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A USERS GUIDE TO MILITARY HYDROLOGY

1. 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 unclassified 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 hydrology. In 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

n accomplishing specific tasks within the Army's militarv hydrology mission.

Therefore, ESC decided to assemble, summarize, and consolidate the dataL . collectyed durfng these prior studies and publish this; report on ctirr,nt

0-A



military hydrology literature and POCs. This will give members of the Army

and joint services easy access to previous work, and help them avoid duplicat-

ing past efforts.

4. Liitations ;nd Their Sicnificince. This guide has several limita-

tion-

a. LIMITATION: The data and information reviewed in this guide are

presumed correct and adequate. SIGNIFICANCE: ESC did not attempt to rate

documents for currency and adequacy, or to recommend which documents should be

updated or expanded.

b. LIMITATION: This guide does not provide data or information on

geographically site-specific hydrologic information. SIGNIFICANCE: This

report only guides the user to where information related to military hvdrology

can be found. For site-specific data, users must access the water resources

data base maintained by the US Army Engineer Topographic Laboratories (ETL).

- c. LIMITATION: This guide only includes information published

hetween 1970 and October 1986. SIGNIFICANCE: Any data or doctrine currently

"* being written or developed have not been included.

- . 5. Definitions.

a. Hydrology. That part of the terrestrial environment concerned

with the cuaracteristics of surface and subsurface water.

b. Military hydrology. A specialized field of hydrology that deals

with those characteristics of surface and subsurface water that may affect the

"-, planning and conduct of military operations.1

lMiLitarv Hydrology, Army Regulation (AR) 115-21 (Department of the Army,
Headquarters [DA ,HQ] 24 March 1977).

% '"2 A0:4:.- ,r



c. Soil moist ure content. Soi L moisture content is the amount of

water in a given vo-lume (or weight) of soil. if primary interest is its

impact on runoff, streamfilow, trafficability, "Id facility site selection.

.""d. Meteorology. The stuidv of the Earth's atmosphere, including

movements and other phenomena, espec a! lv as th-v relate to weather fore-

casting.3  The military hydrologist must have accurate measurements and fore-

- casts to estimate streamfiow, soil moisture, and the availability of water and

water sources.

e. Streamflow. Streamflow is a type of channel flow. Specifically,

it is the surface runoff traveling within a stream. 4  Streamflow information

helps the military hydrologist forecast floods and streams and to suggest the

p best way to manage gap crossings and dam breaches.

f. Water supply. Water supply is a source, means, or process of

providing water. In 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.

6. Approach. The first step in the preparation of this guide, as

indicated in Figure t, was to conduct a literature search. ESC examined

Dnartment of th, Army (DA) Pamphlet 310-4 for Army technical manuals (TMs),

fi.! mnnuals (F'-i), Armv regulations (ARs), technical bulletins (TBs), and

ot ,r ri'l itd doctrinal publications which include military hydrology or water

supply tn their title or subject list. A search was also done of various

alt1 0, r1d !dot baso avail able from the Defense Tochnicil Information Center

Pr -ons of the Mlitary lydrology Workshop, 17-19 May 1978 Vicks-

bur, ;:;is;i ss Ippi , Technical Roport EL-7Q-2 (IUS Army Elnginoer Waterways

!X po n.rynet Station ['4ES], hIay 1979).
"i;I-;i, ,rv of Ceol mv (Amorican Geological Instit to, 10".0, p. 44.8.

-Qlos.mrv¢. of Geolov p. 699.

-3041i
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MILITARY HYDROLOGY GUIDE APPROACH

CONDUCT SURVEY
LITERATURE KEY

SEARCH PERSONNEL

ACQUIRE AND
CONSOLIDATE

DATA SOURCES

REVIEW AND
SUMMARIZE
LITERATURE

Figure1



DlT IC) , tne .at ionalI -echn ica L I n format in So r v i :o T!S indl)A';Li

automated informat ion data base. Various US Armyv ind Department of lDe fnso

(DOD ) i bra ir ies , as wel I as thle li bra r ies o)t r -s-a r (-h antdi; ete)pme nt (R)

Iabor ator ie s that publish reports relatedl to militarv hdolivwere ilso

examined . These sources were reviewed to find iatormation not only onl thle

.P. ~ topic of military hvdrology4, but on the use and aipplications of milit-irv

hvdrologyv. The next step (Figure I ) was to querv vatrious key e r sonnel,

% i nvo lved i~i comni lingT reports and doctrine re lating, to mil itarv hvdro logyI.

This intorm.ation ..as then consolidated and summarized.

7 . Presentation. Figure 2 lists each document reviewed, lrouped by five

sb'ct at . ror ies: orc an izat ion, meteorologyv, soil' moisture, st reamt low, and

wa tor suPpplyv. These reviews are summarized, by sub jert , in- parag raph 8.

Pa-ragraph outlines the POCs available, by Subject, in the military hydroloqy

ro-711uaLtv. *\nntx A abstracts the military hydrolo-y information contained ini

*,-a ;a -ul i cat ion reviewed by ESC; tho a. n-her

ic-~ i-,)t>t r ;-sted in tho Last column of Figutre 2. Annex B is a-i alt

hi ~Ii olanv of thll SOUrce material used to prepare this g uide.

'I L. Miita ry yvd r,)oogy L it era ture Anialys is .

a. Tat rodi t ion. Traditional Iv, the milita ry hvd rolo i st per forms a

ran -e o t af~ r-l i tin g to id lt if ving and assess ing hvdr oloigic systems in the

envionmet, nd as;sis;tinig in set~ing uip and managing waterI supysystems in

thle fihI]. Spociticaillv, thle terra-in analyst is responsible? for collectingT,

compi I i it, mid rit-ina[Vova ltiatingi information on the phys.il cha-rac-

tor4th1 Lo r-;trcdiok, r ivr chainnols;, floo(d pla -ins , and water control

stutr. \ smtm iVisiOnAl engTineer , working with th di v is ion Is

(;2 3 p 1 ine, i 1, inai v;7t i hy(Iroc I n i c da ta to aippraise the streamf low

04
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characteristics that may affect river crossing operations. The military

hydrologist will also be called 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.

(i) 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 in the field of

'military water supply and support. These include US Trainin and Doctrine

Command (TRADOC) pamphlets (PA.Ms) 525-I1 and 525-32, AR 700-136, FM 5-0OO, 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 by both

the US Army Construction Engineer Research Laboratory (CERL) and WES publica-

tions and by TRADOC PAM 525-11. TRAI)OC PAM 525-11 also reflects the recent

transfer of water suppl y proponencv to the logistics branch. Engineer

1%10
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missions for military hydrology are defined in FM 5-104 and FM 5-105.

FM 5-104, FM 5-105, and FM 5-146 establish the responsibilities for developin-v

for water resources data bases. The terrain teams' responsibilities with

respect to military hydrology are outlined in FM 5-105 and FM 90-13; these

responsibilities include gathering military hydrologic planning data for gap

and river crossings, obstacles, and avenues of approach.

(2) Meteorology. The US Army does not maintain any significant

capability for weather data gathering and dissemination. Weather support to

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

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

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

data about soil moisture content, or exrlain how to use the soil moisture data

included in hydrologic models. Most doctrine and literature focus solely on

soil moisture as it relates to trafficability and cross-country movement.

Such infornation is found primarily in FM 30-10, FM 21-33, and TM 5-331; lit-

tle is found in other manuals. However, the relation of soil moisture to

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

Soil moisture also plays an important role in helping to locate support

facilities.

(4) Streamflow. Hydrology literature on streamflow emphasizes

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

Mapping School ()MA) and two technical reports prepared by ETL provide a "how

to" approach to water resources analysis. A comprehensive military hydrology

OlR
manaI 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,

ii%
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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

surface drainage features as obstacles to movement. ETL has documented water

resources data base specifications and information in Miscellancous Report

(MP) number 01-85. 5  The ETL Terrain Analysis Center (ETL-TAC) is the primary

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

all the armed services.

(5) Water supply. Most advances in doctrinal documentation and

technological modernization have been in the area of water supply. The need

to satisfy potable water requirements in arid environments has forced the Army

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

Actinn Croun (WR IAG). Water source detection has been enhanced by advances in

research conducted by WES and the Fort Belvoir Research and Development Center

(BRADC). ETL-TAC has formed a water resources data team. Water purification

capabilities have been greatly enhanced by the introduction of various Reverse

Osmosis Water Purification Units (ROWPU); TRADOC PAMs 525-11 and 525-32 both

contain ROWPU information. Water distribution has been improved by new

bladders and Tactical Water Distribution Systems (TWDS).

9. Military Hydrology Points of Contact. The real measure of the

military hydrologist's success in obtaining data is whether he or she knows

where to look or who to ask. ESC put together a library of POCs on military

5User Requirements Analysis for Worldwide Water Resource Data Base, ETL-
MR-)I95 (VS Army Engineer Top(cgraphic Laboratories (ETL), January 1985).

12

. .- .. - --



hydrology from sources listed in AR 115-21 and recent WRMAG meeting minutes.

This library is organized into five categories: functional responsibility,

research and development, training, operations, and data collection and

analvsis.

a. Functional responsibility. The Joint Chiefs of Staff have

assigned the Chief of Staff of the US Army responsibility for military hydrol-

ogy for the US armed forces. 6 In turn, the Army Chief of Staff has made the

Chief of Engineers (COE) responsible for performing the functions and activi-

ties of military hydrology. The Assistant Chief of Engineers (ACE), Military

Engineering and Topography Branch, has the enginee staff responsibility for

monitoring military hydrology activities. Figure 3 shows these relationships

and responsible agents.

b. Research and development. The COE (through the ACE) provides the

R&D required to improve the military hydrologic capabilites of the armed for-

ces. Various US Army Corps of Engineers R&D labs research, test, and develop

technology to improve the military hydrology capabiliity of the US Army. The

* US Army Cold Regions Research Engineering Laboratory (CRREL) solves the

special problems of military hydrology in cold regions. CERL solves problems

of water treatment, storage, supply, and facility construction in fixed

installations. WES is charged with R&D in the areas of hydraulics, hydraulic

prediction and forecasting models, and flood assessment. WES also tests and

evqluates commercially available hardware items that maintain and improve the

effectiveness of well drilling teams and terrain teams. Although not tasked

directly with military hydrology engineering, the US Army Hydrologic Engineer-

inc C,,nter (HFPC) ('an do hydrologic modeling. Figure 3 lists responsible R&D

* I ihor it ri,"i ind their rospective centers, divisions, systems, and teams.

lit ir v . r,1', , , .R 115-.1 (DA HQ, 1977

13
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Training.,T The Commanding Cenera i of TRAI)OC i res:,im

validating the requirements for improved military nvrirn eci_ ,inabilities Ir

the Army, for establishing doctrine, and for trainin , Army personnel ro per-

form these functions. Currently, the Defense Mapping School (DMS), throuigh

its terrain analvsis courses, trains enlisted personnel and proviAes Joctrini!

instruction to members of the armed forces. The US Army Engineer School

(USAES) also plays an important role by training officer personnel and by

developing military hydrology doctrine. Three branches within VSAES are

charged with military hydrology responsibilities. The USAES Directorate or

- Combat Developments (DCD) is involved with conceptual development of equip-

nent; the I'SAPS Directorate of Training Developments (DOTD) writes doctrine

O for the application and use of that equipment. The USAES Department of

M " iLitarv 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

(FORS(')M) is responsible for the readiness of Army engineer units to perform

military hydrologic functions in operational situations. 8  FORSCOM trains

terrain team, in the technical aspects of military hydrology and in various

levols of hvdrologic collection and application. These teams are located at

theater-arv level (TOE 5-336), corps level (TOE 5-5401J) and division level

(TFE 5-5V4)IK). The theater army team is in general support; teams assigned to

corps ind ,livis in ire direct support teams. US Army engineer officers in the

O4 :asistant dlvisi.)nal engineer's office, as well as personnel in the assistant

Y ' il ta -irv .l rolgv, AR 115-21 (DA HQ, 1977
" 'i I itrU qv-rol, - .
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crnI)s engi neer tic e s , VIIo 1)rei'ie oIr' I ; xs 'rt i5~. I TIt

shows typical terr-in team and efgineer sta't so2,,,rr i, .>AU,.J{.

e. Data collect ion and analVis. hil' 7; is, r'ponsi hi, for col-

lectind And aalv7ing hvdrnlogic daita Ind Ii -;',ni tt in: ri-io mr l')i,

"' N.' informat ion required bv the !'S armed Irces. The 51-1 aj ited this

* responsibility to the Water Resources Support Team T I) , VT>- 'C. TAC

-ma inta ins water resources da ta base as a joint irm s, d ore I , rii rore in

- G)I'S. Fi ,ure 3 shows the relationships amongi , L,'Y, 11'. RST te

'S \tr Corns or tngineers. Data collection and Ia-1 i Ire ,' , in th

fi '1A thromgh terr ain teams.

P . )bservat ions.

aI . There is no single consolidated FM or T- t A i, ,tinats and

ls ll sncts of military hydrology. There Is, is oo real "how to"

- o.mmI' . Th: I i~,. st substantial effort to consolidate mili mrv IrA a:. .as

1 ,'or i ,0 f 1- ,!ib letins published by the US rmy CI-rIs ,f )f .,,? r' in tho

b. The Army has begun to develop doctrine for water supply opera-

tions, outlining both responsibilities and equipment use, especially for arid

environents. 1SAES , the US Army Quartermaster School (-ISQMS), and the ''S

C. Army Lv i st Ics Contor (USALOGC) will update and rewrite outdated and needod

2- c<t r i Tne. This is being done inder the auspices of the WRMA

c. TRAD1) C PAIls 525-1 I and 525 -2 docuIment pot oh :ater rntm iromeo t5

f r Ar-v oo' r.onnel , Tmd descrihe how..] to satisfy thoose rol r '' nts thrrmmjh the

4l'".r ' t'fr siel oper-tions. 'iIS !WA.)D' ISIO(C, and

Army - i ) o systemr irdIe-) fiel -I m ' )T
t:r \r'' I, nor mt.ris nar, ,('I, tlping systems to t v, ii tatr' w.ot,'r detct ion,

"]-", o:extruot ,10, anid tm soly,' water storage~r probl,,ns.

'i" .
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d Ce bstsoucefor sLte-specrlic mIilitary hydrlogicdatai (

either the terr-iin team located in the area of operations, or the WRDB main-

*tained by ETL-TAC. Personnel in the Environmental Systems D~ivision at WES 'Ire

- the best sokroe (if inftormat ion about new developments in the field of mi 1itarv

hydrology. In addition to publishing a series of reports on mi litary hydrol-

ogy, WETS ailso maint.-inrs a resideno- military hydrologist.

LAST PAk;F ()F MAI N PAPER
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ANNEX A

MILITARY HYDROLOGY LITERATURE SUMMARY

Paragraph Page

I Purpose A-I

2 Scope A-i

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.

A-]
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AR 1L5-IO/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.

Suvmary

This revision updates Army weather and other meteorological support

requirements. It clarifies Army and Air Force responsibilities for providing

meteorological support to the Army, the functions and relationships of the

Staff 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.

L A-2
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AR 1 15- 1
I'S .\rrv Reqiii r',ments for We ithe r Servic COu(pport

- - This regulation describes pot icy ,ind procedures to be followed by Army

* *comm~inder- in requesting wea-ther ,ervicfe support. This support is further

described in AR 115-1l9/ kir Force Reg ulation (AFR) 105-3 and FM 34-r;!.

SunlMaM' r V

This r-gulaition out lines the procedures for proeparing ITS Armv reqUl re-

r -r.e -t h r ser v ice sup po rt a nd ILhe sub m is nl rf thse r, nii r -ne

th r )11 ~ h Tln 0 1s to t he De pa r tmen t o f t he A rmv ind r thence COro t he Depa-1r t ment

j f tn, Air Force in accordance with AR I115-1fl/AFR 1()5-3. \rn.v meterologic.,l

'~'eocrtroai ennts, uch as ieteorological1 observoitlion; ordirect support

T-L 17i1*tst~ d ev;ilciation activitieq, irp not aiddresed bythis; regTulaltion.

*A I
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AR 1 15-21!AFR 105-1t1
i itarv Ilvrom

May 1977

Purpose

This reg ulationi defines the scope of military hvdrologly ind :iss i ens

res nens ilit v or prov idintg hydrologic information to the IS armed tor-t's.

Sumvma r v

This reglulatin assiigns the Chief ofStaff , PUS Army, the resnonsIhib t

folr -ii itary hvurologvy for the I'S armed forces hv umt horit v of t he Io i n t

0i~ f St iff. The Chiief o)f Staff , I'S Army, his is.dto) the Ch-iof of

C-'r o s rs o os2 rehpon Iihit v for pertormintg -the function, vl d I,-t i % i t i

which ire di vided into two parts: toelaIigwt eerh:n eeomn

,Tol hes deln 1with ;upport of orationalel ets

\~res;eir- I l evopeo act!Iio rK r i -'0 v Ohv r,)1o.

Or- o rt-;PTnsihi 1itV 0f the (:()F. Pn the Centi-ientall :nlitod Sae C

and other territories of the Unlited t ates , the COP is re s pons ihi e for pruv i -

-i -. ta m i ryvi hd roog seTv rk ve aoml ttlnlct jon-s roI r, d tfor ri nct ;upport ot

pe r-.toal Lements. In t heaters of oper ition Ild nor.'r-;is co , tr i

In I Ivs i ; o -lofltS or rmv t )r, I iro o rihti t r ior-, i I mi ir i r

h''l rol1oic InTiforrmait ion t o a IIdeplo I d n i t. Whe re no t r ri o : aIvsi-

7, rn t' i ~r I prset or .I th- hit-.1--s o '-j'

r~n-ms hi v it.



1, uli s(I W te or Res -;ur(-(e- ManHa !ene n t in Con tLi nge now i)per rt ions
1 No vetmber 198 4

A\R Mif-1 16 sets policy and procoduires tor water resotiros mamngement ill

; upport ot contliftenOv operations. It defines the -Nrmv's, role in joint eon-

t i fl.e'ocv operations and out- lines re-spoos ihi Lit ies for water suipport.

Pi z retuI t in assJ n lan ha SedLI1 water resoirres'.nliinai.ernent resnonsi -

I p ii n r : t or at rmVT)T-( proon0entsL . Plie i), prrx I T If vS It ta t f o r 1,ojs-

io c !)SCI ) t the m I rt\v Ch i ,f o f S t iff t r penriLr io(ns; (DCSOS) t he S~~o

-enerilt (T-SG), iod the COE il s hare comimon res,,ponsi hilIitw for coarrwin'_ out

lo ':.I I t Ti .o 1 : Is 1 n I, i po rt e

1 o it rs 1r -'io 405 e',-'Ic .'tr- -1 I I amot



EC 5-54 5
Ceo oigv

April 11186

Pur pose

The purvose of t hi s manualI i s t o r,- late t he Sc ience o0f oo I wv to mi I i -

t ryv e ng in e er ing. It is to be used for both reference and traini ni. The m-n~n

-u al is niot intended to make geologists out of military engineers, hut rather

to present some of the geolovic principles required for the correct soluitions

*of nanv military engineering problems.

S umma r v

This ana includes a s-urvey of basic gTeolog ic material, featituros , :ind

-processes. It further describes the geologic factors that affect the proper-

t ies adoccurrence of natural c 1- dconstruction materiails; the onstruction of

I ns tuIes, roads, airfields, and bridg,,es; the beat ion jtl %vater supplies,

aind terraiin evaluiation. Chapter 5, -Groundwater," treats several aspects of

how groundwater relates to water supply.

A-(



I~a.c I ot l iiur
September I 1 n-,

Ihi n' uoi Lis a tr i i n r tx t ui Ion-r il roftor'Io, iar -ilI personnel

on' th 1-W na i a'I i e.!V. . It ~'' - I Ii t oar C omma nd er s a nd

r -Ir ~~'l d r 'lTI d i i t ho i r o qe ni d )e ato n i nte r intelligence

I1 Iv7' 'W Il'''" eti Ii -("I ta "ii th'r in t' I i ence requiirements.

1 1 1 .wit iKnw a d role Ot eOTI'-

t ilt ', ' r .o o r !,i i t he thie-ter of

~-' ~t ins. a imp*'r9, ~igs .1-s I '.nriistoina-r phic and intelligence

-~~~~~ in 'L'Ia: - rh i i a 's o- at i.aanbi I i t, ofmi at llocation,

1, a0 ao ''1. <v.vt m''a 1> '1s in. aa'ar'-a i 1under lab le of

ar i~ ai i t i rand1( e, iai i a poi TE) 5-5-. '. The new TOE and ai discussion of mis-

s;ian and control is prosented in FM4 5-V! , Enzinoer Top~ographic Units, chapter

3. T n nir ti ir I .I' r i~n ti tr;' ivtlraia ,.!v , i s no I oni (er in exist+ence.

The militiIrv hv'Iroloc.' c-ipabil it" now is of'rsosb t''a h eri

r~ T~

A-7
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FM 9-35
Engineer's Reference and Logistical Data

April 1971

Purpose

This manual is intended to provide engineers and other military personnel

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

Simimarv

This FM includes data pertaining to engineer troops, equipment, construc-

zion materials, and to all types 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,

*ener- 1[ construction, nd mapping services are also covered. (n page 13-1,

-: i dr s ,ater qupplv and listribution. \lthon1h thu 'ater

-- .ruc, nission is been transfered to the logistics br:inch, a section 0,

water sources is included. A small section that relates to hydrology is

listed is water supply on page 18-12.

A- R
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Fn~~~t r pus t(To ~ t(,

FM -1 is the Army' 'Kevstone how-to-fiicht mianuna 1for combah~t 1T1

FM W-' pre sen t baic doct r i e. I t i mpIementr th11f Ai r Lind ha tt I o oc t r n

* dpscribed in FM lflA-5, which sets forth the concepts for winning th,, bat ties

Andl (-:mpai ns in modern warfare.

utmmar v

ih in rorma-t ion i n this manual ,1 gi des the use -af on,- ne.rs i n I tolIter

* r~ ~~ me),ratie i. lit oiddresses-, how units are assigned and emni od i n c o Mhit

7.Ofein comunicat ions zone operations that affect forward ireas. IM I-')

at u '-ded ta)r COMmanders , s to ffs , and trainers at ;ill levels._R erne

1 ?r A r )1Io-) ,, ire ii 1 r (,, (- -re imi na t 0Lv tund er the 2 an r 1;)h 11 7. e rj

in~f ,,ner.ai -n.ineoring sections.- Speci ticatlvy a i, T) I .- s. ,ndA-

aIddress the mission and organizational aspects of conducting eng ineer-related

water tasks uinder desert and contingen(,tcy operations.

@A4



FM 5-11-4
General Engineering (Draft)

April 1Q85

Pu rpose

This manual provides the doctrinal basis for the planning and execution

ot :eneral engineering tasks in the theater of operat ions. ('eneral engi-

neering is described as those tasks which do not directly contribute to the

moility, counte:mobility, or survivability of committed mantiever elements.

Stimma rv

FM A'- 1PI is a doct r inn I manual I iscussing the f o 1l1owing 7eno'ra I enii -

10p ring funct ionalI areas: lines of rommun icat Ton, construicti on and repair,

establishment and maintenance of installations, logistics facilities support.

construction materials, and other related missions. This FM is part of a new

~e ri L C "!Ine er An ctEr ine. Chapter 12 is devoted to water -qopplV. 7Ai;

chapter spec ificaIllv defines the water supply missions the engineer maintains,

and t he- integration of those tasks into t he total water supply mission.

Spec ifical ly , seven major engineer responsibili ties are delineated with

r'gards tW wate r snp l nporitinns; four pertain direct ly to militarv

Kvrnv. These irp~ reconnaissance, identificat ion and compi lation of data

pert lininl' to surface water smurceq , compilation of data using existing

* - information tn -stAhl ish rocommended well-drilling sites to obtaiq sub-surface

waite~r , and w i1i



FM 10h5
Uo gr a p) hti c Ppe rait io n (r ft

1985

P Ur p ose

This MAanul set S forth the f undamental doC t rineC r gard i . z tonvrraphi c

C! Leerng upport to the Army.

This 71anual describes the role of topovgraphic entiineers; n t he, Air 1an d

Ia t 1,, irenal -Ind the support that they will he oxeii or~ To-

-10? er toncton -iand p rodC1 lCt Sare pl e o t iret-ci :teo

I*~ . ran a.sitno, raphic- produiction, aind -uip distrihuitiqn id s;torac !.

poar )p~ Derit ions ire described f rompectv :n .arimesnro,

',-:Ict 1-"l Iac to rs a ffeC Ct Tlug tho se ope raIt ions.I T Tno _r, ; h i

.I........... IM. on 'u :1 7,('[ 1 i l S Custis d . Vlk rv I. - I. r 1,,,irC,

iIr-, it 1 en in- th(- field is the terrain anailyst . ()bt I ni-c aInd aol lectimc

i iti on hydra log ic information, as well as processing and updating data bases,

n t 11i mInz t hait intarmation, i s the responsibi lity of the trri analy st .

rIi-n ial,,-t it i Ii zes this information to iccurate lv port r v mi Iit ar''

-rraiin input to the Intel I ige(nc-e Prop~ir tia)n of t!,, 1iitt l't iol~i

pE)~r~s Obstacles, .kev terrain, and avenues of ipprioch ana lvy js 1 1

it v mi It rv hvdrol logic information .

A-1 I
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FM 5-146
Engineer Topographic Units

September 1979

Purpose

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

*' capabilities, and employment of engineer topographic units. It is designed to

v- - guide staff officers and unit commanders responsible for directing and con-

ducting topographic operations .'id training.

Summary

in Figure 1-1, page 1-2, terrain teams are vhown as being placed at

echelon 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 engineer topographic battalion (TOE 5-336); the corps terrain team is

V . :>riteiy or-anized under TOE 5-54) IJ. One terrain team, TOE 5-74) IK, is

assigned per division. Specific duties pertaining to military hydrology are

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.

A-12
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HM hmelXFR85-23
Well Dr iIn Oppra t ions

% June 1975

Pur nose

The purpose )f this manual is to serve as an introductory text on Tround-

'4ater isague and water wel L-dri ling operaitions. It is pri -Tan ilv intended for

/military personnel responsible for developing groundwater :is a water s;ource in

- the field, but it mnov also be used for guidance in drillin T wate r wells for

permanent military installations. Auxiliary uses of ,ioit er we11- d r ilIi nc

-equli )701t , such as providing geologic or soil datai, airpe lso covered . Th is

- '71i1l1 --iav he usqed -is a text for tra-inring persoT1nel, in roundwvator lisawe,

~atr e 11-ri lngoperations , and related uses- of the associated ejrri annt.

Summary

-.s~ipotatasecsof gr,-undwaiter, i n-oir.4 -s.or ni :i, - sr -

rence, quality, and exploration are covered in this manual. Well construction

methods most frequently used by military organizations (the rotary auid down-

hole techniques) are covered, and miscellaneous methods are presented for useo

-when standard military well-drilling equipment is not available. Severali

t types -t 'riripmen t ind -1-1. ods nor-na 1 1-.: used only i n c ivil1 7)r it i-o but 4lrh i

n av in certatin situations be aidopted for military use are also described. The

techniques o t coniptinig, developin, aind test inrg well s afrter tihe hole has

beefn dri led ire presented. Arctic well cons truct ion And its un ique problems

* ir discusel, aITd thu :mxi Iiairv use-s of wel I-drilling equi pment for rock aod

-;oil ini gIr"oerd Tihe d if forent types of Pumps thaIt are use'd to lift

.4 1 ar r r -n i iid, r-1 to th srtaic, air e aso dsc ri bed.

A-I13
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FI 5-335
Drainage

December 1985

Purpose

The purpose of this field manual is to provide information and guidance

necessary for engineers responsible for planning, designing, and constructing

driinaie facilities in the theater of operation. The manual was developed for

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

tions.

S u mna r v

\Ithouh this manual was designed to provide information required to

desiz n adequate drainage systems, Chapters 2 and 8 of the 11 chapters are of

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

i cvs t re v iro loic cycle and the basic principles of storms and their

relato raiaf ill 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 ftr constructing subsurface drainage facilities. The principles of0

"locatini subsurface water, flow of water, and the effects of subsurface water

are of primary interest.

A-14
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FM 6-15
Field .\rtilerv Metero [ov

August 1978

Purpose

This manual iddresses the meteorolo.gical requirements of the field artil-

lerv.

This manual -ovors .ll the taisks r-qui red to ;ejoct a meteorological

st it. - i te and to prepare and deli ver art i I lv mteorologica messages.

...to ~o y Vi~ r..-t v t ':il it r.' , -v !r,.) .s. Ch,.,ter 3

i issses mpteora ev. ..An irt ii lrv mot, :r . 1 oi c' s t ion is issicned to

each artillery brigade operating i ndo pen,en t I v. toh mtorological section

consists of I I neop Le trined Ln some o t t he fundimentais of weather

) ,ser,,,I Li)n. I teoro o gic I I ect ion r, 1 Ir . : r Ea : alI

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.

0;
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FM 10-51-1
Commanders Handbook for Water Usage in Desert Operations

May 1983

Purpose

This handbook explains the importance of water in desert operations. The

handbook is designed for the unit commander.

a l~ma r v

The handbook gives specific guidance on water supply planning, protecting

the water supply, and surviving under emergency conditions in a desert. In

addition, this handbook contains basic data on various pieces of water-related

equipment. This pocket-sized handbook offers some basic common sense informa-

tion on water usage.

0

A-I6
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FioIld Waiter Supply
F-ebrurr 1985

Pu r:)ose

The pur pose of this mooiIis to pro vide per.sonnel with -i reference for

* field water supply, in 2obtperlt tons' And tra1inlig exercises, where water is

t trea ted ind ,uppi I ld ')y mo ile eq.u i pment. I t s -ilIso -i refet re nre f or Army

:nedic il per. on1el I Ato I ns,,:ot :inld improve water sources :ind treated water.

-uMarv

i t- v~ ~tr I ii I tyv ,v Lt or ) s i rr- i 'on .41t or t re,:it MOTIt

nrc'' r ti' )r reco-n noit e r ing -uid set t-i ng uP n ter ~o itn. it

p reosekn ts pro',, Iire for operat tog waiter purification points and supply points.

T t I do i nu~' goe r, i I suip po rt di stribhut ion systems and .niv i r onme nta I

I T I,' o ; )' 1tr soon! 1: 1p r i t i o ns. 711 1 -ite L n ti ro l orortedures-

r rt rpqic, 10(1 arid bl-ttlefields, ind for .mtivelv conttiminited por-

tionis or the inertdhttlt-fiold. Chapter 2, "iaw Water Supplies," and

Chaptor 3, Wair econ!MaiSSan1Ce, '*contain daita that mm; r ' intker t to the

A- 17



1 .

P il r poe

This manul provid~es informaition and ins;truction in the use of ostab-

1ishted, nraict icalI measures des i Lnt-d to prose rve healI th an d prevent di sease i n

the Army and Air Force.

Ph114-ni "\xl iins thle tul Ient 1l at lt Ricon n julloh r aIpp! icmtriw

.. 1 -4 ol 1 2 r fr r-:nowlnK -an~d o hso rv i the rub i aot q 11t i L It i )fl .i

-. ei ene , specia lvI is thee ipplv to lielinw k-oniitions .ind t o c i rc- 1imst.ancets

pocii1 tar to the m1ii1i tary sert-vck. Chap t er 4 , ild Waite(,r 1upi , lea i s w it h

t the )roc(u remetl tand tr'eaitm-ent oit wa'it er t ram S;urtfac, , .trOu.1 , .In 1Jt hek'r walte1r

sou rces . It- out l ines; the s on taire o id rit ions thalt sold he we'ie i when

selecting va ir iousI, wait er sou irc es .



21-1 i

';,ptemher 197,4

Plrpose,

3hi-janual sets forth the funl imental doctrine re- tir tin. topo raph i c

;,pp rt to the \r-v. Tt provides the topo r:aphic specialist, as well s thf,

ti-iort unit or individiial uiser, with the obiectives of tono',raphic sunport,

s i sts ot 'Ind In w it is cIrr ied out.

_O.~~~ ~~~ J, r" -IF 'i I S:: -I; t'* ' .,m 'L .r q ' . '2 v t F -;I,,

rI1J j crih. "T11 O i t v i s 5h0,0

,I p, :e 4 -8, F'iLire 4-2, the positinn ot the terrain teams with the

o r to ,no Ir,I p i ItI'- -), I ( ;1) is shown.

\ r ie ta i': )r-lation pr;,seTt,,i in pIt, Z-l, the hoadquarters and

c,,!,:iortrs compny (HHC) or the TB cont.:iins on, terrain team available for

th:e iter 7(neral support. One corps terrain team is assiunod to the battalion

'r, ih s tppo)rt corps in direct support of the corps. Also, a division ter-

rai to . wi I I he in direct support of e:a-ch livi -;ion and issitqno.d to the

A - 19
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FM 21t-33
Terrain Analysis

May 1978

PuL r p~o se

This -ianual is intended to assist in i dentijfyi n. the diit i es ot the, ter-

rain inal vstnd to serve as a reference.

The MMiUul1 wis written for ain enILs ted ter ra in analysIIV9t And i SU sed a1s

-~ of the torratin ainalvst course for o;1l ist'd !-'7.e T

ltr- i nt t, o of feect of niatura, I a nd manlmdeC f ea tu r, s o n .7i I i t a r v o po r 'i t io)ns.

This mantial describes the procedures to be f ollIowe d by the terr-iin analyst

tic11ding daita Coil> -tion , managemnent , and USe of da ti f ilIes ,anilvs is o

torr in- ractors , preparation of 9 pe c ial purpose maps, -ind p r epa rain a)-ind1

-;Ltribtition of terrain studies. Ciiapter 2 "Collect Data, includes discuis-

;ionis of kinds of data and where they can be obtained.

Chapter 5, "Ana lys is of Terrain Factors," includes the bulk of the

mat e riaI i n this manual of interest t o the military hydrologist. It is

'Iivi eAinto seven sections, ()f which two are useful: ( 1) ?repare Climatic

Su-mmair i s and 2~) AnaIv z e D ra inag e Fea t ure s. The primary intelligence

p rod t icts d eveIo pe d under the guide liries of sections (1) and (2) ar e map 1

ovor ivs and support in,, da-i f i les for each of the six topics. These- are

-urIs If in nt ir) n th it (,aIn he us fd f or nil itary hydrology i sk

-onp1' o

A0-2



Mi Ii i r-v 'oriph ic I nte oI !-encp (Te rr-i Ln)

l'I r 1)o se

U~-1* is; i ntk'Mik to "0serve, is- g uide to the preparation of gorpi

initolli~enic produwrrs. As such, it des cribes -iethods for the -olction andi

intepreation of weoraiphic or terrain data fromi a variety fsves

SL-1.Ir V

FM 30-11) treats thu .,,eog raphic aIsn(cts of the hatt let jeW is itlI ~

-)r nr'wts ind (Io ncrns; i -;,If wi th the a- r)IIe rt ion anvid o r , i i r i n ~ ~t

i . Itel I i genle.. I t is (Ii rec ted to t he t r rai n tin it, hi c h h i, ho os i

* itv *or tgatheoring terr fin inelIignead deal1s;i It lngth with the effect of

to r rai ii a tatires on ril i ta ry opera tinS. It - otai i ns Se'CtL i OnS d 0Ve0t ed to

~r K -v , 7it er '.i ippI v , n (l wa tera v q , ain d anr e nt ire chan i)tor on weait h Pr and- (

in ,rfo~vr, t nese items arte considered -Oi~ s -1ser)his. "'o attenI-

t i on is given to either their time-variable na.ture or their predictions. The

ia isr,- t r i ctod throu, hout to t he tabu la t ing and reporting of observed

SaCnd iit ions.

A-21
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FM 34-81!AFM 10)5-4
We,-ther Support for Army Tacticail Operaitions

August 1984

Purpose

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

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

officerde, who are

officers, who are concerned with the weather support required for Army tac-

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

trinal cuidance on weather support services and functions provided for field

army tactical operations, and provides 4uidance to field personnel and USAF

t:if weather officers and AWS personnel operating with fi,-d ar. v headquar-

ters and elements. The information is apnlicable to general war, limited war,

cold war, and stability operations.

Summarv

Functions and responsibilities are delineated on pa ges 1-8 and 1-9.

1Noteworthy is that the tasks of soil trafficability, river stage, and flood

forecasts are the responsiblities of the Assistant Chief of Staff for Intel-

li.. ence. Chapter 2 addresses Army weather information sources: the artillery

meteorological section and the terrain analysis technician. Chapter 4, "Armv

Weather Support," describes what and where the best source of Army meteoro-

logical data can be required. Of interest is the description of the role of

en n r!ineer! art iI I e r survey units (p. 4-3) and ima gery interpr.,tat i on eement';

. (p. 4-4). Logineor topographic units provide strtamflow 71,,.er,,,Qnt- And pr-

d . di ct river stages and floods. The engineer flood predi ct i on sorvi r, li s on

woethr toi,; tr pr,,cipitaition forecasts in support ot ri yr ,r,;i os , tir

- A- 22
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Aiguist 1077

'I p-rose or this 'must is to describ'e hoCw IS .rmv forces Li , ht in the

r" " . nd it itn ncountered in the desert wi II have a profoulnd offect on

,-..-- I it i rv one r - t i ns. Desert operations require, .mong other things special

i. en1t, snecia I tr linine .a.nd acclimatization, and a high degree of self

-!sc i pine it porations Ire to he successful.

Irv

FT sna i l Isc ri es how t ) repnare for -desert operations, how units

.r. 4fiht in the desert, and how combat service support operations function in

si.-;lo~ nn envIionmt it focuses an the environment and its (e tcts on person-

"nI Ind eqaspment, swetl as the a ct,)rs to ho considerod when prepa-rin; for

doesort oper tions. Add itionallv, FM 9(1-3 detaiIs how the desert environment

atfects various tactical operations. The role of combat service support in an

arid environment is also delineated. Duo to the major role that water will

'play in desert operations, added emphasis is given to diqcussions pertaining,

"-4.-" to water operations. Page 2-9, addresses the importace at n)r t'iri1v 11 ctIrinV

wter sources. Pae 2-15, describes the affect of water on sol di r no r I rm-

,,ce whi le pages 4-19 state that finding,, dev e Lpi) 1. inI i F n1es1)s 1r

o i.' stri-, wateor supplies is -a' high priority task for on.incrs . kit-n i-;

)t oupply, and i s combat service suppori t it r ooni pa d -

IA-"
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fir in 7I ri .rr r 11t ;. > l' rr -i

"' .F ! * L.. .. .'. .")Ii )t t.,i -i t: D. .' ' .. -.. i' . Thi H'. 1r'( r hi
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8raff offifcor's Field MaI~nual
I:r I wii:ion~i I, To chn i-,iaL, and (1,()1,ist ical It I

IJiilv 19781

Pu rpose

1F"! 1-1 is used is a piannin,_ ipuidp, irovidimp jpenera-l rpla-nning dit.I

r tar ricesof l ceos ooe the primary thrust in dowelopinpi

ics hoen ',1 ff 1 ~ Iv. r,;

Sumna ry

* B .: V K S , snprIv p1 anninp data, movement p1 'inn inp data;i, pe rsonnelo and

LiT s 0it0 o-ine p nigdata, and situationall do2 peniid ent 1.cii t

p1 nniip ictr ars are cove red in this m.anual1. CL as si f[teat i on or wateor as pi

item ort suprply is covered in Chapter 3. Requirements for water supply and

r )L I '0si5 1t ion ire fou'nd onl pagce r The i nforma-ttori for arid Pnv iroe -

- -"e~!s,-is lhoen revised( and updated in I:S Army Traiinin-, and DotieCommand

A- 2



TB 5-550-1
Flood Prediction Services

December 1956

Purpose

This bulletin presents a description of typical conditions under which

flood 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 Lhe establishment of

a flood prediction service are presented in the form of three questions: Will

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

military value to justify the effort? Is it possible to gather the hydrologic

data required to develop the forecast?

The flood prediction services are divided into three tpes, based 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 Regional Flood Predicition Service would be established for

in ir,a here the time, to peak is between 12 and 30 hours. The Centralized

Flood Predicition Service would be established in an area where the time to

peak is nr than 30 hours.

A-2""
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TB 5-55o-2
Compilation of Inteltigtence on Mlilitarv lvdrol Oy

,Jaunaurv 1958

Purpose

This bulletin provides a valuable tool for training personnel and pre-

sents the compilation of intelligence on military hydrology as a simple check-

list procedure.

Sumiarv

This publication is a guide for the compilation of data on o Ii tary'

r 7) it provides a list of information i toms (with ,ximplc,) rquir,,.

t)r specific hydrologic subiocts. InformationT l ists ar' nrovided 1,)r the,

follo-win g i2 subject areas: watersheds, river and canal channels, stream and

river rages, precipitation glaes, bridges, fords and ferries, dims and res,'r-

,.'airs, hvdro lectric plants, flood protect inn st r-utitr, , ,vistrt to-i locks,

irri "Ition projects, Ind drainage projects.

.!' A)W
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TB 5-550-3
Flood Prediction Techniques

February 1957

Purpose

The purpose ot this bulletin is to present flood prediction techniques

And prcodures in i form suit.ble for military use.

S-umma my

Thi,; bnlotin .i cusso- basic hydrology and presents methods for fore-

i ' o'1 . Ct the hv lrovLosv. manuals used by the Ar-ay, this bulletin pre-

, % t [evol of tochnolo!v. Subjects discussed in detail include

•r- rtii, nI r.*'i; it tion-rI t relations, streamflow, hydrograph development,

unit hvtrorinn construction, gage relations, flood routing, snow, and radar.

. -;Liorokis exanp .,s ire presented.

A-28
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TB MED 5,77
Sanitary Control and Surveillance of Field Water Supplies

March 1986

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

The nine chapters in this bulletin provide insight into the role of

;anitarv -:ontroL in each phase of the water clinlv cvcle. Human requirements

for potable water, water sources and water -point reconnaissance, water

purification, distribution and storage operations, and water conservation are

* all discussed from the aspect of how to monitor water quality standards.

Chapt-r 4, "Water Sources and Water Point Recoruv.issance," 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

of Water Supplies at Fixed and Field Installations.

A-29



TM 5-235
Special Surveys
September 19A4

Purpose

This manual is a reference for engineer officers and technicians respon-

sible for the supervision and conduct of special types of surveys, and

describes the instruments and equipment to perform special surveys.

Summa r y

The various survey types discussed include underground surveys (Chapter

2), -elo.7ic and pedologic surveys (Chapter 3), land survivs (Chapte-r 4),

hvdr oraphic sarvevs (Chapter 5), shore-ship" triangulation (Chapter 6),

maignetic surveys (Chapter 7), and arctic surveys (Chapter 8).

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

Afl (Pedology), and Chapter 5, Sections III (Streamflow and Stream-Gaging,

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

A-30
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TM 5-3 3N)AFM 86-3
Pl anninv ind flesi -n ofr Roads, Ad rhases , and Hli iports

in the Theater of o)pe rat ions
September 1968

Pur pose

The ourpose of this manual is to provide information an(d gtuidance to por-

AI :anol .,onsi hlo f,)r the P IIT in i n(, ,des i n -i nd cons trur tion of theartor ot

- . ane ra' i0!-- r'ads , .iir bases, ind hell ports. It is des i ,nod to he used -is

roference handbook as well as a text for trainling ind operat ions purpose~s.

Summary

* ~~~Only the new working draft of Chapter 9, SisTafcblt, a

reviewed. This chapter covers the description and use- of i nstruments and

*equi,.ment and also of tests performed to determine trafficability. The range

in values of measurable soil parameters is presented. Also, empirical rela-

* tions used to predict the number of passes over different soils and slopes

-that tra-cked and wheelod vehicles ca-n make are presented.

A- 31
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5- 17>M 5-MI 1-2

Waiter Supply: Water S)ources
Juily 19h5

Pu r p0 s e

This manual prescribes the procedures to he followed in obtaining and

- Jeve [i)pi rig s-ources; of potable wator for Army and Air Force instalIlat ions and

to)r ;ot,(f projects. It desrie gnea investigative procedures to be

L o- : we1 1'1 determi ringi the mos t feasi ble means of oht;iining the ~-u e

" .,ter simply, Tt esta-blished criteria to be followed in the development of

r -;i t.~ui r (-rr ;uenoppli s, Ateg ree of t reitrren t requirod , and tynes of

S umm Ir y

Chaipters , 7, and 8 provide -in intelligence coocki ist for exist ing water

suL',p1ie , WOl LIsup-pl ies, and surface slipplies.

Chapter 9 gives the acceptablc concent rat ion of cont ominiant s in a wate-r

supply.

Chapter 10 covers wate supply wells. Subjects discse inlddtt

drilling, well construIction, types of housin and pumps to be us;ed, meterin~g

of the supplied water, as well ais the mini-mum nm-bor of wells reqoired to pro-

vide sufficient water, their capacity, and the typos ')f power units required

for pumpi!g

Chapter 11I incl udes a discussion of wel huIImn';i ng '11d noompi nl'T oqkli pment

for)r suirfaice water pumping staitions.

A- 12



ekyqato r n,7 vi ;rounw iter Qontr 

I 1

PIi r ns t'

.tnsnanoik provides g'uidanace for the planin g, desivn, ioervis-;ion, and

Sri )pet at dowat,,rinW and pressure relier svstems and of see pagTe cutoff for

ieeo ,x atVo110s tor structures.

uonma r v

i ta, seven ,hapters in this manual, Chapter 3, "(',Colic, oil, -n

t - r 1 ays t i -It ions , .n Charter , "Desi e - De!,-tnr Tn) , -ressore

it, lnd Croundwater Control Systems," are ot interest. Chapter 3 centers

,n 1 ,Ko1ic and soil conditions, groundwater characteristics, and the

:._'rnehilttv )Of previous strata. Notations on the importance of corresponding

* >r a 'tr qi'.'c ti ;at ions are made. The first section in Chapter A,

\n 1s is ot D';roundwater Flow," is noteworthy because it introduces the reader

to methods of groundwater flow analysis.

--
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FRADOC PAM 25-11

US Army Operational Concepts for Near Term Water Resources Management
June 1981

Purpose

The purpose of this pamphlet is to set forth an onerational concept for

-an interim solution to the problems of providing water supply support to a

joint force for land-based combat operations in arid regions.

t Ima r v

This amphlet be' ins by discussing, the operational concepts for water

support by Ii:ne-phased deplovments, and the force plannine for water support.

4Thee discussions ire supported bv four ma or aTpendice . Appendix A

describes water consumption requirements for various units and services.

Appendix B outlines the water supply requirements by unit buildup during

deplyment phases. Appendix C portrays a typical water unit installation map

needed to support a joint force in an arid theater or 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-i presents a typical theater deployment of a water

suppi'' system, showing the role that well drilling site, will play. Figure

" C-I2 depicts a well drilling site's typical inte ration in!to the water supply

Lsv.tci.

A--3,
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FRADOC PAM 525-32

T'S Army Operational Concept for Water Support in i Thator , tF o' rition

September 1923

Purpose

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

* resources for the supply of potable water to the Armv in the field.

Summary

This concept paper begins with a general outline of operational factors,

- md lists what Army organi zations are responsibie for various water support

S t... s . The )f Don; ihi in tag ae and coot intiOs water sup-

n )rt is ,etail.d. )n'cationol concepts are lesdrhbed bv temperate, tropical,

artic, arid regions, and by various echelon levels. Appendices on

requiirements for new equipment, organizations, and training are provided.

Tis )riphbet offers .i -ood overall picture o water supply operation.

.\-1



T he so at Ge i 1'. Sir dr1i ta r 'I i Ii ti trv Gr ound I]wait er D, tetI1

"°,"

t 1 r p~ so--

The purpose of this report summarizes information on the ise 4r surtacv-

Iepl )ved ,geophvsical methods tor military groundwator Jetoct inn dovlop d v

the Petroleum and Environmental Technology Division, Loistics Support

.iboratorv, ' Army Betvoir Research and Development Center B.A\DC, rn 1

i,,:,:1 ar indications hive bean drawn fromi the test ng md ,evaluation

,I r ': the stIdv veirs. The first indication is that electrical resistivity

c' 5,,tj5i rotrciotin are the two geophysical tochniques with the 'reatest

rn-t a ,tvtOi ii far sucre ss. Second, complementary seismic rofraetian inu

".actrical resistivity surveys generally can he used tor Troundwater detection

when the water table occurs in unconsolidated sediments and generallv can not

iie scs s cfeusuliv for detection of gr{,ln(l wtor in ront i'ed iqu tfers.

L veral other ronc lusions drawn from the testing 'ire that ,ommercial lv avail-

ab. 5 sof ware , ein i pment , and mi crocoMult or sVstms1,; nlIce qIIccess. Perhaps

th.2 most significant factors affecting the probability of succss are skilled,

Knowledeable personnel to conduct the survvs.

A-V3('.
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TV I - I

" ' " CE RL- -Y 'Sq 7

-Cl,,tor ot Iperations Construction in the I)e ert A 1 inhbak ot>. s,,u,
L A r'od in t h k id 1 i .st

]a I ar 1q8i

Pu r 1) 0 5

The pirn)ase of this intorin report is to . : .

)' ' A tri , .'ql, in r  
1 .-'( 1i .t I i - I "I

''.' K, m'rs m.l bui i1.*. r. f~r theaters .f ,M'or-ti '. ". 0'* -. ',. . . .

\sil ISWA). It was compiled by tho I' .\Tv .

.'. '-,' iF.'}! ,>b'' xrrv
I T

1.:;. , topi irm r v -eed are: base c lo iu s , base pro t i , I t ri, .1

- r tion m distribution, water, vertical and horizontal construction, 1m

n.-i ,r work faict )rs, ()f particular interest is Ch.pt r 5, which .ilrs ,,

.":Iter reources Prob! ems. Thi s chapter speci f icallv treats water s up lv,

tro'-tn,, nol i w:stie treatment

4

,-

.4-4

°-

' -4

.

04

It' ",-",- ." "." . .4, .". -,o. ,- ' . '..-., -. , .. 4-..' - .- -. -. . . . . .-. , . . . .. .. , ..-



CK F, L-T S

Troop Construction in the iiddle Fast
October 1982

Purpose

The purpose of this report is to consolidate all engineer-relt,,d aspects

or problems in base development aind provide planners and engineers with a sin-

*4e source handbook covering construction problems and practices unique to the

M Midd le East.

S um-a r v

; m rt co)vers the ra oiis eninering disciplines i nvo I ved in hs,

,,,.- lnent. These include base plannionp and siting, base protection, e ec-

tri al ge'nration and distribution, water supply, distribution and disposal,

vertic l construction, horizontal construction, and port construction. Fac-

trs u: ,ct in the oneineer 4ork force are a Iso considered. Chapter 5,

" in t 4 ent Water Conservation Techniques, ienti tfies pract ic .iI and exped ient

wat.er conservation measures that can help reduce the logistical burden of

water siupplv in SA. It also summarizes the near-term water supply concept

t )r Ir td r,ins . Perhaps the greatest asset of Chapter 5 is the breakout of

i IL i : r i 4itr r i,,,trr 'ne ts ftar ma 'r Armv missions.

.r
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DM5; No. St'udont Text
-t ro m iv 1r)1~

WhIo purlt)I -eOl this- text IS to i. ot rococoe totrloi 00 'mlV 5; 5 ;tIlionts to the

t2o t 'It r 'l Lm v ov .

This text fs dividedl into three ecin.The first section oons with a

11ss )n tho or~of) streoms md proceohs tthe h-sio, properti's of

17 1. . icitv l csr -, fInT, id rh m I !1 !' t-7onIt 11)d 'Ih-1 - TI

-~ t' d i s t i c ss-oes h vcirto lo gTi c mooi -,1 urr-eu Ti s 11 hooo."I 1 rutu~hoe(SS

mrrd hiydraulic radius. The final section closes with a discussion of

ro iticios. This text ,,ves a brief, has ic, asy t; understand jot in-

h:noo to the topic of qtream hydrooy.



V. ETL-TAC MLSC t/1-85

User Requirements Amalvsis for the Worldwide Water Resources Data Base
January 1985

Purpose

This report describes a user requirements analysis which was undertaken

"to define and prepare a worldwide water resources data base (WRDB).

Summary

This rpeort addresses the user requirements analysis phase. It describes

th. :urvev and analvsis conducted to determine military users needs in terms

f d ita, reports, and access to the computerized data base. It summarizes the

concept mnd structure of the operating system and data base, and describes the

components of a proposed data base that will provide evaluated information on

Sthe quantity, quilitv, and availability (including location) aspects of water

sourres and facilities in terms responsive to the users' varied needs. The

report gives a ,eneralized 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 1986.
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1FTI, Technical Report W107

Terrain Analysis ProceduralI Guido For (o1~

November 1979

Pu rp ose(

The purpose o f t hi s guide is to provi de t he Army's re rr i in i i I'st Wit

s tep-by-s tep procedures f or colIlec t i ng, re cord ingLY, 'Iod r.il i. 1 1v !)r.-

-Teo logi c and rock type inf ormat ion f rom sources suich is'mip, to itr t iiro, C1.1

aerial imagTery.

S umma- r v

This report provides the methods and proceduires noct-s:Irv, t or It i i

Liformatlon on g.eology from the most accessible sources , which ire t, nocr nhi c

ia ps and ae rial photos. The report is written for t he US Ar\ t e r r i

-inalIvs t, and presents the detailed methodology n e cessa ry v r ohtiiii

ipproxItatelV 13 geologic data elements useful in prepo r in o i i t or ~ .v

This reor: does niot deal directly with military hydrolog-y. However, it is

useful from the standpoint that Surface drainage pattern interpretation tec-h-

niques -ire utilized as a key to geologic and potential hydrologic units.

A-'41
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E TL rechnica- Report 0l285
Terriin Analysis Procedural Guide for Drainage and Water Resources

April 1982

Purpose

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

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

water resources information.

Summary

- This document is one ir a series of terrain analysis procedural guides

-'l:. written qpecifically for US Army terrain analysts, and presents the

mpthodolrv for extracting, reducing, and recording information for drainage

and water resources data. These data are divided into three subfields: (1)

watercourses and water bodies, (2) drainage basins, and (3) groundwater.

-- r 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

reqiuired for a completo picture of military hydrologic factors.

OA
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ETL Report 0"344
Svithes is Giiide for River Crossin s

October 1983

Purpose

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

)r ovtL. iting watercourse segments for suitability as river crossing areas.

Summary

A deliberate river crossing is characterized by a deliberate pause at the

entry hank for a build-up of forces and equipment. This synthesis guide eval-

I tes two nrimary factors that influence the planning of a river crossing:

i the river and terrain. The physical characteri'stics of the river itself and

- *the aspects of the nearby terrain that interact with and influence the river

crossing are examined. Methods for extracting, evaluating, and presenting

* watercourse data are provided.

pO
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HEC Technical Paper 92
Hydrologic Engineering Center Planning Models

December 1983

Purpose

-' The purpose of this technical paper is to document the programs and work

- available for use by the general community.

Summary

In response to the needs of US Armv Corps of Engineers professionals, the

US Army Hydrologic Engineering Center (HEC) has developed and supports a

-. faimilV of computer programs designed to aid the Corps in LtS work. These pro-

grl"ams include catchment, channel, alluvial, andi statistical process models;

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

These models individually and collectively have been used throughout the

-. Corps. 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 SupplV

June 1982

Purpose

The purpose of this report, published by the Naval Civil ;'n:ineerinm

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 report 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.

'.

A-45

. .-,. . .



AWE wvseport E'L-79-o

M~i I itarv livdrolo~rv Series 16ports 1-1I
> aIv IQ I -lll

P1u r pose

'he porpose Oft this ser ies of report s is, to dociment thle trtorts to

Io vo I )p 1)v i ,;)r o veI m i I it i rv v dIr o Lov i k cah )i Ii t v ftor thte "S .r moei trros.

The emphaisis is on ippLication in the taCticalI environlment.

11um7.;i r v

to rpts sIre orienTited to wa-rd th [if ikIopmen t ~I in I teera'to (

r jo A I v r rapt- ti Ioai n, TII V and- ev it iii rounmlw-i tvr q (nnI i s

% i rt i -o 11r: v ini irid roin. Specific works inchuide (1) the cm-rpilIation of

Wiido lineips for the expedient Location of water for huIman survival; (2) the

leelapmnt treut 2iae ry i n to rpe r ta t i on procedu res to r de t o ct i ng and

% '~~Louot i ri . r, tin owiIr -; so tirce C L) ts Idip)~t jTI 1) l t i LjjO 'T (;pny'si C i i

methods f or (let oct i n and eval1ua t ing ''rOIiwa t e r sources ; and (4) the develop-

meont o f wa t er-s up plIy analIys-,is and dis p Lay concepts. (Full bibliographic

c itait ions :ire inrclIuded i n Anne x B of t hts ru itde .
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Adams, LTC L. M., and Jordon, MAJ Larry D., Operational Test of Near Term
Water Support System (US Army Airborne Board, 1982).

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

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

Applications of Hydrology in Military Planning and Operations, Military
Hydrol)gy Bulletin I (Military Hydrology R&D Branch, 1957).

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

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

jC CRL I 1983).

Bilton, M. S., Preliminary Study: 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"
Geophvqical Methods for Military Ground Water Detection, Miscellaneous Paper
(%P) EL-79-6 (Waterways Experiment Station (WES], 1984).

Butler, Dwain K., Assessment and vield 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'c Deployment Joint Task Force (WES, 1981)

Cerjan, LTC Paul G., and Stroup, LTC Theodore G., Employment of the Engineer
System 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 Environment (Armed Forces Staff College, 1975).

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

*Collins, J., A Quantitative Summary of Groundwater Yield, Depth, and Oualitv
Data for Selected Mideast Areas (WES, 1982).

J% B-I

I

1 P ' " - '-." ' ' ' . .'- ' ' ., ' °
. ' -2' ., - ....- . . -" " '



Al nutes or V'ater Resources Management Action Group (WRMAG) Meeting (Deputv

Chief of Staff for Lo,istics, 1984).
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