peaks solely from measurable characteristics of the drainage area 

and knowledge of climatic condition. 

In constructing roads in undeveloped territory, the engineer is 

confronted with making decisions as to flood probabilities on the basis 

of the evidence of previous floods which he can see on the ground. In 

doing this his judgment will be the better if he has studied the hy- 

draulics of rivers in an area where basic data are available, for he 

will better be able to interpret the significance of bank erosion, 

stream bed sediment characteristics, and evidence of previous high 

water marks, not readily discernible to the untrained observer. 

A proper drainage scheme should be carefully worked out. The 

location and size of existing culverts and other structures should be 

noted. The location, kind and size of new culverts or other struc- 

tures should be shown as well as necessary outlets and ditches. An 

accurate determination of all railway drainage either for contem- 

plated encroachment or for railways adjacent to the proposed highway 

is very important. Elevations of high water of streams and the date 

of same, if obtainable from local residents, together with previous 

flood conditions should be noted. 

The minimum diameter of culvert pipe under the roadway shall be 

1E inches. For side roads or where a pipe is to be installed under 
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the roadway to serve as a conduit, the minimum diameter shall be 12 

inches. Except in urban areas it is a good policy to provide con- 

duits for utility pipe lines, thus eliminating the necessity of fre- 

quent excavation through the roadbed and further as protection to the 

roadbed from leakage. 

Ditches. Inlet and outlet ditches shall be provided for all cul- 

verts. They should be of ample size, shape and grade to take the maw. 

imum flow. The flow line grade of ditches should not exceed that 

which is proper for the materials and the volume of water to be car- 

ried. Provision should be made to prevent scour. 

Roadway ditches should drain quickly and efficiently away from 

the highways, and should be given sufficient length in order to permit 

a lead off from embankment where the roadway enters from cut to fill. 

Gutters or paved ditches may be required where grades are steep or the 

material is subject to scour. Place surface ditches above all cuts 

where they may be necessary to prevent scouring of the slopes. 

Channel changes of existing water courses must be given very 

close consideration. In turning streams, care must be given to make 

embankments across old channels large enough and strong enough to re- 

sist the action of the current. Provide protective reinforcement where 

necessary. 

Culverts. A culvert should be designed so it will have a flow 

line grade not less than that of the stream channel in which it is 

placed. Allow as much fall as possible to carry away debris that might 

otherwise accumulate at either end. Invert at the outlet end must be 

high enough to dispose all debris and sediment from the culvert. To do 
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so and maintain an effective gradient, in some cases the invert at the 

intake end may need to be raised somewhat above the normal ground line 

and the area in front of it backfilled to an elevation of the invert. 

The design of wingwalls for reinforced concrete box culverts, as 

determined by the embankment slope, should be noted with the construc- 

tion note on the plans. 

Foundation and Backfilling. Care should be taken to see that the 

foundation on which the culverts are to be laid has sufficient bearing 

value to support the culvert and embankment above it. Where the four. 

dation is unstable, adequate support should be provid;:d by allowing 

for the excavation of the unsuitable soil and providing for a gravel 

or rock backfill. 

Quite frequently the original channel of a stream has built up 

with the deposit of unstable material. Usually it has an advantage to 

provide for the location of the culvert to one side of the original 

channel and to provide connecting ditches at both ends. 

It should be recognized that the improvement of the support be- 

neath a culvert, although often necessary to maintain the established 

gradient, decreases the ability of the culvert to support the load of 

the fill in those cases where the foundation of the embankment adja- 

cent to the culvert is weak. In such cases the maximum fill above the 

invert of the pipe should be reduced to about ors -half of that shown 

in the following tables. If the height of fill exceeds these reduced 

maximum values, the soils engineer should be co.:sulted for design de- 

tails. 
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Culvert Capacities. In the majority of pipe culvert installs- 

Lions. capacity is determined not by the slope or the coefficient 

of friction of the pipe walls, but by the loss in head at the en- 

trance. By the simple expedient of rounding the entrance, an in- 

crease in capacity of from 10 to 25 per cent may be obtained. 

Experiments by the University of Iowa (Iowa, 1926) show that 

it is possible to increase the flow through a culvert by rounding 

the intake. The maximum amount of beneficial rounding is obtained 

by making the radius of rounding equal to 14 per cent of the in- 

ternal diameter of the pipe. 

About 7 per cent, or more in some cases, of the possible in- 
crease in capacity due to rounding the entrance can be obtained 

with a radius of rounding equal to the wall thickness of the pipe, 

or R = T. 

For the occasional case where the outlet of the culvert may be 

expected to be submerged, a further increase in capacity, amounting 

to approximately double that obtained by entrance rounding, may be 

obtained by flaring the outlet through a distance one -and- one -half 

times the pipe diameter. 

Of the total amount of increase in capacity, about one -third 

can be realized by rounding the edge of the entrance and about two - 

thirds achieved by suitable outlet design. 

Ordinarily the design of culvert sizes cannot be ascertained so 

closely on location as to incorporate the outlet design at the time 



265 

of the culvert construction; however, it does present a method which 

could be used to increase capacity and to correct eddying and ex- 

cessive scour should these conditions develop. 

height of Fill over Concrete Culvert Pipe. The maximum heights 

of fill set forth below apply to pipe installed strictly in accord- 

ance with the specifications, and not 

If the pipe is in a dug trench the backfill material between 

the pipe and the sides of the trench must be compacted as specified 

to the full width of the trench and up to the level of the adjacent 

ground or to a level one foot above the top of the whichever 

is the lesser. If the trench does not extend above the top of the 

pipe for the full height of the compaction zone as defined in the 

standard specifications, the backfill material above the original 

ground shall be compacted as specified within the remaining portion 

of the zone. 

The width of the compaction zone each side of the pipe is 

equal to the outside diameter of the pipe and its height extends to 

a level one foot above the top of the pipe when the embankment or 

portions of the embankment do not exceed twenty -five feet in height 

above the invert. For simplicity, this condition is designated as 

Method 1 below. When the height of fill above the invert exceeds 

twenty -five feet the backfill zone extends to height above the top 

of the pipe equal to its outside diameter. This condition is des- 

ignated as Method 2. 

- 
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Size and Class of Pipe Maximum Fill above Invert of Pipe 

Method 1 Method 2 

12" Plain 25 feet 40 feet 
18" do 
24" do 

12" Std. Reinf. 

22 do 

23 do 

25 feet 

29 do 
32 do 

58 feet 
18" do 25 do 42 do 
24" do 25 do 43 do 
30" do 25 do 43 do 
36" do 25 do 42 do 
42" do 25 do 38 do 
48" do 25 do 36 do 
54" do 25 do 35 do 
60" do 25 do 34 do 
72" do 25 do 33 do 

18" Extra Strength 25 feet 58 feet 
24" do 25 do 59 do 
30" do 25 do 60 do 
36" do 25 do 60 do 
42" do 25 do 61 do 
48" do 25 do 61 do 
54" do 25 do 62 do 
60" do 25 do 62 do 
72" do 25 do 63 do 

If the earth is not compacted at least as well as required by 

the specifications, plain and standard reinforced pipe backfilled 

by Method 1 may fail under fills considerably less than 25 feet in 

height. 

If the height of fill exceeds that given in the above table 

for extra strength pipe, Method 2, a special design involving con- 

crete backfill at the sides of the pipe, may be used for fills up 

to about 100 feet. Consult the construction engineer for a design 

when high fills are encountered. 

The requirements of the specifications relative to depositing 

backfill directly above the pipe in a loose condition should be 
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observed since this condition materially reduces the load on the 

pipe. however, when the fill is less than about fifteen feet high 

the supporting strength of the pipe is not critical and the earth 

above the pipe should be compacted to avoid possible settlement in 

the roadway surface. 

Choice of Type for Culvert Pipe. There are two types of cul- 

vert pipe approved for state highway construction -- concrete and 

corrugated metal. Choice of type must be initiated by the local 

district because of its acquaintance with the particular physical 

conditions at each culvert location. 

Some conditions will warrant the use of one type and other con- 

ditions will justify another; there are justifiable reasons for use 

of the two types and in some cases either type is equally suitable 

for the purpose of drainage. 

The Department of Highways has no expressed preference for any 

one type of culvert pipe to the exclusion of the other, and must 

assume that the discretion of the district has been exercised from 

a careful analysis of durability and service at each drainage loca- 

tion. First cost "in place" is not necessarily a criterion for the 

selection of any one type, since the relatively small saving in cost 

may be outweighed by other advantages. An exception could be for an 

isolated project where, because of transportation or installation, 

the margin of cost "in place" between the two types might be so 

great as to justify consideration of one type only. 

The foundation conditions on some projects are such as to 

justify either type of culvert pipe for all drainage locations. 

' 
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There are other projects with variable conditions of terrain and 

foundations where an interspersion of both types of pipe could be 

used to advantage, and for this reason the district selection is 

not restricted to the exclusive use of a single type throughout the 

entire project. 

The replacement of a failed culvert pipe of either type under 

a roadbed of modern design is extremely expensive and it incurs in- 

convenience and danger to traffic. It is important, therefore, that 

the selection of type for all installations shall have investigation 

equal to other features of the highway design. 

Concrete Pipe. Plain and reinforced concrete pipe as now manu- 

factured under state specifications by reputable manufacturers is 

superior to concrete pipe made in earlier days of highway construc- 

tion that has since developed some failures. It has good abrasive 

resistance qualities and is acceptable for any location where the 

foundation will remain firm for the life of the culvert. 

For a given diameter and under proper installation, concrete 

pipe has some advantage in volume capacity and in ability to dis- 

charge debris on low gradients. 

Concrete pipe should not be used for any culvert location where 

there is a reasonable possibility of future slippage in the natural 

formation of the contiguous hillside, or a slippage or subsidence 

in any of the foundation of the culvert of such consequence as might 

unjoint and disconnect a section or sections of the pipe to effec- 

tuate reduced capacity and endanger the fill over the culvert. 
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Corrugated Metal Pipe. Corrugated metal pipe is suitable upon 

firm foundation and by reason of its flexibility it is better adap- 

ted than other pipe for locations where slippage or subsidence of 

the foundation is a recognized threat. Where the conditions of a 

particular location indicate strong probability of an unusual sub- 

sidence in some part of the foundation material, consideration should 

be given to specifying slip joints for the culvert pipe. 

Corrugated metal pipe should not be used in locations where the 

soil is tainted with acid or alkaline salts unless the pipe has a 

bituminous coating. If specified for a location where the culvert 

will carry a considerable amount of abrasive debris, the specifics 

tions should require a bituminous paved invert of sufficient thick- 

ness to completely cover the valleys and corrugated metal in the 

bottom of the pipe. Where corrugated metal pipe is to be used in 

contact with salt water, asbestos bonding should be specified; bi- 

tuminous coated metal pipe will not satisfactorily withstand the 

reaction from salt water. 

Corrugated :'Metal Pipe Arch. This type of corrugated metal cul- 

vert fills a need where headroom above the top of the pipe is re- 

stricted and where more capacity and wider clearance for discharge 

of debris is possible than would be afforded by multiple pipe in- 

stallation. In certain situations where maximum water opening is 

demanded without unduly increasing the design highwater line the 

corrugated metal pipe arch is used even though there may be no head- 

room restrictions. It must be kept in mind, however, that these 

, 

- 
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pipe arches cannot be placed where the embankment height over the 

pipe is greater than 15 feet. The same general advantages and reser- 

vations obtain for its use as previously defined for corrugated metal 

pipe. 

Corrugated Fetal Arch. This type requires a concrete baso on 

firm foundation. Its use would normally be justified for the larger 

spans. 

Backfilling. Mani failures of culvert pipe in the past could 

have been avoided by proper backfilling. Neither type of pipe can 

withstand heavy embankment loads unless the backfilling is performed 

in strict accordance with the standard specifications. 

The following informative material is included for the con- 

venience of the designer: 

Figure 26. Typical Field Information Outline, Design Data 

and Sketch of Proposed Culvert 

Table X. Recommended Animum Depth of Cover for Conduits 

Chart VI. Chart for Design of Culverts Running Full under Head 

. 

' 



1. Design runoff Q25 = c.f.s,., 
Q50 

= c.f.s. 

2. Profile elevation of roadway El = ft. 

3. Grade or slope of culvert S 

4. Type of culvert 

5. Approximate length of culvert L = ft. 

6. Allowable outlet velocity V = ft /sec 

7. Permissible depth of headwater pool HW = ft. 

8. Depth of flood flow in natural channel d = ft. 
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Figure 26. Field Information. 

Design Data and Sketch of Proposed Culvert 
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TABLE X. RECOMMENDED MINIMUM DEPTH OF COVER FOR CONDUITS 

Pipe is not generally available or is not included in Specifications. Width of trench:- 1.50 4- 9" 
- Pipe is not considered safe for wheel loud indicated. Dead load:- 120% /cu. ft. 
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Specifications 
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Subsurface Drainage 

The Federal Aviation Agency (1960) describes the design of a sub- 

surface drainage system as somewhat similar to that of a surface 

drainage system. The run -off from a subsurface system is consider- 

ably less than for other types, and the grades are usually flatter. 

The grades should not be less than 0.10 foot in 100 feet. The type 

of surface, the soil, the infiltration, the spacing and depth of the 

drains, the amount of precipitation or seepage, and other factors all 

affect the run -off and, therefore, the size of the pipe needed. 

Size and Type of Pipe. A run -off for agricultural subdrainage 

that is commonly used is 0.25 to 0.50 of an inch in 24 hours. A run- 

off of 0.25 inch per acre in 24 hours is equal to 0.0105 cubic feet 

per second for each acre. A run -off of 0.50 inch per acre in 24 

hours is equal to 0.0210 cubic feet per second per acre. When the 

rate of run -off is known, the proper size of pipe can be calculated 

by the use of Manning's formula; 

0.463 

Q = n r$ 3 S1/2 = n d83 s1/2 (r is actual radius) 

The types of pipe usually used for subdrains are: plain or per- 

forated vitrified clay or concrete pipe, perforated corrugated metal 

pipe with bands, cradle invert vitrified clay pipe, and perforated 

bituminous pipe. 

Intercepting Drain Lines. A type of subdrainage installation 

considered important in many localities for the protection of the 

base subbase of airfield runways and taxiways is the intercepting 

drain. This drain should be placed across and at the lowest portion 
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of the seepage stratum in order to cut off and divert the entire 

flow. The drainage trench should seldom, if ever, be placed under 

the pavement proper. 

Controlling Moisture. The control of moisture under pavements 

of a runway is the principal reason for subsurface drainage along 

the edges of the runway. Free water may collect in the base of the 

pavement under several different conditions. The water table may 

actually rise into the base or subbase during an exceptionally wet 

season, or it may be high enough to supply capillary water to the 

top of the subgrade. Frost layers contribute free water when they 

thaw out; this water should be carried away by proper drains. This 

can be done by connecting the pervious base and subbase of the pave- 

ment with the backfill material in the subdrain system. These sub- 

surface drains need not be large; and under normal conditions a pipe 

of 6 or E inches will suffice. The construction specifications 

should require backfilling the trenches with well compacted close 

graded granular material. The backfill material will be discussed 

later. To prevent the possibility of large quantities of surface 

water entering these drains, the pervious backfill material sur- 

rounding the drains should not extend to the top of the trench. It 

follows, therefore, that open joints in conduits for surface drainage 

should not be constructed for operating as subdrains. 

Filter Material Requirements. The filter material requirements 

should be expertly designed because the quantity of water to be 

handled by these subdrains is relatively small and it is possible 
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that the surrounding natural soil may filter into interstices of the 

filter material. In this connection, reference is made to "Investi- 

gation of Filter Requirements for Underdrains -- Technical Memo Io. 

183 -1," U. S. Waterways Experiment Station, Vicksburg, Miss. 

The conclusions as to requirements for filter material and 

underdrains follow: 

a. Filter materials: 

(1) A fine material will not wash through a filter ma- 

terial if the 15 per cent size of the filter material is less than 

5 times as large as the 85 per cent size of the fine material. 

(2) In addition to meeting the above size specification, 

the grain size curves for filter and fine material should be approx- 

imately parallel in order to minimize washing of the fine material 

into the filter material. 

(3) Filter materials should be packed densely to reduce 

the possibility that movement of the fines might cause any change 

in the gradation. 

(4) A filter material is no more likely to fail when flow 

is upward than when flow is in some other direction. unless the seep- 

age pressure becomes sufficient to cause flotation or a "quick" con- 

dition of the filter. 

(5) A well- graded filter material is less susceptible to 

running through the drain pipe openings than a uniform material of 

the same average size. however, even a filter material having a wide 

range of gradation cannot be used successfully over a drain pipe 
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having a large opening, since enough fine particles to cause serious 

clogging will move out of the well- graded filter into the pipe. 

b. Underdrains: 

(1) The rate of infiltration through the filter bed was 

not materially limited or affected by any of the pipes tested as 

long as they did not become clogged. 

(2) Large openings in the drain pipe tend to increase the 

rate of infiltration. They also increase the tendency for filter ma- 

terial to collect in and clog the pipe. 

(3) Drain pipes with perforations around only half or 

less of their circumference drain the filter more rapidly when the 

perforations are up. but less material will wash in when the perfo- 

rations are down. 

Where it is feasible to design and use two gradations of back - 

fill consisting of separate layers with coarse aggregate near the 

openings of the pipe, pipes with larger openings would probably 

Operate satisfactorily. 

Backfill Material. Figure 27 is a graph of the gradation of a 

sample soil that is uniformly graded. It also shows the uniform 

filter material required for backfill to prevent infiltration of the 

uniform soil into the filter material. Also shown is a sample soil 

that is well graded and the well- graded filter material required for 

backfill that will prevent infiltration. This graph is an example 

to illustrate the conclusions itemized from the Vicksburg tests. 

To use the graph, follow along the curve drawn for the 

i 
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well- graded soil to a point where 85 per cent size passes the 0.25 

millimeter screen. Multiply this by 5 and it will equal a size of 

1.25 millimeters. Then follow along the curve drawn for a well- 

graded backfill to where 15 per cent size passes a certain sieve. 

It will be noted that it is the 1.25 millimeter size. This also 

holds true for uniform material curves if the 85 per cent size of 

the uniform soil is multiplied by 4 to check with the 15 per cent 

size of the uniform backfill material. 

To use a graph of this type, the natural soil must be screened 

for a mechanical analysis and the gradation curve plotted. Then 

establish the 15 per cent size of the backfill material just less 

than 5 tines the 85 per cent size of the natural soil, and construct 

a curve for the backfill material parallel to the original soil 

curve. This will be the curve of the gradation of the backfill ma- 

terial desired. 

It will be noted from a study of Figure 27 that there will be 

separate and distinct gradation curve for each type of soil ana- 

lyzed. Consequently, there will be a separate gradation curve for 

the backfill material to use with each soil type. The limiting 

piping ratio for a uniform soil is 4, and for a well- graded soil is 

5, and a backfill material with a parallel gradation curve not ex- 

ceeding the piping ratio will prove satisfactory in preventing in- 

filtration. If the specifications are written so that the gradation 

for the backfill material follows the exact curve drawn parallel to 

the soil gradation curve with its required piping ratio for each 

type of soil, it will be seen that the graded backfill material will 
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be very difficult to produce commercially. Figure 28 illustrates 

several soil gradation curves and curves for the core of French 

drains and also indicates the theoretical curve for the backfill ma- 

terial for soil type No. 4 with a piping ratio of 5. Also plotted 

on the graph are the specification limits for commercial size con. 

crete sand and concrete coarse aggregates. The theoretical gradation 

curve for backfill material with a piping ratio of 5 falls between 

these two limits of commercial size for aggregates. 

A backfill material is safe to use if the gradation curve for 

that material indicates that the particle sizes are less than the 

plotted theoretical gradation curve with a piping ratio of 5 for any 

particular soil. Figure 28 indicates that the specification limits 

of commercial size concrete sand meet this requirement for the well - 

graded soil fo. 4. A preliminary investigation should be made in 

the locality of the site to determine the type and gradation of com- 

mercial concrete sand available. Then prepare the specifications for 

the backfill material so that the local material can be used, pro- 

vided it falls within the specification limits shown. 

Certain installations will require the specifying of two sepa- 

rate sizes of backfill materials. If the openings in the pipe are 

large, or the annular spaces around the joints are left open, the 

smaller size of backfill material adjacent to the pipe could be dis- 

placed and flow into the pipe. To prevent that, a larger size of 

backfill aggregate should be placed adjacent to the pipe, controlled 

during placement by a steel template. The simplest method is to limit 

the size of the opening in the subsurface drain pipe. 
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The example shown in Figure 2F, contemplates the use of the com- 

mercial size concrete sand for the backfill material adjacent to the 

well- graded soil No. 4 to prevent infiltration. Assuming that the 

drain pipe has open joints, the finer backfill material obviously will 

enter the pipe if placed directly against it. Therefore, a larger - 

size material which will not enter the pipe nor allow displacement of 

the finer backfill material must be placed adjacent to the pipe. To 

determine the safe gradation for this coarse backfill material, use 

Figure 28 again by constructing a theoretical gradation curve for 

the finer backfill material, with a piping ratio of 5. Use the smaller 

side of the gradation band for the concrete sand as the reference 

curve for this new gradation curve shown on graph as No. 6, since 

the percentage of the smallest size will indicate the material most 

difficult to control. This new curve (1o. 7) indicates that the 

commercial size concrete coarse aggregate will satisfactorily pre- 

vent infiltration of the fine backfill material and will not enter 

the pipe. With openings in pipe rarely exceeding one - fourth inch 

and with the arbitrary piping ratio of 5, a factor of safety is pro- 

vided for use in actual field conditions. 

Design of Grate Openings 

In the design of catch basin grate openings practical consid- 

erations must be recognized. The openings must be large enough to 

serve the intended purpose and small enough to prevent certain 

wheels from being caught in the opening. The grate openings should 

have a factor of safety of 150 per cent applied to their design to 

, 
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offset the ineffectiveness of debris on the grate. The maximum 

width of a slot opening of the grate should be 1 -5/8 inch if rec- 

tangular; the maximum dimension should be 3 inches for openings 

approaching a square. 

The principle of flow of water through grate openings is 

treated the same as flow of water through rectangular orifices. 

The formula usually used for estimating this flow through orifices 

is stated as follows: 

Q = CA" 2 gh in which 

Q = discharge in cubic feet per second 

C = coefficient of discharge (approximately 0.7) 

A = area of orifice or openings in square feet 

g = acceleration due to gravity or 32.2 ft /sec /sec 

h = head on grate in feet 

How to Get Drain Tile to Drain 

The following excerpts from Concrete Products Association of 

Washington (1960) are included for the information of field engineers. 

The successful operation of any subsurface drainage system re- 

quires: (a) getting groundwater into and through the filter material 

without the ground coming along too; and (b) getting the water into 

the pipe all by itself. There are other considerations, of course -- 

pipe sizing, location and arrangement of the system, etc. -- but no 

drainage system is worth much if either the filter material or the 

pipe can become clogged. 
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Filter Material. While many miles of farm drain have been in- 

stalled with no filter material at all -- this is standard procedure 

in many parts of the midwest .,- the practice is not recommended in 

Washington state. Washington farmers customarily use either straw, 

sawdust, or wood chips as a filter or "blinding material" as it is 

often referred to. A recent survey of existing drainage systems in 

Skagit County, Washington, by the U. S. Soil Conservation Service, 

disclosed that straw in service for 9 -11 years was moderately de- 

teriorated but wood chips or sawdust in use this long were prac- 

tically as good as new. Both appeared to function satisfactorily 

where installed in sufficient quantity completely around the sides 

and top of the pipe. Based on this evidence, organic filter or 

blinding material may be considered satisfactory for use in ordi- 

nary land drainage. Its use should not be considered proper, how- 

ever, in highway or foundation drainage, or other application where 

it is important that the system remain in good operating condition 

over a long period of tine. 

A granular filter material in which all of the particles are 

the same size will have about 40 per cent void space through which 

water may flow. But the larger the particle size, the bigger the 

water passages; and the bigger the water passages, the more readily 

they will become clogged with soil fines from the surrounding 

ground. The required fineness of particles to prevent passage of 

soil fines depends of course on the type of native soil being 

drained, but in general, aggregates as fine as paving sand are re- 

quired. A fine sand filter is, however, impractical because this 

- 
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material will be carried into the pipe along with the flow of water. 

A well- graded sand -gravel aggregate will have pore of about 

the same size as all fine sand, but there is a keying effect which 

tends to keep the sand component in position. 

Experiments conducted by the Corps of Engineers at the Vicks- 

burg U. S. Waterways Experiment Station (n. d.) have shown that a 

well- graded sand -gravel aggregate will effectively drain water from 

a surrounding medium of fine cohesionless silt (the cloggingest ma- 

terial) without becoming clogged, and with a negligible quantity of 

sand being washed into the pipe. A good concrete mix (minus the ce- 

ment, of course!) is practically the same as the ideal mix used at 

Vicksburg. Specifications for gravel backfill for drains which ap- 

pear in the Washington State Highway Department standards are as 

follows: 

"Gravel backfill for drains shall .... not contain more 
than one per cent of clay lumps or other readily decomposed 
material. It shall conform to the following requirements for 
grading: 

Per cent passing 2,.1/2" square sieve 95 100 
Per cent passing 1/4" square sieve 30 - 60 
Per cent passing U. S. #8 20 - 50 
Per cent passing U. S. #30 8 - 30 
Per cent passing U. S. #50 3 - 12 
Per cent passing U. S. #200 0 - 1/2 

All percentages are by weight." 

Pipe. Pipe used for drainage may be plain -end drain tile, bell- 

and- spigot, or tongue and groove pipe of various strengths, lengths 

and diameters, laid with open joints; or may be perforated and laid 

with closed joints. Obviously the pipe must be strong enough to 

.. 
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carry the load of fill or the load of traffic. Some other things 

should be oivious, too: 

a. Openings in the top of the pipe will leak filter material 

into the pipe in objectionable amounts. The law of gravity never 

quits. 

b. Assuming a given amount of water to be drained, the more 

openings there are in the pipe, the less water there will be per 

opening, hence the less filter- moving tendency. The Vicksburg ex- 

periments proved that, under identical conditions, perforated con- 

crete pipe, such as ASTM 0.44 -59T, permitted much less filter fines 

to get into the pipe than open -jointed, non -perforated pipe, before 

the keying action above mentioned caused the filter to become sta- 

bilized. 

c. The drainage system can't remove water faster than water 

can move through the ground into the filter material. Therefore, if 

the surrounding ground is very tight, there won't be enough velocity 

to worry about, and the number of openings into the pipe is of no 

consequence. 

d. Whether the filter material which gets into the pipe will 

cause trouble depends on whether there is sufficient velocity of 

flow in the pipe to move it on out. The better the grade, the less 

the problem. 

How Much Filter Material? The question, Why place filter ma- 

terial under the pipe? is frequently asked. If the natural ground 

beneath the pipeline is pervious, groundwater will enter from beneath 

as well as from the sides and above, and filter material -- 4 to 6 
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inches in depth -- should be placed under the pipe. Push a perfo- 

rated can down into a vessel of water and you will see that flow 

enters from the bottom as well -- even better ..- than from the sides. 

Drainage lines are often, however, placed down in relatively 

impervious material to intercept and drain pervious strata above. 

In this case there is not much point in having filter material under 

the pipe thicker than necessary to keep the holes in perforated pipe 

from being sealed when weight of backfill pushes the pipe into soft 

foundation which may exist. It is true that when a filter layer is 

used beneath the pipe in such a situation, water will flow down 

grade through it and eventually get into the pipe; but water would 

flow inside the pipe better, and it would be better to put the pipe 

at the bottom of the trench. 

The filter material should extend at least 4 to 6 inches on 

either side and above the pipe. Where the pipe is down in an im- 

pervious material, the filter should extend up to at least six 

inches above the top of the impervious strata, into the pervious 

material which is to be drained. 

Where straw is used in land drainage, it should be placed 

around and over the pipe to a loose depth of at least a foot. Back - 

fill above will immediately compress it to a few inches and it will 

eventually form a fibrous mat about inch thick. Wood chips or 

sawdust can be used more sparingly; fill the trench on either side 

of the pipe and over it to a depth of three or four inches. 
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So if you want to be sure __ 

a. Use all the slope you can get. 

b. Use perforated pipe, with the holes down; either mortar 

the joints or be sure they are butted up tight. 

c. Use a graded aggregate like a good concrete mix for the 

filter material. The largest size should be bigger than the holes 

in the pipe (1/2 inch). Use enough. 

Or if you're already sure -- 

a. Butt the pipes up tight. There will be sufficient crack 

space to provide adequate drainage. 

b. Wrap heavy tar paper strips around the upper two -thirds of 

each joint if you use plain -end drain tile. 

c. Use a graded aggregate for permanent installations. 

Straw, sawdust or wood chips may be used as a filter in ordinary 

land drainage situations. 

d. Use all the slope you can get. 

- 
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