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: A USERS GUIDE TO MILITARY HYDROLOGY

.~ -

l. Purpose. This report is a comprehensive, quick access guide to
literature, agencies, and points of contact (POCs) in the field of military
hydrology. It is designed to help users find the information they need to
carry out operational missions and studies related to military hydrology.

2. Scope. This guide:

a. Reviews recent wunclassified US Army doctrine, reports, and
literature published primarily between 1970 and 1986 about and including
information on military hydrology.

b, Lists military agencies and POCs responsible for various aspects
of the military hydrology mission.

c. Suggests where more information can be found.

d. Provides a selected military hydrology bibliography.

3. Background. In May 1979, the US Army Waterways Experiment Station
(WES) began publishing a series o. reports which address problem areas in the
field of military hyvdrology. 1In May 1984, the US Army Engineer Studies Center

(ESC) published Engineer Troop Well Drilling Rig Requirements, a study which

outlined the specific kinds of equipment the Army needed to purchase if it was
to meet the requirements of its military hydrology mission worldwide. During
both efforts a large amount of data were gothered about va-ious aspects of
military hydrology and water supply systems. However, gathering, assembling,
and assimilating new and old doctrinal literature and policies are not enough.
Some effort must be made to determine what information is most useful to
accomplishing specific tasks within the Army's military hydrolosy mission.

Therefore, FESC decided to assemble, summarize, and consolidate the data

collected during these prior studies and publish this report on current

l.l.i )
L 2 LI
"._l.-!

x)
AR

o

PR




A Al it gt e i, - "~ i, fart gha ket Jugh O i, Badah & v WY TV TV TR T Yy ey V"v‘uvt”

i ;
\J \'n‘
L
.E\‘l\
r::: military hydrology literature and POCs. This will give members of the Armyv
z.'i and joint services easy access to previous work, and help them avoid duplicat-

(.- ing past efforts.,

SIS /

4. Limitations and Their Significance. This guide has several limita-

tions:

{;i a. LIMITATION: The data and information reviewed in this guide are
?2% presumed correct and adequate. SIGNIFICANCE: ESC did not Aattempt to rate
,?}ﬁ documents for currency and adequacy, or to recommend which documents should be
%;{{ updated or expanded.

: E‘ b. LIMITATION: This guide does not provide data or information on
:;); geographically site-specific hydrologic information. SIGNIFICANCE: This
:il report only guides the user to where information related to military hvdrologv
i{él can be found. For site-specific data, users must access the water resources
g:i:. data base maintained by the US Army Engineer Topographic Laboratories (ETL).
i:i; c. LIMITATION: This guide only 1includes ({nformation published
hetween 1970 and October 1986. SIGNTIFICANCE: Any data or doctrine currently
o being written or developed have not been included.

e 5. Definitionms.

a. Hydrology. That part of the terrestrial environment concerned

with the cnaracteristics of surface and subsurface water.

LA,
» l.‘.‘ et

f};}: b. Military hydrology. A specialized field of hydrology that deals
fﬁj with those characteristics of surface and subsurface water that may affect the
T planning and conduct of military operations.‘

on

‘-l; 1Militnry Hydrology, Army Regulation (AR) 115-21 (Department of the Army,
. Headquarters [DA HQ], 24 March 1977).
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C. Soll moisture content, Soil moisture content 1{s the amount of

water in a given valume (or weight) of soil.  Of primary interest is its
impact on runorf, streamflow, tratficabilityv, and farility site selection.

d. Meteornlougy. The studv of the Farth's atmosphere, including
movements and other phenomena, especially as they relate to weather fore-
casting.3 The militarv hvdrologist must have accurate measurements and fore-
casts to estimate streamflow, soil moisture, and the availability of water and
water sources.

e. Streamflow. Streamflow is a tvpe of channel flow. Specifically,
it is the surface runoff traveling within a stream./4 Streamflow information
helps the military hvdrologist forecast floods and streams and to suggest the
best way to manage gap crossings and dam breaches. -

f. Water supply. Water supplyvy 1is a source, means, or process of
providing water. Tn the context of this study, it is the supply of water to
the US armed forces. The military hydrologist must be able to the locate,
identify, and extract potential water sources for soldier in the field.

h. Approach. The first step 1in the preparation of this guide, as
indicated in Figure 1, was to conduct a literature search. ESC examined
Denartment of the Army (DA) Pamphlet 310-4 for Armv technical manuals (TMs),
fi~11 mannals (FMs), Armv regulations (ARs), teciunical bulletins (TBs), and
other reliated doctrinal publications which include military hydrology or water
supply In their title or subject list. A search was also done of various

mtomated data bases available from the Defense Toechnical Information Center

Procecdings of the Military Hydrologv Workshop, 17-19 Mav 1978 Vicks-—

ssippl, Technical Report EL-79-2 (US  Army Enpineer Waterways
Exprriment Station [WES], Hav 1979).
Clossarv of Geolsry (American Geolnsiical Institute, 1974), p. 448K,
Q‘,;_L)\;\‘;Try of C(‘Olt.)i{v p. Hh99.
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) DTIC) tne National Technical Information Service (NTIS), and DIALOGUE in
Tk » ’
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tahe automated information data base. Various US Armv and Department of Detfonse

b

AN (DOD) libraries, as well as the libraries of rescarch and development (RaD) ‘
N |
AN . X L |
L laboratories that publish reports related to militarv hydrologv, were 1iso

\' -

" |
~ '.' . . . - . !
3 examined. These sources were reviewed to find iaftormation not onlv on the
\ )

A . -~ - . . 3 Fod . '3

S topic of m=ilitary hydrology, but on the use and applications of =ilitarv

» ¥

o
?::. hvdrologv. The next step (Figure 1) was to query virious Xey personnel
‘\':\:

E~

involved in compiling reports and doctrine relatinz to militarv hvdrology.
This information was then consolidated and summarized.

7. Prosentation. Figure 2 lists each document reviewed, zrouped bv five

subicct catagoriess:  organization, meteorologyv, soil moisture, streamflow, and

water supplv. These reviews are summarized, by subject, in- paragranh 8.

Y Paragraph 9 outlines the P0OCs available, by subject, in the militarv hvdroloav

communitv,  Annex \ abstracts the militarv hvdroloav information contained in
Yich dhoorinal o ar coehnical publication reviewed bv ESC: the naon number ror
pach ahatract 13 listed in the last column of Figure 2. Annex B is a coamnlete
hiblioaraphy of the source material used to prepare this wuide.

3. Militarv Hvdenlogy Literature Analysis.

Aa. Intradoction. Traditionally, the military hvdrolooist performs a
rance of tasks relating to identifving and assessing hvdrolozic systems in the
environment, and assisting in setcing up and managing water supplyv systems in
the field., sSpeciticallv, the terrain analyst is responsible for collecting,
compiling, and protessionallv evaluating information on the phvsical charac-~
teristics »f watersaeds, river channels, flood »lains, and water control
SEructur-s. A wssistant divisional engineer, working with the division's

G2/3 polanner, Wwill malvze hydrolovic data to appraise the streamflow
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characteristics that may affect river crossing operations. The military
hydrologist will also be calléd on to estimate the extent and probable hydrau-
lic effects of artificial floods that might be created by the demolition of
high dams or by the manipulation of regulating gates or control structures.
Most recently, the Army's emphasis on operations in arid environments has made
the location, extraction, and supply of water important Army missions. Since
these are integrated tasks, they would most likely be solved by a team of
military logisticians, engineers, and planners. Sorting out and locating the
military hydrologic data required to solve these tasks can be difficult even
if one knows where to look, and nearly impossible if one does not know what
sources of information are available.

b. Consolidated wrap-up of military hydrology literature. The
following paragraphs summarize the information available about the military
hydrology categories listed in Figure 2.

(1) Organizations. The requirements of the AirLand Battle doc-
trine and arid-environment operational contingency plans have made it impor-
tant for the Army to delineate its water-related responsibilities. The result
has been a number of documents related in part to military hydrology, and
which define Army organizational and operational procedures 1in the field of
military water supply and support. These include US Training and Doctrine
Command (TRADOC) pamphlets (PAMs) 525-11 and 525-32, AR 700-136, FM 5-100, FM

5-104, and FM 5-105. Typical water supply system deployments are pictured in

TRADOC PAM 525-11. Water requirements are outlined and established bv both
the US Army Construction Engineer Research Laboratory (CERL) and WES publica-

tions and by TRADNC PAM 525-11. TRADOC PAM 525-11 also reflects the recent

transfer of water supply proponency to the logistics branch. Engireer
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. missions for military hydrology are defined in FM 5-104 and FM 5-105.
i = FM 5-104, FM 5S-105, and FM 5-146 establish the responsibilities for developing
AN for water resources data bases. The terrain teams' responsibilities with
"C?: respect to military hydrology are outlined in FM 5-105 and FM 90-13; these
e
ERES

; responsibilities include gathering military hydrologic planning data for sap
\

’ - and river crossings, obstacles, and avenues of approach.
:i: (2) Meteorology. The US Army does not maintain any significant
. capability for weather data gathering and dissemination. Weather support to

IR the US Army is provided by the US Air Force as defined by AR 115-10 and AR

115-12. Tactical meteorologic applications are found in FM 6-15 and FM 34-81.

ii; (3) Soil moisture. Few documents detail how soldiers can obtain

e data about soil moisture content, or exnlain how to use the soil moisture data

.:il included in hydrologic models. Most doctrine and literature focus solely on
;i}; ) soil moisture as it relates to trafficability and cross-country movement.
1::: Such iaformation is found primarily in FM 30-10, FM 21-33, and T 5-330; lit-
;;# tle is found in nther manuals. However, the relation of soil moisture to

runoft (and therefore to streamflow) is important to the military hydrologist.

(‘.

Soil moisture also plays an important role in helping to locate
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) Streamflow. Hydrology literature on streamflow emphasizes

"‘l

training terrain analysts. A student text prepared by the US Army Defense

»; Mapping Schonl (DMA) and two technical reports prepared by ETL provide a "how

to" dpproach to water resources analysis. A comprehensive military hydrology
manual outlining and

consolidating current applications, techniques, and tech-

nology has not been produced, although information on the current documenta-

tion of military hydrology applications can be found in FM 90-13, FM 5-104

Sy
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FM 5-105, and FM 21-33. Most of these manuals describe how to determine

stream channel characteristics for crossing operations, or outline the role of

oy surface drainage features as obstacles to movement. ETL has documented water
f: resources data base specifications and information in Miscellancous Report
o (MP) number 01—85.5 The ETL Terrain Analysis Center (ETL-TAC) is the primary

S DOD proponent for military water resources information. ETL-TAC operates a

water resources data base (WRDB), as well as managing a water detection

? . response team (WDRT). The resources of both the WRDB and WDRT can be used by

L}: all the armed services.

?} (5) Water supply. Most advances in doctrinal documentation and
':s technological modernization have been in the area of water supply. The need
';f: to satisfy potable water requirements in arid environments has forced the Army
";2? to seek new solutions. New water supply technology for the Army has surfaced
;:: and has been implemented under the auspices of the Water Resource Management
:tf Action Group (WRMAG). Water source detection has been enhanced by advances in
4;; research conducted by WES and the Fort Belvoir Research and Development Center
.5: (BRADC). KETL-TAC has formed a water resources data team. Water purification

?: capabilities have been greatly enhanced by the introduction of various Reverse
i;i Osmosis Water Purification Units (ROWPU); TRADOC PAMs 525-11 and 525-32 both
.:\ contain ROWPU information. Water distribution has been improved by new
;:i bladders and Tactical Water Distribution Systems (TWDS).

Sii 9. Military Hydrology Points of Contact. The real measure of the
i;i military hydrologist's success in obtaining data is whether he or she knows
r;f where to look or who to ask. ESC put together a library of POCs on military
:; SUser Renuirements Analysis for Worldwide Water Resource Data Base, ETL-
:T: MR-0185 (!5 Army Engineer Topugraphic Laboratories (ETL), January 1985).

;;; 12
3
v
;zfj
i e e
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s
‘555 hydrology from sources listed in AR 115-21 and recent WRMAG meeting minutes.
;ﬁh This Llibrary 1is organized iAto five categories: functional responsibilitv,
N research and development, training, operations, and data collection and
.S§E analvsis.
o
S a. Functional responsibility. The Joint Chiefs of Staff have
)
';}} assigned the Chief of Staff of the US Army responsibility for military hydrol-
fi% ogv for the US armed forces.? In turn, the Army Chief of Staff has made the
i:;: Chief of Engineers (COE) responsible for performing the functions and activi-
B ties of military hydrology. The Assistant Chief of Engineers (ACE), Military
';:; Enzineering and Topography Branch, has the enginee staff responsibility for
;:}i: monitoring military hydrology activities. Figure 3 shows these relationships
LI
5;f and responsible agents.
:;2; b. Research and development. The COE (through the ACE) provides the
r;:. _ R&D required to improve the military hydrologic capabilites of the armed for-
}{;f ces. Various US Army Corps of Engineers R&D labs research, test, and develop
?:‘ technnlogy to improve the military hydrology capabiliity of the US Army. The
;.“ US Army Cold Regions Research Engineering Laboratory (CRREL) solves the
AN special problems of military hydrology in cold regions. CERL solves problems
oI
Eﬁ?; of water treatment, storage, supply, and 'facility construction 1in fixed
E:; installations. WES is charged with R&D in the areas of hydraulics, hydraulic
1 ) prediction and forecasting models, and flood assessment. WES also tests and
evaluates commercially available hardware items that maintain and improve the
eftectiveness of well drilling teams and terrain teams. Although not tasked
.\: directly with military hydrology engineering, the US Army Hydrologic Engineer-
;E? ing Center (HEC) can do hvdrologic modeling. Figure 3 lists responsible R&D
.E{ Liboratories and their respective centers, divisions, systems, and teams.
Tty civleoloey, AR T15-01 (DA HO, 1977

‘. 13
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c. Training. The Commanding General nf TRADOC is resnonsihle ¢or
validating the requirements for improved military nvdrnalogic canabilities for
the Army, for establishing doctrine, and tor traininy Armv personnel fo per-
form these functions.’ Currently, the Defense Mapping School (DMS), through
its terrain analvsis courses, trains enlisted personnel and provides doctrinag!
instruction to members of the armed forces. The US Armv Engineer School
(USAES) also plays an important role by training officer personnel and by
developing military hydrology doctrine. Three branches within VU3SAES are
charged with military hydrologv responsibilities. The USAES Directorate ot
Combat Developments (DCD) is involved with conceptual development of equip-
ment; the USAES Directorate of Training Developments (DOTD) writes doctriane
for the application and use of that equipment, The USAES Department ot
Militarv Engineering (DME) directs instruction and supervises the occasional
compilation of field manuals which may affect military hydrology. Figure 4
shows the structural relationship of various training elements involved.

d. Operations. The Commanding General of the US Army Forces Command
(FORSCNM)Y is responsible for the readiness of Army engineer units to perforn
military hydrelozic functions in operational s{tuations.8 FORSCOM trains
terrain teams In the technical aspects of military hydrology and in various
levels of hydrologic collection and application. These teams are located at
theater-arav level (TOE 5-336), corps level (TOE 5-5401J) and division level

(TNE 5-54)1K). The theater armv team is in general support; teams assigned to

corps and Jdivisinn are direct support teams. US Army englneer officers i{n the

assistant divisional engineer's office, as well as personnel in the assistant

-

JMilirary Hudroloay, AR 115-21 (DA HQ, 1977).
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MILITARY HYDROLOGY TRAINING/DOCTRINAL DEVELOPMENT
r SECRETARY OF DEFENSE
DEPUTY SECRETARY OF DEFENSE !
s s
[ _ | ,
DEPARTMENT OF THE ARMY | OFFICE OF THE SECRETARY |
SECRETARY OF THE ARMY | ' OF DEFENSE

UNDER SECRETARY

CHIEF OF STAFF

UNUER SECRETARIES ‘|

|
AND ASSISTANT ARMY | AND ‘
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OF THE ARMY \ OF DERINSE
DEFENSE
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— l
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| ENGINEER [ MAPPING
i SCHOOL | . 4oou
] - ————d
r 1 1
‘ DIRECTORATE OF PART DEPARTMENT OF
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corps  engineer orifices, mav also provide 1 souarce o oxpertise. Fioure 5
shows tvplcal terrain team And engineer start support in TsARsUR,

e. Dbata collection and analvsis. The C0F 15 responsible for col-
lectine and analvzing  hvdronlogic data 1nd lisseninating the huedroiogoic
information required by the 'S armed rtorces. The o5 has feleoated this
responsibilitv to the Water Resources Support Teamn 7WRST) or =TL-TAC.  TAC
maintains water resources data base as a joint armed service resource in

CONUS, Fisure 3 shows the relationships among HETL, Tr0) and WRST wirthin the

R
S Armv Corns of Hnoineers. Data collectinn and nalvesis are done in the
314 thronvh terrain teams.
10, Qbifrvntions.
1. There 1is no single consolidated FM or T tha delineates and

vt oo all o oaspects of military hydrology. There alss is 1o real "how to”

T 1

il The liast substantial effort to consolidate military bwedrolasgy was a

ylleecrint of huallerins published by tha US Armv Corps of fnzineers in the

b. The Army has begun to develop doctrine ftor water supply opera-
tions, outlining both responsibilities and equipment use, especially for arid
environments., USAES, the US Armv Quartermaster School (USAOMS), and the s
Arny Logistics Center (USALOGC) will update and rewrite outdated and needed
doctrine. This is being done under the auspices of the WrRMAG.

co  TRADOC PAMs 525-11 and 525-32 doacument potable water requirements
for Armv personnel, and descrihe how to satistv those reanirements throush the
Army's water supply svstem during field operations. WS, BRADC, USALOGC, and
other Arov laborataries are doveloapiag svstems ta facilitate water detection,

epxtractinn, and to solve water storase problems,
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d. The best source for site-specific military hydrologic data is
either the terriin team located in the area of operations, or the WRDB main-
tained by ETL-TAC. Personnel in the Environmental Systems Division at WES are
the best source of intormation about new developments in the field of militarv
hydrology. 1In addition to publishing a series of reports on military hydrol-

ogy, WES also maintains a resident military hvdrologist.
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ANNEX A

MILITARY HYDROLOGY LITERATURE SUMMARY

Paragraph Page
1 Purpose A-1
2 Scope A-1

1. Purpose. This annex reviews and summarizes individual documents that
pertain to thc field of military hydrology.

2. Scope. The document review timeframe is 1970-1986. A few documents
published prior to that time period are included. FMs, TMs, TBs, and other
published reports and literature are included. The document review is limited
to unclassified documents and documents to that are currently published. Some
document summaries have been incorporated from previous WES military hydrology

reports. Literature and doctrine in draft or review form are not included.
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AR 115-10/AFR 105-3
Meteorological Support for the US Army
September 1980

Purpose

This regulation provides policy and direction to Army and Air Force ele-

ments engaged in meteorological support of the Armv.

Surmary

This revision wupdates Army weather and other meteorological support
requirements. It clarifies Army and Air Force responsibilities for providing
nmeteorological support to the Army, the functions and relationships of the
Staft Weather Office and Army Intelligence Officer, responsibilities for pro-
viding communications for acquisition and dissemination of weather informa-

tion, and related administrative and logistical support.
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AR 115-12
'S Armv Requirements for Weather Service Support
Januarv 1978

Purpose

This regulation describes policy and procedures to be followed by Armv

commanders in requesting weather service support. This support is further

described in AR 115-10/Air Force Regulation (AFR) 105-3 and FM 34-31,

summAary

This regulation outlines the procedures tor preparing US Armv require-
ters tor weather service support and the submission of these requiremes:
thronth channels to the Department of the Armv and, thence, ra the Department
of the Air Force in accordance with AR 115-10/AFR 1195-3. Armv meternlogical
snppoHret regiairements, such as meteorological observatrions Zor direct support

: S eo oS sestens rnl oneteorolotical o sunpors 0 Armv o research, Jovalop-

ment, test oand evaluation activities, iare not addressed by this regulation.
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AR 115-21/AFR 105=10
Military Hvdrolouy
Mav 1977

Purpose

This reculation defines the scope of militarv hvdrologsy and assigns

responsibility for providing hyvdrologic information to the V'S armed torces,

Summarvy

This regulation assigns the Chief of Statf, US Armv, the responsibilitv

.. tor ~ilitary hyvaroloegy for the US armed forces by authoritv of the Joint
A A Chiers of Statr.  The Chief of Staff, US Armv, has assivned ta the Chiof ol
o !

“nrinesrs (COE) responsibilicv for pertorming -the functinns and activities

which are divided into two parts: those dealing with research and development

;3‘ and those dealing with support of nperational elements.

fuj% Yiloresearch and fevelopment activities relatint to =ilitary hvidralogy
- ir» the responsibilitvy ot the COE. In the Continental 'mited States (CONUS)
K- and other territories of the lUnited <tates, the COE is responsible for provid-

init military hvdroloey services and tunctions required tor Jdirect support of
operational lements. [n theaters of operation and overseas commands, terrain

malvsis elements oFf  Armv torces are responsihlo tor providine milirare

hyvdrologic {ntormation to  all deploved uanits, Where no terrain analvsis
elements are present nr vl babtle, Sttt Ty are s oned this

rosponsihility,
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AR o= 36
L.and Based Water Resources Mangeement in Contingency Operations
I November 1934

Purpose

AR TO0=136 sets policv and procedures for water resources maniagement in

support ot contingency operations. It detines the Armv's role in joint con-

tindenev operations and ourlines responsibilities tor water support.
SUrmArv

This resulation assigns land based water resources manastement responsi-

Sility to appronriate Armv proponents,  The Deputv Chiet of Statf for Losis-—

tics (DSCLOGY, the Neputy Chiof of Staft tor Operations (NDCSOPSY, the Suroeon

wneral (TSGY), and the €O all share common responsibilitv for carrving out

“heowater o suapolvomissiong This revulation supersedes AR 115=-20 (Field Water

i, ThEd renplapian e o ant o anni et tised iastallatioas, saroer o sunpore

yerrari s, or clvil o works emersencv wiater management.,
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FC 5-545
Geologyv
April 1986

Purpose

The purpose of this manual is to relate the science of dgeologv to mili-
rarv engineering. It is to be used tor both reference and training. The nan-
ual is not intended to make geologists out of military engineers, but rather
to present some of the geologic principles required for the correct solutions

of manv military engineering problems.

Sumnarv

This manual includes a survey of basic geologic materials, features, and
processes. It further describes the geologic factors that affect the proper-
ties ard occurrence of natural construction materials; the construction of
dams, tunn=ls, roads, airfields, and bridges; the location or water supplies,
and terrain evaluation. Chapter 5, "Groundwater,” treats several aspects ot

how groundwater relates to water supply.
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FM 5-130
- Cazincer Tntellisence
September 19n7

Purpose

™Mis manual is a craining text wd seneral reference for all personnel
onverned with engineer iatellicence. 1t serves s 31 auide tor commanders and
their stattfs in anderstandiag the purpose and seape of engineer intelligence

oW e ensineers v obe atilized to meet their intelligence requirements.

SuUTMAary

YDormarion Dotads aanual doals with rhe cenconr and role of engi-

cr s Tl ey s By iy the s v e iaterior and i the theater of
aperitions, [h Chapeer 9, pages “1-43, various topographic and intelligence
Toams oare listed oaad fescoribhed iarorms of capability, basis of allocation,
vty pnh oot i, Jwese toams ave been reartanized under table of
arzanization and equipment (TOE) 5=-340, The new TNOE and 4 discussion of mis-

sion and control is presented in FM 5-146, Engineer Topographic Units, chapter

3. Ia particular, Team 1L, Military Hvdrotouay, is no longer in existance.

The militarv hvdrolosy capability now i3 the responsibility of the terrain

-

SAMS s ser Sorth i TOE S=3%A 0 TOE S-S0 [T and Taw fosar e
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FM 5-35
Engineer's Reference and Logistical Data
April 1971

Purpose

This manual is intended to provide engineers and other militarv personnel

with a compilation of data for use in the planning of engineer activities.
Summary

This FM includes data pertaining to engineer troops, equipment, construc-—
*ion materials, and to all tvypes of engineer troop tasks, to include use of
soils, construction of drainagewavs, roads, railroads, bridges, ports, air-
fields, and heliports. Petroleum, oil, and lubricant (POL) distribution, bar-
rier and denial operations, fortifications, protective structures, camouflage,
reneral construction, and mapping services are also covered. On page 13-1,
“he il wddreosses water supply and  distribution. Althouch the water
rosources aission has been transfered to the logistics branch, a section on
water sources 1is included. A small section that relates to hyvdrology 1is

listed as water supplv on page |8-12.
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FM H-100
Fungineer Combat Operations
May [9R4

Purpose

FM 5-100 is the Army's kevstone how-to-fiyht manual for combat ensineers.

YMO5=190 presents basic doctrine, It implements the AirlLand battle doctrine

described in FM IN0-5, which sets forth the concepts for winnino the battles

and campaians in modern warfare.

Summarv

Tha intformation in this manual unides the use of engineors in 1 theater

I oanerations, [t addresses how units are assigned and emploved in combat

zone and communications zone operations that affect forward areas. FM S-100

i< iatonded ror commanders, staffs, and trainers at all levels. Reterences to

P

Silitary avdreoalogvy are tound nredominately under the toporsraphic

cnaineerioe

ind zeneral engineering sections, Specificallv, opartes 10-9, 11-8, and A-7%

address the mission and organizational aspects of conducting engincer-related

water tasks under desert and contingencv operations.




FM 5-104
General Engineering (Draft)
April 1985

Purpose

This manual provides the doctrinal basis for the planning and execution
Sf reneral engineering tasks in the theater of operations. General engi-
neering is described as those tasks which do not directlv contribute to the

mobilityv, counte.mobilitv, or survivabilityv of committed manuever elements.

Summary

FMO5=10% is a doctrinal oanual discussing the following weneral enoi-
aeering functional areas: tines of communication, construction and repair,
establishment and maintenance of installations, logistics facilities support,
construction materials, and other related missions. This FM is part of 1 new
serivs ol «ngineer doctrine. Chapter 12 is devoted to water suapplve. Thails
chapter specitically defines the water supply missions the engineer maintains,
and the integration of those tasks into the total water supplv mission.,
Specitically, seven mnmajor engineer responsibilities are delineated with
resards to water  supplv  opoerations;  four pertain directly to military
Auedral owry, These are recomnaissance, identification and compilation of data
pertainins to  surtace water sonrces, compilation of data using existing
intormation tn establish reconmended well-drilling sites to obtain sub-surface

witer, and well drillins.




FM 5-105
Tapographic Operations
1985

Purpose

This manual sets torth the fundamental

2mrineering support to the Armv.

Sumnary

This manual describes the role of topographic enaincers in the Airland

Sattle arena, and the support that they will

vl eariaeer Tanctions and  products  are

Tonosraphic operations are described from peacetime and wartime scenarios,

S i maanaseneat and factors affecting those operations. Topoaraphic

Corticilion o aad o equioment s discussed.
iararmation in the field is the terrain ana

datar on hvdrologic information, as well as pr

zantiining that information, {is the respons

sty o7 rorrain iapnt to the Intelligence Preparation of the Battloriolid

(IPBY process, Nbhstacles, Xeyv terrain, and

atilize ilitary hvdrologic information.

'rrain analvsis, toposraphic production, and map distribution and storadge.

The rerrain analwvst ntilizes this information to accuratelv portrav military

(Nrare)

doctrine regarding toposraphic

he expected o ronder, Topo-

nlaced iatn threo categories:

Jhe o ey to o aboboary avdrolosie
lvst. Obtaininy and collecting
ocessing and updating data bases

ibility of the terrain analvst.

avenues of approach analvsis all
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o FM 5-146

N Engineer Topographic Units
’* = September 1979

-

N

L Purpose

- A e ——

+ ol

. .

Loy This manual presents doctrine and guidance on the mission, organization,

1% g g

_;:{ capabilities, and employment of enginear topographic units. It is designed to
guide staff officers and unit commanders responsible for directing and con-

ducting topographic operations ..nd training.
Summary

In Figure 1-1, page 1-2, terrain teams are shown as being placed at

eachelon above corps (EAC) or theater army, corps, and division levels. The

theater army team is part of the headquarters and headquarters company (HHC)

of the eagineer topographic battalion (TOE 5-336); the corps terrain team is

»
¥

YN

suparately organized under TOE 5-540 1J. One terrain team, TOE 5-547 IK, Is

it

assigned per division. Specific duties pertaining to military hydrology are

‘,l 3 »
v l"l’.
AN

Ty

12
)

covered on pages 3-8 and 3-9. These duties include the collection of data via

()

the hydrologic survey set and the interpretation and analysis of these data.
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¥M S5-1nn/AFR 85-23
Well Drilling Operations
June 1975

Purnose

The purpose of this manual is to serve as an introductorv text on zround-
wiater usage and water well-drilling operations. [t is primarily intended ftor
military personnel responsible for developing groundwater as a water source in
the ftield, but it may also be used for guidance in drilling water wells ftor
nermanent military installations. Auxiliary wuses of water well-drilling
equipment, such as providing geologic or soil data, are also covered. This
minu1l v be used as a text for training personnel in sroundwater usage,

wiater well-drilling operations, and related uses-of the associated caquipment.

Summary

The most important aspects of sroundwater, includinc its oricia, scoocur-
rence, qualitv, and exploration are covered in this manual. Well construction
methods most frequently used by military organizations (the rotary and down-
hole techniques) are covered, and miscellaneous methods are presented for use
when standard military well-drilling equipment 1{s not available. Several
tvpes of cqnipment and methods normallw used onlvy in civil »ractice but which
may in certain situations be adopted for military use are also described. The
techniques of conpleting, developing, and testing wells after the hole has
heen drilled are presented. Arctic well construction and its unique problems
are discussed, and the auxiliarv uses of well-drilling equipment tor rock and
snil sampling are covered. The different tvpes of pumps that are used to lift

wat-r trom inside 1 well to the sartace are also described,

A-113
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FM 5-335
Drainage
December 1985

Purpose

The purpose of this field manual is to provide information and guidance
necessarv tor engineers responsible for planning, designing, and constructing
driinage facilities in the theater of operation. The mancal was developed for

military forces in the field and emphasizes useful methods for field opera-

tions.
Summarv

Altthoursh this manual was desizned to provide information required to
desiasn adequate drainage systems, Chapters 2 and 8 of the 11 chapters are of

interest to the military hydrologist. Chapter 2, "Drainage Hydrology,” intro-

At
T

he avdrologic cvele and the basic principles of storms and their

VIS

rolated rainfill and runoff. Additionally, procedures for determining storm

frequencies and duration are treated. A section on hydrographs and an
explanation of their basic elements (baseflow, lag times, peak flow) is
provided. Chapter 8, "Subsurface Water,” presents an introductory guide to

standards for constructing subsurface drainage facilities. The principles of
locating subsurface water, flow of water, and the effects of subsurface water

ire of primary interest.

A-14
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FM 6-15
Field Artillerv Meterolouy
August 1978

Purpose

This manual addresses the meteorological requirements of the field artil-

lerv.

SUmMaAryY

This manual vcovers all the tasks required tn select a meteorological

static- site and to prepare and deliver arctillev meteorolosical messages.

»
Thic Tt relates ondv indiroctle o oto o military hedrolooy nrobloms, Chonter 3
fiscusses neteoralocv, An artilleory metearonlosical section is 1ssiegned to

each artillery brigade operatineg independentlv, mach meteorological section
consists or 1l neople triined 1n some of the tfundamentals of weather
observation, [f =eteorologicil sections were coopairc b o htaia raiafall
measurements in addition to other duties, these raintall measurements would be
of value to the hydrologists; however, the problem of communication of these

data is a factor to consider.

A-15




= - T A b Wmﬁm“"v‘m“‘.wmmf"ﬁl“"ﬂ"V\‘-""-"‘V‘.vv"f‘“'“."1“"(“*["“7"ﬂ‘W'T'l“T
b .-
-
-
v
<
4 .y-‘
g &
O FM 10-51-1
N Commanders Handbook for Water Usage in Desert Operations
. May 1983
b .
.
- Purpose
~ This handbook explains the importance of water in desert operations. The
‘.
;“i handbook is designed for the unit commander.
o Summarv
- The handbook gives specific guidance on water supply planning, protecting
S the water supply, and surviving under emergency conditions in a desert. In
P~
LY addition, this handbook contains basic data on various pieces of water-related
L 4
N equipment. This pocket-sized handbook offers some hasic common sense informa-
- tion on water usage.
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FMOTa=52
Field Water Supplv
Febriiry 1985

Purnose

The purpose of this manual i{s to provide personnel with a reference for
field water supplv in combat operations and training exercises, where water is
treated and supplied bv mobile equipment. It is also a reference for Armv

medical personnel who inspect and improve water sources and treated water.

Summary

TRy cavers wiater quality, vater sonrces, scamminn yater treatment

nroces es, and proacedares tor reconnoitering and setting un water points, It
presents nrocedures for operating water parification points and supply points.
Ttoalso discusses general  support distribution systems and environmental
A lnence s o witer supply operations. The lacteor inclade special procedures
tor arctivc, troapic, ind arid battlefields, and for activelv contaminated por-
tions of the inteurated battlefield, Chapter 2, "Raw Water Supplies,” and

Chapter 3, "Water Reconnaissance,” contain data that may he ot inter-cst to the

military hvidrolosist.

A-17
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Field

This manual provides

lished, practical measures

the Armv and Air Force.
This =anual eoxoliins the
Gor otiolh o coniticions, Topnine

rhe o dividngal <oldieor tor xnowinag and ohserviag
hviiene, especially s thev applv to living

peculiar to the military service.

the oracurement and treatment of

SOUrces, It nutlines the

selecting various wiater sources.

Hvorione

intformation

designed to

fundiamentals of

sanitarv

FM 21-10
inqd
1370

July

Purpose

and

preserve

Summarv

Soonn tho

Chapter 4,

water trom

A-18
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EM 2132

Tovosranhic sapport
September 19749

Purpose |
\

This manual sets forth the tundamental doctrine revarding topogsraphic
snpnort to the Armv, Tt provides the topovraphic specialist, as well as the
sunnort unit or individual user, with the objectives of tonographic support,

whoat Tt consists or, and how it is carried out.

ST

cira =200 aaqre 2=0 0 the ol acoment r forrain rogms within the
~acd el o raparraphic commumity is shown,
O page 4-3, Filgure 4-=-2, the position of the terrain teams with the
cnsineer topaTraphic battalion (ET3) is shown.
Wwooriing to intoraation preasented in page 4-10, the headquarters and ‘
A vdauarters companv (HHEC) of the HTB contains one terrain team available for

theater general support. One corps terrain team is assigned to the battalion

tor cach support corps in direct support ot the corps. Also, a division ter-

riin team will be ian direct support of each division and assiyned to the

Car oot caras terrain teanm,
,
|
|
A-19
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FM 21-33
Terrain Analvsis
Mav 1978

Purpose

This manual is intended to assist in identifvins the duties ot the ter-

rain analvst and to serve as a reference.

Summarv

B

The manual wis written for an enlisted terrain analvst and is used as
sart of the terrain analyst course for enlisted arades 575 9 E7,

Torrain o analvsic ig o rhe nrocoss of  analvzine v ceovrapnical oarea ot
determine the otffect of natural and manmade features on nilitarv operations.
This manual describes the procedures to be followed bv the terrain analyst
incinding daca coll-~tion, management, and use of data files, analysis of
terrain factors, preparation of special purpose maps, and preparation and
distribution or terrain studies. Coapter 2 "Collect DPata,” includes discus-
sions of kinds of data and where they can be obtained.

Chapter 5, “Analysis of Terrain Factors,” includes the bulk of the
material in this manual of interest to the military hydrologist, It is
divided {ntn seven sections, of which two are useful: (1) Zrepare Climatic
Sammaries and  (2) Analyze Drainage Features. The primary intelligence
products developed under the guidelines of sections (1) and (2) are map
overliavs and supporting data files for each of the six topics. These are
sovrces  of  intormation  that  ecan bhe used  for militarv  hydrology 1 sk

completion.
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FM 3o0-10
Military Seovraphic Intellivgence (Terrain)
March 1972

Purpose

M 0-10 i3 intended to serve as 3 guide to the preparation of geographic
intelligence producrs, As such, it describes methods for the collection and

interpretation of zeoJsraphic or terrain data from a varietv of sources.

SumtIry

FM 30-12 treats the seographic aspects of the bhattletield as intelligence
sraducts and econcerns itself with the enllection and orranization nr rharg
intellivence. It is directed to the terrain unit, which has fhe recspansihil-
itv for gathering terrain intelligence, and deals at length with the effect of
terrain features on ailitary operations., [t contains sections devoted to
Bedraiaov ) water supply, and waterwavs, and an entire chapter on weather and
slimate . However, these items are considered only as observables.  No atten-

tion is given to either their time-variable nature or their predictions. The

~ual ts rectricted throughout to the tabulating and reporting of observed

conditions.

Dl A



- T T T W TN T ET YT VY FrITETYTwwrE LT W ELE Y LTRALTR R LWL TR T

FM 34-317AFM 105-4

Weather Support tor Army Tactical Operations

August 1984

Purpose

This manual provides doctrinal guidance to US Air Force (USAF), Air

Weather Service (AWS), and field personnel, including commanders and staff

officers, who are concerned with the weather support requi

tical operations. It consolidates and explains US Army and AWS current doc-

trinal guidance on weather support services and functions provided for field

armv tactical operations, and provides guidance to field p

rr

starf weather officers and AWS personnel operating with fieo
ters and elements. The information is applicable to general

cold war, and stability operations.

Summarv

Functions and responsibilities are delineated on pages 1-8 and 1-9.

Noteworthy is that the tasks of soil tratficability, river

forecasts are the responsiblities of the Assistant Chief of

lizence. Chapter 2 addresses Army weather information sources: the artillery

meteorological section and the terrain analysis technician.
Weather Support,” describes what and where the best source

logical data can be required. Of interest is the descripti

7,

enxineer/artillery survey units (p. 4-3) and imagerv interpreotation elements

(p. 4-4). Engineer topographic units provide streamflow measurements and pro-

dict river stages and floods. The engineer flood prediction

weather teams tor precipitation forecasts in support ot riv

heads, and defensive positions,

S T S R e N, " S, Ph L e A 7‘

red for Army tac-

ersonnel and USAF
ld armv headquar-

war, limited war,

stage, and flood

Staff for Intel-

Chapter 4, "Armv
of Army meteoro-

on of the role of

service relies on

or crossinges, air

e d
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M oYn-3
Nosart Operations
AnsTust 1977
o Purpose

The purpose of this manual is to describe how IS Armv forces right in the
! Ji$

thsert., Conditians encountered ia the desert will have a profound eoffect on

~ilitary operations. Desert operations require, among other things special
inment, <pecial fraining and acclimatization, and a hiazh degree of self
H{scintine 1f operations are to be successful.
SuTmary

This manual lescribes how ¢ prepare for “desert operations, how units
fizht in the desert, and how conbat service support operations function in
tkni » such an environment. It focuses on the environment and its effects on person-
- n~l and equipment, s well as the factors to be considered when preparing for
%' desert operitions. Additionallv, M 90-3 details how the desert environment
:;: atfects various tactical operations. The role of combat service support in an
tiff arid environment is also delineated. Due to the major role that water will
play in desert operations, added emphasis is given to discussions pertainineg
tn wiater operations. Page 2-9, addresses the importance of aaturally occurings
: water sources. Page 2-15, describes the affect of water on soldier perform-
: ince, while pages 4-19 state that finding, developing and if necessary
destroviae water supplies is a hizh priority task tor envincers.  Wator s

o class oot supply, and as combat service support is treated oa pate h-dg

A A AN e e
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Starf Ottficer's Field Manual
Oroanizational, Technical, and Logistical Yata
Julv 1978

Purpose

MO Il-t-1 is used as a planning guide, providing general planning data

Tor start orficers of all echelons. Howaever, the primaryv thrust in developing i
Slanains data tag hpen fta Salfitlovhe needs sf o alaanoers af Loisinan
’ [SERTRR

Summarv

Bisic Tis . supplv planning data, movement planning data, personnel and
wainstration, enxineer planning data, and situationally dependent compat
planning factors are covered in this manual. Classification of water as an
item of sapply is covered in Chapter 3. Requirements for water supply and
rites o consumption are round on page h-hH, The information for arid environ-

1

~onts bas heen revised and updated in US Armvy Training and Doctrine Command

(TRADGCY Pamphlet (PAM) 325-11.
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r TB 5-550-1
p, " Flood Prediction Services
] '; December 1956

. Purpose

This bulletin presents a description of typical conditions under which
tlood prediction and flood warning services should be established for military
purposes. It outlines the organizational arrangements and facilities needed
to establish and operate such services under alternate circumstances. It also

presents information and instructions of a general nature that would be useful

in establishing military flood prediction services.

Summary

This bulletin describes conditions under which a flood prediction service

should be established and discusses the necessary organizational arrangements

and facilities to provide this service. The criteria for the establishment of
o a flood prediction service are presented in the form of three questions: Will

Cj ' a flood affect the military operations? Will the forecast be of sufficient

military value to justify the effort? 1Is it possible to gather the hvdrologic

[ NN
[

" data required to develop the forecast?

‘,..‘_- VR
» fele

" The flood prediction services are divided into three tvpes, bhased on the
time of flood crest after the beginning of rise. The Local Flood Prediction
Service would be established for small streams, with a time to peak of less
than 12 hours. A Reginnal Flood Predicition Service would be established for
in area where the time to peak is between 12 and 30 hours. The Centralized
Flood Predicition Service would be established in an arca where the time to

peac is more than 30 hours.
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~ - I3 . .

- - Compilation of Intelligence on Militarv Hvdrolowy

9 Jaunaury 1958

n
S Purpose

This bulletin provides a valuable tool tfor training personnel and pre-
\
+ . e g . s . . .
) sents the compilation of intelligence on militarv hydrology as a simple check-
: list procedure.
Summary
) This publication is a guide for the compilation of data on military

P Aedroloay. It provides a list of {nformation items (with cximples) required
4
- for specitic hvdrologic subjects. Informatinm lists are nrovided for the
J
X tollowing 12 subject areas: watersheds, river and canal channels, stream and

i. river <ages, precipitation gages, bridges, fords and ferries, dams and reser-

‘ 0
N voirs, hvdroelectric plants, flood protection structures, navigation locks, !
.

X irrization projects, and drainage projects.
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TB 5-550-3
Flood Prediction Techniques
Februarv 1957

Purpose

The purpose orf this bulletin is to present flood prediction techniques

and procedures in a form suitable for military use.

Summary

This bulletin Jdiscusses basic hydrology and presents methods for fore-
astig floods. 0t the hvdrology manuals used by the Aray, this bulletin pre-
senrs the aichast jtevel of tachnologv. Subjects discussed in detail include
riitall, orecinitation-runott relations, streamflow, hydrograph development,
unit hvidrosriph construction, gage relations, flood routing, snow, and radar.

Numerous exdmples are presented.
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TB HMED 5/7
Sanitary Control and Surveillance of Field Water Supplies

March (98¢

Purpose

This technical bulletin provides preventative medicine information and
guidance to military personnel concerned with the location, production,

sanitary control, and surveillance of field water supplies on land.

Summary
RALILEL A

The nine chapters in this bulletin provide 1insight into the role of
sanitarv control in each phase of the water sunnlv cvele. Human requirements
for potable water, water sources and water - point reconnaissance, water
purification, distribution and storage operations, and water conservation are
all Jiscussed from the aspect of how to monitor water quality standards.
Chapter 4, "Water Sources and Water Point Reconiaissance,” contains most of
the data ot interest to the hydrologist. TB MED 576 treats the sanitary con-
trol and surveillance of water supplies at fixed installations. Together TB

MED 577 and TB MED 576 replace TB MED 227, Sanitary Control and Surveillance

rFwEyT AT aT e s I‘T

of Water Supplies at Fixed and Field Installations.
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™ 5-235
Special Survevs
September 1964

Purpose

This manual is a reference for engineer officers and technicians respon-
sible for the supervision and condurt of special tvpes of surveys, and

describes the instruments and equipment to perform special surveys.

Summary

The various survey types discussed include underground surveys (Chapter
2), teolosic and pedologic surveys (Chapter 3), land survevs (Chapter 4),
hdrographic  survevs (Chapter S), shore-ship trianculation (Chapter 6),
magnetic surveys (Chapter 7), and arctic surveys (Chapter 8).

The portions of the manual reviewed were Chapter 3, Sections [ (Geology)

and [ (Pedologyv), and Chapter 5, Sections [I1 (Streamflow and Stream-Gaging

Stations), IV (Stream-Gaging Equipment), and V (Measurement of Streamtlow).

A-130
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TM 5-330/AFM 86-3
Planning and Design or Roads, Airbases, and HMeliports
in the Theater of Operations
September 1968

Purpose

! The purpose otf this manual is to provide information and suidance to per-

tonnel rosponsible for the planning, desian, and eonstruction of theater of

¢ aperations roads, air bases, and heliports. [t is desioned to be used as 2

reterence handbook as well as a text for training and operations purposes.

Summary

Only the new working draft of Chapter 9, "Soils Tratficabilitv,” was
reviewed. This chapter covers the description and use of instruments and

equioment and also of tests performed to determine trafficability, The range

¢ - . . C
. in values of measurable soil parameters is presented. Also, enmpirical rela-
-
o tions used to predict the number of passes over different soils and slopes
o that tracked and wheeled vehicles can make are presented.
o
A
T
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-
N
N
o
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™ 5-8114-2
Water Supply: Water Sources
July 1965

Purpose

& This manual prescribes the procedures to be followed in obtaining and
Jevelnpinr sources of potable water for Army and Air Force installations and
tor speciial projects. [t describes general investigative procedures to be
tollowed in determining the most feasible means of obtaining the required
water supplv, It established criteria to be tollowed in the development of
mderoronnd or o surtace supplies, degree of treatrent required, and types of

camaing o conioment to ohe used,

Summnrz

Chapters h, 7, and 8 provide an intelligence checklist for existing water
supplies, well supplies, and surface supplies.

Chapter 9 gives the acceptable concentration ot contaminants in a water
supply.

Chapter 10 covers water supply wells. Subjects discussed included test
drilling, well construction, types of housing and pumps to be used, metering
of the supplied water, as well as the minimum number of wells reguired to pro-
vide sufficient water, their capacity, and the types of power units required
for pumping.

Chapter 11 includes a discussion of well honsing and pumping equipment

for surface water pumping stations.

A-132
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NowaterinTs md Sroundwiter Contro!l
November 9%

Purpose

~.

deep excavations for structures.

Summary

’

"

Rolier,
pormeability of previous strata. Notations on the importance ot
surrace  watoer  iavestigations are  made. The first section

"Analvsis of Groundwater Flow,” is noteworthy because it introdu

to methods of ¢groundwater flow analysis.

A- 14
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Tals aanual provides guidance for the planning, design, supervision, and

yperition of dewatering and pressure reliet svstems and of seepage cutoff for

'othe weven chapters i1 this manual, Chapter 2, "Geoloaacic, Soil, and
Shnndwater Tavestisations,” ind Chapter 4 Nesian ot NHewatering, Pressure
ind Groundwater Control Svstems,” are of interest. Chapter 3 centers

on reolosic and  soil  conditions, groundwater characteristics, and the

corresponding
in Chapter 4,

ces the reader
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[RADOC paM 525-11
US Armv Operational Concepts for Near Term Water Resources Management
June 1981

Purpose

The purpose of this pamphlet is to set forth an operational concept for 1
an interim solution to the problems of providing water supply support to a

joint force for land-based combat operations in arid regilons.
Summary

This pamphlet bevins by discussing the operational concepts for water
support bv time-phased deplovments, and the force planninz for water support.
These discussions are supported by four major appendices. Appendix A
. describes water consumption requirements for wvarious units and services.
Appendix B outlines the water supply requirements by unit buildup during
deplovment phases. Appendix C portrays a typical water unit installation map
needed to support a joint force in an arid theater of operations. Appendix D
closes the pamphlet by describing the organizational models for implementa-

tion. The role of engineer well drilling operations is discussed on pages 8,

15, and 20. Figure C-1 presents a typical theater deployment of a water
“u supplv system, showing the role that well drilling sites will plavy. Figure

C-12 depicts a well drilling site's typical integration into the water supply

svstom,
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TRADOC PAM 525-32
s Army Operational Concept for Water Support in 1 Theater of Operations
September 1983

Purpose

The purpose of this concept paper is to describe procedures and required

resources tor the supply of potable water to the Armv in the field.

Summary

This concept paper besins with a general outline of operational factors,
ind lists what Armv orsanizations are responsibie for various water support
“issioms. The rosponsidbility of planning adequate and continuous water sup-
~art is Jdetaitled. Operatinnal concepts are deséribed by temperate, tropical,
artic, arid rezions, and Dby wvarious echelon levels. Appendices on

requirements for unew equipment, organizations, and training are provided.

all®

11s »amphicet offers a1 vood overall plcture of water supplv operation.
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BRADC Report 24 13
The Use of Geophvsicil Sartace Me hods ror Military Groundwater Doteectinog
Mav 1A%

Purpose i

The purpose of this report summarizes information on the use Hr surface- |
deploved wgeophvsical methods for military groundwater detection developed bhv
the Petroleum and Environmental Technology Division, Logistics Suppore
Lahoratary, 'S Armv Belvoir Research and Development Center (BRADCY, tronm -

to 1983,
SUmnary

Seven maior indications have been drawn from the testing and evaluation
daring the studv vears.  The first indication is that electrical resistivity
vt seismic refraction are the two geophvsical techniques with the wareatest
~oar-torm potential for success.  Second, complementarv seismic refracting and
electrical resistivity surveys generally can be used tor sroundwater detection

wnenl the water table occurs in unconsolidated sediments and generally can not

he  usoed  successtullv tor detection of  groundwater  in contrined agquifters.

several other conclusions drawn from the testing are that commercially avail-
ahle softwire, eaquipment, and microcomputer svstems enhance success.  Perhaps
the most significant factors affecting the probability of success are skilled,

xnowledgeable personnel to conduct the survevs.

A-16k
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CERL~TR-M=-287

Theater of Operations Construction in the Desert: A Handbhook

Learaed in the Middlo Fastc
January 1931

ar Lessons

Purpose

The purnose of this interim report is to consoiidate

IRt (. [N
oareed o material, caquisment) olanning and desion, e A ST R
Neonlaaners and hutlders far theators of oanerarioang o ok ; T

ontvaest o Asia (SWAYL Tt was complled by the 'S Army

1 S

¢ Laboriatorv.,

Samarey

The topic areas reviewed are: base desian, bhase protoction, oloctrical

reneration and distribution, water, vertical and horizontal construction, ant

ensineer wor< factors.  Of particular interest is Chapter 5, which addrosaes

wiater resourcas probloms, This chapter specifically treats water supplv,

1, Treatment oand

solid waste treatment.
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CERL-WKS
Troop Construction in the Middle East
Dctober 1982

Purpose

The purpose ot this report is to consolidate all engineer-related aspects
of problems in base development and provide planners and engineers with a sin-
2le source handbook covering construction problems and practices unique to the

Middle East.

Sumnary

This renort covers the various enegineering disciplines involved in base
devalonment,  These i{aclude hase planning and siting, base protection, elec-
trical zeneration and distribution, water supplv, distribution and disposal,
verticial construction, horizontal construction, and port construction. Fac-
“ors  attectime the envineer work force are also considered. Chapter 5,
"Tvpedient Water Conservation Techniques,” identifies practical and expedient
water conservatinn measures that can help reduce the logistical burden of
wiater supplv in SWA. It also summarizes the near-term water supply concept
for arid regions.  Perhaps the areatest asset of Chapter 5 is the breakout of

11l mainr water requirements tor mainr Armv missions,
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DMS No. student Text (STY 25
Stream Hvdroloory
Haren 1980

Pucpose

The purpose or this text is to introduce terrain analvsis students to the

topic ot streoam wvdrolowy,
Summary

This text is divided into three sections. The first section onens with a
fiscussion on the oaricin of streams and procesds ©o the bhasic propertics of
stroam rlow, voelacitv, Aischarge, flow and channel  adinstment and channel
shane, Seetion 'L disucsses hvdrologic measurerments, c~hannel  roughness,
slop2, and hvdraulic radius. The final section closes with a discussion of
tlow treqguencies.  This text yives a brief, basic, casy to understand intro-

Jduccion to the topic of stream hvdrology.

A- 19
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;-$:] ETL-TAC MISC 01-85
Y User Requirements Analvsis for the Worldwide Water Resources Data Base
N q
) January 1985
vy ( A
LY
Purpose
‘;j' This report describes a user requirements analysis which was undertaken
]
fxf to define and prepare a worldwide water resources data base (WRDB).
- p
o
.-~
Ko Summary

This tpeort addresses the user requirements analysis phase. It describes
the survev and analysis conducted to determine military users needs in terms
»f dita, reports, and access to the computerized data base. Tt summarizes the
concept and structure of the operating system and data base, and describes the
components of a proposed data base that will provide evaluated information on
the quantity, qualitv, and availability (including location) aspects of water
sourc2s and facilities in terms responsive to the users' varied needs. The
report gives a ceneralized description of the computer systems and operating
environment suitable for servicing the DOD requirements. It also outlines an
illustrative work program for the continued design, data base development, and

system-implementation phases during fiscal years 1985 and 19864,
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ETL Technical Report 0207
Terrain Analvsis Procedural Guide tor Genlowvw
November 1979

Purpose

The purpose of this guide is to provide the Armv's terrain anilvsts wit:

Ll

step-bv-step procedures for collecting, recording, and vrapnically prosentiag

i3

zeologic and rock type information from sources such as maps, literisture,

derial imagerv,

Summarv

This report provides the methods and procedures necessarv tor obhtainias
information on geology from the most accessible sources, which are topouraphic
maps and aerial photos. The report is written tor the US Army terrain
inalvst, and presents the detailed methodology necessary for obtaining
ipproximatelv |3 pgeologic data elements useful in preparing tactor overlavs.,
This report does not deal directly with military hyvdrology. However, it is

usetul from the standpoint that surface drainage pattern interpretation tech-

niques are utilized as a key to geologic and potential hvdrologic units.
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F ETL Technical Report 0285

.j Terriin Analysis Procedural Guide for Drainase and Water Resources
. 5

L4 Apr11 1982

LY

s Purpose

The purpose of this guide is to provide the Army's terrain analyst with

step-hv-step procedures for extracting, reducing, and recording drainage and

. water resources information.

. summAarv

O This document {s one ir a series of terrain analvsis procedural guides
. haing written specifically for IS Army terrain analvsts, and presents the

methodology for extracting, reducing, and recording information for drainage
L. and water resources data. These data are divided into three subfields: (1)

watercourses and water bodies, (2) drainage basins, and (3) groundwater.
. Step-by-step procedures are provided for producing a factor overlay and sup-
porting data tables for each of the drainage and water resources data fields.
This guide is a good cookbook treatment of water resources analyses techni-
ques, Coverage of surface and groundwater procedural, analysis, and inter-
pretative techniques gives a clear picture of the water resources input

required for a complete picture of military hvdrologic factors.
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ETL Report 07344
Svnthesis Gunide for River Crossinugs
Ncrtober 1983

Purpose

The purpose of this quide is to provide the terrain analyst with a method

for evaluaating watercourse segments tor suitability as river crossing areas.
Summary

A deliberate river crossing is characterized by a deliberate pause at the
ontry bank tor a build-up of forces and equipment. This synthesis guide eval-
tites two primarv factors that influence the planning »f a river crossing:
the river and terrain. The physical characteristics of the river itself and
the aspects of the nearby terrain that iuteract with and influence the river
crossing are examined. Methods for extracting, evaluating, and presenting

Wwatercourse data are provided.




HEC Technical Paper 92
- Hydrologic Engineering Center Planning Models
December 1983

b
LY

‘.‘,

T Purpose

e The purpose of this technical paper is to document the programs and work
V)

s available for use by the general community.

:i. Summarv

A0 In response to the needs of US Armv Corps of Engineers professionals, the
. US Army Hvdrologic Engineering Center (HEC) has developed and supports a
o family of computer programs designed to aid the Corps in 1ts work. These pro-
[

Ea . . e s

e " srams include catchment, channel, alluvial, and statistical process models;

etrta

system operation models; plan evaulation models; and data management programs.

» s
L W A
P ]

These models individually and collectively have been used throughout the
cCorps. Plans includes improving existing models and converting them to
execute on microcomputers. Additional HEC reports document previous efforts
in the field of hydrology which relate directly to military hydrology. A

listing can be obtained directly from HEC.
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NCEL TR-1637
Desert Water Supply
June 1982

s 0
“a s
l.‘-

Purpose

2l e
" 'l. ‘l

The purpose of this report, published by the Naval Civil #ngineering

Laboratory (NCEL), is to define the water supply requirements and constraints

facing the Marine Corps in desert tactical operations, and to identify

technological alternatives for providing new capabilities in the mid- and

long-term.
Summary

Water su-~~ly, treatment, storage, and distribution requirements were
assessed in relation to notional Marine Corps structure and hypothetical
desert scenarios to determine required capabilities and potential shortfalls
in current assets. Although not an Army report, this report presents a good
overall picture of desert water supply requirements and anticipated problems.

The reprrt takes a systems analysis approach to water supply, beginning with

water supply sources, touching upon water treatment and storage, through to

water distribution and water temperature control.




WES Report EL-79-6
Militarv Hvdrology Series Reports [-13
Mav 1979-Tune 19260

Purpose

The purpose of this series of reports

is to document the orforts to

\
levelsp o ianproved =military hvdrologic capabilitv for the 7S armed tforces.
\':‘

\.,-t‘ The emphasis is on application in the tactical environment.

-

.

I"~

SummAary
A These  reports are oriented toward the development ot an inteyrated
Aethodal oy for ranidly locating and avalnating

rroundwater  supplies,

narticulariv in arid revions, Specific works include (1) the compilation of

auidelines for the expedient location of water for human survival; (2) the

levelopment of  remote imagery interpertation procedures tor detecting and

riluating groundwater sources; (3) the adaptation of suitanle geophysicai

m2thods tor detecting and evaluating zroundwater sources; and (4) the develop-

ment of water-supplv analysis and display concepts. (Full bibliographic

citations are included in Annex B of this auide.)
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R ANNEX B

:-_‘_4: BIBLIOGRAPHY OF SELECTED MILITARY HYDROLOGY LITERATURE
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ANNEX B

BIBLIOGRAPHY OF SELECTED MILITARY HYDROLOGY LITERATURE

Adams, LTC L. M., and Jordon, MAJ Larrv D., Operational Test of Near Term
Water Support Svstem (US Army Airborne Board, 1982).

Anderson, Montv J., A Prototvpe Decision Support System for the Location of
Military Water Points (Georgia Institute of Technology, 1980).

Applegate, James K., Geophvsical Detection of Groundwater (US Army Mobility
Fquipment Research and Development Command, 1981).

Applications of Hvdrologv in Militarv Planning and Operations, Military
Hydrol>ygy Bulletin 1 (Military Hydrology R&D Branch, 1957).

Baldwin, G. V. and Mcguinness, C. L., A Primer on Ground Water (Department of
the Interior, US Geological Survev, 1963).

Randv, John T., Distribution of Water Use at Representative Fixed Army Instal-
lations, CERL-TR-N-157 (US Army Construction Engineering Research Laboratory,
[CERL] 19813).

Bilton, M. S., Preliminary Studv: The Second Line Transport Requirements for
the Distribution of Water in a Division Area of Operations, DOA-A-NOTE-13
(Department of Defense, 1983).

Butler, Dwain K. and Llopis, Jose L., Assessment of Two Currently "Fieldable”
Geopnvsical Methods for Militarv Ground Water Detection, Miscellaneous Paper
(MP) FL-79-6 (Waterways FExperiment Station [WES], 1984).

Butler, Dwain K., Assessment and Field Examples of Continuous Wave Electro-—
magnetic Surveying for Ground Water, MP EL-79-6 (WES, 1986).

Calkins, H. W., Evaluation of an Automated Water Data Base for Support to the
Rar‘d Deployment Joint Task Force (WES, 1981)

Cerjan, LTC Panl G., and Stroup, LTC Theodore G., Emplovment of the FEngineer
Svstem in Arid Mountainous and Desert Areas -— A Concept Paper (US Army War
College, 1981).

Cidras, MAJ Joseph M., The Airmobile Division Potable Water Requirements in a
Desert FEnvironment (Armed Forces Staff College, 1975).

Chow, V. T., Open Channel Hydraulics (McGraw-Hill, 1959).

Collins, J., A Quantitative Summarv of Groundwater Yield, Depth, and OQualitv
Data for Selected Mideast Areas (WES, 1982).
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Hdinutes or Water Resources Management Action Group (WRMAG) Meeting (Deputy
Chief of Statt for Logistics, 1984).

Cosme, 1LT C. L., To DNetermine the Best Method of Water Distribution for a
Light Division in an Arid Environment (US Army Quartermaster School, Office of
the Deputv Commandant rfor Combat and Training Developments, 19873).

Delanev, A. .J. and Sellmann, P. V., Detection of Arctic Water Supplies With
Geophvsical Techniques, CR 79-15 (June 1979).

Desai, M., Aerial Profiling of Terrain to Define Stream—Vallev Geometrv -—-—
Study Report, US Geological Survey Open File Report 76-672 (Charles Stark
Draper Laboratory, 1976).

Dooye, J. C. L., "A General Theory of the Unit Hvdrograph,” Journal of Geo-
phvsical Research, 64 (2):241-256 (1959).

Drainavte (Defense Mapping School, 1977).

NDziuban, LTC Stanlev, W., "Rhine River Flood Prediction Service,” The Militarv
Envineer, (1945).

Dziuban, LTC Stanlev, W., "Emplovment of Artificial Floods in Militarv Opera-
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