ASCE MANUALS AND REPORTS ON
ENGINEERING PRACTICE NO. 127

N
QY
Hyd rauh&x;s
of Wellte

Design@ struction,

nd Maintenance

Tesﬁ?
of@ er Well Systems

»°
&
ng Committee on Hydraulics of Wells
N\

2

* Edited by
\ Nazeer Ahmed, Ph.D,, P.E. EWRI R,
N, ASCE Stewart W. Taylor, Ph.D., P.E. @) STTE

» Zhuping Sheng, Ph.D., P.E. ASCE


https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

ASCE Manuals and Reports on Engineering Practice No. 127

Hydraulics of Wells

Design, Construction,

Testing, and Maintenance

ASC

of Water Well Systems

Prepared by

the Task Committee oi: Hyraulics of Wells of the
Groundwater Hydrolbgy Technical Committee of the
Groundwater Counci. and Watershed Council of

the Environmental and Water Resources Institute of the
Arcerican Society of Civil Engineers

Edited by

Nazeer Ahmed, Ph.D., P.E.;
Stewart W. Taylor, Ph.D., P.E.; and
Zhuping Sheng, Ph.D., P.E.

ENVIRONMENTAL &
WATER RESOURCES

AMERICAN SOCIETY INSTITUTE

OF CIVIL ENGINEERS



https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

Library of Congress Cataloging-in-Publication Data

Hydraulics of wells : design, construction, testing, and maintenance of water well
systems / prepared by the Task Committee on Hydraulics of Wells of the Groundwater
Hydrology Technical Committee of the Groundwater Council and Watershed Council of
the Environmental and Water Resources Institute of the American Society of Civil
Engineers ; edited by Nazeer Ahmed, P.E., Stewart W. Taylor, Ph.D., PE., and Zhuping
Sheng, Ph.D., PE.
pages cm — (ASCE manuals and reports on engineering practice; No. 127)

Includes bibliographical references and index.

ISBN 978-0-7844-1273-2 (print : alk. paper) — ISBN 978-0-7844-7826-4
(ebook) 1. Wells. 2. Hydrogeology. 3. Hydrology. 1. Ahmed,
Nazeer. II. Environmental and Water Resources Institute (U.S.). Task Committee on
Hydraulics of Wells.
TD405.H93 2014
628.1"14-dc23

20151766

Published by American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, Virginia, 20191-4382
lwww.asce.org/bookstord | ascelibrary.org

Any statements expressed in these materials are those of the individual authors and do
not necessarily represent the views of ASCE, which takes 0 rc o sibility for any statement
made herein. No reference made in this publication to . 1y s; ~cific method, product, process,
or service constitutes or implies an endorsement, rosom. ~endation, or warranty thereof by
ASCE. The materials are for general information only and do not represent a standard of
ASCE, nor are they intended as a reference in purct.. ~e’pecifications, contracts, regulations,
statutes, or any other legal document. ASCE makes no representation or warranty of any
kind, whether express or implied, conce ming.the accuracy, completeness, suitability, or
utility of any information, apparatus, [ rcdu-t, or process discussed in this publication, and
assumes no liability therefor. The n./ariation contained in these materials should not be
used without first securing conpet” nt auvice with respect to its suitability for any general
or specific application. Anyone . “ilizi 1g such information assumes all liability arising from
such use, including but n«t li.vited to infringement of any patent or patents.

ASCE and American S ciety of Civil Engineers—Registered in U.S. Patent and Trade-
mark Office.

Photocopies and per nissions. Permission to photocopy or reproduce material from ASCE
publications ca i be ear.ested by sending an e-mail to permissions@asce.org or by locating
a title in ASCE'C Civil Engineering Database (http:/ /cedb.asce.org) or ASCE Library (http://
ascelibrary.oi?) a1.d using the “Permissions” link.

Erratu Erra a, if any, can be found at http://dx.doi.org/10.1061/9780784412732.

Cop right © 2014 by the American Society of Civil Engineers.
. Il Rights Reserved.

ISLN 978-0-7844-1273-2 (paper)

BN 978-0-7844-7826-4 (PDF)

Manufactured in the United States of America.


http://cedb.asce.org
http://ascelibrary.org
http://ascelibrary.org
http://dx.doi.org/10.1061/9780784412732
www.asce.org/bookstore
https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

MANUALS AND REPORTS ON
ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to average
engineers in their everyday work, rather than the findings that may be
useful only occasionally or rarely. It is not in any sense a “standard,”
however; nor is it so elementary or so conclusive as to provide a “rule of
thumb” for nonengineers.

Furthermore, material in this series, in distinction from a papur (v/nich
expressed only one person’s observations or opinions), 1 'the work of a
committee or group selected to assemble and express info.m=«tion on a
specific topic. As often as practicable the committen is 'inder the direction
of one or more of the Technical Divisions and Cound’ 5, und the product
evolved has been subjected to review by the Excutive Committee of the
Division or Council. As a step in the procels ol.this review, proposed
manuscripts are often brought before the memburs of the Technical Divi-
sions and Councils for comment, which riay se1 ve as the basis for improve-
ment. When published, each work show..th names of the committees by
which it was compiled and indicates clearly the several processes through
which it has passed in review. in ordor that its merit may be definitely
understood.

In February 1962 (anc ‘ev'sed in April 1982) the Board of Direction
voted to establish

a series titled “Maiuals and Reports on Engineering Practice,” to
include the Mahuals published and authorized to date, future
Manuals »f Professional Practice, and Reports on Engineering Prac-
tice. (AL such Manual or Report material of the Society would have
been refrreed in a manner approved by the Board Committee on
Publica.’ons and would be bound, with applicable discussion, in
bcoks similar to past manuals. Numbering would be consecutive
ind would be a continuation of present manual numbers. In some
cases of reports of joint committees, bypassing of journal publica-
tions may be authorized.

A list of available Manuals of Practice can be found at http://www
.asce.org/bookstore.


http://www.asce.org/bookstore
http://www.asce.org/bookstore
https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

CONTENTS

CONTRIBUTORS. ......coutitirinititenititeieentssissssssssessesssssessessessessesseseen

PREFACE

INTRODUCTION

1. FUNDAMENTAL CONCEPTS OF GROUNDWA" TR
FLOW. .otiierrerneeesenseenesensessessssssssesssssassssessssenes AT T
Bruce L. Jacobs

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

General.......ccoiiiiiiiii
Hydrologic Cycle ... i,
Porous Media........cccoeueeiiiiiiiiiiis e i
Aquifer SYStems .........ccovviiiiiiiiiiii
AQUIfETr SEOTAGE ....ovvvere ittt
Darcy EQUation............ i
Basic Equations of f=rciindwater FIOw ...,
Aquifer FIOw ... .2l
SUMMATY ..ol i

1.10 Solved Desigi: Excmple 1.....ccccovviiiiiviiiiiiiiiiiiicccnen,
1.11 Solved Mosigs Example 2.,
1.12 Refereii0rS. i

2. HEAD L\SSES, TOTAL DRAWDOWN, TOTAL DYNAMIC
HEA D, AND EFFICIENCY OF WATER-WELL SYSTEMS..........
Nazee.- Animed and James A. Cardle

2.1
2.z
23
24
25
2.6

GereTal. i
Head Loss in the Suction Pipe.......c.ccccoovvviviiiiniiiiiccnn,
Head Loss in the Delivery Pipe........c.ccccccooriiiiiiiiiiiniicinen,
Total Dynamic Head........cccccoviiiiiiiiniiicicccc,
Efficiency of Water-Well Systems...........ccccovvviviniiiiincnnnnnn,
Solved Design Example 1........cccccoovviiiniiiiiiiniiiicn,


https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

Vi

CONTENTS
2.7 Solved Design Example 2.........cccccceeueiiiiennniiireceeeeeene
2.8 Solved Design Example 3.........cccccceeeiiinnnniiiicceeeeeenes

A I ) (<) 4 Lol TSR

DESIGN OF WATER WELLS
Otto Helweg, Zohrab Samani, Jorge Garcia, Rao Govindaraju,
Dinesh R. Katti, and Clinton Willson

3.1 General.....ociiiiii s
3.2 Design of Borehole, Casing, and Screen ...........cccccceuvuvuruvunencne
3.3 Design of Filter Pack ........cccccoceiiiiieiniiiiiiccicceceeeeee
3.4 Design of Well Screen..........ccocoeueueuciieiiiiicinrcecceeeeeeeenes
3.5 Economic Considerations in Design..........cccccoeevvivcriniiicnnnnnnn.
3.6 SUMMATY oovviiiiiiiinicicc e
3.7 References........cccocouiiiiiiiiiiiiiiiiiiiccce

CONSTRUCTION, DEVELOPMENT, AND TESTING
OF WATER WELLS ......coovererinnierernnnnnesessnsnesessssnsssesessns Laevensl besene
Dennis E. Williams
41 General......ccoooiiiiiiiii e
4.2 Site Assessment for Potential Municipal */ate. Well

SIEES vt e e e
4.3 Drilling, Installation, and Cementi.ng ¢ Conductor

CaSING ..o s
4.4 Drilling the Borehole.........ccccoc..l il
4.5 Geophysical Borehole Logging.......cc.c.cccooviiiiniiiiiiiicienns
4.6 Isolated Aquifer Zone Tecting .........ccoeevvevinieininininincnccciccene.
4.7 Water Quality and Yiel b ...
4.8 Well Destruction MenoUs ...
49 Mechanical Grad'ng ANALYSeS .......ccccvvviiiieiiiniriieieeceenene
4.10 Lithologic Desurip iors of Formation Materials Using

Unified Soil Clas ification System .........c.cccococeicccccccccnnes
4.11 Preparatiorn o Well Completion ..........ccoveevivinininiiiincnccnce.
4.12 Install¢ tion of Casing, Screen, and Filter Pack........................
4.13 Intelaquifor Sals ...
4.14 Princoles of Well Development ...
4.1% Fin.| Development with Deep Well Turbine Pump

(=rtical Line Shaft) c..c.ccveieeeeiiiceieeeeeeeeeeee e
216 Puriping Tests ..o
4.17 Flowmeter (SpINNer) SUIVEY ..o
4.18 Collecting Water Quality Samples at the End of the

Constant-Rate Test.........cccoceevieeiiiiieec
4.19 Miscellaneous Final Tasks .........c.cccooveiiiiiiiiniiiniicccans
4.20 Final Report including Analysis........c.cccocovviniininininiicnininccnc.
421 Acknowledgments........cooeeeiiiiiniiiiiieee e
4.22 RefeTeNCES.......cvoviiiiiiriiiiiciiic e



https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

CONTENTS vii

5. CORROSION OF WATER WELLS 239
Robert G. McLaughlan
oI B <3 s 1<) =1 F TP 239
5.2 Theory of COITOSION ........ccucuviiiiiiiiiciiiiiicicceccs 239
5.3 Types of COITOSION.......c.ccuiveiriiiiiiiciciciciicceeas 242
5.4 Corrosive Properties of Water...........cccooevniiiiiiiiiii, 246
5.5 Corrosion of Water-Well Systems...........cccccoooveeiniiiniiiiccnnnnnn, 248
5.6 Prediction Of COITOSION.....ccecevievvieeiieetieeeeeereeeee et 251
5.7 Evaluation of Corrosion Rate Data........cccceeeevveeeveeeieeceeennenne. 257
5.8 Protective Measures for COITOSION.........ccceeveevveereerveereenreeneeneenes 259
5.9 Troubleshooting for Well Corrosion ..........c.ccccceevvvvvviruiiricinnnnes 263
5.10 Solved Design Example 1........cccccccevviiiiiiniiiiniiiiiiiiicne, 2u4
51T REfOIOINCES. ...ccuveeeeeieeeeeeeeeeteeeeeeeeeee et et eee et e eaeenaee . 20!

6. INCRUSTATION OF WATER WELLS ... 285
John H. Schneiders
6.1 GeNETAL ...ooouvieeieeeeeeeeeeeeeee e 285
6.2 Theory of Incrustation..........cccceceeevviiccccfne v, 285
6.3 Analysis of Groundwater ............cccccevuviieecen i, 286
6.4 Forms of Incrustation ........ccceevveeeveeeveeeeicce oo 290
6.5 Causes of Incrustation.................... R V. 290
6.6 Effects of Velocity, Pressure, and Te1. neiroture Changes........ 291
6.7 Chemical INCrustation ........ccccoeee/eeeeeeei i 292
6.8 Physical Incrustation ..ot 293
6.9 Biological Incrustation ...........c.ccccceevviiiiiiniciiiiiccccces 294
6.10 Character of Iron Deposits ... cccvriiiiiiiiiiiiicccccccce 297
6.11 Field Testing of Incrustefic ......cccevviviiiiiiiciiiiiiiccccc 298
6.12 Timely Maintenancc ... v 299
6.13 Acid Treatment.... ool oo 301
6.14 Chlorine TreatnidNt .. c.icceeeeeeceee et 305
6.15 Polyphosphat: Treatment..........cccccueiviiiiiiiciiiiiiiiiice, 308
6.16 Design Cinsiacrations to Prevent Well Fouling..................... 309
60.17 RELOTOI T2, vttt ettt 312
6.18 Rect mmended Reading.........c.ccccevvuviviiiiiiiniiiiiniiiiiiicne, 312

7. WEI ULHy'AD PROTECTION FOR WATER WELLS........ccceceeueuee 315
Zohrav Samani and Jorge Garcia
S L GONETAL i ettt 315
7.2 Wellhead Protection and Wellhead Protection Area............... 316
/.3 Fundamentals of Groundwater Flow and Contaminant

TEANSPOTt .ot 318

7.4 Delineation Methods for the Wellhead Protection Area ........ 322
7.5 A Case Study ...cooooruiioiii 329
7.6 SUIMNMATIY ...ooouiiiiiiiecieieiececte e 335
7.7 RELEIEINCES...ccviictiiiteeeee ettt ettt 336


https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

viii

8. MAINTENANCE OF WATER WELLS

CONTENTS

Stuart A. Smith

8.1
8.2
8.3

8.4
8.5
8.6
8.7

8.8
8.9

GONETAL ..ot

Causes of Well Performance: Problems and Failures
Preventive Material, Design, and Treatment Choices

to Avoid Well Performance Decline and Failure.....................

Preventive Maintenance, Monitoring Methods, and

RECOTAS ..ttt s e e eaee s
Schedule of Well Maintenance Activities.......ccccoeevvevveeeennnen.
Economics of Well Maintenance........cocveeveveeeveeeeeeeveeeeeeeeeneennn

The Future: Field and Laboratory Research on Well

MaAINEENANCE. ....c.evveeeieeeeeeee e e
Solved Design Example 1.......cccccccciiiiiiiiiiiiiiiiccceeee
Solved Design Example 2.........ccccooviiiiiiiiiiin, o
8.10 References

APPENDIX A. EXAMPLE OF A WATER-WELL SYSTEM

DESIGN

Dennis E. Williams

Al
A2
A3
A4
A5
A6
A7
A8
A9

General ...
Hydrogeology .......cccccovvuvuvuvreveeciinn s TR S
Groundwater ..o
Well Site Characteristics............/couvivmeiiteviiiiiiiiiiicccnes
Technical Aspects of Water Welio. .o,
Geophysical Logging and Aquifer Zone Testing....................
Design Aspects of Water Nell.......ccoooviviiniiniiiiine,
Pumping Tests.......coccoi it
Video Survey, Phii>ness, and Alignment.........cooeveeeeeeneee.
A.10 Well Equipping, “peration, and Maintenance
A1l Acknowledgments

APPENDIX B. TECITJICAL SPECIFICATIONS FOR
DRILLING CONSTRUCTING, AND TESTING

OF WAT R vwZLLS

Denris E. Viilliams

B.1
B.2
L3
B.4
B.5
B.6
B.7
B.8

APPENDIX C. GLOSSARY

Ge) eral .o
L silling Method and Equipment ..............ccooooni,
Well Construction SeqUeNCe ..........cceuevevirieieiiiicieiccce
Testing For Yield and Drawdown..........cccoueiiiiiiiiincn,
VideO SUIVEY ..ot
Well Disinfection..........cccoceiieinicininiciciciccc
Figures ..o
Attachments ...

337

337
337

340

351
356
356

550
2%
367
370

373

373
375
377
380
383
384
387
392
399
399
401

405

405
417
423
441
445
445
447
448

455


https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/

CONTENTS

APPENDIX D. NOTATION
APPENDIX E. SI UNIT PREFIXES

APPENDIX F. CONVERSION TABLE AND USEFUL
CONSTANTS

INDEX

471
483

485

491


https://www.stdhive.com/standards/asce-manual-of-practice-no-127-pdf/



