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PREFACE 

The u.s. National Committee for the International Hydrological 

Decade (IHD) was established in the National Academy of Sciences­

National Research Council in 1965 at the request of the Department 

of State. Its purpose was to guide United States participation in 

the IHD Program (1965-1974) . 

The IHD, a cooperative international program, involved the efforts 

of more than 100 nations. Its international activities were coordinated 

by a Council of the United Nations Educational, Scientific, and Cultural 

Organization (UNESCO) . The purposes of the IHD were to strengthen the 

scientific basis for water use and conservation, to stimulate education 

and training, and to improve the ability of developing and developed 

countries alike to cope with their water problems. 

This volume presents summaries of projects, undertaken by federal, 

state, and local agencies, universities, and private organizations as 

parts of their regular on-going programs, which were considered to fit 

the objectives of the IHD program. Some projects were selected by the 

u.s. National Committee and some were accepted or endorsed after being 

volunteered by their principal investigators or their institutions. It 

is not suggested that these were the only projects undertaken in the 

United States that would fit the Decade program. There no doubt were 

several hundred others that would have fit equally well. Rather, this 

is a compilation of projects whose investigators were interested in 

being associated with an international program or were known to be 

interested by those associated with the Decade program in the United 

States. Also, to maintain a reasonably low profile in Decade matters, 

i i i  
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the u.s. National Committee felt that only a fair representation of U. S. 

efforts should be listed. 

No attempt was made to find u.s. equivalents of all activities 

proposed by the IHD Coordinating Council, nor were activities whose 

subject matter was almost uniquely a u.s. development - such as remote 

sensing - omitted because there was no UNESCO equivalent. The list is 

arbitrary, uneven, and not necessarily representative of the full scope 

of water-related work in the United States. 

This catalog is one of a series of reports summarizing the activ-

ities of the United States and the u.s. National Committee for the IHD 

in support of the Decade program. Like its predecessor, Catalog of 

International Hydrological Decade Stations and Networks in the United 

States (issued by the National Academy of Sciences - National Research 

Council in 1972) , this catalog may be considered as an appendix to the 

final report of the u.s. National Committee, which will be issued after 

the completion of all other Decade reports. 

H. Garland Hershey 
Olairman, 
U. S. National Committee for the 
International Hydrological Decade 

iv 
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INTRODUCTION 

The International Hydrological Decade (1965-1974) was a cooperative 

international program coordinated by UNESCO and involving the efforts 

of more than 100 nations. Its purposes were to strengthen the scientific 

basis for water use and conservation. to stimulate education and training 

in hydrology. and to improve the ability of developing and developed 

countries alike to cope with their water problems. 

The u.s. National Committee for the International Hydrological Decade 

(USNC/IHD) was established in 1965 to guide and advise United States partic­

ipation in the IHD program. 

Each country participating in the Decade was responsible for its own 

program. The u.s. program included some new. distinctively IHD activities. 

and many projects selected from the ongoing activities of federal. state. 

and private agencies. Those projects selected from ongoing activities. 

together with the distinctly IHD activities. are called the u.s. contri­

butions to the International Hydrological Decade. and their results are 

presented here in summary form. 

The information on each listed activity includes project title. 

agency. principal investigator. objectives. significant results. and 

reports available publicly. This information was supplied by the individual 

agency conducting the activity. As such. the material presented in the 

reports of the individual activities does not necessarily represent the 

views of the U.S. National Committee or the National Academy of Sciences -

National Research Council. 
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The activities included in this volume have been arranged in the 

order in which they were established by UNESCO's IHD Coordinating Coun­

cil. Each activity has been assigned a compound number consisting of 

roman and arabic numerals. This number identifies a specific type of 

activity by the number of the session of the IHD Coordinating Council 

and the individual resolution of the session that established the 

activity. (Thus, activity IV. 13 was established by the 13th resolu­

tion of the Fourth Session of the IHD Coordinating Council. ) u.s. 

contributions to each activity are preceded by an abstract of the 

relevant resolution, and additional background comments as necessary. 

Where there are two or more u.s. contributions to a single activity, 

they are listed alphabetically by the name of the first or only 

principal investigator. 

Some gaps exist in the sequence of these identifying numbers. 

Such gaps indicate either that a resolution has been replaced by, or 

combin�d with, a resolution of a later session, or that the United States 

had no activities in these areas. Because existing expertise in some 

activities was concentrated in the United States , there were no inter­

national equivalents. Nonetheless, these activities were selected as 

U.S. contributions because other countries were interested in progress 

in the activity. 

This report, however, does not include full descriptions of all 

u.s. contributions to the Decade. Although noted summarily in this 

catalog, reports on two large parts of the US/IHD program are.issued 

separately. These are the activities of the International Field Year 
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for the Great Lakes and the USNC/IHD Work Groups. Not noted in this 

catalog is the work of the USNC/IHD Panel on post-Decade Procedures. 

The International Field Year for the Great Lakes (IFYGL) is (at 

least through 1977) a cooperative program between the United States 

and Canada centering on the physical hydrology of Lake Ontario and 

its drainage basin. The scope of IFYGL is such that it covers nearly 

all of the project subjects encompassed by the IHD program. Since 

the data-collection stage of the project has only recently been com­

pleted. most of the reports are still in the process of being prepared. 

When completed. IFYGL will be covered by a series of reports describing 

the results of the research done under individual components of the 

IFYGL program. and an additional report integrating the component 

reports will be issued jointly by U.S. and Canadian agencies during 

the period 1975- 77. A report summarizing u. s. and Canadian activities 

of the preparatory and planning phases of IFYGL has been published.!/ 
This volume concentrates on activities through 1973 and describes the 

objectives of the program. its organization. its facilities. and its 

binational data-management system. The 150-odd individual and 

component IFYGL activities are presented only briefly in this report. 

Twelve US/IHD Work Groups were established by the USNC/IHD in 

support of the activities of international working groups. or their 

Y wdwigson. J. o .• 1974. "Two Nations. One Lake- Science in Support of Great 
Lakes Management." Canadian National Committee for the International Hydro­
logical Decade. Ottawa. Ontario. Canada. 
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equivalents, and in related areas of interest. US/IHD Work Groups 

were active in the following fields: 

(1) World Water Balance 

* (2) Snow and Ice Hydrology 

* (3) Representative and Experimental Basins 

*(4) Hydrology of Carbonate Terranes 

(5) Hydrology Network Planning and Design 

(6) Floods and their Computation 

* (7) Nuclear Techniques in Hydrology 

(8) Hydrological Maps 

(9) Remote Sensing in Hydrology 

*(10) Education and Training 

(11) Exchange of Information 

(12) International Field Year for the Great Lakes (U.S. program) 

Work Groups whose names are preceded by an asterisk ( * ) , will prepare, 

or have prepared, separate reports on their activities. All Work Groups 

are briefly described in this report. 

The United States also participated in the activities of the follow­

ing international Working Groups but did not establish equivalent Work 

Groups at home: 

(1) Groundwater Studies 

(2) Standardization 

(3) Influence of Man on the Hydrological Cycle (with emphasis 
on agriculture) 

!lus/IHD, "United States Participation in the International Hydrological Program 
1975-, " a report of the Panel on post-Decade Procedures, National Academy of 
Sciences, Washington, D.C. 
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(4) Urbanization Effects on Hydrology 

The work of several ·ad hoc subcommittees also contributed valuable 

information and guidance in·connection with special problems, particularly 

those concerned with the implementation of U. S. participation in the post­

Decade Program. Except for the report on post-Decade activities !/ which 

has already been issued, these and related activities of the u.s. National 

Committee and the US/IHD Secretariat in support of the IHD program will be 

described in the final report of the u.s. National Committee. This 

final report will summarize the accomplishments of the u.s. National 

Committee and present its recommendations for needed research and 

institutional adjustments to the growing demand for increased activity 

by the United States in the field of international water resources 

research, development, and technical assistance. The final report will 

be issued in 1975 so that it can include a complete summary of Decade 

activities through 1974. 
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Coordinating Council  Resolution No . I . l  Bas ic Data Proj ects 

Resolution No . I . l  

The Co-ordinating Counci l ,  

Cons idering the paramount importance of the existence of 
sufficiently precise and rel iable bas ic data for a knowledge 
of the water resources of a given country , on the one hand , and 
of a group of countries and the world as a whole , on the other , 

1. Deems it essential that a l l  countries should possess , in 
&aartion to the more or less temporary stations necessary 
for the study of any specific proj ect , a bas ic network of 
permanent hydrology stations whose equipment and operat ion 
should be of good qual ity; the existence of such a network 
would be of outstanding value to each of the countries 
concerned; 

2. Recommends that Unesco , other international organizations , 
and those countries ab le to do so should assist countries 
asking for help in planning , equipping and operating these 
networks . 

3 .  Recommends that al l countries should choose ,  within their 
bas ic networks , a certain number of important or charac­
teristic stations , the data from which would be included 
in international Decade pub l ications needed for different 
proj ects and in this  number data needed for the world water 
balance; 

4 .  Cons iders it desirable that countries able to do so should 
establish networks of benchmark bas ins and stations in 
accordance with the respective proposals so as to permit 
s Ubsequent research on the influence of human activity on 
the hydrological cycl e ;  

5 .  At the same time , the Council  requests that the Secretariat , 
with the ass is tance of the ICSU Committee for the Inter­
national Hydrological Decade , present to the next meeting 
of the Council more complete proposals concerning hydro­
logical requirements in respect of basic  networks covering 
pluviometry , evaporation , groundwater , chemical qual ity ,  
temperature o f  water , and other factors. 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

Water Atlas of the United States 
US/IIiD ref: 

I . l  Basi c  data proj ects 1.12 (343) 

Water Inforaation Center , Inc. 
Water Research Bui lding 
Manhasset Isle ,  Port Washington, N .Y .  1 1050 

PRINCIPAL INVESTIGATOR J .  J .  Geraghty 

OBJECTIVES AND This vohae brings together, in a series of 122 maps 
SIGNIFICANT RESULTS of the United States , the basic infonation available 

regarding the hydrological phenomena and water resources 
characteristics of the conterminous states , Alaska, and 
Hawaii . The conterminous United States are shown at a 
scale of about 1 : 15 , 000, 000 (86 plates );  Alaska, at about 
1 : 20 , 000, 000 (20 plates ) ;  and Hawaii , at about 1 : 5 , 000,000 
(16 plates) .  

REPORTS AVAILABLE Geraghty , J .  J . , and others , 1973 , Water Atlas of the 
PUBLICLY United States (2nd edition) , Water Inforaation Center, 

Port Washington, N.  Y . , 244 p. (unnuabered) . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

Catalog of Information on Water Data 

1 . 1  Bas i c  Data Proj ects 

Office of Water Data Coordination 
U . S .  Geological Survey 
National Center , MS 41 7 
Reston , Virginia 22092 

R .  H .  Langford 

US/ IHD ref :  

5 . 1 (329 )  

To develop a catalog of information about water data for 
streams , lakes , reservoirs , estuaries and ground waters , 
including information about the site , parameters measured , 
frequency of measurement , mode of data dissemination , and 
organi zation acquiring the data . Catalog serves as a basis 
for coordination of data-acquisition act ivit ies and for 
des ign and operation of the National Water Data Network . 

Procedures and mechanisms established to obtain information 
on water data acquisition activities from acquiring agencies 
in United States . Catalog of Information on Water Data 
established and indexes pub lished (see "Reports Avai l ab le" 
for l atest edition of indexes ) . 

Doyel , W .  W . , W .  F .  Curtis , and E .  B .  Chase , 1968 , Catalog of 
information on water data - Index to areal investigat ions and 
miscel laneous activit ies , Ofc . of Water Data Coordination , 
U . S .  Geol . Survey , 161 p .  

Office of Water Data Coordination , 1972 ,  Catalog of information 
on water data - Stat ion l istings for part a - streamflow and 
stage , part b - qual ity of surface water , and part c - quality 
of ground water,  U . S .  Geol . Survey , 21 vols . 

Paus zek , F .  H . , 1973 , Diges t of the 1972 catalog of information 
on water data,  Ofc . of Water Data Coordinat ion , U . S .  Geol . 
Survey , December 1973 ,  83 p .  

Rapp , J .  R . , W .  W .  Doyel , and E .  B .  Chase , 1968 , Catalog of 
information on water data - Index to ground water stations , 
Ofc . of Water Data Coordination , U . S .  Geol . Survey , 657 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Network Planning and Design 

1 . 1  Basic Data Proj ects US/ IHD ref :  
5 . 3  (332 ) 

ORGANI ZATION IN CHARGE US/ IHD Work Group on Network Planning and Des ign 
OF ACTIVITY U . S .  National Committee for the IHD 

2101  Constitution Avenue , N . W .  
Washington , D . C .  204 18 

PRINCIPAL INVESTIGATOR H.  E .  Lesesne A .  0. Waananen 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Tennessee Val ley Authority 
Knoxvil le ,  Tennessee 37914 

U . S . Geological Survey WRD 
345 Middlefield Rd. 
Menlo Park , Calif .  94025 

1 .  Promote development of theoretical approaches to design of 
hydrological networks cons istent with practical constrictions 
such as avai labil ity of trained manpower , funds , and 
logistical feas ibility . 

2 .  Cooperate with Working Groups in specific  hydrological 
fields with advice concerning network design . 

3 . Be prepared to identify advisors and experts on network 
design to developing countries , on their request for 
ass istance . 

14. Cooperate with related international Working Groups , as 
practical . 

�e Work Group assisted with the dissemination of the WMO �uestionnaire that led to the preparation of the WMO casebook 
pn network design and the information contained in the UNESCO 
�eport on groundwater studies . 

(See Casebook on Hydrological Network Design Practices , WMO 
�ept . No . 324 , and Section 7 . 1 ,  Location of Observation wel ls  
�n Ground-water Studies , UNESCO Studies and Reports in Hydrology �. 7 .  Also see references to publications underUS/ IHD Work 
�roup on Representative and Experimental Basins . 
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Coordinating Council Resolution No . 1 . 3 Hydrological Benchmark Basins 
and Stations 

Resolution No . 1 . 3  

The Council ,  

Recommends that the attention of Member States be drawn to the 
scientific value of establ ishing benchmark bas ins and stations 
for permanent reference purposes; 

Suflests that , where national programmes permit , some basins 
an stations be selected for this purpose as part of the Decade 
and future programmes , and that they be established in accor­
dance with standards which make them of international as wel l 
as national value; 

Recofei zes that the selection of such basins and stations wil l  
be t e responsibi l ity and prerogative of national committees , 
but has offered some suggested general criteria which should 
be considered in the selection of these basins and s tations; 

Invites Member States to establish benchmark basins and stations 
and to inform the Secretariat of their locations , descriptions 
and type of information being col l ected . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrological Benchmarks 

I . 3  Hydro logica l  Benchmark 
Basins and Stat ions 

U . S .  Geo logical Survey 
Denver Federal Center 
Denver , Colo . 80225 

R .  F.  Had ley 

US/ IHD ref:  
2 . 1  ( 1 19) 

To provide long recorda ot hydrologic data on bas ins 
unchanged by the works of man and to provide a control 
for estimat ing the natura l flow from deve loped bas ins . 

46 Decade benchmark s tat ions have been ins t a l led . A con­
t inuous s treamflow record is being obtained at each of  
these es tab lished benchmarks , except at one which is  on a 
crater lake . 

Chemical ana lyses o f  4 or 5 water s amples per year are 
be ing made at each benchmark . Additiona l data being 
col lected on some of the bas ins inc ludes prec ipitat ion , 
air and water temperatures ,  pan evaporat ion , wind speed 
and aedi .. nt transport . 

U . S .  Nat iona l Committee for the IHD, 1972 , Cata log o f  
Internat iona l Hydro logica l  Decade Stations and Networks 
in the United States , Nat iona l Academy of Sc iences -
Na t ional Resea rch Counc i l , Washington , D . C . , 66 p .  

Leopold , L .  B . , 1962 , A Nat iona l Net work o f  Hydro logic 
Bench Marks , U . S .  Geo logica l Survey Circular 460-B ,  4 p. 

Langbein , W. B . , 1968 , Hydro logical Bench Marks , WMO/IHD 
Report No . 8 ,  World Meterorologica l Organization ,  
Geneva , 8 p .  

Cobb , E .  D .  and J .  E .  Biesecker , 197 1 ,  The Nat iona l 
Hydro logic Bench-Mark Network , U . S .  Geo logica l Survey 
Circular 460 -D ,  38 p . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN OIARGE 
OF ACTIVITY' 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

C limatological  Benchmark Stat ions 

I . 3  Hydro logica l  Benchmark Bas ins and Stations 

Nationa l weather serv ice , NOAA 
Gramax Building 
8060 Thirteenth Street 
S i lver Spring , Maryland 20910 

US/ IHD ref:  

2. 1 ( 10) 

J .  M. Mitchel l , Jr . 
Environmenta l  Da ta Service , NOAA 
Si lver Spring , MD 209 10 

Tbe primary purpose o f  the network of Re ference 
C limatologica l Stat ions is to cons truct records that 
wi l l  show c lima tic trends . These s tat ions are se lected 
on the basis of  two genera l criteria . Firs t , they mus t 
have made dai ly observations o f  temperature and prec ipi ­
tat ion for an extended period (genera l ly SO years or 
more) in a re latively unchanged environment . Second , 
they mus t be located where observat ions in an environment 
re lat ive ly una ffected by man can be cont inued for a long 
period . Among the c l imato logic a l  factors to be measured 
are solar radiat ion , soil  temperature , soil mois ture, 
humidity , pressure , evaporation , wind , radioact ive fal l ­
out , and a i r  pollut ion . 

To date , a network of 1 7  stat ions has been estab lished . 

U . S .  Nat iona l Committee for the IHD, 1972 , Cata log of 
Internationa l Hydro logica l Decade Stat ions and Networks 
in the United States , Nat iona l Academy of Sc iences -
Nat iona l Research Counc i l ,  Washington , D . C . , 66 pp . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

IBD Evaporation Network (U . S .  Stations) 

I . 3  Decade Stat ions 
VII . 2  Water Ba lances 

Nat iona l Weather Service , NOAA 
Gramax Bui lding 
8060 Thirteenth S treet 
S i lver Springs , Mary land 209 10 

US/ IHD ref:  

1 . 3  (46) 

PRINCIPAL INVESTIGATOR E. L. Peck 
Hydrologic Research Laboratory 

OBJECTIVES To es tab lish a network of the minimum number of s tations 
required to represent adequately the evaporation regimes 
of the United States . 

SIGNIFICANT RESULTS Forty of the exis t ing 500 C las s -A Pan-evaporat ion 
S tat ions have been se lected to form the U. s .  Decade 
Network of Evaporat ion Stat ions . Of these,  two are 
in Alaska , three in Hawaii, one in Puerto Rico , one 
on Johnson Is land in the Pacific Ocean ; the other 33 
s tations are distributed throughout the conterminous 
United States . 

REPORTS AVAILABLE 
PUBLICLY 

The IBD Evaporation Network is made up of  the minimum 
number of s tat ions required to represent adequate ly the 
evaporation regimes o f  the United States . Sites are 
chosen to i llustrate variat ions across the U. s .  
o f  1 . )  annua l evaporat ion ; 2.) phys iographica l ,  
hydro logica l ,  c limato logica l ,  and soi l characteris t ics , 
and 3 . )  length and cont inuity of record . 

Bas ic precipitation ,  pan-evaporation , and c limato logica l 
data is compi led and pub lished on a month ly and annua l 
bas is in chrono logica l  data , and hour ly prec ipitation 
data , by the NOAA-Nat iona l Weather Service . These  
compi lat ions are  avai lab le from the NOAA-Nationa l 
C limatic Center , Asheville, North Caro lina . 

U . S .  Nationa l Committee for the IBD , 1972 , Cata log o f  
Internat iona l Hydro logical  Decade Stat ions and Networks 
in the United States , Nat iona l Academy of Sciences -
Nationa l Resource Counc i l ,  Washington , D . C . , 66 p .  
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V . 3 . 1 . 

Coordinating Council  Resolution No . 1 . 9 Hydrogeological Map 
of the Arid Zones 

The problem and expected results 

On the proposal of the International Association of Hydrogeologists 
(IAH) , of the International Union of Geological Sciences (lUGS) , it  is 
intended to establish a synthesis , at the international level , of present 
knowledge concerning groundwater in the arid zones . For this purpose it 
is proposed to draw up small scale hydrogeological maps of arid zones . 
Each map would be accompanied by an explanatory note and annexed carto­
graphical documents .  The latter , arranged by major regions (on a scale 
of 1/2 , 000 , 000 for instance) , would chart the basic features of ground­
water tables from the standpoint of scientific knowledge and exploitation 
possibi lities . 

Resolution No . 1 . 9 

The Council , 

Recommends that a hydrogeological map of the arid zones be drawn up, providing a simpfified representation of the basic 
features of groundwater tables from the standpoint of scien­
tific  knowledge and exploitation possibilities; 

Suggests that all surface hydrological data worth recording at 
the scale selected should also be given; these data might 
poss ibly be combined with those relating to various mineral 
resources , which the lUGS proposes to prepare; 

Recommends that the lUGS and the Secretariat co-ordinate their 
activities to this end . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Deserts of the Worl d :  An Appraisal of Research into Their 
Physical and Biological Environments 

1.9 Hydrogeological Map of the Arid Zones 

Office of the Arid Lands Studies 
1 242 East Speedway 
Univers ity of  Ari zona 
Tucson , Ari zona 85719 

W. G.  McGinnies 

US/ IHD ref :  

2 . 3 ( 158) 

To determine in detai l what topics have been or are being 
investigated for the worl d ' s deserts , to appraise  the 
reported work , and to disclose areas of study where further 
work is needed . 

Rather than recapitulate al l information known about the 
deserts of the world , the resul ts comprise a compendium­
guidebook to pas t  and present research based upon critical 
review of publ ished l iterature augmented by consultations 
with special ists and a series of reports concentrating on 
individual desert terranes and the specific prob lems of 
food and fiber production in arid lands . 

Paylore , Patricia,  1967 , Arid Lands Research Institutions : 
A world directory , Univers ity of Arizona Press , Tucson , 268 p .  

McGinnies , W .  G . , B .  J .  Goldman, and Patricia Paylore (Editors ) , 
1968 , Deserts of the world - An appraisal of research into 
their phys ical and biological environments , University of 
Ari zona Press , Tucson , 788 p .  

McGinnies , W .  G . , an d  B .  J .  Goldman (Editors) , 1969 , Arid 
Lands in Perspective , Univers ity of Ari zona Press , Tucson , 
421  p .  

McGinnies , W .  G . , B .  J .  Goldman , and Patricia Paylore (Editors) ,  
1971 , Food , Fiber , and the Arid Lands , University of Arizona 
Press , Tucson , 437 p .  

Amiran , D .  H .  K . , and A .  H .  Wilson (Editors) , 1973 , Coastal 
Deserts : Their Natural and Human Environments ,  University of 
Ari zona Press , Tucson , 207 p .  

Smi ley ,  T .  L . , and J .  H .  Zumberge (Editors) , 1974 , Polar 
Deserts and Modern Man , Univers ity of Ari zona Press , Tucson , 
1 73 p .  
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVA I LABLE 
PUBLICLY 

Groundwater in Australia 

1 . 9  Hydrological Maps of Arid Zones 
1 1 1 . 15 Regional Cooperation 
VI I . 3  Groundwater Studies 

u . s .  Army 
Natic Laboratories 
Natic,  Massachusetts 01760 

E. s. Simpson 
Office of Arid Lands Studies 
Universi ty of Ari zona 
Tucson , Arizona 85721  

To provide information on the status of groundwater 
investigations in Australia.  

US/ IHD ref: 

2 . 3 ( 1 74)  

Essentially al l exploitab le ground water of the Australian arid 
zone is  contained in the pore spaces of relatively flat- lying 
s andstones and limestones , whi ch occur within the maj or sedi ­
mentary basins and cover about hal f o f  the arid- zone l and sur­
face . In each basin the aggregate thi ckness of the porous 
rocks is hundreds to thousands of feet , and they are inter­
layered with various rocks not bearing water, thus producing 
artesian or semiartesian conditions in many places . Although 
the quantity of stored water is immense ,  most of it accumulated 
during the pas t  tens to hundreds of thousands of years ; at 
least hal f  of it is too minerali zed for use in irrigation .  
Th e  annual recharge from rainfal l ,  though unknown i n  amount , is  
undoubtedly only a very smal l fraction of the amount in storage , 
and perhaps even less than the annual amount current ly pumped 
from wel ls .  

Outside the sedimentary basins , smal l t o  moderate supplies 
of ground water may be obtained from fissures in the older 
crystal line rocks , or from rel atively thin surficial deposits 
of unconsolidated s and ,  i f  the local water table is not deeper 
than the depth of fissures or the bottom of the s and .  

Simpson , E .  s., 1969 , Contributions on the Status o f  Arid­
lands Research : Groundwater in Australia,  Technical Report 
70- 5-ES , u.s. Army Natic Laboratories , 22 p .  
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Coordinating Council  Resolution Nos . 1.12, 1.13, 1.14 
Snow and I ce Hydrology 

V .  6 WORLD INVENTORY OF PERENNIAL AND ANNUAL ICE AND SNOW MASSES 

1. Problem and expected results 

Snow and ice masses constitute a tremendous amount of stored water . 
In effect , about 80 percent of al l the water on the land areas of the 
world exists as ice and snow . Some of this circulates rapidly in the 
hydrologic cycle  (mean residence time in the solid phase measured in hours , 
days , or months) ;  some circulates so s lowly that it may be consider:g 
"permanently" stored (mean residence times of the order to 103 to 10 
years) . Al l snow and ice , however , has an effect on the global environ­
ment . Much has been learned during and since the IGY about the volume of 
the two maj or ice caps (Antarctica and Greenland) but knowledge of the 
time and space variations in volume of ephemeral snow cover, ice on and 
in water , ground ice (permafrost) ,  and mountain glaciers is most unsatis­
factory. The regimes of alpine glaciers , for example ,  have a great deal 
to do with the downstream supply of fresh water. 

Resolution No . 1.12 World Inventory of Perennial and Annual 
I ce and Snow Masses 

The Council ,  

Considers the world inventory o f  perennial and annual ice and 
snow masses as a long-term obj ective of the Decade ; 

Recommends that the scope of this activity be limited in the first years to the mapping of permanent snow and ice ; 

� interested Member States to compile and assemble for pu6Ircation , data on al l s ignificant areas of permanent snow , 
glaciers , ice caps , shel f  ice , etc . , in order to obtain the 
elements to estab l ish the regional distribution of permanent 
snow and ice in their territories and the degree of accuracy 
in each area; 

Invites the lASH (through its ICSI ) to act as s cientific 
adviser in this activity ; ICS I  would prepare a list of obser­
vations to be made for this inventory which the Secretariat 
would distribute among interested Member States ; 

Urges participating Member States to provide available data 
to ICSI for the preparation of a prel iminary global survey ; 

Encoura�es Member States to continue the mapping of permanent 
snow an ice areas and to keep the Secretariat and lASH 
informed. 
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V. 7 MEASUREMENTS OF GLACIER VARIATIONS ON A WORLD-WIDE BASIS  

1. Problem and expected results 

Glaciers may be the most sensitive cl imatic indicators in nature , 
both of current climate and of secular changes . However , quantitative 
climatic data cannot be obtained directly from glaciers because of compli­
cating local influences such as micro-climatic effects and dynamic response 
characteristics . Some difficulties can be circumvented by obtaining a 
large statistical sampling . Although glacier variations have been observed 
for more than four centuries , no quantitative theory linking glacier vari­
ations to cl imatic change emerged until 1963. Measurements of glacier 
variations have new meaning because of this. In recognition of the impor­
tance of measurements ,  the International Commission of Snow and I ce ( ICSI )  
of lASH has progressed from s imple photographic records o f  glacier termini 
to detailed photogrammetric volume-change measurements and net-budget 
studies . 

Resolution No . 1.13 Measurements of Glacier Variations 
on a World Basis 

The Council ,  

Having considered proposals for measurements of glacier varia­
tions on a world-wide basis , 

Encourages al l interested Member States to participate actively 
in this proj ect and to provide avai lable data to the Secretariat· 

Suggests that the Technical Secretariat for this activity be 
supplied by the ICSI of lASH which has been carrying out the 
pilot study on recent fluctuations of glaciers ; 

Urges Unesco to continue to assist  the ICSI of lASH in the 
implementation of this activity ; 

Recommends as a guide to National Comaittees for the organiza­
tion of their national programmes of measurements ,  the check­
list of glacier variations , observations and measurements pre­
pared by the ICSI of lASH; 

Directs the Secretariat to maintain close contact with lASH, 
SCAR and other international organizations and groups engaged 
in snow and ice observations and studies . 

1 9  
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V .  8 COMBINED WATER- • ICE- • AND HEAT -BALANCE MEASUREMENTS AT SELECTED 
REPRESENTATIVE GLACIER BASINS (N-S , E-W Chain of Glacier Stations) 

1 .  Problem and expected results 

The Council  considers that ful l understanding of the relations between 
glaciers and climate cannot be achieved unti l  co-ordinated data are avail ­
able on heat- , water- , and ice-budgets for representative glaciers and 
their drainage basins • extending over a period of years . These data wi l l  
have to b e  combined with flow dynamics and glacier variation data in order 
to complete the picture , but the latter data are eas ier to obtain and the 
problem with them , is , therefore , less pressing . Budget data are needed 
from glaciers in widely different geographic areas . 

2. Work to be undertaken 

2.1 A north-south chain of stations might extend from Arctic America to 
the Antarctic Peninsula,  a west-east chain could extend from the Pyrenees 
through Europe and Asia to the Pacific .  A minimum number of stations 
should be established where mass -budgets and meteorological , cl imatological 
and hydrological measurements would be made at l east yearly .  

Resolution No . I . l4 Combined Water , I ce and Heat Balance 
Measurements at Selected Representative Glacier Basins 

The Council , 

Havin� considered the proposal for combined water- , ice- , and heat- alance measurements at selected representative glacier 
bas ins along a north-south and east-west chain of glacier 
stations , 

Encoura5es al l Member States whose territory is located in the 
propose chains to participate actively in this research , 

Invites the International Commission of Snow and Ice of the 
International Association of Scientific Hydrology to prepare , 
in consultation with the Secretariat , the international programme 
of co-operation in this activity , 

Encoura5es Member States in which this type of investigation is highly eveloped to j oin with other countries in order to obtain 
glacial-meteorological observations and co-operate in measure­
ments by providing some· personnel ,  instruments , and possibly 
financial support . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OfARGE 
OF ACTIVITY 

Snow and Ice Hydrology - Current Status and 
Future Directions 

I . l 2 ,  1 . 1 3 ,  and 1 . 14 
Snow and Ice Studies 

US/ IHD Work Group on Snow and I ce 
National Academy of Sciences 
2101 Constitution Avenue , N . W. 
Washington , D . C .  2041 8 

US/ IHD ref :  

1 . 7 (315} 

PRINCIPAL INVESTIGATOR Andrew As sur, Chairman 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Within the field of snow and ice hydrology the Work Group ' s  
obj ectives were 1 }  identifi cation of research needs and 
accomplishments , 2} improvement of the fragmented communica­
tions within the field,  3} elimination , wherever possib le ,  
of the duplication of effort and 4} trans lation of  research 
results into applications and management techniques . 

The Work Group promoted regional cooperation on snow and ice 
hydrology and coordinated with Canada the s cheduling of a 
series of workshops and symposia on the topic sponsored by 
both the u.s. and Canada. The two u.s. sponsored symposia  
resulted in  pub l ications dealing with the state-of-the art 
as listed below . The Work Group also promoted many other 
u.s. proj ects  as contributions to the IHD including a gla­
cier survey and the establishment of u.s. glacier monitor­
ing stations in the world network . An analysis was made of 
the status of snow and ice hydrology and recommendations were 
made for improvement in the u.s. snow and ice research and 
data col lection efforts . 

Neiman, J .  R. , Ed . ,  1969 , Proceedings of the Workshop on 
Snow and Ice Hydrology, duplicated report , College of 
Forestry and Natural Resources , Colorado State University ,  
Fort Col l ins , 142 p .  

Santeford, H. S .  and J .  L .  Smith , Ed . , 1974 , Advanced Con­
cepts and Techniques in the Study of Snow and Ice Resources­
an Interdisciplinary Symposium, National Academy of Sciences , 
Washington ,  D . C . , 789 p .  

Work Group on Snow and I ce Hydrology o f  the U . S .  National 
Committee for the IHD, 1975 , Snow and Ice Hydrology-Current 
Status and Future Directions , National Academy of Sciences , 
Washington ,  D . C .  (in preparation} . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Snow Management - Watersheds in Trans ition - A Symposium 

Related to : I . l2 1  I . l3 1  and I . l4 
Snow and Ice Studies 

US/IRD Work Group on Snow and Ice 
Nationa l Academy of  Sciences 
2 10 1  Cons titut ion Avenue N . W .  
Washington . D . C . 204 18 

Andrew As sur 1 Chairman 

US/IHD re f :  

1 .  7 (2 76) 

A sympos ium ent it led Watersheds in transit ion was organized 
by the American Water Resources  Assoc iat ion to examine 
the e ffect of "changes" on the hydro logical response of 
watersheds . One sess ion of  the Symposium was organized 
by the US/ IRD  Work Group on Snow and Ice and centered on 
the effects  of snow management . The papers inc luded : 

Deve lopment of Management for Increas ing Snowpack 
Water Yie lds from Ponderosa P ine Forests in Arizona . 

Snowpack Management Potential in Alaska . 

S imulating Effects  of Harvest Cutting on Sncnn. lt in 
Co lorado Suba lpine Fores ts . 

Snowmelt Peak Flows and Antecedent Prec ipitation and 
Melt in the Northern Rocky Mountains . 

Vegetation Management to Contro l Snow Accumulat ion and 
Me lt in the Northern Rocky Mountains . 

Status of C loud Seeding . 

Snow Management seema unlike ly in the Northeas t .  

C s a l lany 1 S . C . 1 T .  G .  McLaugh lin 1  and W .  D .  Sti ffler . Com­
p i lers . 1972 1 Watersheds in Trans ition. Proceedings of a 
Sympos ium he ld at Fort Collins . Colorado . June 19-22 1 1972 1 
American Water Resources Association. 405 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Prediction of Winter Surface 
Meteorological Parameters 
I . l2 Inventory of Perennial 
and Snow Masses 

Conditions in Cold Regions Using 

and Annual I ce US/IHD ref :  
2 . 6 ( 162} 

U . S. Azmr Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 

M. A. Bilel lo and R. E .  Bates 

To develop methods to predict ice formation and growth and to 
estimate the properties of a snow cover. 

In cooperation with the National Weather Service , NOAA , the 
Atmospheric Environaent Service , Canada; and the Air Weather 
Service , U . S .  Air Force , a network of snow cover property and 
ice thickness observing stations throughout Canada and part of 
the northern United States , including Alaska, have been 
established . 

USA/CRREL provides the form and measurement equipment and main­
tains a quality control on the weekly and/or bi -monthly receipt 
of measurements on snow cover dens ity , hardness , and temperature 
and on river, lake , and sea ice conditions and thicknesses . 

The regional and seasonal variations in snow and ice conditions 
are then associated with concurrent local weather observations . 
The relationships found are subsequently used to develop methods 
to predict ice formation and growth and to estimate the proper­
ties of a snow cover . 

Bilel lo ,  M. A . , 1964 , I ce prediction curves for lake and river 
locations in Canada, US Army CRREL Research Report 129 . 

Bilello ,  M. A . , 1966 , Survey of Arctic and Subarctic temperature 
inversions , US Army CRREL Technical Report 161 . 

Bi lello ,  M .  A. , 196 7 ,  Water temperatures in a shal low lake during 
ice formation , growth and decay , US Army CRREL Research Report 
2 1 3 . 

Bi lello ,  M . A . , 1969 , Surface measurements of snow and ice for 
correlation with aircraft and satel l ite observations , US Army 
CRREL Special Report 1 2 7 .  

Bilello ,  M .  A . and R .  E. Bates , 1972 , I ce thickness observations , 
North American Arctic and Subarctic ,  1968- 1969 and 1969 - 70 ,  US 
Army CRREL Special Report 43,  Part VI . 
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TITLE 

Coordinating Council  
Resolution in  force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACfiVITY 

PRINCIPAL INVESTIGATOR 

OBJEcriVES 

SIGNIF ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Measurement of Snowfall and Snowpack Characteristics 

1 . 12 Perennial and Seasonal Snow and Ice Masses 
IV . 8  Measurement of precipitation, including Snow 

and Snowpack 

US/ IHD ref :  

1 .  7 (323) 

U . S .  Geologi cal Survey 
Water Resources Divis ion 
Tacoma, Washington 98402 

Mark F. Meier 

Existing methods of measuring snowfal l and snowpacks are 
notably inaccurate,  expensive , and/or dangerous . No 
operational methods exist for measurement of snow- covered 
area or for obt aining synoptic data on water equivalent , 
snowpack thickness , or snow wetness . Geological Survey 
research is directed towards iaprovement in point measure­
ments and developaent of remote sensing systeiiS . 

Methods were developed for measuring snow wetness , mass , 
and movement of liquid water using e l ctroaagnetic and 
conventional techniques . Micro-wave emission from snow 
was measured on gro\Dld and from aircraft at 7 frequencies , 
and results coapared with theory. Volume s cattering was 
shown to have a strong effect on microwave emission.  Snow 
upping by use of ERTS imagery was shown to be feasibl e ;  
snow-covered area measureaents were made for basins as 
sul l as 6 km2 . Snow-covered area in specific drainage 
basins or equivalent snowline altitudes were measured 
rapidly from ERTS iiiUlges with an e lectronic iaage analysis 
console . 

Edgerton , A. T. , A. Stogryn , and G .  Poe , 1971 , Microwave 
radiometric  investigations of Snowpacks : Aeroj et-Gen .  
Corpn . Microwave Div . , Final Rep . 128S R-4 , Cont . 14-08-
001- 1 1 82 8 ,  82 p .  

Linlor, W. I . ,  1972 , Snowpack water content b y  remote 
sensing : Proc. Internat . Symposia on the Role of Snow 
and Ice in Hydrology, Banff, UNESCO. 

Linlor, W. I . ,  Remote Sensing and snowpack management : 
Proc . Amer. Water Works Association , 1973 Ann . Mtg . , 
May 1973. In press .  

Linlor, W. I . , and J .  L .  Smith , 1973 , Electronic  measure­
ments of snow sample wetness : Proc. Interdisciplinary 
Symposium on Advanced Concepts and Techniques in the Study 
of Snow and I ce Resources ,  USNC/ IHD , National Academy 
of Sciences . 

Linlor, W. I . , M. F .  Meier,  and J .  L .  Smith , 19 73,  
Microwave profil ing of snowpack free-water content : 
Proc.  Interdis ciplinary Symposium on Advanced Concepts 
and Techniques in the Study of Snow and I ce Resources , 
USNC/ IHD, National Academy of Sciences . 
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Linlor, W. I . , 1974 , Electromagnetic reflection from 
multilayered models : paper accepted for Symposium on 
Remote Sensing in Glaciology ,  Cambridge , England. 

Linlor , W. I . ,  M.  F.  Meier, and J .  L .  Smith , 1974 , 
Remote sensing of snowpack wetness us ing microwave 
absorption : paper accepted for Symposium on Remote 
Sensing in Glaciology , Cambridge , England. 

Meier , M. F . , R.  H. Alexander,  and W. J .  Campbel l ,  
1966 , Multispectral sensing tests at South Cascade 
Glacier,  Washington : Pro c .  Fourth Symposium on Remote 
Sensing of Environment , Ann Arbor , p .  145- 159 . 

Meier, M.  F . , and A. T. Edgerton , 1970 , Snow and ice 
sensing with passive microwave and gro\Dld truth in­
strumentation : recent results , South Cascade Glacier : 
NASA Second Ann . Earth Resources Aircraft Pr. Status 
Rev . , v. 3 ,  Hydrology and Oceanography , Sec.  43 ,  15 p .  

Meier, M .  F . , 1970 ,  Present status o f  snow and ice in 
hydrology : Proc . Workshop on Snow and Ice Hydrology , 
Ft . Col l ins , Colo . , 1 969 , J .  R .  Neiman (ed . ) ,  p .  1-10 . 

Meier,  M .  F . , 1970 , Research on snow and ice hydrology 
in the Water Resources Divis ion , U . S .  Geological Survey : 
Proc.  Workshop on Snow and Ice Hydrology , Ft . Col lins , 
Colo . , 1969 , J .  R. Neiman (ed . ) ,  p .  124- 125 . 

Meier, M .  F . , 1 969 ,  Evaluation of South Cascade Glacier 
test site results : NASA Earth Resources Aircraft Program 
Status Review 196 8 ,  v. 3, Hydrology , Oceanography , and 
Sensor Studies , Sec. �0 , 17 p .  

Meier, M .  F . , 1970 , Glaciers an d  snowpacks : some common 
problems in nonpolar gl aciology : in The Progress of 
Hydrology ,  v. 2 ,  Specialized hydrologic subj ects , p. 729- 736 , 
Proc.  First Internat . Seminar for Hydrology Professors , 
Urbana, 1969 , Univ.  I l l inois . 

Meier, M .  F . , and A. T .  Edgerton , 1971 , Emission charac­
teristics of snow and ice in the microwave range : NASA 
Third Ann . Earth Resources Pr. Rev . ,  v.  3 ,  Hydrology and 
Oceanography, Sec .  5 1 ,  14 p .  

Meier, M. F . , an d  A. T.  Edgerton , 1971 , Microwave emission 
froa snow - a progress report : Proc . Seventh Internat . 
Symposium on Remote Sensing of Environment ,  197 1 ,  Ann Arbor , 
p .  1 155- 1 163.  

Meier, M. F . , 1972 , Measurement of snow cover using passive 
microwave radiation : Proc. Internat . Symposia on the Role 
of Snow and I ce in Hydrology , Banff, UNESCO.· 

Meier,  M. F . , 1973,  Applications of ERTS imagery to snow 
and glacier hydrology : Proc. COSPAR Symposium on Approaches 
to Earth Survey Problems through Use of Space Techniques , 
Konstanz . � pres s .  
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Meier,  M. F . , 1973,  New ways to monitor the mass and areal 
extent of snowcover :  Proc. OOSPAR Symposium on Approaches 
to Earth Survey Problems through Use of Space Techniques , 
Konstanz. .!!!., press . 

Meier, M. F . , 1973,  Evaluation of ERTS imagery for mapping 
and detection of changes of snowcover on land and on gl aciers : 
NASA Symposium on Signifi cant Results Obtained from ERTS- 1 , 
v. 1 ,  Tech .  Presentations Sec.  A ,  Paper W- 1 9 ,  p .  863- 875 . 

Meier, M. F . , Remote sensing of snowpack characteristics : 
Symposium on Remote Sensing in Glaciology ,  Cambridge , 
Engl and ,  Sept . 1974 .  In preparation .  

Meier, M .  F . , D .  Frank , T.  Schmugge , an d  A .  Stogryn , 
Aircraft measurements of 1 . 42 to 94 GHz emission from 
dry snow , North Cascades , Washington . .!!!., preparation . 

Schmugge , T. , T. T .  Wi lheit , P .  Gloersen , M. F .  Meier, 
D. Frank , and I .  Dirmhim , Microwave signatures of snow 
and fresh water i ce :  Proc. Symposium on Advanced Concepts 
in the Study of Snow and I ce Resources , USNC,(IHD ,  National 
Academy of Sciences . 

26 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Workshop on Snow and lee Hydrology 

1 . 12 ,  1 . 13 ,  and 1 . 14 
Snow and Ice Studies 

U . S .  Nat iona l Committee for the 
Na tiona l Academy of Sc iences 
2 10 1  Cons titut ion Avenue N . W .  
Washington , D . C . 20418 

1HD 

US/IHD re f :  

3 . 1  ( 185) 

James R .  Heiman , Co lorado State Univers ity , Pt . Col lins , CO 

To improve communicat ions among those from various 
profess iona l backgrounds and geograph ica l regions having 
a common interest in snow and ice . During the workshop , 
a state of the art of snow and ice hydrology was exp lored 
and an attempt was made to ident ify and de fine some of 
the major prob lems and poss ib le so lut ions . Major workshop 
sess ions were devoted to : ( 1) distribut ion and measurement 
of the snow cover ; (2) phys ics of metamorphism and me lt ; 
(3) snow and ice management of water yie lds ; (4) standard­
izat ion of snow observat ions ; (5) measurement of snowfa l l  
and i t s  redistribut ion ; and (6) research cooperat ion and 
improvement of communicat ions among those working in the 
fie ld of snow and ice . 

Heiman , J . R . , (ed . ) ,  1969 ,  Proceedings of the Workshop on 
Snow and Ice Hydrology , held at Co lorado State Univers ity , 
Fort Collins , Colorado , Aug . 18-22 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY' 

PRINCIPAL INVESTIGATOR 

ob j ectives 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Alaskan Glaciers 

I . 12 Inventory of Perennial and Annual Snow and 
I ce Masses 

u.s. Geological Survey 
Water Resources Division 
Tacoma • Washington 98402 

Austin Post 

US/ IHD ref :  

1 . 7 (325 ) 

To determine the number.  location . and characteristics of 
normal . surging . and tidal glaciers . and glacier dammed 
lakes in Alaska. 

Data have been obtained on about 1 . 000 gl aciers in Alaska. 
New maps showing the extent of gl aciers have been prepared . 
These indicate that the total area of glacier ice . about 
73 . 800 km2 . is about 40\ more than previous estimates .  A 
special study was made of dangerous situations caused by 
glaciers . including an inventory of 750 glacier dammed lakes . 
More than 200 surging glaciers in Alaska and adj acent Canada 
were located . their unusual distribution noted . and features 
des cribed. A classification of surging g laciers was also 
attempted. Data col lection continues with a defini tive in­
ventory of surging glaciers of this area planned. The 
asynchronous behavior of Alaska' s 30 tidal glaciers is being 
investigated and a new hypothesis  has been devised to ac­
count for their peculiar behavior. Preparing an inventory 
of the world ' s larger surging gl aciers by means of ERTS 
imagery is shown to be feas ible . 

Krimme l . R .  M. , and M .  F .  Meier, 1974 , Glacier applications 
of ERTS images : paper accepted for Symposium on Remote 
Sensing in Glaciology , Cambridge , Eng land .  

Meier, M .  F . , an d  Austin Post , 1969 : What are glacier surges ? :  
Canadian Jour. Earth Sciences , 6 : 4 ,  p .  807- 817.  

Post , Austin , 1969 , Distribution of surging gl aciers in 
western North America : Jour. G laciology , 8 : 5 3 ,  p. 229-240 . 

Pos t ,  Austin , and L .  R .  Mayo , 19 71 , Glacier dammed lakes and 
outburst floods in Alaska : U . S . Geol . Survey.  Hyd. At las 455 , 
3 sheets , 10 p .  

Pos t ,  Austin, 1 972 , Periodic surge origin of folded medi al 
moraines on Bering piedmont glacier,  Alaska:  Jour. Glaciology , 
1 1 : 62 ,  p .  2 19-226 .  

Pos t ,  Aus tin , and George Plafker, Nonsynchronous Neoglacial 
advances and retreats of the Hubbard, Guyot , and Malaspina 
Glaciers , Alaska : U . S .  Geol . Survey Prof. Paper.  In preparation .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Glacier Inventory in Conterminous u . s .  

1 . 12 Inventory of Perennial and Annual Snow 
and Ice Masses 

US/ IHD ref :  

1 . 7 (326) 

u . s .  Geological Survey 
Water Resources Division 
Tacoma Washington 98402 

San Jose State College 

Austin Post 
Wi l liam H. Raub 

San Jose , California 95192 

To measure the area,  volume , and characteristics of 
glaciers and their contribution to the world water balance . 

An inventory of 756 gl aciers covering 267 km2 in the North 
Cascades , Washington , about one-half of the glacier area of 
the u . s .  south of Alaska, was published in 1971 . A simi lar 
inventory of an estimated 500 glaciers of the Sierra Nevada , 
Cal i fornia,  most of which are very small ,  is nearing coapletion . 
Glacier locations , sizes , areas , volumes , and characteristics 
are compi led . The glacier outlines shown on new topographic 
maps i s  being checked and revised where necess� to assure 
that the glacier information shown conforms to international l y  
adopted standards . Th i s  wi l l  great ly aid i n  coapiling future 
inventories of glaciers in Oregon , Montana, and Wyolli.ng . 

Krimmel ,  R. M . , 1970 , Gravimetri c  i ce thickness determination, 
South Cascade Glacier , Washington : Northwest Science , v .  44 , 
no . 3 ,  p .  147- 153 .  

Post , Austin , Don Richardson , w. v.  Tangborn , and F .  L .  Rosselot , 
1 971 , Inventory of glaciers in the North Cascades , Washington ; 
U . S .  Geol . Survey Prof. Paper 705-A, 26 p .  

Raub ,  Wi l liam,  an d  Austin Pos t ,  Inventory of glaciers and 
perennial ice masses of the Sierra Nevada, California :  U . S .  
Geol .  Survey Prof. Paper 705-B .  in preparati on .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY' 

Advanced Concepts and Techniques in the S tudy of Snow and 
Ice Resources - An Interdisciplinary Sympos ium 

I . l2 ,  I . l3 ,  and I . l4 
Snow and Ice Studies 

US/IBD Work Group on Snow and 
Nat iona l Academy of Sciences 
2 10 1  Cons titut ion Avenue N . W .  
Washington , D . C .  204 18 

Ice 

US/ IHD ref :  

1 .  7 (3 14) 

PRINCIPAL INVESTIGATOR H .  S .  Santeford and J .  L. Smith 

OBJECTIVES To exp lore the poss ib le impact of new technology on the 
s tudy and management of snow and ice resources , espec ia l ly 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

in the area of measurement , data accumulation , and information 
disseminat ion . 

To exp lore the app lication o f  those techniques that may 
benefit the study and management of snow and ice resources . 

An interdiscip linary sympos ium was he ld at Monterey , 
California on December 2 -6 ,  1973 . The program contained 76 
papers on the fo l lowing topics : Snow - Informat ion Needs and 
Dis t inguishing Characteristics , Snow and Ice - Distinguishing 
Characteristics , Informat ion Systems , Radar Techniques , 
Remote Sens ing Techniques , Nuc lear Techniques , and Mis ­
cellaneous Techniques . 

Santeford , B . S .  and J .  L .  Smith , Compilers , 1974 , Advanced 
Concepts and Techniques in the Study of Snow and Ice Resources ,  
Nationa l Academy of Sciences , Washington , D . C . , 900 p . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Coapilation of Data on Variations of u . s .  Glaciers 

1 . 1 3 Measurement of Glacier Variation on 
a World Basis 

US/IHD ref :  
1 . 7 (324) 

ORGANIZATION IN CHARGE American Geographical Society and U . S .  Geological Survey 
OF ACTIVITY' New York , New York 

-
Tacoma, Washington (MFM) 

PRINCI PAL INVESTIGATOR W. O. Field ,  Jr. and M. F .  Meier 

OBJECTIVES To assemble data on variations in length , thickness , 
mass balance , and hydrometeorological data for as many 
U. S .  glaciers as possible for years 1965- 70 .  

SIGNIFICANT RESULTS Data for this period were assemb led on American glaciers 
as fol lows : 

REPORTS AVAILABLE 
PUBLICLY 

1 .  Changes in length : 1 35 glaciers (1 12 in Alaska) 
2 . Changes in thickness : 7 glaciers (2 in Alaska) 
3 .  Mass balance : 10 glaciers (4 in Alaska) 
4. Hydrometeorological data : 5 glaciers 

Kasser, Peter , 1967 , Fluctuations of glaciers 1965-70 , 
IAHS ( IC$1) -UNESCO , Paris , 52 " p . , 23 tables , 7 figs . ,  
1 map . [U . S .  data on tables 2 . 1 ,  2 . 2 ,  9 . 1 . 3 ,  9 . 2 . 4 ,  
9 . 2 . 5 ,  9 . 3 . 1 and 9 . 5 . 1 ] 

3 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C a t a l o g  o f  U n i t e d  S t a t e s  C o n t r i b u t i o n s  t o  t h e  I n t e r n a t i o n a l  H y d r o l o g i c a l  D e c a d e ,  1 9 6 5 - 1 9 7 4
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 2 0 1 6 3
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Glacier Variations in Washington State 

1 . 1 3  Measurements of Glacier Variations on a 
World Basis 

U . S .  Geological Survey 
Water Resources Division 
Tacoma, Washington 98402 

Austin Post 
M. F .  Meier 
s. M. Hodge 
F .  M. Veatch 
R. s .  Sigafoos 
E. L. Hendricks 
Arthur Johnson 

US/ IHD ref :  

1 . 7 (32 7) 

Measure or map terminus positions or variations , changes in 
thickness , and rate of flow of selected glaciers in Washington 
State.  

A l arge number of related investigations on the glaciers of 
Mount Rainier have been undertaken including measurement of 
late Neogl acial changes of a selection of the larger gl aciers 
using dendrochronology , use of a 24-year photographi c record 
of Ni squal ly Glacier to derive variation data,  ground surveys 
to measure changes coupled with a detailed analysis  of the 
flow of Nisqual ly Glacier, use of annual aerial photography 
to measure variations in terminus position of the maj or g laciers , 
study of outburst floods , and revision of g l acier information 
on topographic maps . Other studies of glacier variations have 
been conducted on Mount Baker, Mount Adams , the Olympi c Moun­
t ains , and the North Cas cades . 

Hodge , s .  M. , Variations in the s li ding of a temperate glacier : 
Jour. Glaciology. .!!!, press .  

Hodge , s. M. , 1972 , The movement and bas al s liding o f  the 
Nisqual ly Glacier, Mount Rainier : Univ. Washington Dept . 
Atmospheric Sci . , Sci . Rep . , 409 p .  

Johnson , Arthur, Nisqual ly Gl acier 1 85 7- 1970 • .!!_ preparation .  

Meier , M.  F . , 1966 , Some g laciological interpretations o f  re­
mapping programs on South Cascade , Nisqual ly , and Klawatti 
Glaciers , Washington : Canadian Jour. Earth Sciences , 3 : 6 , 
p .  8 1 1 -81 8 .  

Meier , M.  F . , Barclay Kamb , c .  R .  Al len , an d  R. P .  Sharp ,  
Flow o f  Blue Glacier, Olympi c Mountains , Washington : Jour. 
Glaciology . .!!!, press . 

Meier, M .  F . , 1968 ,  Calcul ations of s l ip of Nisqual ly Glacier 
on its bed : no simple rel ation of s liding velocity to shear 
stress : Internat . Assoc. Sci . Hyd . , Bern Gen. Assemb ly , 1967 ,  
Pub. 79 , p .  49-57 .  

Pos t ,  Austin , Variations o f  glaciers i n  the North Cas cades , 
Washington . In preparation .  
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Post , Austin , and M. F .  Meier, Analysis of historic and 
current changes in the glaciers of MolUI.t Rainier , 
Washington . .!!!. preparation .  

Richardson , Donald , 196 8 ,  Glacier outburst floods in the 
Paci fic Northwest : U . S .  Geol . Survey Prof. Paper 600-D ,  
p .  079-086 . 

Richardson , D. , 1973,  Effect of snow and ice on runoff 
at MolUI.t Rainier, Washington : Pro c. Internat . Symposia 
on the Role of  Snow and Ice in  Hydrol ogy , Banff 1972 , UNESCO. 

Sigafoos , R. S . , and E .  L .  Hendricks , 19 72 , Recent ac­
rivity of glaciers of MolUI.t Rainier, Washington : U . S .  
Geol . Survey Prof. Paper 387- B,  2 4  p .  

Veat ch ,  F .  M. , 1969 , Analysis o f  a 24-year photographic 
record of Nisqual ly Glacier , Mount Rainier National Park : 
U . S .  Geo l .  Survey Prof. Paper 631 , 52 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY' 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANt RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Ana lys is of a 24 -year Photographic Record of Nisqua l ly 
Glacier� Mt . Rainier Na tiona l Park Waah i no�nn 

US/ IHD ref :  
I . l3 Measurements of  Glacier Variat ions 1 . 7 ( 188) 

U . S .  Geo logica l  Survey 
Water Resources Divis ion 
1305 Tacoma Avenue South 
Tacoma , WA 98402 

F. M. Veatch 

To describe and demons trate by means o f  examp les what kind 
of data usab le in ana lyz ing glacier charac teristics can be 
obta ined from a s imp le program of long-term photographic 
coverage from stat ions on the ground . 

Veatch , F .  M. , 1969 , Ana lys is of a 24 -year photographic 
record of Nisqua l ly Glacier , Mt . Ra inier Nat iona l Park , 
Washington : U . S .  Geo l .  Survey Prof. Paper 631 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short tit le 

ORGANI ZATION IN QIARGE 
OF ACTIVITY' 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Snowme lt Investigat ions 

I . l 4 Combined water , i ce and heat balance 
measurements at sel ected representative 
glacier bas ins 

Nat iona l Weather Service , NOAA 
Gramax Bui lding 
8060 thirteenth Street 
S i lver Spring , Maryland 20910 

Eric A .  Anderson 
Hydro logic Research Laboratory 

US/IHD re f :  

2 . 3  (2 78) 

1. to deve lop techniques to estimate the energy exchange 
across the snow-air interface . the techniques mus t 
be app licab le for use in estimating area l energy­
exchange . 

2 .  to deve lop a conceptua l mode l of the snow accumulation 
and ab lat ion process over an area for use in river 
forecasting . 

1 .  A technique for estimating point energy exchange 
across the snow-a ir interface was deve loped . this 
technique is based on the combination method 
(comb ination of aerodynamic and energy ba lance 
equat ions) . 

2 .  the combinat ion method technique for snow cover 
energy exchange was modified for use over an area . 
the result ing mode l was app lied to two research 
watersheds with reasonab le success .  

3 .  Because of the lack of  radiat ion data for most 
watersheds . a mode l of  tbe ' snow accumulat ion and 
ab lat ion process was deve loped which uses air 
temperature as the only index to energy exchange 
across the snow-air interface .  this mode l bas been 
app lied to 10 watersheds with good success . 

Anderson .  E .  A . , 1968 1 Deve lopment and test ing of Snow 
Pack Energy Ba lance Equat ions , Water Resources Research ; 

4 : 1 , 19-37 . 

Anderson , E .  A . , 1973 . Nationa l Weather Service River 
Forecast Sys tem - Snow Accumulation and Ab lat ion Mode l ,  
NOAA technica l Memorandum NWS BYDR0- 17 1 U . S .  Dept . o f  
Commerce , S i lver Spring . MD .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIF ICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Combined Heat , Ice , and Water Balances at Representative 
Glacier Basins 
1 . 14 Combined water, ice , and heat balance 

measurements at selected representative 
glacier basins 

U . S .  Geological Survey 
Water Resources Division 
Tacoma, Washington 98402 
Fairbanks , Alaska 99701 

US/ IHD ref :  
1 .  7 (69) 

M .  F. Meier, w .  V.  Tangborn , R. M .  Krimmel ,  L. R.  Mayo 

To obtain a broad understanding of snow and ice 
accumulation ,  melt , and runoff in many different 
cl imatic regimes , and the relation of these processes 
to meteorologic e lements at al l scales . 

Final selection was made of the 4 stations in the 
United States ; involved in this was a series of 
measurements of snow accumulation on glaciers 
across the Chugach Range in Alaska. Detailed water 
and mass balance measurements were made on Gulkana 
and Wolverine (Alaska) , South Cascade (Washington) , 
and Maclure (California) Glaciers . Mass balance 
stations and personnel shelters have been instal led 
at all stations , as have recording streamflow,  pre­
cipitation , and temperature gages . Ten years of 
record were obtained at South Cascade Glacier,  9 
at Gulkana and Wolverine Glaciers , and 6 years at 
Maclure Glacier. More sophisticated instruments 
were tested at South Cascade Glacier, including 
heat balance instrumentation .  Thermal IR data was 
obtained from the air and ground to assist in heat 
balance determinations at South Cascade Glacier .  

Dean , W.  w. , 1974 , Maclure Glacier, California :  
Smal l glaciers provide summer streamflow in the 
Sierra Nevadas : Western Snow Conf . ,  1974 Ann . 
Mtg . , Anchorage . In press . 

Krimmel ,  R. M. , and W. v . Tangborn , 1974 , South 
Cascade Glacier :  The moderating effect of glaciers 
and runoff : Western Snow Conf . , 1974 Ann. Mtg . , 
Anchorage . In press .  

Mayo , L .  R. , 1972 , Self-mixing antifreeze solution 
for precipitation gages : Jour. App . Meteorology , 
1 1 : 2 ,  p .  400-404 . 

Mayo, L .  R . , M .  F .  Meier, and W .  V .  Tangborn , 1972 , 
A system to combine stratigraphic and annual mass­
balance systems : A contribution to the International 
Hydrological Decade : Jour. Glaciology , 1 1 : 6 1 ,  p. 3-14 .  

Mayo , L .  R. , and D .  C .  Trabant , 1972 , Gulkana and 
Wolverine Glaciers , Alaska : Comparison of high 
altitude with low altitude snowpacks in central 
and southern Alaska : Western Sn�w Conf . ,  1974 Ann . Mtg . , 
Anchorage . .!!!, press . 
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Meier ,  M. F . , and W .  V .  Tangborn , 1965 , Net budget 
and flow of South Cascade Glacier, Washington : Jour . 
Glaciology , 5 : 41 , p .  547-566 . 

Meier, M. F . , 1966 , Symposium on glacier mass budget 
studies , South Cascade Glacier, Washington : U . S .  
Geol . Survey , Tacoma, Washington , open- fi le report , 9 p .  

Meier, M .  F . , 1966 , The U . S .  program for the IHD 
with special reference to snow and ice :  Proc . Western 
Snow Conf. ,  Seatt le , Wash . ,  Apri l 1966 , p .  1 3- 16 .  

Meier, M. F . , 1970 , UNESCO/ lASH technical papers in 
hydrology , 1970 : Jour . Glacio logy , 9 : 5 7 ,  p .  405-406 . 

Meier, M .  F . , W. V .  Tangborn, L .  R. Mayo , and Austin Post , 
1971 , Combined ice and water balances of Gulkana and 
Wolverine Glaciers , Alaska, and South Cascade Glacier, 
Washington , 1965 and 1966 hydrologic years : U . S .  Geol . 
Survey Prof. Paper 715-A, 2 3  p .  

Meier, M .  F . , 1974 ,  President ial address , International 
Commission of Snow and Ice : Proc . IUGG Gen . Assbly . , 
Mos cow 1971 . In press .  

Tangborn, W. V. , R .  M .  Krimmel ,  and M .  F .  Meier, 1974 ,  
A comparison of glacier mass balance measurements by 
glaciologic ,  hydrologc, and mapping methods , South 
Cascade Glacier, Washington : Proc. IUGG Gen . Assbly. 
Moscow 19?1 .  .!!!. press . 

Tangborn, W. V . , L .  R. Mayo , D .  R. Scul ly ,  and � · M .  
Krimmel , Combined ice and water balances of Gulkana and 
Wolverine Glaciers , Alaska ,  South Cascade Glacier, 
Washington , and Maclure Glacier, Cali fornia, 1967  
hydro logic year : u . s .  Geol . Survey Prof .  Paper 715-B .  
In  preparation . 

37 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


Coordinating Counci l Resolut ion No . 1 . 15 Gross Sediment Transport into the Oceans 

Resolution No . 1 . 15 

The Counci 1 recommends 

1 .  that the evaluation of gross sediment transport into the 
oceans be considered in conj unction with the world-wide 
measurement of runoff; 

2 .  that Member States participate in the programme by review­
ing data already col lected and by estab lishing stations to 
measure sol i d  transports at the mouths of great rivers , 
coastal points and streams representative of the maj or 
cl imatic and ecological zones of the world;  

3. that measurements of solid  transports be of reasonable 
precision and be comparable from region to region whi ch 
may necessitate the holding of periodical meetings of 
special ists ; 

Invites the Secretariat to take into consideration the efforts 
of lASH in this  direction and to develop this activi ty in 
close co-operation with that organi zation ; 

Reauests the Secretari at to prepare , in co-operation with lASH, 
for consideration by the National Committees , the criteri a for 
selection of streams where observations should be made . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN QIARGE 
OF ACTIVITY 

PRINC IPAL INVESTIGATOR 

OBJECTIVES 

SIGHIPICANT USM.'l'S 

REPORTS AVAILABLE 
PUBLICLY 

P luvial-Sediment Discharge to the Oceana from the 
f ntma tlnf t-ad St:at:aa 

I . lS Groaa Sediment Transport to the Oceana 

U. S .  Geo logical Survey 
National Center 
Reston, Virginia 22092 

W .  P .  Curt is 

US/IIID ref:  
3 . 4 (316) 

%o summarize the quantity of fluvial sediment discharged to 
the At lantic and Paci fic Oceana and the Gulf of Mexico 
from the conterminous United States . 

Aanual fluvia l -sediment discharge from the conterminous 
United States averages 491,449, 600 abort tona , of which 
14 , 204,000 ia discharged to the At lantic Ocean, 378 , 179 ,000 
to the Gulf of Mexico , and 99 ,066 , 600 to the Pac ific 
Ocean . 

Curtis , W . P . , J .  K .  Culbertson, and E .  B .  Chase ,  1973 1 
P luvial -sediment discharge to the oceana from the 
conterminous United States : U. S .  Geo l .  Survey Circular 
670 ,  15 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Inventory of Sediments and Solutes Transported to the Sea 

I . l5 Gross ·sediment Transport into Oceans 
I I I . 2  World Water Balance 

u . s .  Geological Survey 
National Center 
Reston . Virginia 22092 

W. R .  Curtis 
D .  K.  Lei feste 

US/ IHD ref :  
1 . 1 1 (74 ) 

The purpose of this proj ect is to measure the dissolved and 
suspended l oads contributed to the oceans in surface drainage 
from the United States and to provide data on the general 
distribution of water and water quality in principal river 
basins . 

Fifty-one stream gaging stations on maj or rivers were selected 
for the col lection of chemical quality sediment and temperature 
data.  Data observations were made in 2 1  of the 5 1  stations . 
Six sediment stations were activated under the IHD Program to 
give baseline data for the Great Lakes drainage . Monthly 
s amples were collected for minor elements analysis . Five water 
quality monitors were purchased to upgrade the expanded capacities 
at strategi c  river sites . 

Annual fluvial-sediment dis charge from the conterminous United 
States averages 49 1 , 449 , 600 short tons , of whi ch  14 , 204 , 000 i s  
discharged to the Atl antic Ocean , 378, 1 79 , 000 t o  the Gul f  o f  
Mexico , an d  99 , 066 , 600 t o  the Pacifi c  Ocean . Data from 2 7  
drainage areas were used t o  estimate the average annual discharge , 
yield and concentration of fluvial sediment . The data may be 
used to extrapol ate part of the total world sediment yield to the 
marine environment . 

Dissolved- solids data from 54 river bas ins for 1966-69 were used 
to compute the .amount of dissolved material contributed to the 
oceans from the conterminous United States . The computations 
show that about 264 , 000 , 000 tons are discharged annually.  The 
Gulf of Mexico receives the largest load ,  about 1 8 3 , 000 , 000 tons , 
of whi ch about 157 , 000 , 000 tons are contributed by the Mississippi 
River . The At l antic Ocean received about 37 , 500 , 000 tons , and the 
Pacifi c Ocean about 43, 400 , 000 tons . Average yearly yields range 
from 26 to 231  tons per square mi le  and average about 1 00 tons 
per square mi le . 

u. s .  Geological Survey , 1969 , Summary of Water Quality Data for 
International Hydrologi cal Decade Stations in the United States ; 
u . s .  Geol . Survey dupl icated report , 35 1 p .  
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Curtis , W. F . , J .  K. Culbertson , and E .  B. Chas e ,  1973,  
Fluvial-Sedt.ent Discharge to the Oceans from the 
Conterminous United States ;  u.s. Geo l .  Survey Circular 
670 ,  1 7  p .  

Leifeste , D.  K. , 1974 , Dissolved-Solids Discharge to 
the Oceans from the Conterminous United States ; u . s .  
Geo l . Survey Circular 685 , 8 p .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Sediment Yie ld of Maj or Rivers of the World 

I . lS - Gross Sediment Transport into Oceans 

Soi l Conservation Service 
U . S .  Department of Agri culture 
Hyattsvi l le ,  Maryland 20782 

John N .  Holeman 
Engineering Division 

US/IHD ref :  

1 . 1 1 (161 ) 

To compi le a listing of the sediment yields of the maj or 
rivers of the world . 

The amount of suspended sediment transported by rivers to 
the seas each year is  tabulated. The maj or rivers are ranked 
in order of sediment transported per year and drainage area 
and water discharge data are included.  The rivers are l i sted 
by continents in subsequent tab les with data on drainage area, 
annual sediment yields in tons , sediment production rates in 
tons per square mi le per year , the years of sediment measure­
ments , and the sources of data.  This sample represents more 
than one-third of the l and contributing water-borne sediment 
to the seas and , i f  representative , indicates an annual world 
sediment yie ld of 20 bil lion tons . The data suggests that 
Afri ca, Europe , and Austral ia have very low s ediment yields , 
South America is l ow ,  North America is moderate , and Asia' s 
is high to the degree of yielding up to 80\ of the sediment 
reaching the oceans annual ly . 

Holeman , J .  H . , 196 8 ,  Sediment Yield of Maj or Rivers of the 
World , Water Resources Research , 4 : 4 ,  737- 747 . 
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V . lO . l .  

Coordinating Counci l  Resolution No . I . l6 The Discharge of Tritium 
to the Oceans by Maj or Rivers 

Problem and expected results 

In order to achieve optimum application to hydrological problems , of 
the present high concentration of tritium in precipitation , it is necessary 
to complement the existing global survey of precipitation with the measure­
ment of tritium in the maj or rivers of the worl d .  It is hoped that the 
data can be appl ied to the analys is of turnover t ime in maj or river bas ins , 
the estimation of tritium remaining in the continents for recharge and 
analys is of the annual river flow cycle ,  particularly with regard to the 
contributions of groundwater . 

2 .  Work to be undertaken 

2 . 1 The maj or rivers of the world are to be sampled on a scheduled bas i s  
and the tritium concentration is t o  be determined . Detai ls  o f  the sampl ing 
procedure are avai lable from IAEA , which is wi l l ing to provide analys is to 
those countries which may so des ire . 

2 . 2  The choice of rivers wil l  rest with National Committees which wi l l  
also decide whether t o  submit s amples t o  IAEA or t o  make the analyses 
themselves . 

Resolution No . I . l6 The Discharge of Tritium 
to the Oceans by Maj or Rivers 

e Counci l ,  

Bearing in mind the potential use of  environmental tritium to 
hydrological studies , 

I nvites Member States to 

( 1 )  Cons ider their participation in the programme and inform 
the IAEA and the Secretariat of their decisions ; 

( 2) Inform the IAEA and the Secretariat of the rivers to be 
sampled and the dates when the monthly samples wi l l  be 
taken , and indicate whether analysis  by IAEA is required . 

(3) Provide IAEA and the Secretariat with information on 
related hydrologi cal data available at the sampling site . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACTIVITY' 

PRINCIPAL INVESTI GATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Bibliography of Tritium Studies Rel ated to Hydrology 
through 1966 

I . l6 Dis charge of Tritium to the Oceans 

U . S .  Geologi cal Survey 
National Center 
Reston , Virginia 22092 

E. C. Rhodehamel 

To provide improved access to information on use of 
tritium in hydrological studies . 

US/ IHD ref :  

1 . 1  (86) 

Rhodehamel , E. C . , V. B .  Kron , and V. M .  Dougherty , 1971 , 
Bib l iography of Tritium Studies Rel ated to Hydrology Through 
1966 , U .  s. Geol . Survey Water-Supply Paper 1900 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTI VITY' 

PRINC I PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Tritium Discharge to the Oceans 

I . l6 Discharge of Tritium to Oceans 

U . S .  Geolog1cal Survey 
National Center 
Res ton , Virginia 22092 

US/ IHD re f :  
1 . 1 1 ( 1 14) 

(Address inquiries to National Center in Reston , Virginia) 

To develop the fundamental information concerning the global 
distribution of the tritium water tracer to be applied to 
bas ic prob lems of hydrology , meteorology ,  and oceanography . 

Monthly stream water samples are routinely col lected for 
tritium analyses on 20 maj or s treams in the United States . 
Tritium concentrations and total tritium loads in streams 
have decl ined appreciably s ince reaching a maximum in 1963 
and 1964 . 

Stewart , G .  L .  and C .  M .  Hoffman , 1966 , Tritium Rainout Over 
the United States in 1962 and 1963 : U . S . Geological Survey 
Circular 520 . 

· 

Stewart , G .  L .  and R .  K .  Farnsworth , 1968 , United States 
tritium rainout and its hydrologic impl ications , Water 
Resources Research , 4 : 2 ,  2 73-289 . 

Stewart , G .  L .  and T .  A .  Wyerman , 1970 , Tritium rainout in 
the United States during 1966 , 196 7 ,  1968 , Water Resources 
Research , 6 : 1 ,  77-87 . 

Wyerman, T .  A . , R .  K .  Farnsworth , and G .  L . Stewart , 1970 , 
Tritium studies in the United States , 1961- 1968 , Radiological 
Health Data and Reports , 1 1 : 9 ,  421 -439 .  

Carlston , C .  W . , L .  L .  Thatcher and E .  C .  Rhodehame l ,  Tritium 
as a hydrological tool : The Wharton Tract study , I . A . S . H .  
pub l ication no . 52 , Commission on Subterranean Waters , 503-5 1 2 . 
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Coordinating Counci l  Resolution No . 1 . 21 Chronological Hydrology 

V1 . 1 . 2 . 1 .  Problem and expected results 

1 . 1 .  The use of carbon- 14 and tritium as dating tools  in the study of 
groundwater and rain water movements has in the opinion of some hydrologists , 
already indicated a high potenti al in chronological hydrology . Isotopic 
measurements on water from deep levels  give indications that the radioactive 
carbon contents can be used to compute a true residence time for that water. 
The age of water from shal low depths can be deduced from the content of 
trit ium. The deuterium and oxygen 1 8  ratios in dated waters may give clues 
to the original isotopi c composition of the precipitation from wh i ch  the 
water was derived and might be correl ated with speci fi c climatic changes . 

1 . 2  Non-nuclear techniques such as dendrochronology , the chronology 
of al luvial terraces , the study of varve deposits , g l acier observations , 
pollen analys is  and histori cal research should be combined in an endeavour 
to est ab lish correl ations for parti cular basins or zones between the frag­
mentary information obtained from different sources and the observed 
hydrological and cl imatological data, and to compare the results obtained 
on a world-wide scal e .  

Resolution No . 1 . 2 1 

The Counci l ,  

Recogni zing the importance of chronological hydro logy investi­
gations ; 

Directs the Secretariat 

1 .  to inform Member States of this proposed activity ; 

2 .  t o  foster co-operation o f  participating Member States for 
the co- ordination of methods used and modes of interpretation 
and for correlation of data from di fferent places ; 

3 .  invites IAEA to parti cipate actively in this  activity with 
1ts tr1tium l aboratory and with the C- 14 l aboratory whi ch  
wi l l  b e  i n  operation within a year an d  other interested 
agencies to parti cipate with their faci l ities ; 

4 .  recommends to those countries wishing to parti cipate in 
this activity that they contact the Secretariat and send 
in detailed information on the proposed research , for co­
ordinating purposes . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTI VITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

App l icat ion of Dendrochrono logy to Paleohydrology 

I . 2 1  Chronological Hydrology - Non-nuclear 

Geochrono logy Laboratories 
Univers ity o f  Ari zona 
Tucson ,  Arizona 8572 1 

Char les W .  Stockton and Haro ld C .  Fritts 

US/ IHD re f :  

3 .  2 (7) 

To ana lyze the j o int occurrence of c limate and re la t ive 
width o f  tree rings for the state o f  Arizona , and to 
then use the results to make probab i lity es t imates o f  c l imate 
for the per iod 1650 - 1899 . 

The ana lys is presented in the study out lines severa l 
obj ec t ive methods leading to quant itative eva luat ions o f  
pa st  c lima tes b y  emp loying the re lat ive width of annua l 
r ings in trees . C l imatic data for the state inc luding 
both prec ip itat ion and temperature for each of four s easons 
are p laced into three equa l ly probab le c lasses . Severa l 
ring width chrono logies from the s t ate are standardized 
and norma lized be fore comb ining them into a s ingle state­
wide series . Analyses o f  high - frequency and low- frequency 
variance components in the several chrono logies are emp loyed 
to eva luate intervals of heterogeneity in ring-width patterns 
throughout the s tate for 20 -year interva l of t ime .  

The j o int occurrence o f  3 prec ipitat ion and 3 temperature 
c lasses produced a mult i -norma l populat ion with 9 cat e ­
gories which a r e  combined with 9 equa lly probab le ring ­
width c llsaes . C l ima t ic probab i lit ies assoc iated with 
the ring -width c lasses for 1950 - 1890 are app lied to write 
probab i l ity s t atements regarding the occurrence of 
seasona l c limat ic c lasses pr ior to the 1900 - 1947 record . 

Stockton , C .  W .  and H .  c .  Fritts , 1968 , Condit iona l 
Probab i lity o f  Occurrence o f  Variat ions in C l imate Bas ed 
on Width of Annua l Tree Rings in Arizona , Laboratory o f  
Tree -Ring Research Annua l Report Grant No . E -88-67 (G) , 
Tucson , Ariz . , 24 � ·  
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Coordinating Council Resolution No . 1. 22 Incidence and Spread of Continental Drought 

VI . l . 3 . Droughts sti l l  remain one of the major calamities to people around 
the world . Some climatic data have been interpreted to indicate that 
drought begets drought . Extensive information on drought incidence is 
essential , as is study of the physics of atmospheric transport of un­
dissipated radiant energy. This wi l l  require a study of data on past 
droughts and establishment of instrumentation to study maj or drouchts 
in the future . 

This proj ect ·wi l l  help to explain the effect as some of the drought 
caused imbalance in the heat budget of the atmosphere ,  and the effect of 
the transport to other areas of heat generated by this process .  Success 
in analysing this phenomena wi l l  clearly depend upon development of an 
adequate model of the behaviour of the atmosphere . Standardization of 
methods is paramount , and an intemational symposha or seminar •ay be 
required to establish operational plans for the project . 

Resolution No . 1. 22 

The Counci 1 ,  

�uests the Secretariat to inform al l the Ma.ber States of 
�s proposed activity ; 

Recommends to those which wish to participate therein to 
notify the Secretariat and to send in detailed information 
on the proposed research, for co-ordinating purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Dendroclimatic History of the Uni ted States 

1 . 22 Incidence and Spread of Continental Drought 

Laboratory of Tree-ring Research 
University of Arizona 
Tucson ,  Arizona 85 721 

H .  C .  Fritts 

US/ IHD ref :  

2 . 6 ( 156} 

To extend the climatological history of the southwestern 
United States through the use of dendrochronological and 
dendroclimatological techniques . 

The necess ary techno logy , wi th accompanying computer 
programming , has been developed which al lows the researcher 
to re late tree-ring data to past climatological events . 
Maps depi cting the mean , percent departure of mean ,  and 
percent departure of standard devi ation of tree-ring growth 
are used to infer climate changes spanning the past 200 to 
300 years . 

Juli an ,  P .  R. and H .  C .  Fritts , 196 8 ,  On the possibi lity of 
quantitatively extending climatic records by means of dendro­
c limatological analyses . Proceedings of the First Statistical 
Meteorologi cal Con£. , Hartford , Conn . , p .  76- 82 .  

Fritts , H .  c . , 1969 , Tree-ring analyses : a tool for water 
resources research . Transactions AGU , 59 ( 1 } : 22-27 . 

Fritts , H .  c . , 1966 , Growth Rings of trees : Their correl ation 
with climate , Science , 154 , 973-979 .  

Fritts , H .  C . , 1 965 ,  Tree-ring evidence for climatic changes 
in western North Ameri ca, Monthly Weather Rev . , 9 3 ,  421-443.  

LaMarche , V .  C . , Jr . , 1966 , An 800 -year history of stream 
eros ion as indicated by botanical evidence : U .  S .  Geol . 
Survey Prof .  Paper 550-D , p . 83- 86 . 

Fritts , H .  C . , 1971 , Dendrocl imatology and dendroecology : 
Quat . Research , 1 : 4 ,  p .  4 19-449 . 

Fritts , H .  C . , T .  J .  Blas ing , B .  P .  Hayden , J . E .  Kutzbach , 
1971 , Multivariate techniques for specifying tree- growth and 
cl imatic rel ati onships and for reconstructing anomalies in 
paleocl imate : J . of App . Meteor . 10 : 5 ,  p .  845- 864 . 

LaMarche , V .  C . , Jr .  and H .  C .  Fritts , 19 71 , Anomaly patterns 
of cl imate over the western United States , 1 700 - 1930 , derived 
from principal component analys is of tree-ring data : Month ly 
Weather Rev . , 99 : 2 ,  p .  1 38- 142 . 

Stockton , C .  W .  and H .  C .  Fritts , 19 7 1 , Augmenting annual 
runoff records us ing tree-ring data : In proceedings of the 
19 71 meetings of the Ari zona Section American Water Resources 
Association , Hydro logy and Water Resources in Arizona and the 
Southwest ,  1 ,  p .  1 - 1 2 . 
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Stockton , c .  W .  and H .  C .  Fritts , 1971 , Conditional 
probabi lity of occurrence for variation in climate based on 
width of annual tree-rings in Arizona : Tree-Ring Bul l . , 31 , 
p . 3-24 . 

. 

Fritts , H .  C . , 1972 , Tree-rings and climate : Sci . Aaerican, 
226 : 5 ,  p .  2- 10 . 

Fritts , H .  c . , 1973 , Paleocl imatology: In Daniel N .  Lapedes , 
Ed . 1973 McGraw-Hi l l  Yearbook of s cience and technology, 
McGraw-Hi l l ,  New York . 

Hel ley , E .  J . , and V .  C .  LaMarche , Jr . , 1973 , Historic flood 
information for northern California streams from geological 
and botanical evidence : U. S .  Geol . Survey Prof . Paper 485-E , 
p .  16 . 

Stockton , c .  W .  and H .  c .  Fritts , 1973 , Long tera reconstruc­
tion of water level changes for Lake Athabasca by analys is of 
tree-rings : Water Resources Bul l . , 9 : 5 ,  p .  1006- 1027 . 

Stockton, C .  W . , 1974 , Long-Term streamflow records recon­
structed from tree-rings : Univ . of Arizona Press , in press . 
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OB.JICTIVES 

SIGNIFICANT RESULTS 

IEP<IlTS AVAILABLE 
PUBLICLY 

Inc idence and Spread of Continental Drought 

I . 22 Inc idence and Spread of Continenta l 
Drought 

Agricultura l Research Service 
u. s .  Dept . o f  Agriculture 
Soi l and Water Conservat ion Research Divis ion 
Beltsv i l le ,  Maryland 20705 

H. N. Ho ltan 

US/ IHD re f :  
2 . 6  ( 128) 

to invest igate the inc idence and spread of continental  
drought in the United States . 

Measurement of various parameters of c limate , primari ly 
in connect ion with research on conservation of moisture 
for agricultura l product ion but amendab le to ana lyses and 
interpretat ion on the inc idence and spread of drought have 
been made at : Sydney 1 Montana ; Mandan ,  North Dakota ; Morris 1 
Minnesota ; Newe l l  and Brookings , South Dakota ; Ames , 
Iowa ; Manhattan ,  Kansas ; and Bush land , Big Springs , and 
temple , texas . the variety o f  prob lems and spectrum o f  
resu lts prec ludes ready summat ion and the reader i s  referred 
to individua l reports listed be low . 

A� , P. J. , J .  J. Bond , and C .  E. van Doren , 1959 1 
Prec ipitat ion-yie ld re lat ionships in dry land wheat 
produc t ion on medium to fine textured soils of the 
southern high p lains , AgroncmJ J . , 5 1 ,  721 -724 .  

Weakly , H .  E. , 1962 , History o f  drought in Nebraska , 
, J .  Soi l 6. Water Conservat ion , 17', 271-275 . 

Hershfield , D. M. , 1970 , Genera lizing dry-day frequency 
data , Am. Water Works Assoc . J . , 62 : 1 , 5 1 -54 . 

Hershfie ld , D. M. , 1970 , Dry periods in the Eas tern 
United States , J .  Soi l  6. Water Conservation , 2 5 : 6 ,  242 -243 . 
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Coordinating Council Reso lution No . I . 24 Relations Between Soi l Moisture and Runoff 

VI . l . S . l . Problem and expected results 

It is general ly accepted that the moisture condition of the upper 
soil l ayer is one of the primary factors control ling the amount of run­
off from a given storm rainfall . The effect of this factor is readily 
demonstrated and understood at any given point . but the practical utility 
of this knowledge depends on ability to integrate the effects of a wide 
range of soi l types and soil moisture conditions throughout a drainqe 
basin. For the analysis of these relations . for basins where little or 
no runoff data are available . it wi l l  be necessary to evaluate the soi l 
complex of a drainage basin and derive a relation that would permit 
computation of runoff from rainfal l data. 

2 .  Work t o  b e  undertaken 

The study would include refinement of rainfall-runoff-relations . 
using soi l moisture as one of the important parameters for typical 
basins throughout large areas for which adequate date on rainfal l and 
runoff are available . Data on soi l characteristics could be obtained 
by field surveys and sampling . Correlations of the field data and the 
empirically derived soi l moisture functions would then be made . If  
successfUl . rainfal l-runoff relations could be  synthesized for basins 
without runoff records . Such procedures could then be used to coa­
pute nmoff data for river basins in simi lar areas of the earth where 
only rainfall data are available .  The Counci l noted that many other 
factors are just as important . 

Resolution No . I . 24 

The Council .  

Requests the Secretariat to inform Member States of this acti­
vity .  

Recommends that Member States who wish t o  participate inform 
the Secretariat and send in detai led information on the pro­
posed research for co-ordinatina purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Generali zed Soi l Moisture-Runoff Rel ationships 

1 . 24 Re lation between Soi l Moisture 
and Runoff 

North Pacific Division 
u.s. Army Corps of Engineers 
210 Custom House 
Port land , Oregon 97209 

James A. Anderson 

US/ IHD re f :  

3 . 3 ( 1 }  

Th e  refinement o f  rainfal l-runoff relationships using soi l 
moisture as the primary parameter for typical basins throu&h­
out the United States where adequate data on rainfall  and 
runoff are avai lable .  

A report entit led "Runoff Evaluation and Streamflow 
Simul ation by Computer" has been prepared. This report 
describes a mathematical  mode l deve loped in this  office 
in whi ch  soi l moisture-runoff relationships in the form 
of continuous ly varying re l ationships and variable 
evapotranspiration indexes account for the water balance 
of a watershed area. 

Anderson , J .A . , 197 1 ,  Runoff Evaluation of Streamflow 
Simulated by Computer, North Pacifi c  Engineering Division , 
U . S .  Army Corps of Engineers , Portland, Oregon . 

U . S .  Army Engr . Div. North Paci fic ,  1972 , User Manual for 
COSSARR Model Streamflow Synthesis & Reservoir Regulation , 
Portl and ,  Oregon . 

u.s .  Army Engr. Div . North Pacific , 1972 , App lication of 
the SSARR Model to the Upper Paraguay River Basin (pre­
pared for the UNDP/UNESCO Proj ect : Hydrolosical Studies 
of the Upper Paraguay River Basin , Brazi l } , Portland ,  
Oregon . 

u.s. Army Engr. Div . North Pacifi c ,  1972 , Program 
Description & User Manual for SSARR Mode l Streamflow 
Synthesis  & Reservoir Regulation ,  Program 724-KS-GOOl O ,  
Port land , Oregon . 
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Coordinating Council Resolution No . 1 . 26 Genesis and Physi cal Chemistry of Natural 
Waters 

V1. 1. 7. 1. Problem and expected results 

. Little is known of the genesis  of the chemical composition of 
natural waters . Data have been accuaulating on the composition of rain , 
but the areal distribution of rain compositions , as well  as the oceanic 
and terrestrial components of their composition,  are poorly known. Soil 
waters and soil gases have hardly been sampled; consequently, the inter­
sections of rain and soil minerals , which control the composition of the 
water that enters aquifers , cannot be interpreted. 

Millions of water analyses are available,  and there have been tens 
of thousands of detailed studies of the mineralogy of rocks , but studies 
including both kinds of information for a given rock and coexisting water 
are few and s cattered . 

2 .  Work t o  be undertaken 

A maj or programme is needed on the stability relation of minerals 
in aqueous solutions , an the kinetics of reaction of minerals and waters , 
and on the physi cal chemistry of natural solutions . Only after a maj or 
effort wi l l  it be possible to understand the genesis of water quality, 
and to take the steps possible for its control and modifications . 

Resolution No . 1 . 26 

The Counci l ,  

Requests the Secretariat to inform all Member States of the 
proposals for research on the genesis and physi cal chemistry 
of natural waters ; 

Recommends to those countries which wish to participate therein 
to inform the Secretariat and to send in detailed information on 
the proposed research , for co-ordinating purposes . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

Chemistry of Atmospheric Precipitation 

I . 26 Genesis and physical chemistry of natural 
waters 

US/ IHD ref :  

3 . 6 (75) 

ORGANI ZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY National Center 

Reston , Virginia 22092 

PRINCIPAL INVESTIGATOR D .  W .  Fisher 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To discover the contro ls on the chemistry of atmospheric 
precipitation and to determine the effects of precipitation 
on the quality of surface and ground water . 

Atmospheric precipitation on the northeastern U . S .  is distinctly 
acidic , with rel atively high concentrations of nitrate and sul­
fate . Much of this acidity , nitrate and sul fate are of anthro­
pogenic origin . Smal l er concentrations of industry and population 
in the Middl e Atl antic s tates resul t in lower contents of acid , 
nitrate and sul fate in precipitation over much of eastern North 
Carol ina and southeastern Virginia . 

In the tropical marine environment o f  St . Thomas , rainfal l is 
typical ly slightly alkal ine and contains l ittle nitrate and 
l ittle more sulfate than woul d be expected from sea salts . The 
alkal inity is  associated with calcium and sodium, indicating an 
aerosol component which may be local i zed in character . Cal cium­
sodium bicarbonates also provide a significant part of the mineral 
content of precipitation near the coasts of North Carol ina and 
southern Virginia . 

Throughout the eastern U . S . , atmospheric precipitation suppl ies 
nearly all of the chloride , sul fate , and fixed nitrogen carried 
by uncontaminated s treams and fresh water aquifers . 

Gambel l ,  A .  W .  and D .  W .  Fisher , 1966 , Chemical Composition of 
Rainfal l ,  Eastern North Carol ina and Southeastern Virginia : 
p . s .  Geological Survey Water Supply Paper 1 535- K .  

Fisher , D .  W . , 1968 , Annual variations i n  chemical composition o f  
atmospheric precipitation , eastern North Carol ina and southeast­
ern Virginia :  U . S .  Geological Survey Water Supply Paper 1535-M.  

Pearson , F .  J . , Jr . ,  and D.  W .  Fisher , 1971 , Chemical composition 
of atmospheric precipitation in the Northeastern United States : 
U . S .  Geological Survey Water Supply Paper 1 535- P ,  23 p .  

Davis , G .  H . , 1 961 , Geological Contro l o f  Mineral Composition of  
Stream Water of the Eastern Slope of  the Southern Coast Ranges , 
Cal i fornia,  U . S .  Geological  Survey Water Supply Paper 1535-B , 30 p .  

Carrol l ,  Dorothy , 1962 , Rainwater as a Chemical Agent of Geo ­
logi c Processes - A Review ,  U . S .  Geological Survey Water Supply 
Paper 1 535-G , 18 p .  
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Fisher , D .  w . , A. w. Gambell ,  G .  E .  Likens and F .  H .  Bormann , 
1968 , Atmospheric contributions to water quali ty of streams in 
the Hubbard Brook Bxperi•ntal Forest , New Hampshire : Water 
Resources Res . , 4 : 5 ,  1 115- 1 126 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Rate of Chemical Weathering of Si l icate Minerals 
in New Hampshire 

1 . 26 Genesis and Physi cal Chemistry 
of Natural Waters 

US/IHD ref: 
3 . 6 (146) 

ORGANI ZATION IN CHARGE Dartmouth Col lege 
OF ACTIVITY Hanover, New Hampshire 

PRINCIPAL INVESTIGATOR N.  M .  Johnson 

OBJECTIVES To analyze the cation budgets in terms of their s ignificance 
on chemical weathering rates . 

SIGNIFICANT RESULTS The losses of dissolved Ca, Na, Mg ,  and K have been deter­
mined for six watersheds in New Hampshire during the 
period 1963- 1967 . From the rate at which Ca and Na are 
lost , the steady-state chemical weathering rate is calculated 
at 800 kg of bedrock-til l  per hectare per year. Under podzol 
weathering conditions , a maj or part of the K and Mg released 
by the breakdown of primary minerals is apparently retained 
in peodogenic clays . 

REPORTS AVAILABLE Johnson , N.  M . , et al . ,  196 8 ,  Rate of chemical weathering of 
PUBLICLY s i li cate minerals in New Hampshire , Geochimica et Cosmo­

chimica Acta, 32 , 531-545 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGE 
OF ACTIVITY 

PRINCI PAL INVESTI GATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Water load of Urani• , Radi•, and Gross Beta Activity at 
Selected Gaaina Stations . Water Year 1960-61 

I . 26 Genes is and Physi cal Che�stry of Natural 
Waters 

u . s .  Geological Survey 
Denver Federal Center 
Denver,  Colorado 80225 

E. c. Mal lory 

US/ IHD ref :  
1 . 1 1 (161) 

To detel'lline the 8110URtl of urani•, radi•, and aross 
beta activity in aaj or streaas of the u . s .  durina the 
water year 1960-61 . 

To establ ish the a.ount of uraniua and radiua being 
transported in solution to the oceans . 

To furnish bacltaround data for future aeoche�cal studies 
of the natural ly occurrina radioel...nts and radioactivity . 

Water saaples were col lected froa 36 rivers durina low , 
llecliua, and hiah flows . The drainqe areas above the 
saapling s ites represated about 55 percent of continatal 
United States (includina 86 , 000 square .t les of Alaska) 
and 155 , 000 square .t les of Canada. Durina the 15»60-61 
water year the total urani•· •olute load ranaed froa about 
100 pounds contributed by the Ne zinscot River to 65»5 ,000 
pounds contributed by the Mississippi River. The cal­
culated total uraniua-solute load of the rivers saapled 
was used to estiaate that about 2 ai l lion pounds of uraniua 
were carried in solution froa the continental United States 
to the oceans durina thi s water year. The cal culated radiua­
solute load for the saap lina period ranaed froa about 2 . 5xlo·5 

pounds for the Nezins cot River to 25 ,000xl0·5 pounds for the 
Mississippi River. The aross solute load of radiua fraa the 
conterainous United States to the oceans for the water year 
1960-61 was estiaated to be about 67 ,000xl0·5 pounds . 

Mal lory ,  E. c . , J .  o. Johnson , and R. c .  Scott ,  1161 , 
Water Load of Uraniua, Radiua, and Gross Beta Activity 
at Se lected Gagina Stations , Water Year 15»60-61 :  u . s .  
Geol . Survey Water-Supply Paper 1535-0 , 3 1  p .  
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Coordinating Council Resolution No . 1 . 28 Effects of Physiographic Features on 
Precipitation 

VI . l .9 . 1 .  Prob lem and expected results 

Effects of physiographic features on precipitation have been 
studied from time to time , but primarily on a local basis . Some 
types of storms tend to give high rainfal l at high elevations , whi le 
others do not . Further study is required to develop procedures for 
systematic evaluation of the effects of physiographic features on 
rainfall  amounts and distribution by climatic provinces . The results 
would be appl icable to regions for which rainfal l data are inadequate .  

2 .  Work t o  be undertaken 

The s cope would include study of several typical climatic pro­
vinces to evaluate effects of physiographic features on rainfall 
amounts and distribution . Efforts would be made to generalize the 
results to make them applicable to s imi l ar climatic provinces else­
where . Verification of the procedures for simi lar climatic provinces 
of the earth would be attempted where appropriate data are available .  

I n  order t o  evolve reliable procedures for interpolating pre­
cipitation on the basis of physiography , extensive observation and 
analysis of data  for al l parts of the world wi l l  be necessary.  

Resolution No . 1 . 28 

The Counci l , 

Requests the Secretariat to : 

1 .  inform al l Member States o f  the proposals for research on 
effects of physiographic features on precipitation ; 

2 .  inform the ad hoc working group on representative and 
experimental basins of this activity for co-ordination 
purposes ; 

3 .  draw the attention of the International Association of 
Meteorology and Atmospheri c Physi cs to this activity . 

Recommends to interested Member States that they inform the 
Secretariat of their proposed activities for purposes of co­
ordination . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OfARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES 

SIGNI FICANT RESULTS 

REPORTS AVAI WLE 
PUBLICLY 

Effects of Physiographic Factors on Precipitation : Reynolds 
Creek Experimental Watershedi Boise Idaho 

US/IHD ref :  
1 . 28 Effects o f  Physiographic Features 2 . 2 (1 22) 

Agricul tural Research Service 
U . S .  Dept . of Agricul ture 
Soi l  and Water Conservation Research Divis ion 
Beltsvi l l e ,  MD 20705 

C .  W. Carlson 

To investigate the effect of physiographic factors on 
precipitation . 

In 1961 , the Reynolds Creek watershed was instrumented 
with nearly 100 recording rain gages spaced approximately 
1 .  6 ka apart in and surrounding the 240 Jca2 tract . The 
experimental area is about 28 . 8  km long with el evations 
ranging from about 1 ,070 to 2 , 200 meters ms l . The gage 
network is supplemented by snow courses in the headwaters 
area . 

Neff, E .  L . , 1965 , Principles of precipitation network 
design for intensive hydrologic investigations , 
Internat ional Association of Scientific Hydro logy 
Symposium on the Design of Hydrological Networks : 1966 , 
pp .  49-55 . 

Cooper , C .  F . , 1966 , Sampl ing characteristics of neutron 
probe measurements in a muntain snowpack : Journal of 
Gl aciology : 6 (4) : 289-298 . 

Hershfield,  D .  M . , G .  H .  Comer , and B .  Levy , 1972 , 
Spectra of Precipitation in Mountainous Regions . 
Symp . on Distribution of Precipitation in Mountainous 
Areas Proc . , Geilio , Norway , Vol .  I I  (WMO/OMM 
No . 326) : 432-44 7 .  

Hamon , W .  R . , 1972 , Comput ing Actual Precipitation . 
Symp . on Distribution of Precip itation in Mountainous 
Areas Proc • •  Geilio,  Norway , Vol . I I  (WM0/0111 
No . 326) : 159- 1 74 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Effects of Physiographic Factors on Precipitation and Evaporation 

I . 28  Effects of Phys iographic Features 

National Weather Service , NOAA 
Gramax Building 
8060 Thirteenth Street 
Si lver Spring , Maryland 209 10 

E. L .  Peck 
Hydrologic Research Laboratory 

US/ IHD ref :  
2 . 2 (48) 

To determine the effects of physiographi c factors on 
precipitation and evaporation .  

1 .  A study of  physiographic factors on evaporation was 
conducted during the summers of a four-year period in northern 
Utah .  Ful l s cale evaporation data were col lected at 1 7  high 
elevation stations from 1 7  sites ranging from 1 319 meters to 
2 731 meters in e levation . Al l data are on punch cards . 

2 .  Hydrometeorological data have been col lected for stations 
on the western s lopes of the Wasatch Mountains in northern 
Utah .  These data coupled with radiosonde information have 
been used to investigate the relation of meteorologi cal para­
meters to precipitation distribution .  

Peck ,  E .  L .  and D .  Pfannkuch , 1963 ,  Evaporation Rates in 
Mountainous Terrain , Pub . No . 62 , Inter. Assoc. of Sci . Hydro . , 
Comm. of Evap . ,  p .  267-278 .  

Peck , E .  L . , 1967 , Influences of Exposure on Pan Evaporation 
in a Mountainous Area,  Ph . D . Dissertation , Utah State Univers ity . 

Peck ,  E .  L . , 197 3 ,  Rel ation of Orographic Winter Precipitation 
Patterns to Meteorological Parameters , Sympos ium on the Dis­
tribution of Precipitat ion in Mountainous Areas , Gei lo ,  Norway , 
August 1972 , vol . I I , Technical Papers , WMO/OMM no . 326 , 
Geneva, Switzerland .  

Peck ,  E .  L . , 1973 , Dis cussion of  Prob lems in  Measuring Pre­
cipitation in Mountainous Areas , Symposium on the Distribution 
of Precipitation in Mountainous Areas , Gei lo ,  Norway , August 
19 72 , vol .  1 ,  WMO/OMM no . 326 , Geneva, Swit zerland. 

Not listed separately are twe lve papers by U . S .  authors in 
WMO , 1 9 72 , Distribution of Precipitation in Mountainous Areas , 
Gei lo  Symposium, Norway , 2 1  July-S August 1972 , vol s .  I and I I , 
WMO Rept . no. 326 , WMO, Geneva , 815  p .  

6 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C a t a l o g  o f  U n i t e d  S t a t e s  C o n t r i b u t i o n s  t o  t h e  I n t e r n a t i o n a l  H y d r o l o g i c a l  D e c a d e ,  1 9 6 5 - 1 9 7 4
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TITLE Effects of Physiographic Features on Precipitation , Ari zona 

Coordinat ing Council 
Resolution in force 
and short title 

1 . 2 8 Effects of Physiographi c Features 
I .  57  Radar Measurement of Rainfal l 

ORGANI ZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY P . O .  Box 2367 

Pres cott , Ari zona 86301 

PRINC I PAL INVESTIGATOR H.  E .  Skibit zke 

m/IHD ref: 

2 . 2 (143) 

OBJECTIVES The use of radar to measure the variation of rainfal l 
patterns in space and time . The techniques so derived 
to be applied to streamflow measurements .  

S IGNIFICANT RESULTS Maps and correlation p lots to analyze data coll ected on 
the Harquahala Plains area in Ari zona. These data showed 
a significant correl at ion of summer thunderstorm activity 
with geology; the reason being the difference in heat 
absorption of various rock types . 

REPORTS AVAILABLE Copies of data can be obtained through the U . S .  Geological 
PUBLICLY Survey , P . O .  Box 2367 , . Prescott , Ari zona. 
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Coordinating Council Resolution No. 1 . 30  Forest Hydrology 

VI . l . l l . l .  Prob lem and  expected results 

The main object ive of this activity is the study of the changes of 
water balance elements on watersheds in connexion with the execution of 
forestry and forest reclamation measures . As a result of this  investi­
gation , it is hoped that recommendations on the water-regulating role of 
forests and their influence on changes of water balance could be elab­
orated. 

2 .  Work t o  b e  'tDldertaken 

The principal items to be covered by this activity are :  

(1}  the research of water balance elements on open and forested 
watersheds ; 

(2 )  the study of water balance of watersheds covered by different 
types of forest and by different stands ; 

(3) the investigations of water balance elements of watersheds 
on which forestry reclamative measures are carried out . 

There has already been much work in this  field and it would be 
useful to have a summary of the available information on this subj ect . 
In this connexion , the Co'tDlci l  was made aware of an international 
symposium on forest hydrology to be held in September 1965 in the 
United States . 

Resolution No. 1 . 30  

The Co'tDlcil ,  

Requests the Secretariat to inform al l Member States of the 
study of water balance in connexion with the evaluation of 
water-regulating and water- conserving role of forests ; 
Recommends to those co'tDltries which wish to participate in this activity to contact the Secretariat and to send in de­
tailed information on the proposed research for co-ordinating 
purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVI1Y 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

An Out line of Forest Hydrology 

1 . 30 Forest Hydrology 

School of Forest Resources 
Univers ity of Georgia 
Athens , Georgia 3060 1 

J .  D .  Hewlett and W .  L .  Nutter 

US/IIiD ref : 

5 . 1  ( 167) 

To prepare a text that is des igned to introduce forest 
hydrology to forest resource students and future land 
managers . 

The text , An Outl ine of Forest Hydrology , extends from a 
review of hydrological processes to i l lustrations of the 
application of hydrology to management . I t  deals  adequately 
with soi l and vegetation phases of the hydrologic cycle . At 
the same time it  presents equal ly wel l  the principal elements 
of surface and groundwater hydrology and engineering practices . 

The chapter headings are : Introduction (including definitions 
vhich are relevant rather than comprehens ive and explicit 
rather than dis curs ive . and a short history of the development 
of forest hydrology) ; Water and Energy Cycles ; Drainage Basin 
Morphology ; Atmospheric Moisture and Precipitation ; Surface 
Water ; Evapotranspiration ; Surface Water , Stre•flow .  and the 
Hydrograph ; Eros ion and Sedimentation in Relation to Forests ; 
Forests and Floods ; and Forests and Water Qual ity . 

Hewlett , J .  D .  and W .  L .  Nutter .  1969 , An Outl ine of Forest 
Hydrology . Univers ity of Georgia , Athens . 
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TITLE 

Coordinating Counci l  
Resolution i n  force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVI1Y 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

International Symposium on Forest Hydrology 

1 . 30 Forest Hydrology 

School of Forest Resources 
Pennsylvania State University 
University Park , PA. 

Wi l l i am  E.  Sapper and Howard W. Lul l  

US/ IHD ref :  

5 . 1 (342) 

To provide an opportunity for s cientists engaged in 
the field  of forest hydrology research to get to­
gether to determine our present state of knowledge , 
current research needs and trends , and to provide a 
bench mark which might serve as a point of departure 
for anti cipated future studies . 

The symposium was held at the Pennsylvania State 
University 29 August-10  September 1965 . It brought 
together 87 scientists from 22 countries to listen 
to and discuss the contents of 86 reports under the 
fol lowing main headings : 

Resumes of Forest Hydrology Research (country reports )  
Forests and Precipitation 
Forests and Soi l Water 
Forests and Evapotranspiration 
Forests and Runoff 
Forests and Soi l  Stabil i zation 
Research Techniques and Instrumentation 
Panel Discussion of New Instruments 

Sopper, W.  E . , and H. W. Lul l (eds . ) ,  1967,  International 
Symposium on Forest Hydrology, Proceedings of a National 
Science Foundation Seminar , 29 August- 10 September 1965 , 
Pennsylvania State University ;  Pergamon Press , Oxford, 
813 p .  
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Coordinating CoUnci l Resolution No . 1 . 31 Relations Between Sediaent Transport , 
Streamflow and Channel Morphology 

Vl . l . l2 . 1 .  Prob lem and expected results 

The behaviour of natural stre8JII channels poses funduental prob leM 
in virtual ly every region of the world . Continuing l aboratory studies , 
essential to 'tDlderstanding channel stabi lity and sediment and water 

· 

transport , should be supplemented by field measurements over a broad 
range of conditions to verify theoretical and l aboratory studies . 

2 .  Work to be undertaken 

Research inc ludes the mechani cs  of aqueous flow in both rigid and 
alluvial channels ,  resistance to flow , sediment transport , channel 
stability , and the design of stable channels and conveyance systeJIS . 
Current research also seeks to learn the cause and dimensions of s cour­
and- fi l l  features . An international programme should lead to find 
measurements at frequent intervals in selected reaches of selected 
rivers to es tab lish re lations between cohesive soi l properties , flow . 
regimes and vegetation . Co-ordinated effort may reduce the number of 
measurements and help in developing new instrumentation. 

Resolution No. 1 . 3 1 

The Co'tDlcil ,  

Requests the Secretariat to infora all  the Member States of 
the res earch proposals on the relations between sediment 
transport , streamflow and channel morphology; 

Recommends to those countries who wish to participate there-
1n to contact the Secretariat and to send in detai led infor­
mation on the proposed research , for co-ordinating purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Sediment Water Interact ion in Some Georgia Rivers and 
Estuaries . 

I . 3 1  Re lat ion Between Sediment Transpor t ,  Stream 
and Channe l Morpho logy 

Schoo l of Geophys ical Sc iences 
Georgia Inst itute of Techno logy 
At lanta , Georgia 30332 

K. C. Beck 

US/ IHD ref : 
1 . 1 1 ( 2 15) 

To s tudy the sediment propert ies o f  some Georgia r ivers 
and es tuaries . 

Georgia lower Coas tal  P la in s treams are charac terized 
by low suspended load , low ionic s t rength , low pH , high 
PC02 , high proport ions o f  S i02 , Al , and Fe and high dissolved 
organic content . These characteristics  become less 
pronounced in s t reams head ing in the P iedmont and Fa l l  
Line . Th e  chemis t ry of the streams i s  contro lled by 
atmospheric input , weathering of the a lready strong ly leached 
soi ls ,  and by the organic compounds produced on decay o f  
vegetat ion in the low gradient , swampy terrain . Hydrologic 
condit ions , large ly flushing o f  swamp waters into the s treams 
a fter rains , cont ro l the re lat ive importance o f  these 
factors . 

The relat ive ly high C l  content and cons tant ratios o f  Na , K, 
Mg, Ca , and so4 to C l  at va lues not far removed from sea 
water suggests  that these spec ies are derived from rain 
and atmospheric aerosals , and that minera l weathering 
contribut ion is minor . 

Beck , K. C . , 1972 , Sediment Water Interac t ions in Some 
Georgia Rivers and Es tuaries , Schoo l of Geophys ica l Sc iences 
in coope ration with Envi ronmenta l  Resources Center , Georgia 
Ins t i tute of Techno logy , At lanta , Georgia , 9 7  p .  
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TITLE 

Coordinat ing Council 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJEC'rlVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Movement of Radionuc lides in Water and S�diment in 
Rivers and Estuaries 

I . 31 Re lation Between Sediment Transport , 
Streamflow ,  and Channe 1 Morphology 

Batte l le Memoria l Ins t itute 
P . O .  Box 999 
Rich land , Washington 99352 

D .  R. ICa lkwarf 

US/IHD ref:  

3 . 4 (8) 

The purpose of the s tudy is to deve lop an extens ive and 
useful understanding of the mechanisms involved in the 
t ransport ,  absorpt ion , sedimentat ion , and trans locat ion 
of radionuc lides in the Co lumbia River and its es tuaries , 
and thus those that might be expected in other river 
sys tems . The first phase o f  the proj ect is a recon­
na issance s tudy of radionuc lide inventories in the 
Co lumb ia River and a pre liminary ana lys is and correlat ion 
of their major phys ica l form and location . The second 
phase is a laboratory study of the react ion mechanism of 
radionuc l ides with cons tituents of the river together 
with re fined river sampl ing in order to explain the 
results of phase 1 and to predic t radionuc lide behavior 
under other condit ions . 

Methods and techniques deve loped are used rout ine ly by 
several agencies and Univers it ies to eva luate 
radio logical  s tatus of the Co lumbia River and ita 
estuary .  

Nelson ,  J .  L . , R .  W .  Perkins and W.  L .  Bauahi ld ,  1966 , 
Determinat ion of Columbia River F low Times Us ins 
Radioactive Tracers Introduced by the Banford 
Reac tors . Water Resources Research 2, 3 1 -3 9 .  

Perkins , R .  W . , J .  L .  Ne lson & W .  L .  Baushild,  1966 , 
Behavior and Transport o f  Radionuc l ides in the 
Co lumbia River Between Banford and Vancouver , 
Wa shington . Ltmnology and Oceanography 1 1 ,  235 -248 . 

Gross ,  M. G . , & J .  L .  Ne lson,  1966 , Movement of 
Radioactive Sediment on the Continenta l  Shel f  Near 
Washington & Oregon . Science 154 ,  879-885 . 
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TITLE 

Coordinat ing Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECnVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Behavior of Radionuc lides in the Columbia River and ita 
Es tuary be low Banford , Washington 

I . 3 1 Re lat ion between Sediment Transport , 
Streamflow , and Channe l Morpho logy 

u . s .  at01111c r;nergy t;OIIIIIiaa ion 
Washington , DC 20545 

US/ IHD ref :  

3 . 6  (94) 

( in cooperation with General E lectric Corp . , U . S .  Geo l .  
Survey , Oregon S tate Univ . , U . S .  A rmy  Corps o f  Engr . )  

E .  Robertson , Batte l le -Northwest , Rich land , Washington 

1) To describe the bottom sediment distribut ion , in t ime 
and apace a long the river , major tributaries , and es tuary, 
inc luding s ize , distribut ion and minera logy . 
2) To determine the quantit ies o f  various radionuc l idea 
depos ited in reservoirs , and s tudy the condit ions leading 
to scour and retransport . 
3) To deve lop a mathematical  mode l to describe flow in 
the es tuary as re lated to transport of  water sediment 
and biota . 
4) To s tudy the phy�io -chemica l  nature of sorpt ion­
desorpt ion mechanisms .  

The moat s ignificant event in the radio-ecology o f  the 
Co lumbia River during this decade has been the c losure 
of the last of the origina l p lutonium produc t ion 
reactors in January o f  197 1 .  S ince that t ime the 
radionuc lide concentrat ions in Co lumbia River water , 
suspended matter , sediments and biota has decreased 
to near background leve l .  Three main mechanisms have 
accounted for th is dec rease : 1) radioactive decay ; 
2) scouring and flushing o f  radioac t ive surface 
sediments during spring freshets ; and 3) buria l of 
radioactive sediment depos ita by fresh , re lativ e ly 
uncontaminated sediments .  Cont inuing s tudies are in 
progres s  with the purpose o f  charac teriz ing the long­
range behav ior of the radionuc lidea rema ining in the 
river sediments and biota . 

Robertson , D .  E . , et a l . , 1973 , Transport and Dep let ion 
of Radionuc lidea in the Co lumbia River , in : Radioact ive 
Contamination of the Marine Environment , IAEA ,  Vienna . 

Becker , C .  D . , 1973 , Aqueous B ioenvironmenta l Studies 
in the Columbia River at  Banford 1945 -197 1 ,  A 
Bibliography with Abs trac ts , BNWL-1734 , UC -48 , 
Batte lle Pac ific Northwest Laboratory , Richland , 
Washington . (this Bib liography contains a l l  per ­
t inent pub licat ions up to 1972) . 
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Coordinating Counci l Resolution No. 1 . 37 Evapo-Transpiration Processes 

VI . l . l B. l .  Prob lem and expected results 

On a long-tem basis , the difference between precipitation and 
evapotranspiration over an area is a measure of avai lable water supply; 
evaporation from a reservoir is a drain on this supply, and the differ­
ence between precipitation and potential evapotranspiration is a maj or 
factor in estimating the irrigation needs for a proposed proj ect . The 
requirements for evaporation observations are more compl ex than those 
for precipitation because evaporation is strong ly affected by the na­
ture and condition of the land surface and underlying soi l .  In addi­
tion to the need for improved instrumentation , there remains the pro­
blem of deve loping techniques for converting s tandard evaporation 
observations to those required for water resources purposes (free­
water evaporation , potential evapotranspiration , actual evapotrans ­
piration , etc. ) .  Geographic variations in evaporation are large in 
many areas of the world ,  and the variations cannot be delineated 
accurately without improved knowledge of physiographic and other 
effects .  Investigations of this nature wi l l  lead to improved gen­
erali zed maps of free-water evaporation , actual evapotranspiration 
and other phenomena ,  as elements of the water cycle . 

2 .  Work t o  b e  undertaken 

Further research is needed on the theoreti cal aspects of evapo­
ration phenomena,  and on practical aspects as we l l ,  so that this maj or 
element in the hydrologic cycle can be better evaluated under speci fied 
circumstances . 

Resolution No . 1 . 37 

The Counci l ,  

Re�uests the Secret ariat to inform al l the Member States of 
ih1s proposed activity ; 

Recommends to those which wi sh to parti cipate therein to notify 
the Secretariat and to send in det ai led infomation on the pro­
posed research , for co-ordinating purposes . 
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TITLE 

Coordinating Council 
Resolution in fOrce 
ancl short ti tie 

ORGANIZATICit IN OWlGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Water Transfer by Evapotranspiration :  Mechanisa and Aaounts 

1 . 37 Evapotranspiration Processes 

A,ricultural Research service 
u . s .  Dept . of A,riculture 
Soil  and Water Conservation Research Division 
Beltsvi l le ,  MD 20705 

c. w. Carlson 

US/IHD ref: 

3 . 1 ( 1 27) 

To investigate evapotranspiration under the following 
a,ricult'liral conditions : 

Energy exchange in croplands ; Ithaca , New York 
Coastal influences on climatic ,radients ; Loapoc , California 
Evaporation in seai-arid areas ; Pt . Collins , Colorado 
Evaporation froa irrigated field crops in dry land 
areas ; Kiaberly, Idaho and Tape , Arizona. 

The variety of probleas and spectrum of results precludes 
read¥ summation and the reader is referred to individual 
reports l isted below . 

Wright , J . L .  and E .  R .  Le110n , 1966 , Photosynthesis under 
field conditions , VII I ,  Analyses of wind speed fluctuation 
data to evaluate turbulent exchange within a crop , A,ronoay 
J . , 58 : 3 ,  255-261 . 

Gardner , H .  R .  and R .  J .  Hanks , 1966 , Evaluation of the 
evaporation zone in soil by measurement of heat flux 
Soil Science Society of America Proceedings , 30 : 4 ,  4�5-428 . 

van Bavel , c .  H .  M . , J .  E .  Newman, and R .  H .  Kilgeaan, 1967 , 
Cliaate and estiaated water use by an orange orchard , 
Agricultural Meteorology , 4 ,  27-37 . 

McGuinness ,  J .  L .  and L .  H .  Parme le , 1972 , Maxiaum 
potential evapotranspiration frequency - east central 
United States , Aller . Soc . Civ . Engin . Proc . , Irrig . & 
Drain . Div . J . , 98 : IR 2 ,  20 7-214 . 

Nixon , P .  R . , G .  P .  Lawless , and G .  V .  Richardson , 1972 , 
Coastal California evapotranspiration frequencies , Aller . 
Soc . Civ . Engin . Proc . , Irrig . & Drain . Div . J . , 9 8 : IR 2 ,  
185 - 19 1 .  

Ritchie, J .  T. , 1972 , Model for predicting evaporation 
froa a row crop with incomplete cover, Water Resources 
Research , 8 : 5 ,  1 20 - 1 2 1 3 � 

McGuinness , J . L .  and E .  P .  Bordne , 19 72 , A comparison 
of lysimeter-derived potential evapotranspiration with 
computed values , USDA Tech . Bul . 1452 , 71 p . 

7 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C a t a l o g  o f  U n i t e d  S t a t e s  C o n t r i b u t i o n s  t o  t h e  I n t e r n a t i o n a l  H y d r o l o g i c a l  D e c a d e ,  1 9 6 5 - 1 9 7 4
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 2 0 1 6 3

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATI<* IN DIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Gi la River Phreatophyte Proj ect 

I . 37 Evapotranspiration processes 

u . s. Geologi cal Survey 
Rooa 4J .  Federal Bldg .  
301 West Congress 
Tucs on .  Ari zona 85 701 

R .  c .  Cul l er ,  R .  L .  Hanson , and others 

US/IHD re f :  

3 . 1 (63) 

To evaluate water s alvage by phreatophyte control on a 
flood plain typical of the areas of existing and proposed 
application. 

A 16-lli le reach of the Gi la River flood plain in s outheastem 
Ari zona was used to detel'lline water salvage by the removal 
of phreatophytes cons isting priaari ly of saltcedar (Tamarix 
pentandra) . Water-budget data col lected during the 9-ye ar 
study (1963- 71) defined evapotranspiration rates for various 
amounts d. vegetative cover . These evapotranspiration rates 
were used to determine a consuaptive use coeffi cient expressed 
in tems of plant cover and aacro- cliaatic conditions . thus 
enab ling extrapol ati on of the results to other areas of a 
s imi lar environment . 

Included in the study is a ca.prehens ive error analysis of the 
12 ca.ponents comprising the water budget . an evaluation of 
the app lication of infrared-color aeri al photography us ed to 
deve lop a spectral signature of the vegetative cover. and an 
evaluation of evapotranspiration from up to 20 .000 acres of 
exposed areas on San Carlos Reservoir located i•ediately 
downstreaa from the study reach. 

Burkham. D. E .  • 1970 .  Precipitation .  streaaflow . and aaj or 
floods at selected sites in the Gi la River drainage basin 
above Coolidge Daa . Ari zona : u . s .  Geol .  Survey Prof. Paper 
655- B. 33 p .  

Burkham. D. E .  • an d  D. R .  Dawdy . 1970 . Error analysis of 
streamflow data for an alluvi al  stre am :  u . s .  Geol . Survey 
Prof. Paper 655-c.  13 p .  

Burkhaa .  D. E . • 1972 . Chinnel changes o f  the Gi la River in 
Safford Val ley. Ari zona. 1 846-1970 : u . s .  Geol . Survey Prof. 
Paper 655 -G.  24 p .  

Culler. R .  c .  • 1965 • Th e  Gil a  River Phreatophyte Proj ect : 
Proceedings 9th Annual Ari zona Watershed Symposium. p .  33- 38. 

• 1970 .  Appl ication of infrared color photography 
�t-o-th::"''""e....,d�e""'s criptioli of flood p l ain vegetation : Proceedings 
of the workshop on aeri al color photography in the p l ant 
s ciences . Gainesville . Florida Dept . of Agr • •  p .  159- 164 • 

• 1970 .  Water conservation by removal of phreatophytes : 
-=s�os=-=T=-r-an_s_ .... Aaerican Geophys . Union . 5 1 : 10 ,  p .  684 -689 . 
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, 1970 , Application of remote sensing to hydrology ... in
�th...-

e
....,.Arl�zona regional ecological test site : Proc. Arizona 

Regional Ecological Test Site Workshop , October 29 ,  1970 ,  
p .  53-SS . 

CUller , R. c . , and others , 1970 ,  Objectives , methods , and 
environment - Gila River Phreatophyte Proj ect ,  Graham County, 
Arizona:  u . s .  Geol . Survey Prof. Paper 655-A, 25 p .  

CUl ler, R .  c. , and R. M. Turner, 1970 ,  Relation of  remote 
sensing to transpiration of flood plain vegetation : Second 
Annual Earth Resources Aircraft Program Status Review, 
National Aeronautics and Space Administration,  v .  3 ,  p . 37- 1 
to 37-8. 

CUl ler, R. C . , 19 71 , Application of remote sensing on the 
Gi la River Phreatophyte Project , San Carlos Indian Reservation ,  
Arizona : Applied Remote Sensing of Earth Resources in Arizona, 
Proc. 2nd Arizona Regional Ecological Test  Site Symposium, 
November 2-4 , 1971 , p .  65-72 . 

Cul ler, R. c . , J .  E .  Jones , and R. M .  Turner, 1972 , Quantitative 
relationship between reflectance and transpiration of phreato­
phytes - Gi la  River Test Site : 4th Annual Earth Resources Air­
craft Program Status Review , National Aeronauti cs and Space 
Administration , p .  83- 1 to 83-9 . 

Hanson,  R. L. , F .  P .  Kipple , and R. c .  Cul ler, 1972 , Changing 
the consumptive use on the Gi la River (lood plain ,  southeastern 
Arizona, in Age of changing priorities for land and water : 
Proceedings ASCE Irr. and Drain. Div . Specialties Conf. , Sept . 
1 972 , p .  309-330 . 

Hanson , R. L . , 1972 , Subsurface hydraulics in the area of the 
Gila  River Phreatophyte Proj ect : u . s . Geol . Survey Prof. Paper 
655-F , 27 p .  

���--�:' 1973 ,  Evaluating the reliability of specific-yield 
determinations : U . S .  Geol . Survey Jour. Research , 1 : 3 ,  
p .  371-376 .  

McQueen , I .  s . , 1972 , Soi l-moisture and energy relationships 
associated with riparian vegetation near San Carlos , Ariz . : 
u . s .  Geol . Survey Prof. Paper 655-E , 5 1  p .  

Turner, R .  M . , 1970 ,  Measuring vegetation from Ektachrome infra­
red aerial photographs : Proc . Arizona Regional Ecological Test 
Site Workshop , October 29 , 1970 , p. 56-59 . 

, 1971 , Measurement of plant community cover from �
ae
�

n
=-• 

a
�
l
�

p
""'ho�tographs : Third Annual Earth Resources Aircraft Pro­

gram Status Review , National Aeronautics and Space Administration , 
v . 3 ,  p .  SO-l to 50-8 .  

, 1971 , Measurement of spatial and temporal changes in --
v
-
eg
-
e
�
t
,...
a
'""
t 
... 
1
_
on
_. from color IR  fi lm : Proceedings , International Work­

shop on Earth Resources Survey Systems , Ann Arbor, Mich . ,  May 3-
15 , 1971 , p .  5 13-525 and Proceedings , Am .  Soc. of Photogramm. , 
ACSM Fal l Convention ,  September 1971 , 16 p .  

73 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


, 1973 , Quantitative and historical evidence of 
::"!'ve�g�e�t�a�t""lon=" changes along the upper Gila River, Arizona: 
u . s .  Geol . Survey Prof. Paper 655-H. (In press . ) 

Ieis t ,  w. G. , Jr . , 1971 , Geology and ground-water syst•, 
Gila  River Phreatophyte Proj ect : u . s .  Geol . Survey Prof. 
Paper 655-D , 22 p.  

Cul ler, R. c . , R. M. Tumer, and J .  E .  Jones , Evapotrans ­
piration and transpiration, in Manual o f  reaote sensing , 
R. G.  Reeves , ed. : Am. Soc. Ol Photoa�. , chap. 8 ,  v. 2 ,  
.!!_ press . 

Cul ler , R. c . , R. L. Hanson , and J .  E. Jones , Relation of 
consu.ptive use coeffi cient to the des cription of vegetation :  
Speci al S)'llpOSi'-- on Evaporation and Transpiration froa Natural 
Terrain , Aa. Geophys . Union , San Francis co ,  Calif. , in 
preparation . 

-

Jones , J .  E .  , Evapotranspiration calcul ated using color infra­
red photography as a vegetation aeasurement - Techniques 
and appl ications : u . s .  Geol.  Survey Prof. Paper 655 -
!!, Preparation . 

_...,.._=�' Interception, in Manual of rnaote sensing , 
R. G. Reeves , ed. : Aa. SoC: of Photog�. , ch ap .  8 ,  
v .  2 .  , .!!_ press . 

__ ,.......__. Application of color-infrared photography to 
evapotranspiration research , in Proceedings Fourth Annual 
Conference on Reaote Sensing Iii Arid Lands : Tucson, Ari zona. 
In press . 
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Coordinating Counci l Resolution No .  1 . 43 Evaporation Reduction Fro11 Open Surfaces 

VI . l . 24 . 1 .  Problea and expected resul ts 

Conservation of water stored in surface reservoirs is especi al ly 
import ant in arid areas , where water l osses through evaporation may 
a.aount to as IIUch as 2 . 5  aetres per year. In addition to water 
loss , evaporation causes same reduction in the quality of stored water 
because of the increased concentration of dissolved s alts in the 
res idual water. Various reports on experimental evaporat ion suppresr 
sion indi cate s avings of 10 to 30 per cent . The whole fie ld needs 
further study and poss ib ly s011e new approaches . 

2 .  Work to b e  undertaken 

Much work remains to be done , not only on seeking and test ing 
aonomolecular chemical fi lms which cause no damage to the quality of 
water or to the aquatic biota, but also the effects of s i ze and shape 
of the reservoir and its location in reaard to the local llicro- cl illlate 
and the prevail ing winds . In view of the extens ive research already 
under way in several countries , wider exchange of current infol'llation 
and ideas in this field are suggested. 

Reso lution No . 1 . 43 

The Counci l ,  

Reiues ts the Secretari at to inform al l the Member States of 
th s proposed activity; 

Recommends to those which wish to participate therein to noti 
the Secretariat and to send in detai led information on the 
proposed research , for co-ordinatina purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATiaf IN OIARGE 
OF ACTIVITY 

Evaporation Reduction from Open Surfaces - Air BUbbl ina TeChnique 
Studies in California 

1 . 43 Evaporation Reduction from Open Surfaces 

U . S .  Geological Survey 
Building 25 
Denver Federal Center 
Lakewood ,  Colorado 

US/ IHD ref: 

3 . 1(76) 

PRINCI PAL INVESTI GATOR G. E. Koberg 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Studies w i l l  be made on the problem of trying to maintain a 
degree of strat ification throughout the suamer heating period . 

The experiment to de-strat i fy  E l  Capitan reservoir near Escondido , 
Cal ifornia by the air bubb l ing technique was s tarted in June , 
1965 . The contents of the reservoir at that ti .. were 151 000 
acre-feet . The time required to reach a nearly s tratified con­
dition was one week , but continuous operation of the equipaaent 
through the summer was required to maintain the dis solved concen­
tration in the hypol ilmion near 60 percent of saturation . The 
net s avings in evaporation was estimated at 140 acre-feet or S 
percent of the annual evaporat ion . 

Koberg , G .  E . , A de110nstration of theral destratification by an 
air-bubb ling technique : U . S .  Geol . Survey Water-Supply Paper , � preparation .  

Koberg , G .  E .  and M .  E .  Ford , Jr . , 1965 , E l imination o f  thermal 
stratification in res ervoirs and the resulting benefits : U . S . 
Geol . Survey Water-Supply Paper 1 809-M , 28 p .  

Fas t ,  A .  W . , 1968 , Art ificial destratification o f  E l  Capitan 
Reservoir by aeration , Part I ,  effects on cheaical and phys ical ��a..ters : Cal i f .  Dept . of Fish and Ga-. ,  Fish Bu l l etin 141 , 
9 7  p .  

Busby , M .  W . , 1973 , Air inj ection at Lake Cachuma , Cal i fornia :  
U . S .  Geol . Survey open-fi l e  report , 3 1  p .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

Mechanics of Evaporation 

1 . 43 Evaporation Reduction from Open Surfaces US/ IHD re f :  
1 . 3 (322) 

ORGANI ZATION IN DIARGE U . S .  Geological Survey 
OF ACTIVITY Bldg . 25 , Denver Federal Center 

Lakewood , Co lorado 80225 

PRINCIPAL INVESTIGATOR G. E. Koberg 

OBJECTIVES 

SIGNIFICANT RESULTS 

To develop a re lation to measure evaporation using the mass ­
trans fer approach which w i l l  app ly t o  any open water surface . 

To develop a technique to reduce evaporation losses from stock 
ponds uti l i zing plastic films . 

A mas s-transfer equation has been developed based on the measure­
ment of wind at 2 and 4 meters , the air temperature and humidity 
at 2 meters , and the temperature of the water surface . Al l 
measurements are made at the same location over water and only 
represent the evaporation rate at that location . The equation 
uti l i zes the ratio of the wind between 2 and 4 meters and 
requires a correction for atmospheric stab i l ity .  Us ing Lake 
Hefner data,  the results by the relationship were generally 
wi thin 5 percent or less of the month ly evaporation results by 
the water budget . Al though the relationship has not been used 
extens ively in other investi gations , where it has been used the 
results were in good agreement with other methods of measuring 
evaporation . 

F loating covers of plastic film have been tes ted on stock ponds 
for the purpos e of reducing evaporation . The prob lems of us ing 
p l astic covers are the degradation of the plastic by ultravio let 
radiation and anchoring the cover such that the wind wi l l  not 
remove it from the water surface . The 110st successful covers 
were fabricated from polyethylene foaa having a thickness of 
3 mi l l imeters . By bonding a white acrylic fi lm (0 . 08 mi l limeter 
in thickness)  to the foam to protect it from ultraviolet radiation , 
a cover was maintained in place on a stock pond for two years . 
At the end of two years the bond between the fi lm and foam 
deteriorated and the wind removed the fi lm from the foam . 

REPORTS AVAI LABLE None 
PUBLICLY 
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Coordinating Council Resolution No .  1 . 44 Dynaaics of Lakes and Reservoirs 

Vl . l . 2S .  The purpose of this research is to understand the processes . both 
thermodynamic and hydrodynami c .  which occur in natural and art i fici al 
l akes . Included in the research are such themes as :  

(a) thermodynamic regimes of l akes and reservoirs • including 
theraal strati fi cation and circul ation ; 

(b) wind- driven circul ations ; 

(c) movement and depos ition of sediments ;  

(d) time-dependent changes in l akes and reservoirs through 
sedimentary • biologi cal and chemical processes . 

Resolution No . 1 . 44 

The Counci l .  

Requests the Secretariat to infora al l the Meaber States of 
the propos als for research on dynamics of l akes and res ervoirs ;  

Recoamends to those countries who wish to participate therein 
to contact the Secretariat and to send in detai led information 
on the proposed research . for co-ordinating purposes ; 

Requests the Secretariat to draw the attention of Member States 
to the forthcoming symposium on l akes which wi l l  be organized 
in Garda (Italy) in 1966 by the lASH and the Univers ity of 
Padua in co-operation with Unesco . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

International Field Year for the Great Lakes 

1 . 44 Dynamics of Lakes and Reservoirs 
1 1 1 . 15 Regional Cooperation 

US/IHD ref :  
2 .  7 (79) 

US/Canadian Joint Steering Committee for IFYGL (JSC/ IFYG L) 
US/Canadian Joint Management Team for IFYGL  (JMT/ IFYGL) 

u . s .  Co- chairman of JSC/ IFYGL :  W ,  J. Drescher 
u . s .  Geological Survey 
University of Wisconsin 
1 815  University Avenue 
Madison ,  Wisconsin 53706 

U . S .  Co- chairman of JMT/ IFYGL : E .  J .  Aubert 
Great Lakes Environmental 

Research Laboratory 
2300 Washtenaw Avenue 
Ann Arbor, Michigan 48104 

U . S .  part , Biological/Chemical Component : 
T .  T .  Davies 
Grosse l le  Field Station 
931 1 Groh Road 
Grosse I le ,  Michigan 481 38 

A ful l  l ist of participating organizations is given here 
to indicate the broad involvement of the IFYGL program. 

GOVERNMENT -- NATIONAL 

Canada 
De�artment of Energy, Mines and Resources 

anada Centre for Remote Sensing · 

Great Lakes Research Division 
Geological Survey of Canada 

Department of the Environment (Environment Canada) 
Atmospheric Environment Service 
Central Services Directorate 
Hydrometeorology and Marine Applications Division 
Environmental Management Service 
Inland Waters Directorate 
Canada Centre for Inland Waters 
Great Lakes - St . Lawrence Study Office 
Water Survey of Canada 
Tides and Water Levels Section 
Canadian Wildlife Service 
Fisheries and Marine Service 
Marine Sciences Directorate 
Canadian Hydrographic Service 
Atlantic Oceanographic  Laboratory 
Fisheries Research Board 

National Museum of Canada 
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National Research CoWlci l of Canada Canadian National Committee for the International 
Hydrological Decade 

National Aeronautical Establis�ent 

Minis� of Transport Can an Marine Transportation Agency 
Prescott Marine Agency 

GOVERN4ENT -- STATE/PROV INCIAL 

Ontario Department of Health Air Pollution Control Service 

Ontario Ministry of the Environment 

Division of Laboratories and Research 
Division of Water Resources 
Water Quality Branch 
Water Quantity Management Branch 
River Basin Research Section 

Ontario Ministry of Natural Resources Glenora Fisheries Station 
Lake Erie Fisheries Research Station 

Royal Ontario Museum 

NON-GOVERNMENTAL -- ACADEMIC 

Dalhousie University 

McGill  University 

MCMaster University Centre for Applied Research and Engineering Design 
Department of Geography 

queen ' s  University 

Trent University 

University of British Columbia Institute of Oceanography 

University of Guelph 

University of Toronto 
Great Lakes Institute 
Institute of Environmental Sciences and Engineerin1 

University of Waterloo 

University of Windsor 

Denmark 
University of Copenhagen 
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GOVEIUIIENT - - NATIONAL 

United States 

DeGartment of Commerce 
ational Oceanic and Atmospheric Administrat ion 

At l antic Oceanographi c  and Meteoro logical Laboratory 
Center for Experiment Design and Data Analysis 
Environmental Research Laboratories 
Environmental Satel l ite Servi ce 
Lake Survey Center 
National Weather Service 
Research Flight Facil ity 

Department of Defense 
u.s.  Army : Corps of Engineers (Detroit Distri ct )  
u . s .  Air Force : Air Weather Service 

Department of the Interior 

Bureau of Sport Fisheries and Wi ldlife 
Great Lakes Fisheries Laboratory 
u . s .  Geo logical Survey 

ee0artment of Transportation 
.s .  Coast Guard 

Federal Aviation Agency 

Environmental Protection �ency 
Rochester Field Office 0: Region I I  
Grosse I le Field Station of the National Environmental 

Research Center . Corval l i s . Oregon 
(Office of Research and Devel opment ) 

Nat i onal Aeronauti cs and Space Administration 
Lewis ResearCh Center 
Environmental Research Laboratories 

National Seience Foundation 

I l l inois State Water Survey 

New York State Department of Environmental Conservation 

NON-GOVERNMENT - - ACADEM IC 

Cape Fear Technical Institute 

Colorado State Univers ity 

Corne l l  University 

Cornel l  Aeronauti cal Laboratory 

Manhattan Col lege 

Northwestern University 

Pennsylvania State Univers ity 

8 1  
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O�Ecri�S 

State University of New York 
Buffalo 
Albany 
Oswego 

University of Miami (Florida) 

Universit�of Michigan Great [ es Research Division 
Wil low Run Laboratory 

University of Nevada Desert Research Institute 

University of Washington 

Universit�of Wisconsin Great L es Center 
University of Wisconsin-Mi lwaukee 

Woods Hole Oceanographic Institution 

NON-GOVERNMENTAL - PRIVATE 

Canada 

ERA Instruments 

NON-GOVERNMENTAL - PRIVATE 

United States 

Cal span Corporation 

Center for the Environment and Man 

General Electric ,  Inc . 

National Academy of Sciences-National Research Council 
United States National Committee for the International 

Hydrological Decade 

To investigate in depth , through an integrated and 
ful ly coordinated group of research programs , a number 
of basic unsolved , or only partially solved ,  physical 
problems associated with the hydrology, aeteorology , 
physical limnology and geology of one of the Great Lakes 
and its drainage basin . In brief,  these programs although 
fundamental in nature , wi l l  seek to improve man ' s  knowledge 
of the avai lable fresh water supply for such wide ly diverse 
purposes as domestic and industrial usages , navigation, 
power, recreation and sewage disposal . In connection with 
the last named , studies wi l l  be directed at obtaining a 
better understanding of the physical factors which affect 
the dispersal of pol lutants in the lake .  
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SIGNIFICANT RESULTS 

The decision to concentrate on the physical processes 
of Lake Ontario and its basin was taken de liberately 
and with ful l  recognition of the iDDDediate importance 
of ecological and pollution prob lems . It  was felt that 
a detai led understanding of the physical processes in 
Lake Ontario and its basin was basic  to any understand­
ing of its chemical , biological , and nutrient cycles . 
A Biology-Chemistry Program was added as a maj or compo­
nent to satisfy the growing interest of scientists and 
water managers in both countries . 

Up to through 1974 , the principal significant result of 
planning, which began in 1966 , was the successful com­
pletion of the data collection phase - the Field Year -
which continued from Apri l 1972 through March 1973 . 
The maj or research subjects included -

1 )  Causes of  lake- level variations as related to  
precipitation , evaporation and surface - and 
ground-water supply . 

2 )  The relative accuracy and util ity of various 
methods of measuring evaporation .  

3) The nature of modification of climate by large 
water masses . 

4) The formation and dissipation of lake ice .  
5) The movement of water in the lake ,  including its 

circulation , diffusion properties and waves (both 
surface and internal) .  

6)  The physical factors affecting the chemical , bio­
logical and materials balance of a large body of 
water, including consideration of eutrophication , 
pollution and sedimentation .  

These maj or obj ectives were undertaken through 1 5 1  tasks , 
or proj ects , 72 of which were done by the United States 
and 79 of which were done by Canada. A list of these 
tasks , too long to be itemi zed here , is  given in the 
report entit led Two Nations , One Lake-Science in Support 
of Great Lakes Management (see below) . Hundreds of 
scientists and researchers participated from federal and 
state and provincial agencies and from academic and private 
organizations . 

As one result , literal ly mi l l ions of bits of information 
were col lected . They are now being analyzed and computer­
stored. Many publications have been published and more 
are in preparation . The publication and data archival 
plan consists of the fol lowing items : 

1 .  Official Pub lications 
a. Technical P lan (See below) 
b. I FYGL Bul letin (See below) 
c .  Technical Munuals (See below) 

i. SUDDDaries of available techniques 
i i .  evaluation of  IFYGL systems 

d. Scientific reports (scheduled for publication 
1975- 1977) 
i .  Terrestrial Water Budget Report 

i i .  Lake Meteorology Report 
iii .  Energy Balance Report 
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REPORTS AVAILABLE 
PUBLICLY 

iv . Evaporation Syathesis 
v .  Biology and Chemistry Report (3 vols . )  

vi . Water Movement Report 
vii .  Atmospheric Boundary Layer Report 

viii.  IFYGL Program Report 
e .  SUDDary Reports o f  the Program 

i .  Obj ectives and Activities- 1965- 1973-
(See below) 

i i .  I FYGL Symposia (See below) 
iii .  I FYGL Atlas 

2 .  Scientific papers in  j ournals and in  proceedings 
volumes (listed in part in I FYGL Bulletins ; q .v . ; 
complete l ist avai lable eventually from data 
archives . )  

3 .  Data Archives (including sUDDaries , an inventory 
of col lected data, a catalog of archival contents , 
and a description of the data col lected. ) 

Canadian and U . S . Joint Management Team, 1972 , Inter­
national Field Year for the Great Lake - IFYGL Technical 
Plan, duplicated report , 

voluae 1 - Scientifi c  Program, 439 p .  
volume 2 - Data Acquisition Systems , 461 p .  
volume 3 - Field Operations P lan,  269 p .  
volume 4 - Data Management Plan, 1 10 p .  

plus 604 pages o f  annexes . 

Hansen, A. L . , J .  w .  Wilson,  L .  F .  Jenkins , and L. A. Weaver, 
1973, I FYGL Tech �anual Series No . 4, United States IFYGL 
Office , National Oceanic and Atmospheric Administration, 
Rockvi l le ,  Maryland, 48 p. 

International Field Year for the Great Lakes , I FYGL Bul letin , 
published at intervals by the National Oceanic and Atmospheric 
Administration ,  Rockvil l e ,  Maryland 

No . 1 ,  January 1972 , 37 p .  
2 ,  March 1972 , 38  p .  
3 ,  May 1972 , 86 p .  
4 ,  September 1972 , 1 2 0  p .  
5 ,  December 1972 , 1 2 0  p .  
6 ,  Apri l 1973, 6 7  p .  
7 ,  July 1973, 91 p .  
8 ,  October 1973, 7 8  p .  
9 ,  February 1974 , 8 2  p .  

10 ,  May 1974 , 95 p .  
1 1 ,  July 1974 , 1 1 3  p .  
1 2 ,  October 1974 ,  66  p .  
13 ,  

International Field Year for the Great Lakes , 1974 , Pro­
ceedings of the IFYGL Symposium,  55th Annual Meeting of 
American Geophysical Union , April 8- 1 2 ,  1974 ; National 
Oceanic and Atmospheric Administration ,  Rockvi l le ,  Mary­
land, 169 p .  

Latimer , J .  R . , 1972 , Radiation Measurement , I FYGL Tech . 
Manual Series No . 2 ,  Canadian National Committee for IHD, 
Ottawa, Canada, 53 p. 
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Ludwigson , J .  o .  (ed. ) ,  1974 ,  TWo Nations , One Lake­
Science in Support of Great Lakes Management-Obj ectives 
and Activities of the International Field Year for the 
Great Lakes 1965- 1973 , (a report of the Canadian and 
u . s .  National Committees for the IHD] , I FYGL Centre , 
Atmospheric Environment Service, Environment Canada, 
Downsview , Ontario, 145 p .  

, Heindl , L .  A . , and Brown, I .  C . , 1974 , �I�nt�e�rn�a�tTi-'onal Field Year for the Great Lakes - Obj ectives , 
Scientific  Programme and Organization, Nature and Resources , 
vol . 10 ,  no . 2 ,  p .  2-9 . 

Palmer, M .  D. , 1972 , Measurement of Currents on the Great 
Lakes , I FYGL Tech . Manual Series No . 3 ,  Canadian National 
Committee for IHD , Ottawa, Canada, 32 p. 

Robertson ,  Andrew , 1974 , u . s .  I FYGL Shipboard Data Acqui­
sition System,  United States I FYGL Office , National Oceanic 
and Atmospheric Administration , Rockvil le ,  Maryland, 39 p .  

Wilson ,  R .  G . , 1971 , Methods o f  Measuring Soi l Moisture , 
I FYGL Tech . Manual Series No . 1 ,  Canadian National Com­
mittee for IHD, Ottawa, Canada, 19 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Stratified Flow in Lakes , Reservoirs , and Large Rivers 

I . 44 Dynamics of Lakes and Reservoirs US/ IHD ref :  
3 . 1 (164) 

ORGANIZATION IN CHARGE Tennessee Val ley Authority 
OF ACTIVITY Engineering Lab . 

Knoxvil le ,  TN 37902 

PRINCIPAL INVESTIGATOR E .  H .  Lesesne 
OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To develop methods for predicting water movements and temperature 
changes in flowing streams and reservoirs that result froa both 
natural and man-induced influences .  

Advancement was made in the development of computation methods 
for the mathematical representation of the thermo-hydroaechanics 
of reservoirs . 

In addition, l aboratory studies were made to determine the 
effect that various discharge structures at stream power plants 
had on the mixing of heated water at the discharge point . 

TVA Engineering Laboratory , 1972 , Heat and Mass Transfer between 
the Water Surface and the Atmosphere , Water Resources Research 
Lab Report No . 14 , Norris , Tennessee . 

TVA Engineering Laboratory , 1969 , Evaluation of Fontana Reser­
voir Field Measurements , Water Resources Research Report No . 18 , 
Norris , Tennessee . 

Wunderlich ,  W .  0 .  and R .  A .  Elder, The Mechanics of Stratified 
Flow in Reservoirs , Reservoir Fishery Resources Symposium, 
University of Georgia,  Athens , published by the American 
Fisheries Society , Washington , D . C .  

Wunderl ich ,  W .  0 . , 1971 , The Dynamics o f  Density Stratified 
Reservoirs , Reservoir Fisheries and Limnology , G .  E .  Hal l , ed . , 
Special Publication No . 8 ,  American Fisheries Society , 
Washington , D . C .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Changes in the Biota of Lakes Erie and Ontario 

1 . 44 Dynamics of Lakes and Reservoirs 

Buffalo Society of Natural Sciences 

US/ IHD ref :  
3 . 10 (213) 

Research Foundation of the State University of New York 
Buffalo, New York 

R . A. Sweeney 

During the period 1955- 1965 there has been an increased concern 
with the changes that have occurred in Lakes Erie and Ontario . 
Of particular alarm to the general pub lic  has been the r�id 
dec line of game and commercial fish , and the marked increase in 
the less des irable  species . Likewise , the flora has altered both 
in quantity and quality .  As a result ,  several programs t o  study 
the b iota of these l akes are being developed and intensified . 

Be l ieving that all  scientific investigators could gain through 
mutual cooperation and coordination a conference was held on 
the changes in the b iota of Lakes Erie and Ontario . The program 
dealt with three topics : results of previous investigations , 
technical problems associated with such studies , and areas in 
which additional research would be of most value . 

Sweeney , R .  A .  (editor) , 1969 , Proceedings of a Conference on 
Changes in the Biota of Lakes Erie and Ontario ,  Bul letin of the 
Buffalo Society of Natural Sciences , Buffalo , New York , 25 : 1 ,  
84 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

Otanges in the Chellistry of Lakes Erie and Ontario 

I . 44 Dyna.ics of Lakes and Reservoirs 

Buffalo Society of Natural Sciences 

US/UID ref : 

3 . 10 (214) 

Research Foundation of the State Univers ity of New York 
Buffalo ,  New York 

PRINCIPAL INVESTI GATOR R .  A. Sweeney 

OBJECTIVES AND 
S I GN I F ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

During the period 1955 - 1 9 70 there has been increas ing concern 
with changes that have occurred on Lakes Erie and Ontario . Of 
particul ar alara to the general pub lic has been the rapid decline 
of game and co.-ercial fish , c los ing of beaches and deterioration 
in the qual ity of drinking water from these l akes . In 1968 a 
conference was held at the State Univers ity Col lege at Buffalo 
on changes in the b iology of Lakes Erie and Ontario . 

Among the c�ts received on the first conference was a request 
for a s illi lar conference on the cheaical aspects of thes e  lakes . 
Thus , this second conference was organi zed . 

The prograa dealt with three topics - results of previous 
investigations , technical proble_, associated with such studies , 
and areas in w.hich additional research would be of value . 

Sweeney , R. A. (editor) , 19 71 , Proceedings of the Conference on 
Changes in the Cheaistry of Lakes Erie and Ontario , Bul letin of 
the Buffalo Society of Natural Sciences , Buffalo , New York , 25 : 2 ,  
85 p .  
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Coordinating Council Resolution No. 1 . 48 Application of Math�atical Models for 
Run•Off Prediction in Various Climatic 
and Physiographic Regimes 

VI . 2 . 2 . 1 .  Problem and expected results 

Hydrological models which synthesi ze the hydrological cycle froa 
the ground unti l it leaves the watershed as streamflow or evapotrans­
piration can cOIIIDlement !'rocess-oriented hydrological research . An 
effective model wi l l  permit evaluation of the importance of specific 
processes and the testing of results or hypotheses derived froa other 
research. In addition to their role in basic hydrological research. 
hydrological models offer promise as research auxiliaries for eval­
uating natural and artificial changes in hydrological regimes . 

2 .  Work to be undertaken 

Existing models require further testing on data representing a 
variety of hydrological regimes from al l parts of the world. Such 
testing wi l l  lead to refinements in some models , e limination of others 
as unrealistic,  and possibly to development of new models .  I t  wi l l  
also provide data necessary t o  relate model parameters with physical 
characteristics of the watersheds . In order to carry out this pro­
gramme .  the necessary input data must be col lected on a continuous 
basis from se lected representative watersheds around the world. 

Resolution No . 1 . 48 

The Council 

Requests the Secretariat to inform al l Member States of 
the proposals for research on the application of mathe­
matical models for run-off prediction in various climatic 
and physiographic regimes and to envisage the organi zation 
of a symposium on this matter; 

Recommends to those which wish to participate therein to 
notify the Secretariat and to send in detai led information 
on the proposed research , for co-ordinating purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Runoff Evaluation and Streamflow Simulation by Computer 

I . 48 Application of Mathematical Models for 
Runoff Prediction in Various Climatic and 
Physiographic Regimes 

North Pacific Engineering Division 
U .S .  Amy Corps of Engineers 
Portland,  Oregon 

James A. Anderson 

US/IHD ref:  

3 .3  (201 ) 

To develop a mathematical aodel of basin runoff resulting 
from rainfall and snowmelt which incorporates varying soi l 
moisture and evapo-transpiration indices . 

The Streamflow Synthesis and Reservoir Regulation (SSARR) 
Program is designed to create a mathemati cal hydrologic 
model of a river system through the use of an electronic 
digital computer. Streamflows can be synthesi zed by 
evaluating the entire hydrological process of snowmelt 
and/or rainfall  runoff for all s ignificant points throughout 
a river system. 

Drainage basins can be separated into homogeneous hydrologic 
units of a size and character which can be used as a logi cal 
delineation of maj or drainage into its component subdrainages . 
Channel storage can be specified for channel reaches to present 
the natural delay to be encountered in a complex river system. 
Storage effects of lakes and aan-aade reservoirs can be evalu­
ated in accordance with free-flow conditions or specified con­
ditions of reservoir storage or withdrawn. Streamflows can 
be thus developed for all key locations on the aain system 
and tributary rivers . 

Anderson , J .  A. , 1971 , Runoff Evaluation and Streamflow 
Simulated by Computer,  North Pacific Engineering Division ,  
u . s .  Army Corps of  Engineers , Portland ,  Oregon . 

u . s .  Army Engr Div . , North Pacific ,  1972 , User Manual for 
COSSARR Model Streamflow Synthesis & Reservoir Regulation ,  
Portland, Oregon . 

u . s .  Army Engr Div . , North Pacific ,  1972 , Application of 
the SSARR Model to the Upper Paraguay River Basin (prepared 
for the UNDP/UNESCO Proj ect : Hydrological Studies of the 
Upper Paraguay River Basin , Brazi l ) , Portland ,  Oregon . 

u . s .  Army Engr Div . , North Pacifi c ,  1972 , Program Description 
& Use Manual for SSARR Model Streamflow Synthesis & Reservoir 
Regulation , Program 724-KS-GOOlO, . Portland,  Oregon (Revised 
Dec 72) . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Deterministic Hydro logic Systems Modeling 

I . 48 Application of Mathematical Mode ls for 
Runoff Prediction in Various Climatic and 
Physiographic Regimes 

US/ IHD ref:  
2 . 4 ( 166) 

ORGANI ZATION IN CHARGE Dept . of Civ i l  Engineering 
OF ACTIVITY Univeraity of  I llinoia at Urbana-champaign 

Urbana , Illinois 6180 1  

PRINCIPAL INVESTIGATOR V.  T .  Chow 

OBJEC'riVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Univers ity of Illinois at Urbana - Champaign 
Urbana , I llinois 6 180 1 

To develop deterministic mathematical mode ls for 
hydrologic systems . 

' 

A general lumped deterministic model bas been developed 
to simulate hydrologic systems . 

Chow , V . T .  and V . C .  Kulandaiswamy, 197 1 ,  General hydrologic 
sys tems mode l ,  Journal of the Hydraulics Division , ASCE , 
97 :  BY6 , 791 -804 . 

Chow, V . T. , 1972,  Hydrologic modeling • The Seventh 
John R. Freeman Memorial Lecture , Proceedings , Boston 
Society of Civil  Engineers , 60:  s, 1·2 7 .  

Chow, V . T .  and v . c .  Kulandaiswam,, 1972 , Discuss ion on 
general hydro logic system model ,  Journa l of the 
Hydraulics Division ,  ASCE , 98 : BYlO ,  18 73 -1874 .  

Chow V . T .  and V . C .  Kulaidaiswam, ,  1972 , Genera l 
hydrologic sys tem mode l ,  Transact ions , ASCE ,  13 7 ,  704 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrodynamic Modeling of Watersheds 

1 . 48 -�11cat1on of Mathematical Models for 
Runoff Prediction in Various Climatic and 
Physiographic Regimes 

Dept . of Civil Engineering 
University of I l l inois at Urbana-Champaign 
Urbana, I ll inois 61801 

Dr. Ven Te Chow 
Hydrosystems Laboratory 

US/ IHD ref :  
2 . 1  (1 16) 

( 1 )  To develop laboratory instrumentation for controlled 
experiments on rainfall and runoff relationship of watersheds . 

(2 )  To investigate the hydrodynamics of flow of surface 
water on watersheds . 

(3) To develop hydrodynamic models of watersheds . 

A Watershed Experimentation System (WES) was developed for 
the proj ect and can produce an artificial storm for runoff 
studies under laboratory controlled conditions . It  was used 
to verify the theories that were proposed for determining the 
effect on runoff due to moving rainstorms . Also,  several 
hydrodynamic watershed models ( I l linois Hydrodyna.ic Watershed 
Models [ IHMM] I ,  I I ,  I I I ,  and IV) were developed and tested 
by the WES . ' 

Chow , V .  T. , 1964 , Artificial Raindrops for Laboratory Watershed 
Experimentation , Transactions , American Geophysical Union , 45 : 4 ,  
6 1 1 . 

Harbaugh , T. E .  and V .  T. Chow , 1965 , Raindrop Production for 
Laboratory Watershed Experiaentation, Journal of Geophysical 
Research , 70 : 24 ,  6111-6119 .  

Harbaugh , T.  E.  and v .  T. Chow, 1966 , Raindrop Production for 
Laboratory Watershed Experiaentation ,  Civi l Engineering 
Studies , Hydraulic Engineering Series , No . 1 2 ,  University 
of I l l inois ,  9 p .  

Chow, V. T.  , 1 96  7 ,  Laboratory Study of  Watershed Hydrology, 
Proceedings , the International Hydrology Symposium, Fort Col lins , 
Colorado, Paper no . 26 ,  vol . 1 ,  194-202 . 

Harbaugh , T. E .  and v .  T. Chow, 1967 , A Study of the Roughness 
of Conceptual River Systems or Watersheds , Proceedings ,  XI I 
Congress of the International Association for Hydraulic Research, 
Paper no . A2 , vol .  1 ,  9- 1 7 ,  Fort Col lins , Colorado . 

Chow, V .  T. , 1967 , Laboratory Study of Watershed Hydrology, 
Civil Engineering Studies , Hydrauli c  Engineering Series no . 14 ,  
University of I l l inois , 9 p .  
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Harbaugh , T. E .  and v .  T. Chow, 1967 ,  A Study of the Roughness 
of Conceptual River Systems on Watersheds , Civi l Engineering 
Studies ,  Hydraulic Engineering Series no . 15 , University of 
I l l inois , 9 p .  

Chow , V .  T .  and B .  C .  Yen , 1974 , A Laboratory Watershed 
Experimentation System,  Civi l Engineering Studies , Hydraulic 
Engineering Series no . 27 , University of I l linois , 196 p. 

Hsie ,  C .  H . , V .  T.  Chow , and B.  c .  Yen , 1974 , The Evaluation 
of a Hydrodynamic Watershed Model ( IHW Model IV) , Civil 
Engineering Studies ,  Hydraulic Engineering Series no . 28 ,  
University of  I l linois ,  143 p .  

Shen , Y .  Y . , B .  c .  Yen , and V .  T.  Chow , 1974 , Experimental 
Investigation of Watershed Surface Runoff, Civi l Engineering 
Studies , Hydraulic  Engineering Series no . 29 , University of 
I l linois , 197 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OfARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJEC'liVES 

SIGHIFICAN'l RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Water Resources Systems Analys is 

I. 48 Application of Mathematical Models for 
Runoff Prediction in Various Climatic and 
Physiographic Regimes 

Dept . of Civil  Engineering 
Univers ity of I l linois at Urbana - Champaign 
Urbana , Illinois 6 180 1 

Dr . Yen 're Chow, Hydrosystema Laboratory 

US/IHD ref:  
5 . 1 ( 173) 

University of I llinoia at Urbana -Champaign, Urbana , Illinois 
6 1801 

'ro deve lop advanced methodologies for the analysis of 
water resources systems . 

Several advance techniques for the opt imization o f  water 
resources systems have been deve loped, and are discuased 
in the report listed below. 

Chow, v . r.  1968 , Hydrologic Systems for water resources 
management , Conference Proceedings , Water Resources In­
st itute Report No . 4 ,  C lemson University, C lemson,  
South Carolina , 8 -22 . 

Chow, V . 'r .  and D . D .  Meredith , 1969,  Water resources systems 
analys is - Part I. Annotated Bib liography on Stochast ic 
Processes , Civil  Ensineering Studies , Hydraulic Engineering 
Series No . 19 , Univers ity of Illinois , 80 p .  

Chow, V . 'r .  and D . D .  Meredith , 1969 , Water resources systems 
ana lys is - Part II . Annotated Bib liography on Programming 
techniques , Civil  Engineering Studies , Hydraulic Engineering 
Series No . 20 , University of Illinois , 45 ; . ,  July 1969 . 

Chow , V . 'r .  and D . D .  Meredith , 1969 ,  Water resources systems 
analys is - Part III. Review of Stochastic Processes , 
Civil  Engineering Studies , Hydraulic Engineering Series No . 
2 1 ,  University of Illinois . 100 p .  

Chow, V . 'r .  and D . D .  Meredith , 196 1 ,  Water resources 
systems ana lya is - Part IV. Review of Programming techniques , 
Civ i l  Engineering Studies , Hydraulic Engineering Series No . 
22 , University of Illinois , 70 p .  

Chow, V . 'r .  and B . B .  Ewing , 1969 , Advanced Civil  Engineering 
Planning technology , Proceedings of a Short Course , Depart ­
ment of Civ i l  Engineering , College of Engineering , 'rbe 
University of I l l inois at Urbana-Champaign, 204 p .  

Windsor , J . S .  and Chow V . 'r . , 1970 , A Programming Mode l for 
Farm Irrigation Systems , "Civil  Engineering Studies , 
Hydraulic Engineering Series No . 23,  Univers ity of Illinois 
at Urbana-Champaign, 95 p .  
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Chow , V . ! .  1970 1  Systems Approaches in hydrology and 
water resources , In !he Progress in Hydro logy , 
Proceedings , !he Pirst Internat iona l Seminar for 
Hydrology Professors , Vol .  1 ,  490 -509 . 

Heidari ,  M. , v . r .  Chow and D . D .  Meredith , 19 7 1 ,  Water Resources 
Systems Analys is by Discrete Differential Dynamic Program­
ming , Civil  Engineer ing Series No . 24 , Univers ity of 
I llinois at Urbana-champaign, 118 p .  

Heidari,  M. , Chow v . r  • •  Kokotovic P .  v .  and D .  D .  Meredith , 
197 1 ,  !be discrete differential dynamic programming approach 
to water resources systems optimization, Water Resources 
Research , 7 : 2 ,  2 73 -282 . 

Chow, v . r .  • 197 1 ,  Genera l report on optima l  operation of 
water resources system, Proceedings , Internat iona l Symposium 
on Mathematica l  Mode ls in Hydro logy , Warsaw,  Poland , 
Separate Volume , p .  1-9 . 

Windsor J . S .  and V . ! .  Chow, 1 9 7 1 1  Mode l for farm irrigat ion 
in humid areas , Journa l of the Irrigation and Drainage 
Divis ion, ASCE , 9 7 :  IR3 1 369 -285 . 

Chow, V . ! . 1 19 7 1 1  Methodologies for Water Resources 
Planning : DDDP and ML<Il('rL<Il) 1 Water Resources Center,  
Research Report No . 47,  University of Illinois at Urbana­
Champaign, SO P• 

Windsor J . S .  and V . ! .  Chow, 1972 1 Multireservoir 
optimization mode l ,  Journa l of the Hydraulics Divis ion, 
98 : BYlO ,  182 7-1845 , October 1972 . 
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

Ma thematical Mode ls for Streamflow Predict ion 

1 . 48 Appl ication of Mathematica l Mode ls 
for Runoff Prediction in Various Climatic and 
Phvl ioaraphic Reg_iiDes 
Nat iona l Weather Service , NOAA 
Gramaz Bui lding 
8060 Thirteenth Street 
S i lver Spring , Maryland 20910 

US/IHD ref: 
3 . 8  (49) 

PRINCIPAL INVESTIGATOR D .  L .  Fread 
Hydrologic Research Laboratory 

OBJECTIVES To invest igate and deve lop a feas ib le streamflow routing 
mode l which can provide stages and discharges wben : ( 1) the 
flow is a ffected by backwater conditions due to tributaries , 
reservoirs , t ides , mild botton s lopes , (2) the river ia a 
comp lex system interconnected with divers ion channels , and 
(3) the stream ia subj ect  to s ignificant transmiss ion 
losses . 

SIGNIFICAN'f RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To investigate the feas ibil ity of mode ling stage -discharge 
relat ions a ffected by : ( 1) trans ient flow dynamics and 
(2) changes to the e levat ion and shape of a l luvial channe l 
bottoms due to sediment transport . 

A mathemat ical mode l to predict stages and discharges baa 
been deve loped and ia current ly be ing tested . The mode l 
is based on an imp l icit finite difference solution of the 
St . Venant equat ions of cont inuity and mot ion . This 
mode l ia capab le of s imulating trans ient backwater con­
dit ions caused by downstream reservoir operations and 
tributary discharge . Also , wave propagation in an up­
stream direct ion due to t ides and storm surges can be 
s imulated with the mode l . The imp l icit solution technique 
enab les the use of re lat ive ly large t ime steps which makes 
the mode l economica l ly feasib le for long durat ion transients . 

I 
A mathematical  mode l baaed on the St . Venant equat ions baa 
been deve loped to determine stage-discharge relat ions 
a ffected by trans ient flow condit ions . The mode l baa been 
demonstrated on " loop" re lations us ing data perta ining 
only to the locat ion of the stage -discharge relation . 
Us ing known (observed or predicted) discharges or stages , 
the mode l determines the assoc iated stage or discharge 
respect ive ly . 

Amein, M. , 1972 , Numerical  S tmulat ion of Uns teady Flows 
in Rivers and Reservoirs , Contract No . 0-3528 Report , 72 p .  

Fread ; D . L . , 1973 , Effects  of Time Step Size in Imp licit 
Dynamic Routing , Water Resources Bul letin ,  American Water 
Resources As sociat ion , 9 : 2 ,  338-35 1 .  
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Fread , D .  L . , 1973 , A technique for Implic it Dynamic 
F lood Routins in River with Major tributaries , Water 
Resources Research , American Geophysica l Union 
9 : 4 , 918-926.  

Fread , D.  L . , 1973 , A Dynamic Mode l for Stage -Discharge 
Relations Affected by Changing Discharge , NOAA technical 
Memorandum NWS Bydro -16,  U. S .  Department of Commerce , 
NWS , NOAA . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGHIFICAN'l RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

USDAHL-70 Model of Watershed Hydrology 

I . 48 App lication of Mathematica l Mode ls for 
Runoff Predict ion in VariOUS · C limat ic and 
Phys iographic Regimes 

Agr icultural Research Service , U . S .  Dept . of 
Agriculture Soi l  and Water Conservation 
Research Division , Beltsville ,  MD 20705 

B .  N. Ho ltan 

To deve lop a hydro logic mode l applicab le to 4 ARS 
experimenta l  watersheds represent ing a divers ity of 
c limate and phys iography . 

US/UID re f :  

2 . 4  (2 74) 

A mathematical mode l of watershed hydrology baa been. 
des igned to serve the purposes of agricultura l watershed 
engineering . the mode l is current ly a series of 
empiric ism& se lected to prov ide a mathematica l con­
t inuum from ridge top to watershed out let in terms of 
input informat ion readily avai lab le to the analyst .  
'lbe mode l is intended to he lp bridge the gap between 
theory and prac t ice by providina a framework in which 
bas ic knowledge can be app lied to watershed engineeriaa . 

Ho ltan , B .  N . , and N . c .  I.opez , 197 1 ,  USDABL-70 mode l 
of watershed hydrology , Technical Bul let in No . 1435 ,  
Agricultural Research Service , U . S .  Dept . o f  Agriculture , 
Washington , D . C . 

Revis ion of USDABL-70 completed . Snowme lt program in­
c luded . Also rout ines for ca lcula t ing movement of 
agricultura l chemicals programmed .  

Yen , C.  L. , G .  H.  Cc.er, and H .  N .  Holtan, 1973, USDAHL-
74 Flood Routing Method, Pl•t Physiology Institute Report 
No . 7 , Agricultural Research Service , U. S .  Dept . of 
Agriculture , Washington, D .C .  
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TITLE 

Coordinating Council 
Resolution in force 
and short tit le 

ORGANIZATION IN mARGE 
OF ACTIVITY 

Hydro logica l  Mode ls 

I . 48 App licat ion of Ma thematica l Mode ls 
for Runo ff Predict ion in Various C limatic 
and Phys iographic Regimes 

Nat iona l weather service , NUAA 
Gramax Bui lding 
8060 Thirteenth Street 
S i lver Spring , Maryland 20910 

US/ IHD ref:  
3 . 8  ( 14) 

PRINCIPAL INVESTIGATOR Wa lt Sittner 
John Monro 
Eric Anderson 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydro logic Research Laboratory 

The Weather Serv ice has a cont inuing research program 
directed toward the derivat ion of improved hydrologic a l  
models for deriv ing s treamf low from observat ions of  
prec ipitat ion , snowcover and other meteoro logic a l  
factors influenc ing evaporat ion and taking into account 
the phys ica l characterist ics of the area . 

A program of mode l tes t ing , invo lving four hydrologica l 
mode ls deve loped in the U . S . , has been completed . As a 
result of this program,  one conceptua l mode l ,  a modifica ­
t ion o f  the Stanford Watershed Mode l ,  has been adopted 
for use in river forecast ing by the Nat iona l Weather 
Service . A second tes t ing program,  s imi lar to the first 
but internat iona l in scope , is now under way . It is 
be ing sponsored by the Wor ld Meteoro logica l Organiza t ion . 

Nat iona l Weather Service River Forecast Sys tem,  Forecast  
• Procedures ,  NOAA Technica l Memorandum NWS Bydro - 14 ,  U . S .  

Department o f  Commerce , S i lver Spring , Md . , Dec . , 1972 . 

S it tner ,  W .  T . , C .  E .  Schaus s , & J .  C .  Monro , 1969 , 
Cont inuous Hydrograph Synthesi s  with an API Type 
Hydro logic Mode l ,  Water Resources Research , 5 : 5 .  

Sit tner , W .  T . , 1973 , Modernizat ion o f  Nat iona l Weather 
Serv ice River Forecas t ing Techniques , 1973 , Wa ter 
Resources Bulletin,  Am. Water Resources Assoc . , 9 : 4 .  

Monro , J .  C . , and E .  A .  Anderson , Nat iona l Weather Serv ice 
River Forecast ing Sys tem ,  (submitted for pub licat ion) 
ASCE , Journa l of the Hydraulics Divis ion . 

Monro , J .  C . , 19 7 1 ,  Direct Search Opt imizat ion in 
Ma thema t ica l Mode ling and a Watershed Mode l App licat ion , 
NOAA Technica l Memorandum NWS Hydro - 12 , U . S .  Departm�nt 
of Commerce , Washington , D . C .  
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TITLE 

Coordinating Co1mcil 
Resolution in force 
and short title 

ORGANIZATION IN OfARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Mo1mtain Snow and I ce Hydrology 

1 . 48 Application of Mathematical Models for 
Runoff Prediction in Various Climatic and 
Physiographic Regimes 

u . s .  Geological Survey 
Water Resources Division 
1305 Tacoma Avenue South 
Tacoaa, Washington 98402 

Wende l l  V .  Tangborn 
Lowel l  A. Rasmussen 

US/ IHD ref:  
1 .  7 (328) 

1 .  To construct rational models o f  the processes that 
comprise the hydrologic cycle in mo1mtain areas 
where snow is an important e lement . Input is present ly 
limited to synopti c  meteorological and hydrological 
data currently collected in the areas of interest .  

2 .  Ultimately t o  develop a real time , operational model 
of the water balance of mo1mtain watersheds using tho 
theories and techniques fo1md in ( 1) One purpose of 
this model would be to forecast streamflow on a daily 
or seasonal basis . 

Uti li zing standard precipitation and r1moff data in the 
North Cascades of Washington, a first stage , simplified 
model of mo1mtain water bal ance was deve loped which pro­
duces snowmelt streamflow forecasts with accuracy comparable 
to current snow survey methods . The altitude and time 
(which are interrelated) distribution of potential stream­
flow (total water storage) is determined with this model , 
thus making it possible in the spring to forecast suaaer 
and fal l  streamflow with reasonable accuracy. 

Rasmussen , L. A. , and W .  V .  Tangborn, R1moff and preci­
pitation characteristics of the North Cascade Range and 
a proposed hydrometeorological streamflow forecasting 
method .  .!!!. preparation .  
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Coordinating Council Resolution No . 1 . 49 Automatic Processing of Hydrological Data 

VI . 2 . 3 . 1 .  Problems and expected results 

This investigation proposes to improve on methods of processing 
and publication of hydrological information , as we l l  as the use of 
such methods for forecast operations and dissemination of this infor­
mation by the use of data processing equipment and computers . As a 
result new methods of col lection , process ing and pub lication as we l l  
as transmission of  observational data must b e  elaborated and intro­
duced . 

2 .  Work to be undertaken 

2 . 1 Mechanization of the initial processing of observations received 
from automatic and semi-automatic stations . 

2 . 2  Mechanization and partial automation of the processing of data 
for preparation and publication of hydrologi cal yearbooks . 

2 . 3 Elaboration of methods for automatic  processing of hydrologi cal 
data, including the analysis of such data, standardization of forms for 
presenting this information .  

2 . 4 .  Investigation by  digital computer of  the laws of  statistical dis­
tribution of the fundamental characteristic of the hydrological regime . 

2 . 5  Solution of hydrological and hydraulic  prob lems by digital and 
analogue computers . 

Resolution No . 1 . 49 

The Counci l ,  

Requests the Secretariat to inform al l the Member States 
of this proposed activity; 

Recommends to those which wish to participate therein to 
notify the Secretariat and to send in detai led information 
on the proposed research , for co- ordinating purposes . 

10 1  
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TITLE 

Coordinating Council  
Resolution in  force 
and short tit le 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Des ign Characteris tics  for a Nat iona l Sys tem to 
Store , Retrieve and Disseminate Water Data 

I . 49 Automatic Process ing of Hydrologica l Data 
V . 6 Standardizat ion 

Office of Water Data Coordination 
U . S .  Geo logica l Survey 
Nat iona l Center , MS 417  
Reston . Va . 22092 

G. W. Whets tone 

US/IHD ref :  
5 . 2 (3 18) 
5 . 1 (330) 

To deve lop a nat iona l sys tem of water data management which 
would fac i l itate the exchange of water data between co l lector 
and user organizat ions in both the Federa l and non-Federa l 
COIIIDUnity . 

( 1) The deve lopment o f  des ign characteristics  for the system 
by the Federa l Interagency Advisory Committee on Water 
Data ; 

(2) Deta i led des ign of the Nat iona l Water Data Exchange 
(NAWDEX) . 

Federa l Interagency Water Data Handling Work Group , 197 1 1  
Des ign Characterist ics for a Nat iona � Sys tem t o  Store , 
Retrieve and Disseminate Water Data , U . S .  Geo logical Survey . 
Office of Water Data Coordination .  3 1  p .  

Doye l .  W .  w . •  and s .  M .  Lang . 1972 1 NAWDEX - A sys tem for 
improving acces s ib i lity to water data 1 Proceedings of Sym­
pos ium on Watersheds in Trans ition. Amer .  Water Resources 
Assoc • •  p.  91-97 .  
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Coordinating Council Resolution No . I . SO Mathematical Analysis of Streamflow and 
Precipitation Sequences 

VI . 2 . 4 . 1 .  Problem and expected results 

Most hydrological variables and processes are stochastic.  Therefore , the 
theories of probability ,  of stochastic processes , and mathematical statistics 
are the main mathemati cal methods for analysis of hydrological processes . The 
gap between modern accomplishments in the theories of probabi lity, stochastic 
processes , and mathematical statistics , on the one hand, and their application 
to hydrological processes , on the other is  about 25 years . 

2 .  Work to be undertaken 

Without limiting the scope of work under this activity , the fol lowing are 
some of the topics to be studied: 

( 1 )  methods of determining probabilities in hydrology ; 

(2)  application of stochastic processes and time-series analysis to 
hydrological processes ; 

(3) use of mathematical statistics in describing hydrological processes , 
as wel l  as in drawing maximum information from a given amount of 
basic hydrologi cal data; 

(4) use of theory of errors and control methods in analysing reliabi lity 
and quality of hydrological data; 

(S) use of mathematical statistics in generali zation and description of 
hydrological characteristics of an environment . 

Resolution No . I . so 

The Council ,  

Requests the Secretariat to inform al l Member States of the 
Mathematical Analysis of Streamflow and Precipitation Sequences ; 

Recommends to interested Member States who wish to participate 
therein to notify the Secretariat and to provide detai led infor­
mation on the proposed research for co-ordinating purposes . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTI VITY 

App lication of Remote Sens ing to Hydrology 

I . SO Mathematica l Ana lys is of Streamflow and 
Precipitat ion Sequences 

Internationa l Bus iness Machines Corporation 
Federa l Sys tems Divis ion 
150 Sparkman Drive 
Huntsville ,  Alabama 

US/ IHD ref :  

2 . 4 (308) 

PRINC I PAL INVESTI GATOR Reuben Ambaruch 
Pr inc ipa l Investigator 

�. W. Sialons 
Study Manager 

OBJEC'EIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To assess the feasibility of us ing data produced by remote 
observations from space and/or aircraft to reduce the time 
and expense norma l ly involved in  achiev ing the abi lity to 
predict the hydrol�gica l behav ior of an ungaged watershed . 

The s tudy was conducted in three phases , calibrat ion , 
corre lation , and va lidat ion , a imed at dev is ing a set of 
wide ly app licab le observab le characteris tics (such as 
c limato logy , areas , e levation, and land use) and inferab le 
characteris tics (such as soil depth and poros ity) . 

The five validation runs produced s imulated s treamflow& 
which corre lated remarkab ly we l l  with observed streamflow. 
Dai ly corre lation coe ffic ients ranged from 0 . 83 to 0 . 87 ;  
month ly , from 0 . 92 to 0 . 97 .  Many major storms were 
reasonably we l l  matched with respect to peak flows and 
t iming of peaks . For a mult i -year open- loop s imulation , 
this is adequate for most app lications , and it strongly 
indicates the feasibility of ua ing remote ly sensed data to 
forecast the hydro logic performance of an ungaged watershed.  

IBM Federa l Systems Division, 1973 ,  Application of remote 
sens ing to hydro logy : Fina l technical report : IBM No . 
73W 0038 7 ,  Huntsv i lle , Alabama , 1 12 p .  

����-· 1972 , App licat ion of remote sens ing to hydro logy ; 
Technica l progress  report : IBM NO. 73W-Q0089 , Huntsv i l le ,  
A labama , 100 p .  

=-���-'" 19 7 1 ,  Earth Resources Eva luat ion Study (Series 
H - 1) : Progress report : IBM No . 7 1W-003 75 ,  Huntsv i l le ,  
Alabama , 150 p .  

------�-· 1974 , A Study of remote sens ing as app l ied to 
reg1ona l and sma ll watersheds ; Fina l summary report , vo l 1 :  
IBM No . 74W-00 1 7 5 ,  Huntsvil le ,  Alabama , 40 p .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN OiARGE 
OF ACTIVITY 

PRINC I PAL INVESTIGATOR 

OBJECnVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Stochastic Hydrologic Sys tems Mode ling 

I . SO Mathematica l Analysis of Streamflow 
and Precipitation Sequences 

Dept . of Civi l Engineering 
Univers ity of Illinois at Urbana -champaign 
Urbana , Illinois 6180 1 

Dr . Ven Te Chow , Hydrosystems Laboratory 
Vnivers ity of I l l inois at Urbana -Champaign 
Urbana , I l l inois 6 180 1 

US/ IHD ref :  

2 . 4 (3 1 1) 

To deve lop s tochastic mathematical mode ls for hydraulic 
systems . 

Various s tochast ic hydro logic systems mode ls have been 
deve loped , and are discussed in the reports lis ted below. 

Chow, V . T. and S .  Ramaseshan , 1965 , Sequenti a l  generation 
of rainfa l l  and runoff data . Journa l of Hydrau lics Divis ion, 
ASCE , 9 1 :  HY4 , Pt . 1 ,  205-23 . 

Chow, V . T .  and S .  Ramaseshan , 1965 , Sequential  generation of 
rainfa l l  and runoff data . Civ i l  Engineering Studies , 
Hydrau lic Engineer ing Series , No . 1 1 ,  Univers ity of 
I l l inois , 19 p .  

Chow, V . T .  and S .  Ramaseshan,  1966 , Discuss ion of 
sequential generation of rainfa l l  and runoff data , 
Journal of the Hydraulics Divis ion, ASCE , 92 , HY4 , 162 - 165 . 

Chow , V . T .  and S .  Ramaseshan , 1966 , Sequent ial generation 
of rainfal l  and runo ff dat a ,  Transactions , ASCE , 13 1 ,  
696 -69 7 .  

Chow , V.  T .  1969 , Stochas t ic "'•'a -:� s is of hydro logic sys tems , 
Research Report No . 2 6 ,  Water Resources Center , 
Univers ity of I l l inois at Urbana -Champaign , 34 p .  

Chow,V . T . and S . J . Kare l iotis , 1970 , Ana lys is of 
stochastic hydro logic sys tems , Water Resources Research , 
6 :  6 ,  1569 -1582 . 

Chow , V . T .  Stochastic hydro logic sys tems , In Sys tems 
Approach to Hydro logy , Proceedings , U . S . -Japan Bi-Lateral 
Seminar in Hydro logy , Hono lulu , Hawaii ,  Water Resources 
Publicat ions , Fort Collins , Co lorado , p 1 . 1- 1 . 19 ;  
discuss ion , p .  1 . 22 - 1 . 23 .  
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Chow1 V . T .  197 1 1  Stochas tic approach in hydraulic s . 
Hydraulic Engineering . Chinese Ins titute of  
Hydraulic Engineers . 13 1 199-20 1 .  

Chow1 V . T. 197 1 1  Stochast ic ana lysis o f  hydraulic 
systems 1 Proceedings . Fourteenth Congress  of the 
Internationa l Assoc iat ion for Hydraulic Research 1 
5 .  265-2 7 1 .  

Chow1 V . T .  Stochastic hydraulics - a chal lenging fie ld 
of study1 In Stochastic Hydraulics . Proceedings . 
Internat ional Sympos ium on Stochas tic Hydraulics . 
Univers ity of Pittsburgh . 3 -8 .  

Chow .  V . T .  and S . J .  Kare liotis 1 1972 1 Reply to 
comments on ana lys is of stochastic hydro logic systema 1 
Water Resources Research . 8 ;  163 - 165 . 

Kare liotis 1 S . J .  and V . T .  Chow 1 19 72 1 Analys is  of 
res idual hydro logic s tochastic processes 1 Journa l 
of  Hydro logy .  15 : 2 1  133 - 140 . 

Chow 1 V . T .  and T. Prasad . 1972 1 Theory of stochastic 
modeling of watershed systema 1 Journal of Hydro logy . 
15 ; 4 .  261-284 . 

Tore l l i 1  L .  and V . T.  Chow 1 1972 1 Tests  of stationarity 
of hydrologic time series . Proceedings . Internationa l 
Sympos ium on Uncertainties in Hydro logic and Water 
Resources Systems . Vo l .  1 1  University of Arizona . 
Tucson1 Arizona .  254-72 . 

Chow1 V . T .  19 73 1 Ana lys is of multip le -input s tochas tic 
hydrologic sys tems 1 Research Report No . 67 1 Water 
Resources Center . Univers ity of Illinoi s  at Urbana­
Champaign . Urbana . I llinois 1 66p . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Mathematical Analysis  of Streamflow and Precipitat ion S equences 

I . 50 Mathematical Analysis of Streamflow and 
Precipitation Sequences 

Dept . of Civi l Engineering 
Stanford University 
Stanford , CA 94305 

R. K. Lins ley 
N .  H .  Crawford 

US/ IHD ref :  
2 . 4  ( 152) 

To develop a procedure for the generation of stochastic  
hourly rainfal l data at  several stations . 

To develop a procedure to simulate month ly rainfal l by 
stochastic methods and the generation of equivalent monthly 
streamflow . 

The Stanford Watershed Model - a digital simulation mode l -
has been developed and tested on watersheds with varying 
hydrologic regimens . The simulated streamflow was shown 
to correlate wel l  with the observed streamflow and an 
average correlation coefficient of 0 . 99 was obtained for 
the basins tes ted . 

Crawford , N .  H .  and R .  K .  Lins ley , 1966 , Digital Simulation 
in Hydrology : Stanford Watershed Model IV .  Technical Report 
No . 39 , Dept . of Civi l Engr . , Stanford University ,  Stanford , 
CA ,  2 10 p .  
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Coordinating Counci l Reso lution No . 1 . 57 Radar Measurement of Rainfal l 

VI . 2 . 1 1 . 1 .  Problem and expected results 

Information about rainfall within l arge areas whi le the event 
is in progress is difficult and expensive to obtain by conventional 
methods , especial ly during thunderstorm activity . Work already 
accomplished shows that radar has considerable potential use for this  
purpose . 

2 .  Work to b e  undertaken 

Current research on methods should be continued and accelerated 
in order to increase the amount of hydrologi cal information than can 
be routinely obtained by radar, and to improve its appl i cabi lity to 
specific  events .  

Resolution No . 1 . 57 

The Counci 1 ,  

Reluests the Secretariat in consult ation with WMO to 
in orm al l Member States of this proposed activity -
Radar Measurement of Rainfall ;  

Recommends that those countries who wish to participate 
there1n notify the Secretariat and send in detai led in­
formation on the proposed research , for co-ordinating 
purposes . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OfARGE 
OF ACTIVITY 

Eva luat ion of Radar and Ra ingage Sys tems for F lood 
- : ina 

I . 57 Radar Measurement of Rainfa ll  

Nationa l Weather Service , NOAA 
Gramax Building 
8060 Thirteenth Street 
S i lver Spring . Maryland 20910 

US/ IHD ref :  
3 . 8  (287) 

PRINCIPAL INVESTIGATOR Wa lter M.  Grayman 
Peter S .  Eag leson 

Massachusetts Ins titute of Techno logy 
Cambridge , Massachusetts 02 139 

OB.JECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

The obj ec t ive of this s tudy is to dete�ine some of the 
requirements of the info�t ion collect ions sys tem for rea l 
t ime hydrologic forecas t ing . More specifically .  the deter­
minat ion of the opt ima l prec ipitat ion measuring systems for 
use in hydro logic forecast ing is s tudied . This inc ludes 
the des ign of the network and the dete�inat ion of the 
bes t methodo logy for operat ing the sys tem. The fo llowing 
results are based on hypothetica l ,  but representat ive 
phys ica l and economic data . 

1) Both raingage and radar sys tems are economica l ly 
feas ib le over a wide range of  economic s ituat ions . 

2) The opt ima l  configura tion cons ists of  raingages only . 
Cons idering on ly the s ing le network purpose  of  flood 
forecasting , the use of radar is not j us t i fied . 

3) The opt ima l  dens ity of raingages ranses from one 
ra ingage per 200 s quare miles to one lra ingage per 
400 square mi les depending on the leve l of economic 
deve lopment within the flood p lain . 

4) The use of radar mus t be jus t i fied by its  app licat ion 
in other fie lds such as weather predic t ion in addit ion 
to its  use in flood warning sys tems . 

Grayman , W .  M. , and P .  S .  Eagleson , 197 1 1  Eva luat ion of 
Radar and Ra ingage Sys tems for Flood Forecas t ing . Ra lph M.  
Parsons Labora tory for Water Resources and Hydrodynamics . 
No . 138 1 M . I . T . 1 Cambridge . Mas s . 

Mej {a ,  J .  M . , and I gnacio Rodr{guez- Iturbe ,  19 73 , Multi­
dimens ional Characteri zation of the Rainfal l Process ,  Part I :  
Synthetic Generation of Hydrologic Spatial Processes , Part I I :  
On the Transformation of Point Rainfall to Areal Rainfa l l , 
No . 1 7 7 ,  Ralph M .  Parsons Laboratory for Water Resources and 
Hydrodynamics , M . I . T . , Cambridge , Mass . 

Rodgr{guez- Iturbe , Ignacio , and J .  M .  Mej {a ,  197 3 ,  The Design 
of Rainfal l Networks in Time and Space , No . 1 76 ,  Ralph M .  
Parsons Laboratory for Water Resources and Hydrodynamics , 
M . I . T . , Cambridge , Mass . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Areal Rainfal l Measurements by Radar 

1 . 57 Radar Measurement of Rainfal l 

National Weather Servi ce , NOAA 
Gramax Bui lding 
3060 Thirteenth Street 
Si lver Spring , Maryland 20910 

D. R.  Greene 

US/ IHD ref :  

3 . 8 ( 16)  

To derive re l i able areal quantitative precipitation patterns 
from digital radar data for operational river and flood 
forecasting purposes . 

An automated system has been developed and is  being tested 
under operational conditions at four stations to derive 
areal quantitative precipitation estimates based on digital 
radar data and to communicate these data to the user in a 
timely mode . I t  has been shown that the areal estimates can 
be improved by integrating the radar data with dat a obtained 
from a network of raingages .  Also , it  has been shown 
feasib le to automatical ly col lect rain gage data in the 
real-time by use of Devi ces for Automati c  Remote Data 
Col lection (DARDC ' s ) . Procedures are under development to 
improve the quality of areal precipitation estimates for 
operational purposes through the automated integration of 
digital radar data with rain gage data co llected by use of 
the DARDC' s • 

Braat z ,  T. , and R. A. Clark , 1972 , Comparative Analyses 
for the Predi ction of Streamflow from Smal l Watersheds 
by Use of Digitized Radar Data,  Texas A&M, Col l ege Station , 
Texas . 

Clark , R. A. , Y. T. Canipe , and D .  R. Greene , 1972 , 
Applications of Digital Radar Dat a in Both Meteorology 
and Hydrology, 15th Radar Meteor . Conf . , Ameri can Met . 
Society. 

Greene , R. , 1971 , Numerical Techniques for the Analysis 
of Digital Radar Data with Appli cations to Meteorology 
and Hydrology , Texas A&M, Co l l ege Stat i on ,  Texas . 

Hudlow, D . , 1972 , Use of Radar Data from D/RADEX for 
Operational Hydro logy, 15th Radar Meteor. Conf . , American 
Met . Society. 

Hudlow, D. , 1973 , Use of Digital Radar Data in Operat ional 
Hydrology , National Meeting , ASCE , Washington , D . C .  
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. Peck , E .  L . , Larson , L .  W . , Wi lson ,  J .  W . , 1974 , 
Lake Ontario Snowfa l l  Observationa l Network for 
Ca librating Radar Measurements ,  US/ IBD  Symposium, 
Monterey , Ca l i f . , Dec. 1973.  

Wi lson ,  J .  W . , 197 1 ,  Use of  Rain Gages to  Adjust 
Radar Estimates o f  Ra infa l l ,  CEM, Hart ford , Conn . 
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Coordinating Council Resolution No . 1 1 1 . 1  Decade Stations 

Resolution No . I I I . l ( l )  

Th e  Co1mci l ,  

1 .  Recal ling resolutions 1 . 1 ,  1 . 2 , 1 . 3  of its first session 
and 1 1 . 6 of its second session ;  

2 .  Considering the reports of the working group on exchange of 
information and world  water bal ance ;  

3 .  � with appreciation that the maj ority o f  co1mtries have 
forwarded to the IHD Secretariat some information for publi­
cation of  standard observations at selected Decade stations 
but recogni zes that the information received is sti l l  incom­
plete and not 1miform; 

4 .  Urges national coDDittees who have not already done so to 
send al l information required by the Secretariat in the 
forms concerning bas i c  information on Decade stations in 
accordance with the letter of the IHD Secretariat of 26 
Apri l 1967 ,  as fol lows : river, lake , pan evaporimeter , 
lysimeter and gr01mdwater stations , giving priority to 
river stations ; 

S .  Requests the I HD  Secretariat to pub l ish the Introductory 
Volume to pub li cations on the standard observational data 
from international hydrological decade stations of the 
world before the end of 1967 . Pub l ication should be in 
loose leaf or simi lar form to permit additions and changes 
of information which wi l l  be received at a later date . 

( 1 )  This resolut ion supersedes resolution 1 . 2 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN OiARGE 
OF ACTIVITY 

PRINC I PAL INVESTI GATOR 

OBJECTIVES AND 
S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Decade Lysimeter Stations - Compi l ation of Data 

I I I . l Decade Stations 

Agri cultural Research Service 
u . s .  Dept . of Agriculture 
Be ltsvi l le ,  Maryland 20705 

H .  N. Holtan 

US/ IHD re f :  

1 . 3  ( 1 39 )  

Compi led descriptive data for U . S .  network of Decade 
lysimeter stations . 

u . s .  National Committee for the IHD, 1972 , Catalog of 
International Hydrological Decade stations and networks 
in the United St ates , National Academy of Sciences -
National Research Counci l ,  Washington , D. C . , S p . , 2 
tables , and 1 fig .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTI VITY 

PRINC I PAL INVESTI GATOR 

OBJECTI VES AND 
SIGN I F I CANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Catalog of IHD Stations and Networks in the United States 

I I I . l  Decade Stations 

U . S .  National Committee for IHD 
National Academy of Sciences 
2101  Constitution Avenue , N . W .  
Washington , D . C .  204 18 

R.  L .  Nace 

US/IfiD ref :  

1 . 3  (337) 

To provide an index of hydrological fluctuations and trends on 
regional and national scales in the United States as a con­
tribut ion to IHD compilat ion of such data on a worldwide basis . 
Suitable  s tations were selected from existing national net­
works and these have been combined into international networks . 
Suitable stations of the fol lowing types were provided : 
Precipitation (no index stations selected) ; Pan-evaporation 
(40) ; lysimeter ( 12 ) ; river-discharge gages (82) ; lake- level 
gages ( 23) ; groundwater observat ion wel ls ( 34) ; water-qual ity 
measuring s ites (94) ; representative and experimental basins 
(60) ; hydrological bench marks (46) ; glacier bas ins (S) ; vigi l 
stations (58) ; and reference climatological s ites ( 1 7) . 

U . S .  National Cammittee for the IHD , 19 72 , Catalog of Inter­
national Hydro logical Decade Stations and Networks in the 
United States , National Academy of Sciences -National Research 
Counci l ,  Washington , D . C . , 66 p .  
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TITLE 

Coordinating Counci l  
Resolution i n  force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Discharge of Decade River Stations (U . S .  Stations) 

1 1 1 . 1  Decade Stations 

U . S .  Geological Survey 
National Center 
Reston , Virginia 22092 

(Address inquiries to Branch of Surface Water) 

US/ IHD ref :  

1 . 6 (99) 

Routine data col l ection on 82 sel ected s tations on maj or 
rivers , usual ly near their mouth , provides basel ine data on 
dis charge , chemical qual ity , sediment , and temperature for 
UNESCO/ IHD compilations of discharge and related data of 
selected rivers of the world .  The U . S .  Stations provide an 
integral part of an international network which may be used 
to establ ish indices of river- flow fluctuations and trends on 
a worldwide basis . 

U . S .  National Committee for the IHD , 1972 , Catalog of Inter­
national Hydrological Decade Stations and Networks in the 
United States , National Academr of Sciences -National Research 
Council , Washington , D . c  • •  p .  6 - 7 ,  table 3 ,  and fig .  2 .  

Discharge and related records for the 82 sel ected s tations 
are indicated in pub lications of the U . S .  Geological Survey 
in the series of Water-Supply Papers entitled "Surface Water 
Supply of the United States . "  Inquiries regarding data for 
specific stat ions should be addressed as indicated above . 
Abstracts of these records are contained in the fol lowing 
UNESCO/ IHD publications : 

UNESCO , 1969 , List of International Hydrological Decade Stations 
of the World , UNESCO Studies and Reports in Hydrology no . 6 ,  
p .  35- 36 .  

UNESCO , 1969-71 , Dis charge o f  Selected Rivers o f  the World,  
UNESCO Studies and Reports in Hydrology no . 5 .  part I .  General 
and regime characteristics of stations selected ,  p .  28-30 ;  
part I I ,  Monthly and annual discharges recorded at selected 
stations ( from start of obs ervations up to 1964) , p .  61 -90 ; 
and part I I I , Mean month ly and extreme discharges ( 1965- 1969) , 
p .  37-50 . 
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Coordinating Council  Resolution No . 1 1 1 . 15  Regional Cooperat�on 

Resolution No . I I I . l5
(l )  

The Counci l ,  

1 .  Recal ling resolutions 1 . 66 and 1 1 . 15 of its previous 
sessions ; 

2 .  Stressing the importance of close co-operation between 
countries sharing common basins or situated in regions 
with simi lar hydrologic conditions ; 

3 .  Noting with s atisfaction progress es achieved in various 
regions in the development of common proj ects related to 
the IHD programme ;  

4 .  Invites national committees to continue their efforts to 
promote regional s cientifi c co-operat ion in the framework 
of IHD activities and to make neces sary arrangements for 
those basins or areas where such co-operation has not been 
already established . 

( 1 )  This  resolution supersedes resolutions nos . 1 . 66 and 1 1 . 15 .  
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TITLE 

Coordinating Council 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Dlrectory or Hyoro1og1 ca1 , Hyorometeorological , and Water 
Resources Agencies in the Caribbean Area 

US/ IHD ref :  
1 1 1 . 15 Regional co-operation 5 . 3 ( 160) 

u.s. National Committee for the IHD 
National Academy of Sciences 
2101  Constitution Avenue , N . W .  
Washington ,  D . C .  20418  

L .  A. Heindl 

To improve communi cation between the various hydro logi cal , 
hydrometeorological , and water resources agencies in the 
Caribbean area. 

A directory, organi zed by Country and State , was prepared 
whi ch  l ists pertinent information on hydrological , hydro­
meteorological , and water resources agencies in the Caribbean 
area. For each entry , the agency name ,  person to contact , 
address ,  and statement of function is  given . 

Directory of Hydrologi cal , Hydrometeorological , and Water 
Resources Agencies in the Caribbean Area. Prepared for 
distribution at the Hydrology Session of the 5th Caribbean 
Geology Conference , St . Thomas , u . s .  Virgin I s l ands , 
July 1- 7 ,  1968. 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

O�ECTI�S 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Aerial Photography of Chi lean Glaciers 

1 1 1 . 15 Regional Cooperation 
1 . 13 Glaci al Variations 
1 . 14 Mass-balance Measurements 

U . S .  Geological Survey 
Water Resources Division 
Tacoma , Washington 98402 

Austin Post 

US/ IHD ref :  

5 . 3 ( 1 34)  

1 .  Establish an annual glacier aerial photographi c  program, 
the work to be done by the Chi lean Air Force . The U . S .  
Geological Survey planned the proposed photography , re­
commended equipment , and trained Air Force personne l .  

2 .  Investigate like ly sites for future , detai led mass and 
heat balance studies on individual glaciers and make 
recommendations . 

The severe droughts in recent years in Central Chi le focused 
attention on the importance of glaciers as a water resource 
at critical t imes . Glacier inventories of portions of the 
central and northern areas of the country are being prepared 
on the basis  of the UNESCO guide lines . In cooperation with 
the U . S .  Geological Survey special aerial photography missions 
were flown in Central Chi lean Andes , far southern Andes , and 
Tierra del Fuego . 

Pos t ,  Austin ,  1970 ,  Gl aciers in the central Chi lean Andes 
and their importance to water resources : U . S .  Geol .  Survey , 
Tacoma, Wash . ,  open- fi le report . 

Muller,  F . , and c .  S .  L .  Ommanney , The contribution of 
glacier ice to the World Water Balance . Proc . Symposium on 
World Water Balance , IAHS Pub . 94 , v. 3 ,  1970 , p .  5 39-552 . 
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Coordinating Council Resolution No . IV. 8 Measurement of Precipitation Including 
Snow and Snow Pack 

Resolution IV . 8  ( l) 

The Council ,  

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

(1 )  

Recal ling resolution 1 . 52 of its first session ,  which re­
cognizes that the methods and instrumentation for measuring 
snow fal l and snow pack are inadequate under adverse condi­
tions ; 

Considering that deficiencies in precipitation measurements 
represent an important source of error in the establish­
ment of water balances , and that knowledge of areal distri­
bution of precipitation is needed in most hydrological 
problems ; 

Recognizin� that broadening of current research is neces­
sary and t at more research should be undertaken to over­
come these deficiencies ; 

Recosei zes the responsibility of WMO to produce guidance 
mater1al on the measurement of precipitation (including 
snow fal l and snow on the ground) and particularly to 
improve the accuracy of measurements ; 

Suggests that WMO consider acting as the technical sec­
retariat for these proj ects and offer the means of pro­
moting these activities ; 

Invites the WMO to supply countries with the outline of 
the research which is to be undertaken at experimental 
installations including those in experimental and repre­
sentative basins ; 

Recommends , in order to broaden the participation , that 
those national committees that wish to participate in 
these activities inform the Secretariat and send in de­
tailed information on the proposed research ; 

Invites the lASH to provide counsel to WMO on these pro­
j ects . 

This resolution supersedes resolution 1 . 52 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OfARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Measurement of Snowfal l-Snowpaclt Characteristics 

IV . 8  Measurement of Prec1p1tat1on Inclwllng 
Snow and Snowpack 

National Weather Service , NOAA 
Gramax Bui lding 
8060 Thirteenth Street 
Si lver Spring , Maryland 209 10 

E .  L .  Peck 
L .  W. Larson 
V .  C .  Bissel l 

US/ IHD ref :  
3 . 8 ( 1 1 )  

Existing methods of  measuring snowfal l and water equivalent of 
snowpacks are notably inaccurate under adverse climate con­
ditions and there has been endless discussion at international 
meetings of the need for research to overcome these difficulties . 
National Weather Service research is directed towards improve­
ment in point measurements and deve lopment of airborne remote 
sensing system for water equivalent measurement . 

Considerable improvement in solid precipitation measurements 
has been achieved through proper site selection and gage 
shielding . Analytical techniques for improving point measure­
ments of precipitation have been investigated and found to be 
quite useful at times . 

The airborne measurement of natural gamma radiation shows 
considerable promise for improving areal estimates of snow 
cover water equivalent . 

The use of natural gamma radiation measurement techniques have 
been tested for ground based sensors . 

Barnes , J .  C .  and C.  J .  Bowley ,  1969 , Satel lite Survei l lance 
of Mountain Snow in the Western United States , Al lied Research 
Associates , Inc . , Baltimore , Md. 

Larson,  L .  W. , 1972 , Approaches to Measuring ' True Snowfal l ' , 
29th Annual Meeting , Eastern Snow Conference , Oswego , N . Y .  

Johnson , M .  L .  and E .  Anderson , 1968 , The  Cooperative Snow 
Hydrology Proj ect - ESSA Weather Bureau and ARS Sleepers River 
Watershed, Eastern Snow Conference , Boston . 

Peck , E .  L . , et al . ,  1971 , Evaluation of Snow-Water Equivalent 
by Airborne Measurement of Passive GIUIIIIa Radiation , Water 
Resources Research , 7 : 5 ,  1 1 5 1 - 1 159 .  

Peck , E .  L .  and V.  C .  Bissel l ,  1973 ,  Aerial Measurement of Snow 
Water Equivalent by Terrestrial Gamma Radi ation Survey, Bul l .  
International Assoc. Hydro Sciences , XVI I I : l .  
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Bissel l , v .  c .  and E .  L .  Peck , 1973,  Measurement of Snow 
at a Remote Site : Natural Radioactive Technique , Sym­
posium on Advanced Concepts and Techniques in the Study 
of Snow and Ice Resources , US/ IHD ,  Monterey, Calif. 

Bissell , V .  C . , 1973 , Natural Gamma Spectra Peak Method 
for Snow Measurement from Aircraft , Symposium on Advanced 
Concepts and Techniques in the Study of Snow and I ce Re­
sources , US/IHD , Monterey , Calif. 

Peck , E .  L . , L .  W. Larson , and J.  W.  Wi lson , 19 73 , Lake 
Ontario Snowfall Observational Network for Calibrating 
Radar Measurements ,  Symposium on Advanced Concepts and 
Techniques in the Study of Snow and I ce Resources , US/ IHD, 
Monterey , Calif. 

Peck , E .  L . , 19 73 ,  Review of Methods of Measuring Snow 
Cover, Snowmelt , and Streamflow Under Winter Conditions , 
presented at International Symposia  on the Role of Snow 
and I ce in Hydrology , Banff , Canada. 

Peck , E .  L . , 1972 , Snow Measurement Predicament , Water 
Resources Research , 8 : 1 .  

Fritzsche , A .  E .  and Z .  G .  Burson , 1972 , Aerial Snow 
Gauging Using National Terrestrial Gamma Radiation , E G 6 G ,  
1 1 83- 155 7 ,  Las Vegas Division ,  L as  Vegas , Nevada. 
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Coordinating Council Resolution No . IV . l 3 Technical Assistance 

The Council ,  

* 
Resolution No . IV . l 3  

1 .  Recalling resolution 11 1 . 16 of the third session of the 
Co-ordinating Counci l ;  

2 . Reaffirms the recommendations in that resolution ; 

3 .  Noting the direct appeal in the speech of the Director­
General of Unesco to the Council on 6 May 1968 ; for 
positive recommendations ; 

4 .  �uggests that the Director-General bring to the attention 
of Member States and of the UNDP , the necessity of hydro­
logical studies prior to development proj ects to improve 
the basis for planning and construction ; and toward that 
end ; 

s .  Recommends establishment of; 

(a) demonstration or pi lot proj ects to verify and demon­
strate the use of modern scientific methods and 
equipment in hydrological studies ; 

(b )  bilateral or multilateral international co-operative 
studies of important rivers , groundwater basins , or 
other units or phenomena having mutual interest ;  

6 .  Recommends consideration of  the UNDP for financing of  such 
proj ect s ;  

7 .  Requests national committees to recommend to universities 
that they develop a system whereby a university or insti­
tution in an advanced country , and a comparable one in a 
developing country , establish and maintain mutual ly bene­
ficial relations , such as exchange of professors , j oint 
research on common prob lems , improvement of curricular,  
teaching aids and laboratory faci lities , etc. ; 

8. Requests the Secretariat to prepare for the next session 
ofPthe Council  a plan of action for carrying out these 
and other related recommendations of the Counci l .  

* Ed . Note : Resolution No . IV . l 3 is a little more emphatic and 
specific rewording of No . 1 1 1 . 16 .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Cooperative Studies in Peru 

US/ IHD ref :  
IV . l 3 Technical Assistance 

U . S .  Army Corps of Engineers 
The Hydrologic Engineering Center 
Davis , California 95616 

E . F . Hawkins 

3 .9  (285) 

The primary obj ective of this study was to develop stream­
flow estimation techniques for the coastal basins of Peru. 
Streamflow could then be estimated for ungaged basins and 
their potential yield determined . The proj ect faced several 
data problems which had to be resolved in order to accom­
plish the obj ective . First , the existing data base of 
monthly streamflows was either non-existent or unorganized . 
Second , most of the existing streamflow measurements in­
cluded the effects of regulation . Third , there were few 
data on the hydrologic and physiographic characteristics 
of the basins where streamflow measurements existed .  

Preliminary results have been submitted to  ONERN, Peru for 
their review . These results include the complete series 
of analyses and computations from the development of the 
raw data base to the equations for estimating streamflow 
for ungaged streams . The estimating equations were de­
rived from a multiple linear regression analysis  of the 
average monthly streamflows and the physiographic 
characteristics of the watersheds . The physiographic data 
were col lected by Peru for 15  typical watersheds . A SO 
year data base of average monthly flows was derived by 
estimating missing values for 1 00 stream stations from 
rather sparse raw daily flow data.  This was accomplished 
in four steps : first , translation of raw data to 
punched cards ; second , editing for consistency and com­
putation of average monthly flows ; third , removal of 
regulation effects ;  and fourth , estimation of missing 
monthly streamflows . Missing flows were determined by 
statistical analyses using the Corps of Engineers 
"Generali zed Computer Program, HEC-4 ,  Monthly Streamflow 
Simulation . "  

A formal report on this proj ect and other aspects of 
Peru ' s  natural resources wil l  be available from the 
Oficina Nacional de Evaluacion de Recursos Naturales 
(ONERN) . No final results are avai lable at this time .  

An interim technical paper entitled , "Estimating Monthly 
Streamflows Within a Region" by Leo R. Beard , et al . , is 
available from The Hydrologic Engineering Center . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIF ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Cooperative Studies in Guatemala 

IV . l 3 
1 . 22 

Technical Assistance 
Continental Drought 

U . S .  Army Corps of Engineers 
The Hydrologic Engineering Center 
Davis ,  Cal ifornia 95616 

E. F. Hawkins 
A. D. Feldman 

US/ ItfD ref :  
3 . 9 (209 ) 

The primary obj ective of this study was a hydrologi c analysis 
of the potential hydropower development of Lake Atitlan in 
Guatemala. The Corps of Engineers streamflow and reservoir 
operation simul ation models were used to evaluate the hydro­
logic feasibility of the proj ect . Lake Atitlan is a sink for 
a watershed that was cut off by vol canic activity from its 
natural drainage to the Pacific Ocean . Hydropower is to be 
generated by tunnel ing through the vol canic rim on the Pacifi c 
side of the lake and running a penstock down the steep s lope 
to the coastal p lain . There are very few years of rainfal l 
and runoff records for the watersheds whose rivers wi l l  be 
diverted to the lake .  

The HEC produced a report showing the feasibility for the 
hydropower operation of the l ake under different demand pro­
j ections for electrical power . Because of the l ack of data 
with which to do the simulation study , it was necessary to 
perform statistical analyses of the existing rainfal l ,  runoff , 
and lake surface elevation data in order to reconstruct a 
continuous historical record. The statistical analyses were 
accomplished by the "General i zed Computer Program, HEC-4 , 
Monthly Streamflow Simulation" , computer program. The re­
corded and reconstructed streamflows and lake surface e levations 
were input to the generali zed computer program, "Reservoir 
Yield" to s imulate the operation of the lake under different 
power demand curves . The lake operation was simulated over a 
25 year period . Results showed the lake to remain in long-term 
equi librium at 90 to 100 percent of the proj ected power demand 
depending upon the scheme of development . 

A formal report was submitted to the Guatemalan Government 
in 1972 . 

Feldman,  A. D . , 1973,  Evaluation of Drought Effects at Lake 
Atit lan [Guatemala] in Decisions with Inadequate Hydrologic 
Data,  Proceedings of the 2d International Hydrology Symposium, 
Water Res . Pubic . , Ft .  Col lins , Colo . , p .  238- 25 1 .  
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

Activities with Deve loping Countries 

IV. l3 Technical  Assis tance 

Na tiona l Weather Service , NOAA 
Gramax Bui lding 
8060 Th irteenth Street 
S i lver Spring , Mary land 209 10 

US/ IHD ref :  

s . 3  (54) 

PRINCIPAL INVESTIGATOR Eugene L .  Peck 
Hydrologic Research Laboratory 

OBJECTIVES Working through the Metero logical  Service of the respec tive 
countries research cont racts  supported by PL-480 funds 

SIGNIFICANT RESULTS 

have been made with Israe l and Yugoslavia . The Israe l 
proj ects  are : ( 1) statistica l ,  meteoro logica l  and depth ­
area ana lys is of rainfa l l  by the Is rae l Meteoro logical  
Service ; (2)  determinat ion of evapotranspirat ion for 
short intervals on a kars t  benchmark bas in by the Soi l  
Conservat ion Service ; and (3) precipitat ion , s treamflow 
and sediment conveyance in a sma ll and arid watershed by 
Hebrew Univers ity .  

Th e  contract with Yugos lavia invo lves an experimenta l 
representative watershed s tudy with major emphas is on 
app licat ion to river forecasting . 

The fo llowing Israe li invest igators are working on the 
various proj ects : No report s have been rece ived to date . 

( 1) Mr .  Rosenan , Israe li Meteoro logica l Service 
(2) Mr . Rosenzweig ,  Israe li Soi l  Conservat ion 

Service 
(3) Dr . Schick , Hebrew Univers ity ,  Jerus a lem 

Professor Muskatirovic , Jaros lav Cerni Ins t itute , Be lgrade , 
i s  the Princ ipa l Invest igator for the Yugos lavia s tudy . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CiARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES AND 
S IGNIF ICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Techniques for Assessing Hydrological 
Potentials  in Developing Countries 

IV. l3  Technical Assistance 

Office of Science and Technology 
Agency for International Development 
Washington , D . C .  

G .  c .  Taylor ,  Jr. , u . s .  Geological Survey 

US/ IHD ref :  
5 . 3 (319 ) 

This report was prepared in connection with the activities 
of the Planning Group on Science , Technology , and Develop­
ment estab lished by the Organization for Economic Coopera­
tion and Development . It is intended to serve as a basis 
for evaluation the current state of the art and research 
priorities with respect to techniques for assessing hydro­
logical potentials in developing countries . This activity 
area was selected for analysis due to ( 1 )  its importance 
in the development context , ( 2 )  the relat ive neg lect of 
research in the area by donor countries and international 
agencies ; and (3) the l ikelihood that additional research 
wi l l  make maj or contributions to the solution of critical 
prob lems . 

The report describes current capabi lities and future needs 
for assessing hydrological potentials under the fol lowing 
topical headings : Streamflow , Erosion ,  and Sediment Trans­
port , Water Movement in Unsaturated Soi ls , Groundwater , 
Precipitation ,  Evaporation ,  and Hydrologic Applications of 
Remote Sensing . 

Techniques for Assessing Hydrological Potenti als in 
Developing Countries (State of the Art and Research 
Priorities ) ,  Office of Science and Technology , Agency 
for International Development Rept . No . TA/OST 73- 17 ,  
Washington , D . C . , 1973 , 66 p .  
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Coordinating Council Resolution No . V . 2 Hydrology of Carbonate Rocks 

Resolution Ho. V . 2 ( l )  * 

The Council ,  

1 .  Recall ing resolutions I . l7 ,  I I . 4 ,  I l l . 4  o f  its first and 
third sessions ; 

s .  Notes the diffi culties encountered in preparing the map of 
the hydrology of the carbonate rocks of the Mediterranean 
Basin and the danger of unjustifable overlapping with 
hydrogeological maps in preparation or proposed for Europe 
and Africa north of the Sahara; 

6 .  Instructs the Working Group to concentrate on fields of 
carbonate rocks mapping not yet covered ; 

7 .  Notes also that the work on the preparation of a guide to 
the hydrology of carbonate rocks is making good progress ;  

8.  Instructs the working group to avoid duplications in this 
matter , particularly with those bodies of the Counci l 
dealing with ground-water investigations ; 

9 .  Expresses its satisfaction with the results achieved and 
the programme for the future activities of the Working 
Group on the Hydrology of Carbonate Rocks of the Medi­
terranean Basin ;  

10 . Thanks the Food and Agriculture Organi zation for the 
support so far provided ; 

1 1 .  Invites the FAO to continue to provide the technical sec­
retar1at and support for the working group . 

( 1 )  This resolution supersedes resolution I I I . 4 .  

* Ed. Note : Under this resolution the u . s .  National Committee for 
the International Hydrological Decade established its 
Work Group on Hydrology of Carbonate Terranes to conduct 
a program of activities in the United States and adj acent 
areas as appropriate.  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Comparison of Chemical Hydrogeology of the Carbonate Peninsula 
of Florida and Yucatan 

V. 2 Hydrology of Carbonate Rocks 

u. s .  Geological Survey 
National Center 
Reston , Virginia 22092 

Wil liam Back and B .  B. Hanshaw 

US/ IHD ref :  

2 .  8 ( 197) 

1 )  To describe the geochemistry of water in two carbonate 
terranes , and 

2) To identify and interpret the effects of various geologic 
controls on the groundwater flow pattern and on the resulting 
chemical character of the water. 

Aquifers of the peninsulas of Florida and northern Yucatan are 
Tertiary marine carbonate formations showing lithologic and 
faunal simi larities . In addition ,  the tropical to subtropical 
climates of the two areas are s imi lar, each having annual rain­
fal l of about 1000 to 1500 mm . 

Despite simi larities in these fundamental controls , contrasts 
in the hydrologic and geochemical systems are numerous and 
striking . For example , Florida has many rivers ; Yucatan has 
none . Maximum thickness of fresh ground water in Florida is 
about 700 meters ; in the Yucatan it is  less than 70 meters . 
In Florida the gradient of the potentiometric surface averages 
about 1 meter per kilometer; in the Yucatan it is exceedingly 
low, averaging about 0 . 02 meter per kilometer. In Florida the 
chemical character of water changes systematical ly downgradient , 
owing to solution of minerals of the aquifer and corresponding 
increases in total dissolved solids , sulfate,  calcium, and 
Mg-Ca ratio;  in the Yucatan no downgradient change exists , and 
dominant processes control l ing the chemical character of the 
water are solution of minerals and simple mixing of the fresh 
water and the body of s alt water that underlies the peninsula 
at shal low depth . 

Hydrologic and chemical differences are caused in part by the 
lower altitude of the Yucatan plain . More important , however,  
these differences are due to the lack of an upper confining 
bed in Yucatan that is hydrological ly equivalent to the 
Hawthorn Formation in F lorida. The Hawthorn cover prevents 
recharge and confines the artesian water except wnere it is 
punctured by sinkholes , but sands and other unconsolidated 
sediments fi l l  sinkholes and cavities and impede circulation .  
I n  the Yucatan the permeability o f  the entire section i s  so 
enormous that rainfall immediately infiltrates to the water 
table and then moves l aterally to discharge areas along the 
coasts . 

Back , Wi l liam and B .  B .  Hanshaw ,  1970 , Comparison of chemical 
hydrogeology of the carbonate peninsulas of Florida and 
Yucatan, J. of Hydrology , 10 : 4 ,  330-368.  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

Hydro logy in Limes tone Areas : Lowrey Draw Wa tershed , Sonora 
Texas 

V . 2  Hydro logy of Carbonate Rocks 

Agricu ltura l Research Service 
U . S .  Dept . of Agr iculture 
Soil  and Water Conservat ion Research Divis ion 
Be ltsvi l le ,  MD 20705 

US/ IHD ref :  

2 . 8  ( 126) 

PRINCIPAL INVESTIGATOR C .  W. Carlson 

OBJECTIVES Cont inue invest igations of rainfa l l -runoff re lat ionships 
and corre lat ion of changes in groundwater leve ls with 
water losses from porous and/or cavernous reservoir 
bas ins . 

SIGNIFICANT RESULTS Beginning in 1961 , surveys of geo logy , soils , topography , 
and land use and ins ta l lat ions of ins trumentat ion for 
measurements of prec ipitat ion , streamflow,  groundwater , 
and seepage o f  water from 5 reservoirs in an area of  

REPORTS AVAILABLE 
PUBLICLY 

124 s quare ki lometers within the Edwards P lateau region . 

Knise l ,  W .  G . , 1965 , Groundwater studies in the Edwards 
P la teau of Texas , U . S .  Dept . of Agr iculture ARS ,  4 1 - 100 . 

Blank , B .  R . , W .  G .  Knis e l , and R .  W .  Baird , 1966 , 
Geo logy and groundwater s tudies in part o f  the Edwards 
P lateau of Texa s inc luding Sutton and adj acent count ies , 
U . S .  Dept . of Agriculture ARS ,  41-103 . 

Knise l ,  W .  G . , 1972 , Response of Kars t Aqui fers to 
Recharge , Co lo . State Univ . Hydro logy Papers , 
Number 60 : 1-48 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

A Losing Drainage Bas in in the Missouri Ozarks Identified on 
Side-Looking Radar Imagery 

V . 2 Hydrology of Carbonate Rocks 
US/ IHD ref :  
2 . 8 (320) 

ORGANIZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY 103 W. lOth Street 

Rolla ,  Missouri 6540 1 

PRINCIPAL INVESTIGATOR G .  L .  Feder 
J .  H. Barks 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

To describe the character of Logan Creek basin ,  a losing stream 
bas in ,  on side- looking radar imagery and trace the water lost from 
the bas in to its outlet in an adj oining bas in .  

Logan Creek bas in ,  a los ing drainage bas in in the Missouri Ozarks , 
is identified on side- looking radar imagery . Owing to the rapid 
infi ltration of precipitation in the Logan Creek basin , eros ion 
and dissection are greatly reduced in comparison with rates of 
these processes in the surrounding normal or gaining bas ins . Thus 
the Logan Creek basin has a more uniform tone and a smoother tex­
ture on the s ide- looking radar imagery than the highly dissected 
surrounding basins . This distinctive tonal and textural contrast 
may be useful in identifying other losing drainage bas ins in 
carbonate terranes . 

Rhodamine WT dye , inj ected in Logan Creek during a low-flow period 
in October, 1969 , was recovered between 3 and 10 days later at 
Blue Spring in the Current River basin , 10 mi les ( 16  km) to the 
South . 

Feder, G .  L .  and J .  H .  Barks , 1972 ,  A Losing Drainage Basin in 
the Missouri Ozarks Identified on Side-Looking Radar Imagery , 
U . S .  Geol . Survey Prof . Paper 800-C , 249-252 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINC IPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrologic Study of a Waste-Disposal Problem in a Karst Area 
at Snrin2field Missouri 
V . 2  Hydrology of Carbonate Rocks US/ IHD ref :  
V I I . 9  Hydrological Problems Related t o  Water 

Quality 2 . 8 (289 )  

u . s .  Geologi cal Survey 
103 W. lOth Street 
Rolla ,  Missouri 65401 

E. J. Harvey 
John Skelton 

To investigate the problems associated with the disposal of 
municipal and industrial wastes at Springfield, Missouri . 

In a study of a pol lution prob lem in the Springfield area ,  
dye tests , seismic studies , and discharge measurements have 
proved the existence of a complex natural ly developed under­
ground drain�ge system.  Effluent from a sewage p lant with 
secondary treatment travels  underground , where it cannot be 
aerated , and reappears in a downstream spring . Efforts to 
restrict the effluent to the stream into which it is original ly 
discharged have been only partly successful . Measurements of 
streamflow and spring discharge show that the natural inflow 
of water to the spring is  large and that it helps to di lute the 
sewage effluent to a more acceptable leve l .  The primary area 
of groundwater recharge is agricultural land west of Springfield . 
Preservation of this area in its present land use and the 
carrying out of simple corrective measures on the creek 
carrying the effluent would help alleviate the pol lution 
problem. 

Harvey , E .  J. and John Ske lton ,  1968 , Hydrologic Study of a 
Waste-Disposal Problem in a Karst Area at Springfield , Missouri , 
u . s .  Geol . Survey Prof. Paper 600-C , 2 17-220.  

1 3 1  
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

�valuation of Anomalous Streamflow Patterns by Seepage Runs and 
�adar Imagery in the Missouri Ozarks 
IV .  2 Hydrology of  Carbonate Rocks US/ IHD ref :  

2 . 8 (321) 

ORGANIZATION IN CHARGE � . S .  Geological Survey 
OF ACTIVITY 103 W. lOth Street 

Rol la .  Missouri 6540 1 

PRINCIPAL INVESTIGATOR E .  J .  Harvey 
John Skelton 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Relate characteristics of topography as shown on K-band radar 
imagery to anomalous streamflow patterns in karst . 

Seepage runs and streamflow records are used to locate los ing 
areas in stream basins in the Missouri Ozarks . The karst terrane 
consists of dolomitic l imestone and sandstone of Ordovician and 
Cambrian age . Side- looking radar imagery emphasi zes variations 
in topography and reveals two types of drainage basin topography . 
rough and smooth (deeply dissected and slightly dissected bas ins) . 
In the deeply dissected bas ins (rough ones ) main streams and 
tributaries general ly gain . In  the s l ightly dissected bas ins 
(smooth ones) . the streams lose a part or all  of their flow . On 
radar imagery the gaining s tream bas in has a dark tone and rough 
texture in contrast to the light uniform tone and smooth texture 
of the los ing stream bas in .  The contrast is due to the difference 
in degree of dissection . 

Harvey . E .  J .  and John Skelton . 1972 . Evaluation of Anomalous 
Streamflow Patterns by Seepage Runs and Radar Imagery in the 
Missouri Ozarks . Soc . Mining Engrs . AIME Trans . 252. 1 1 3- 1 1 8 .  
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydro logy of Limestone Terranes - Geophys ica l Inves t iga tions 

V . 2  Hydro logy of Carbonate Rocks 

Geo logic a l  Survey of A labama 
P . O. Drawer 0 
Univers ity , A labama 35486 

T. J .  Joiner and W. L. Scarbrough 

US/ IHD ref :  
3 . 1 (283) 

To determine the effec t iveness of geophys ic a l  methods 
in the interpretat ion of groundwater occurrence and 
movement in limestone terranes . 

Geophys ica l methods were succes s ful in a s s i s t ing in 
the locat ion , de finit ion , and project ion of  genera l 
trends of so lut ion deve lopment in l imes tone terranes . 

Joiner , T .  J . , and Scarbrough , W .  L . , 1969 , Hydro logy 
of limestone terranes - geophys ica l inves t iga t ions , 
Geo logica l Survey of Alabama Bul l .  94 , Part D ,  
University ,  Alabama . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Annotated Bib liography of the Hydro logy of Limes tone Terranes -
and Supplement 

V . 2  Hydro logy of Carbonate Rocks 

Geo logica l Survey of Alabama 
P . O. Drawer 0 
Univers ity ,  AL 35486 

Phi l ip E. LaMOreaux 

US/ IHD ref :  
2 . 3 ,  5 . 1 ( 192) 

and 3 . 1 (281) 

No extens ive s tudy of the hydro logy of an area is pos s ible with ­
out a careful  review of the existing litera ture . This became 
obv ious in connect ion with a study to determine the e ffec t ive­
nes s  of geochemica l and geophys ica l techniques of determining 
the locat ion , quantity and qua lity of groundwater in the ma s s ive 
limestone beds under lying the Tennessee Va l ley area of north 
Alabama . As a result , an ear ly and cont inuing phase o f  the 
s tudy was the preparat ion of an annotated bib liography of the 
hydro logy of limestone terranes . As the s tudy cont inued , the 
b ib l iography grew to inc lude literature from we l l  outs ide the 
immediate s tudy area . In cooperat ion with the US/IHD Work Group 
on the Hydro logy of Carbonate Terranes , the bib liography was ex­
tended to inc lude re ferences from abroad . This annotated bib l i ­
ography wi l l  now prov ide informa tion regarding the base o f  
knowledge from which the present s tudy and others c an move for ­
ward with greater fac i lity than be fore . 

The comp i lation of annotated material  cont inued a fter the pub ­
licat ion o f  the firs t volume , part icu larly of references from 
the internationa l literature . The supp lement wi l l  provide an­
notat ions on materia ls pub lished s ince 1967 ,  the cutoff for 
materia l in the initial  bib liography . 

LaMoreaux , Phi l ip E . , Dorothy Raymond , and Thomas J .  Joiner , 
1970 ,  Annotated bib l iography of carbonate rocks . Geo logic a l  
Survey o f  Alabama Bul l .  94 , Part A ,  Univers ity , Alabama . 

Warren , W .  M . , J .  D .  Moore , and P .  E .  LaMoreaux , in pres s , 
Annotated bib liography of  carbona te rocks - Supp lement I ,  
Geo logica l Survey o f  Alabama , Univers ity ,  Alabama . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydro logy of Limestone Terrane Sympos ium 

V . 2  Hydro logy of Carbonate Rocks 

Geo logica l Survey of Alabama 
P . O . Drawer 0 
Univers ity , A labama 35486 

P .  E. LaMoreaux (Editor) 

A co l lect ion of four papers on limestone hydro logy 
presented at the Southeast  Sect ion meet ing of  the 
Geologica l Soc iety of America he ld in Ma rch , 1972 . 
The fo llowing reports are inc luded : 

Stringfie ld , V .  T . , LeGrand , H .  E . , and 
LaMoreaux , P .  E . ; Deve lopment of  Karst 
and its Effec t s  on the Permeabi lity and 
C irculat ion of Water in Carbonate Rocks , 
with Spec ia l Re ference to the Southeastern 
States . 

Moser , P . H . ; Environmental  Geo logy of  Madison 
County - Making Geo logy Pert inent to the 
Layman . 

Hyde , L .  W . ; Roberts Indus tria l Subdivis ion 
Prob lem, Pos t -Study Eva luat ion . 

Thayer ,  P .  A . , and Textoria , D .  A . , Fauna l 
and Diagenet ic Contro ls of  Poros ity and 
Permeab i l ity in Tert iary Aqui fer Carbonates , 
North Carolina . 

US/ IHD ref :  

3 . 1 (282) 

This report to be pub lished in 1975 as a Bul let in by the 
Geo logica l Survey of A labama . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Effects of Karst Features on Circulation of Water in Carbonate 
Rocks in Coastal Areas 
V . 2 Hydrology of Carbonate Rocks 
1 . 23 Hydrology of Deltaic and Coastal Areas , 

Estuaries and Coastal Marine Waters 
U . S .  Geological Survey 
P . O . Box 2857 
Raleigh ,  North Carolina 27602 

H. E. LeGrand 

US/ IHD ref :  
2 .  8 ( 303) 

To discuss the relation of sea water to fresh water and the 
circulation of water in carbonate rocks in the coastal areas 
of Andros I s land, Bahamas , W .  I . , and the Adriatic Coast near 
Split ,  Yugos lavia. 

Where s inkholes and (or) vertical solution shafts below sea 
level penetrate the aquifer ,  the fresh ground water may dis ­
charge through these karst features if  the fresh-water head is 
greater than that of the salt water . However, under some con­
ditions the salt-water head may exceed that of the fresh water , 
and the direction of movement is reversed as sea water flows 
into the aquifer .  This  sea-water flow into the aquifer occurs 
( 1 )  where sinkholes , acting as "cased wel ls , "  penetrate less 
permeable rock before reaching a lateral solution channel and 
(2) where (or when) the fresh-water head is less than that 
required to balance the s alt water . On Andros I s land ,  Bahamas , 
the range in tide (as much as 5 feet) from low tide to high 
tide is sufficient to cause such a reversal local ly . During 
low tide the salt-water head becomes sufficiently low that the 
ground-water head exceeds that of the sea water , and the ground 
water flows through the sinkholes to the ocean floor; during 
high tide sea water flows in the sinkholes . In the Adriatic 
Sea along the coast of Yugos lavia ,  apparently the fresh-water 
head is sufficient to produce perennial springs in some local ­
ities , but in other areas , as in the Bay of Kastela near Split , 
the fresh-water head becomes low enough during some seasons 
that the flow is reversed and salt water enters the aquifer 
through the karst features . 

Stringfield ,  V .  T . , and H .  E .  LeGrand , 1971 , Effects of karst 
features on circulation of water in carbonate rocks in coastal 
areas , J. Hydrology , 14 : 2 ,  139- 1 5 7 .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OfARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Differential Erosion of Carbonate Rock Terranes 

V . 2 Hydrology of Carbonate Rocks 

U . S .  Geological Survey 
P . O .  Box 2857 
Raleigh ,  North Carolina 2 7602 

H. E .  LeGrand 

US/ IHD ref :  
2 . 8 (304) 

To evaluate the large topographic features of carbonate 
formations and to emphas i ze the factors that are involved in 
differential erosion where carbonate formations occur . 

Differential erosion results from a combination of physical and 
chemical processes . There are prerequisites for both physical 
and solutional erosion . Rock must be decomposed or disinte­
grated before it can be physical ly removed ; a permeable soi l 
cover is necessary for effective solution of carbonate rocks . 

Erosion in carbonate terranes is favorable under moderate rather 
than under extreme conditions of cover, purity of the carbonate 
rock , topographic relief,  and precipitation . Denuded carbonate 
rocks are much more resistant to physical and chemical eros ion 
than are carbonate rocks with a moderately thin soi l and vege­
tal cover ; where the soi l and rock cover is very thick , phys ical 
erosion of the covered bed is impossib le and chemical erosion 
may be retarded because of retarded water circulation . Further 
analysis indicates that some of these extremes are in turn 
related to extremes in cover. Pure carbonate rocks yield no 
insolub le residue to form a cover ; also , intense precipitation 
tends to strip off a thin cover and to keep the rock denuded ; 
also , if  the carbonate rocks are relatively impermeable , water 
cannot eas i ly penetrate the rock to encourage soi l development . 
Thus , the degree of cover on a carbonate terrane is an impor­
tant key to differential erosion and to much of the topographic 
re lief.  

LeGrand,  H.  E.  and V .  T .  Stringfie ld,  1971 , Differential erosion 
of carbonate rock terranes , Southern Geology ,  1 3 : 1 ,  1 7  p .  
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TITLE 

Coordinating Counci l  
Resolution in  force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

S IGNI FICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Water Levels in Carbonate .Rock Terranes
-

V . 2 Hydrology of Carbonate Rocks 

U . S .  Geo logical Survey 
P . O . Box 2857 
Raleigh , North Carol ina 27602 

H. E .  LeGrand 

US/ IHD ref :  

2 . 8 (305) 

To indicate some ranges of conditions of the water level  in 
carbonate rocks and to highlight some interpretations of water­
level conditions . 

Many subtle aspects of water levels in carbonate rocks need to 
be put in perspective even though hydrologists have recogni zed 
the fundamental value of characteristics of ground-water leve ls . 
The depth to the water table in carbonate rocks is control led 
by local factors such as permeabi l ity and topography and by the 
regional factor of climate ; both permeabil ity and topography 
are dynamical ly developed according to the degree of prefer­
ential circulation of sub-surface water and of solution of the 
rock , and the water table responds by lying deep beneath hi l ly 
permeable karstlands and shal low beneath flat and poorly per­
meable carbonate rocks . The uneven distribution of permeabi lity 
and of topographic conditions is responsib le for the intriguing 
karst phenomena of disappearing and reappearing surface streams . 
Great infi ltration capacities of some karst regions result in 
large local fluctuations of the water table and in some cases 
to local reversals in direction of ground-water flow between 
wet and dry seasons . Water- level behavior in space and time is 
a primary consideration for interpreting the hydrology of 
carbonate terranes . 

LeGrand , H .  E .  and V .  T .  Stringfield , 1971 , Water leve ls in 
carbonate rock terranes , Ground Water , 9 : 3 , p .  4- 10 . 
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBL ICLY 

Del ineation of Groundwater Flow Systems in Nevada 

V .  2 Hydrology of Carbonate Rocks 

Center for Water Resources Research 
Desert Research Institute 
University of Nevada System 
Reno , Nevada 

M. D .  Miffl in 

To de lineate groundwater flow systems in Nevada 

US/ IHD ref :  
2 . 8  (290) 

Avai lab le hydrologic and geologic information has been con­
s idered with flow system theory in an attempt to del ineate 
groundwater flow systems in Nevada . Definition of sink areas , 
source areas and configuration of flow within the flow system 
has been the primary obj ective of the study . Source areas and 
configuration of flow have been approximated in most areas , 
whereas s ink areas have been confidently located for nearly all  
of  the systems . The one hundred and thirty-six recognized flow 
systems in Nevada have been separated into two groups based 
upon configuration of flow . Presence or absence of important 
interbas in flow has been used as a criteria .  

Several types of fluid potential measurements are demonstrated 
to be optimal methods of delineating groundwater flow systems . 
Changes in fluid potential in the vertical direction estab l ish 
source areas , zones of lateral flow , s ink areas and boundaries 
of circulation cel ls . 

A concept of flow capacity of terrane for groundwater flux has 
aided in the recognition and understanding of environmental 
influences on the configurat ion of groundwater flow systems . 
Interbasin flow is closely related to bedrock permeability and 
avai labi l ity of moisture for recharge . In nearly every area 
where interbas in flow has been recognized , there is also 
relatively permeab le bedrock . In most areas of interbas in flow ,  
only l imited moisture is avai lable  for recharge . 

Miffl in , M .  D . , 1968 ,  De lineation of Ground-Water Flow Systems 
in Nevada , Technical Report Series H-W, Desert Research 
Institute , Univers ity of Nevada , Reno , 1 1 1  p .  
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

A Glossary of Karst Terminology 

V. 2 Hydrology of Carbonate Rocks 

U . S .  Geological Survey 
National Center 
Reston ,  Virginia 22092 

w .  H. Monroe 

US/ IHD ref :  
5 . 1 ( 1 79)  

To compile a glossary on the terms used in describing 
karst geomorphologic features and processes . 

This g loss ary includes most terms used in des cribing karst 
geomorphologic features and processes . The terms are 
primari ly those used in the literature of English-speaking 
countries , but a few of the more common terms in French , 
German, and Spanish are included,  with references to the 
corresponding English terms where they are avai lable .  
The glossary also includes simple definitions of the more 
cODDDon rocks and minerals found in karst terrain , common 
terms of hydrology , and a number of the descriptive terms 
used by speleologists . The g lossary does not include 
definitions of most biospelogical terms , geologic structure 
terms , varieties of carbonate rock that require micros copic 
techniques for identification , or names des cribing tools 
and techniques of cave exploration. 

Monroe , w .  H .  (compiler) , 1970 , A Glossary of Karst 
Terminology , u . s .  Geol .  Survey Water-Supply Paper 1899-K,  26 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Structural Controls on Streamflow in the North 
Pork River and Bryant Creek Basins , Missouri 

V. 2 Hydrology of Carbonate Rocks 
US/IHD ref:  

2 . 8 (297) 

ORGANI ZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY 103 W. lOth Street 

Rol la, Missouri 65401 

PRINCIPAL INVESTIGATOR John Skelton 
E. J .  Harvey 

OBJECTIVES To study the causes for the different hydrological 
response of the North Pork River and Bryant Creek basins . 

SIGNI FICANT RESULTS North Pork River and Bryant Creek , which drain adj acent 
bas ins in southern Missouri , have practically the S allie 
s i ze drainage areas (561 sq • .! .  and 570 sq • .! . , re­
spectively) and simi lar bas in shape , cliute , and surface 
geology. However , the groundwater runoff of North Pork 
River basin , where karst topography is much better developed , 
is twice that of Bryant Creek . Structure is the maj or factor 
influencing groundwater outflow. Jointing and perhaps faulting 
with NW-SE and NE-SW trends have pronounced effect on the 
alignment of s inkholes and orientation of ridges and val leys . 
Large springs occur where these trends intersect , and the flow 
from these springs accounts for aost of the difference in 
groundwater runoff between the two basins . 

REPORTS AVAILABLE Skelton , John and E. J. Harvey, 1968 , Structural controls 
PUBLICLY on streamflow in the North Pork River and Bryant Creek basins , 

Missouri , u . s .  Geological Survey Prof. Paper 600-C , 153- 15 7 .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN QfARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrology of Limestone Terranes , Photogeologic 
Inves tigat ions 

V . 2  Hydro logy of Carbonate Rocks 

Geo logical Survey of Alabama 
P . O . Drawer 0 
Univers ity , Alabama 35486 

J .  L. Sonderegger 

US/ IHD ref :  

3 . 1  (279) 

To interpret the occurrence and movement of groundwater 
in a l imes tone area of A labama by the use of  panchromatic , 
co lor , and infrared fi lms . 

We l ls dri l led a long fracture trace detected on aeria l 
photographs yielded subs tant ia lly more water than the 
average randomly located we l ls .  

Sonderegger ,  J .  L . , 1970 , Hydro logy of l imes tone 
terranes , photogeo logic inves t igat ions , Geo logica l 
Survey of  Alabama Bul l .  94 ,  Part C ,  Univers ity , Alabama . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

�ydrology of Limestone Terranes - Geologic Investigations 

V . 2 Hydrology of Carbonate Rocks US/ IHD ref :  

3 . 1 (284) 

ORGANI ZATION IN CHARGE Geological Survey of Alabama 
OF ACTIVITY P . O .  Drawer 0 

Univers ity,  Alabama 35486 

PRINCIPAL INVESTIGATOR �· L .  Sonderegger and J . C .  Kelley 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

�e geology of a l imestone terrane was studied to aid in the 
interpretation of the occurrence and movement of gromulwater 
in l imestones . 

Solution activity was shown to be the maj or factor caus ing 
"deformation" s tructures in the Highland Rim section of 
the Arka . Tectonic structure has been modified by grolDld­
water solution . 

Sonderegger ,  J .  L . , and J . C .  Kel l ey ,  1970 , Hydrology of 
l imestone terranes - geologic investigations , Geological 
Survey of Alabama , Bull . 94 , Part B ,  University , Alabama . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINC I PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

Hydrology of Carbonate Terranes 

V . 2 Hydrology of Carbonate Rocks 

US/ IHD Work Group on Hydro logy of Carbonate Terranes 
c/o U . S .  National Committee for IHD 
2101  Constitution Avenue , N . W .  
Washington , D . C .  20418  

v .  T .  Stringfield and P .  E .  LaMoreaux 

US/ IHD ref :  

2 . 8 (331)  

To promote the improvement of understanding of the hydro logy 
of carbonate terranes in this country and adj oining areas ; 
2) to cooperate and maintain l iaison with the international 
FAO/ IHD Working Group on the Hydrology of Carbonate Rocks in 
the Mediterranean Bas in ; and 3) to promote , in whatever way 
poss ib le  within its means , a better understanding of the 
hydrology of carbonate terranes in the western hemisphere . 

To carry out these obj ect ives , the Work Group sponsored 
sympos ia , organi zed field seminars , encouraged preparation of 
review articles , glossaries , bibl iographies , and other reports ,  
and in general provided l iaison to encourage advancement in 
this field of hydrological studies . 

Several individual proj ects under this program are described 
separately in this volume . Here it is useful to summari ze 
the Work Group ' s  field seminars . 

Ten seminars were held and two - a second one in Jamaica and 
one in Egypt - were planned but could not be imp lemented because 
of condi tions beyond the control of the Work Group . The 
seminars gave local hydrogeologis ts an opportunity to observe 
and discuss their local and regional conditions and probl ems 
of carbonate hydro logy with members of the Work Group and its 
occas ional gues t .  At the same time , the s eminars broadened the 
base  of understanding of the Work Group . The following l is t  
provides some measure o f  the scope o f  the Work Group ' s  accom­
plishments : 

Jamaica , 9 - 1 3  October 1967 - Carbonate hydro logy under 
predominantly humid conditions 

Nevada, 25-28  March 1968 - Local and regional flow patterns 
in an arid to semi -arid cl imate and a bas in-and�range 
terrain 

Puerto Rico , 14- 16 October 1968 - Carbonate hydrology in 
another humid environment - providing a base for a com­
parative study 

Alabama , 2 1 -23  January 1969 - Temperate-cl imate conditions 
at south end of Appal achian Mountains 

Missouri , 19-23 May 1969 - Temperate-cl imate conditions 
around southern margin of Ozark Mountains 

West Virginia and Pennsylvania , 2 1 - 22 May 1970 - Temperate­
cl imate conditions of north- central Appalachian region 

Florida , 2 1 - 24 October 1970 - Semi -tropical conditions ; 
carbonate hydrology under stress of intens ive development 

Texas , 30 November-2 December 1970 - Semi -arid conditions -
water qual ity and flow changes across a wide expanse of 
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REPORTS AVAILABLE 
PUBLICLY 

one of the most productive aquifer systems in the u . s . 
Pennsylvania and Central Appalachian Region , 30-31  October 

1971  - MOdification of May 1970 trip conducted as a 
field conference of the annual meeting of the Geological 
Society of America 

Mexico , 24-28  April 1972 - Highly deformed carbonate rocks 
in a humid climate . 

See other activit ies of this Work Group described in this 
report . 

US/IIfD Work Group on Hydrology of Carbonate Terranes , Final 
Report , in review , scheduled for publ ication in 1975 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Karst and Pa leohydrology of Carbonate Rock Terranes in 
Semiarid and Arid Regions 

V . 2  Hydro logy of Carbonate Rocks 

Geo logica l Survey of Alabama 
P . O .  Drawer 0 
University ,  Alabama 35486 

US/ IHD ref :  

3 . 1 (280) 

V .  T. String fie ld , P .  E. LaMOreaux , and H .  E .  LeGrand 

This invest igat ion compares the degree of kars t i ficat ion 
in humid and arid zones as a funct ion of precipitat ion . 
Three carbonate -rock terranes are described in arid and 
semiarid regions (Ka ibab P lateau in Arizona , Nullarbor 
P la in on the South Coa st  of Aus tra lia , and the Western 
Desert of  Egypt) and compared with more humid regions 
of the United States and the Northern Yuca tan Peninsula , 
Mexico . 

Results of this study indicate that the recons truct ion 
of the geo logic and hydrologic his tory of each arid 
carbonate region revea ls that karstification has been 
preserved from earlier t imes when the c limate was less 
arid .  A rev iew of  the his tory provides ins ight for 
eva luat ing the hydrology of active karst sys tems . 

This report has been comp leted and wi l l  be pub l ished by 
the Geo logica l Survey of A labama as Bul letin 105 , Karst 
and Pa leohydro logy of  Carbonate Rock Terranes in 
Semiarid and Arid Regions , with Comparison to the 
Humid Kars t of Alabama , by V .  T. Stringfie ld , 
P .  E .  LaMOreaux , and H .  E .  LeGrand . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINC I PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Relation of Sea Water to Fresh Water in Carbonate Rocks 
in Coastal Areas .  

V. 2 Hydrology o f  Carbonate Rocks 

U . S .  Geo logica l Survey 
National Center 
Res ton , Virginia 22092 

V. T. Stringfie ld and H .  E .  LeGrand 

US/ IHD ref :  

2 . 8 (302) 

To brief ly state the results of some of  the recent studies 
of the re lat ion of sea water to fresh water in carbonate 
rocks in coastal  areas of F lorida and to show how vertical 
so lution channe ls or shafts in re lative ly impervious parts 
of carbonate rocks may a ffect the re lation of salt water 
to fresh water under certain condit ions in coast a l  areas 
as at Tarpon Springs , Florida , and Cepha lonia , Greece . 

The princ iples controlling the equi librium between the 
denser sa lty water and the l ighter fresh water in coas ta l 
aquifers app ly to carbonate as we l l  a s  sand sys tems . 
However , under certain equilibrium condit ions of fresh and 
salt  water in parts of some carbonate aquifers unusua l  
hydrologic phenomena result . Hydrologic condit ions a t  
Tarpon Springs , F lorida , and Cepha lonia , Greece , inc lude 
deep vert ica l openings as s inkholes through a re lat ively 
impervious part of the aqui fer system. In both cases the 
tops of the s inkho les or natura l we l ls are exposed to sea 
water . At Tarpon Springs the dynamic equi librium between 
salt  water and fresh water fluctuates so that the flow of  
s a lt water from the spring to a lake 2 miles away is  
sometimes reversed . At  Cepha lonia , the head of fresh water 
does not exceed the head of sa lty water in the s inkholes ; 
the f low of sea water into the aqui fer , a ided by a sha llow 
channe l from the sea , is continuous , and the water leve l in 
the s inkhole is cont inuous ly depressed be low sea leve l .  
Both cases represent a partia l ly confined U-tube sys tem 
where water at the seaward, s inkho le end is denser than 
at the other end and where a low fresh -water head is less 
than the salt -water head . 

String fie ld , V . T . , and H . E .  LeGrand , 1969, Re lat ion of 
sea water to fresh water in carbonate rocks in coastal  
areas , with speci a l  re ference to  F lorida , USA . , and 
Cepha lonia , Greece , J .  Hydrology, 9, 387-404 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Conceptua l Models  for Carbonate Aquifers 

V . 2  Hydro logy of Carbonate Rocks 

Minera ls Research Laboratory 
Dept . of Geochemistry and Miner alogy 
Penn State University 
Univers ity Park, PA 16802 

W. B. White 

US/IHD ref :  

2 . 8  ( 191) 

To provide idea lize endmember aqui fer types with which 
the more complicated rea l aqui fers may be compared . 

Carbonate aquifers have been subdivided into 3 major types 
with a number of subtypes . The c lassificat ion of a particu­
lar aquifer into one of these types can be made on the basis 
o f  eas i ly observed hydrogeo logica l condit ions . Each type 
has assoc iated with it a part icular flow pattern and a 
characteris t ic pa ttern for the fragment s of cave that are 
left behind as the water tab le is lowered.  The usua l 
controls of  structure , litho logy , and pos it ion of  base 
leve l are shown to act mainly to perturb the gross 
pat tern and to determine some of the deta iled morpho logy 
of the result ing dra inage network. 

White , B . , 1969 , Conceptua l mode ls for carbonate aquifers , 
Groundwater , vo l .  7 ,  no . 3 .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Hydrologic Studies of the Limestone Aquifer 
of the Central Kentucky Karst 

V . 2 Hydrology of Carbonate Rocks 

Minerals Research Laboratory 
Pennsylvania State Univers ity 
University Park , PA 16802 

Wi l liam B .  White 

US/ IHD ref :  

2 . 8  ( 190) 

1 )  To compl ete basic  survey and reconnaissance studies of 
the central Kentucky kars t . 

2) Interpretative s tudies b ased on the knowledge as semb led 
in the b asic  survey and reconnaissance wi l l  seek to describe 
the dynamics of the limestone aqui fer system . 

3) Quantitative hydrology - to quantitatively describ e  the 
behavior of the l imestone aqui fer .  

Th e  following maj or studies have been completed on the 
Central Kentucky Karst Aquifer : 

1) Hydrogeology of aqui fer inc luding the role of vertical 
shafts in transmitting vadose water and the role  of 
hori zontal conduits associated with main throughput drains , 
and shaft drains . 

2) Chemical hydrology showing characteri zation of different 
1 water types and the seasonal variations in the chemistry of 
, l imestone springs . 

3) Measurement of continuous hydrographs of karst springs 
showing short time period fine structure related to aquifer 
response and to precipitation events . 

Deike , H . ,  I I I , and W . B .  White , 1969 , Sinuos ity in 
limestone solution conduits , Am .  J .  of Science , 267 ,  
p .  230-241 . 

White , W .  B . , A .  Watson , E .  R .  Poh l ,  and Roger Brucker, 
1970 , The Central Kentucky Kars t , The Geographical Review , 
60 , p .  88- 1 15 .  

White , W .  B .  and L .  White , 1970 , Channel hydraul ics of 
free-surface streams in caves , Caves and Karst ,  12 , p .  4 1 - 48 .  

Brucker , R .  W . , J .  W .  Hess , and W .  B .  White , 1972 , Role of 
vertical shafts in the movement of ground water in carbonate 
aquifers , Ground Water , 10 : 6 . 
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Coordinating Council  Resolution No . V . 3 Floods and their Computation 

Resolution No . V . 3 

The Council ,  

2 .  Recogni z ing that the probl em of floods and their computa­
tion is one of the maj or long-term obj ectives of the Inter­
national Hydrological Decade ; 

5 .  Directs the working group [on Floods and their  Computation] 
to finish a methodological guide on the col lection and pro­
cess ing of  data for the study of floods in  1970 ; 

6 .  Requests the IHD Secretariat to ass ist , by al l means at its 
disposal , the working group in the preparation of the above 
guide and suggests that it be publ i shed by Unesco as soon 
as pos s ib l e ;  

7 . Cons iders the preparation of a world catalogue of very l arge 
floodS on rivers as timely ; 

8 .  Requests the working group to finish a form for the world 
catalogue of very large floods on rivers wi th necessary 
expl anatory notes for compi lation , and suggests that it be 
distributed by Unesco in early 1970 before the next sess ion 
of the Counci l ; 

9 . Adopts in principle a proposal concerning the necessity to 
broaden the terms of reference of the Working Group on Floods 
which is as fol lows : 

( i )  Study and general i zation of world experience on 
computation of the maj or characteristics of stream 
flow . 

( i i )  Preparation of  scientific material and recommendations 
on methods of computation of maximum and minimum stream 
flow , as wel l as other parameters with different levels 
of hydrological knowledge of the territory and for 
various physical and geographical zones . 

( iii )  Guidance for compi l ing and up -dating the catalogue 
of outstanding hydrological phenomena .  

10 . Requests the working group to examine these recommendations 
and to prepare concrete proposals and a plan for possible  
carrying out of the tasks mentioned in  point 9 above during 
the second hal f of the Decade . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGE 
OF ACTI VITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES : 

SIGNIF ICANT RESULTS 

Floods and Their C0111putation 

V. 3 Floods and their Computation 

US/ IHD Work Group o� Floods and their Computation 
u . s .  National Committee for IHD 
2101  Constitution Avenue , N . W. 
Washington , D . C .  2041 8 

F .  F .  Snyder 
1516  Laburnum Street 
McLean , Virgini a 22101 

US/ IHD ref:  

2 . 6 (334) 

To cooperate with the UNESCO/ IHD Working Group on Floods 
and their Computation (which later had its scope of activ­
ities broadened to Floods and Low Flow) by providing data 
and materials from the United States on request and as 
avai l ab l e .  

With the cooperation o f  the u . s .  Geological Survey , the 
Corps of Engineers , and the Water Resources Counci l ,  the 
US/IHD Work Group operated to provide data and information 
as feasible . The data wi l l  be published in UNESCO reports 
on floods and low flows in the near future . 

1 5 1  
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Coordinating Counci l Resolution No . V. 6  Standardization 

Resolut ion No . V . 6 (l )  

The Counci l ,  

1 .  

2 .  

3 .  

4 .  

s .  

6 .  

7 . 

Becal ling its resolution 1 . 61 and relevant discussions at 
its second and third sessions ; 

Noting that at its recommendation an inter-agency meeting 
was held in the WMO Headquarters with the participation 
of ISO ,  WHO ,  Unesco and liMO; 

Noting further the report of this meeting ; 

Cons idering that standardization of ins truments and tech­
niques in hydrology may considerab ly contribute to the 
success of the IHD progr811111e ;  

Ag� with the proposals for further action out lined in 
�ve-mentioned report ; 

Becgmmend5 to al l interested international organi zations , 
in particular to ISO ,  liMO , Unesco , WHO ,  FAO , IAEA, lASH 
and IAH , the formation of inter- agency panel on standardi­
zation in hydrology , and cal ls upon them for their co-opera­
tion in the activities of this panel ; 

Further �commends that the terms of reference of this 
panel should include : 

(i) To review and place in evidence the work of partici­
pating international organi zations engaged in the 
standardi zation of instruments , methods of observation 
and techniques for e lements of the hydrological cycle;  

(ii )  to advise on  the possib le co-ordination of such 
activities ; 

(iii)  to identi fy gaps in the programme of standardi zation 
and suggest acti on to be taken . 

8 .  Invites WMO , taking into account its activities in standardi­
zat1on , to provide the technical secretariat for the above 
inter- agency panel ; 

9 .  Requests the Panel to inform the Counci l  by progress reports 
on the work accomplished in this field and advise the Counci l 
in the field of standardization prob lems in hydrology; 

10 .  Recommends that this Panel should take into account the work 
of the Working Group on Ground Water established by the Co­
ordinating Council as far as ground-water observation methods 
are concerned . 

( 1 )  This  resolution supersedes resolution 1 . 61 .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES 

SIGNIF ICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Standardi zation Intercomparisons 

US/ IHD re f :  

V . 6  Standardization s . 2  (333) 

US/ IHD Work Group on Standardization Problems 
U . S .  National Committee for IHD 
2101 Constitution Avenue , N . W .  
Washington, D . C .  2041 8 

V .  T .  Chow 
Department of Civil Engineering 
University of I l l inois 
Urbana, I l linois 61801 

1 .  To encourage the recognition of the activities in the 
fiel ds of comparison and standardi zation of many existing 
organizations , and to encourage their adoption in hydrologi cal 
practices in so far as it is appropriate . 

2 .  To promote the deve lopment of standards and intercomparison 
where none exist or are inadequate , compatibly with existing 
local and domestic constrictions and practices . 

3 .  To encourage the domestic adoption o f  appropri ate  inter­
national standards . 

4 .  To respond to UNESCO-NMO/ IHD requests for information 
regarding u . s .  practices . 

Materials regarding standardi zation and intercomparison 
were submitted by the Work Group , or through affi liated 
groups , not matters of instrumentation comparison (See 
International Fie ld Year for Great Lakes ) ,  terminology 
(See Glossaries ) ,  and operational hydrology (Under the 
WMO Commission of Hydrology) . 

(See reports listed under headings above . )  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Standardi zation of I ns truments 

V . 6  Standardi zation 

National Weather Service , NOAA 
Gramax Bui lding 
8060 Thirteenth Street 
Si lver Spring , Maryland 209 10 

Charles Hoffedi tz and Lee Larson 
Hydrologic Research Laboratory 

US/ IIID ref :  

5 . 2  ( 12 )  

To  cooperate with the World Meteorological Organization (WMO) 
on proj ects for intercomparison of hydrometeorological 
instruments . 

Participated in intercoaparison studies conducted by WMO ' s  
Co•is sion on Ins trumentation and Methods of Operation (CU40) 
Working Groups on : 

1 .  lntercomparison of Precipitation Gages 

2 .  lntercomparison of Evaporation Gages 

Reports of CIMO Working Groups , World Meteorological 
Organi zation , Geneva , Swit zerl and . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICILY 

Recommended Methods for Water-Data Acquisition 

V . 6  Standardi zation 

Office of Water Data Coordination 
u .s .  Geological Survey 
National Center, MS 417  
Reston , Virginia 22092 

A. I .  Johnson , Methods Coordinator 

US/ IHD ref :  

5 . 2 (294) 

To designate methods recommended by Federal agencies for 
the acquisition of water data.  

Under Federal interagency working groups recommended methods 
are being proposed for acquisition of data on al l phases of 
the hydrologi c cycle . Includes quantity and quality of sur­
face waters and subsurface waters , snow and i ce ,  evaporation 
and transpiration , and hydrometeorological methods . A hand­
book of methodology is planned. 

Federal Interagency Work Group on Designation of Standards 
for Water Dat a  Acquisition ,  19 72 , Recommended Methods for 
Water-Data Acquisition - Preliminary Report ; Dupli cated 
report , u . s .  Geol ogi cal Survey Offi ce of Water Data Coordination ,  
Reston , Virgini a,  4 1 7  p .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN QIARGB 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Multilingual Glossary of Hydrological Terms 

V . 6  Standardization 
I . 65 International Glossary of Hydrology 

US/ IHD ref :  

5 . 2  (336)  

ad hoc US/ IHD Panel on Multi lingual Glossary o f  Hydrological 
- Terms 
u . s .  National Committee for IHD 
2101 Constitution Avenue , N . W . , Washington , D . C .  20418 

R .  F .  Kresge 
National Weather Service - NOAA 
Rockvi l l e ,  Maryland 20910  

To assist the WMO/UNESCO Joint Proj ect on Terminology 
to comp lete and revise the Multilingual G lossary of 
Hydrological Terms . 

The Panel , working as a unit , and its members , reviewed 
and revised the first and second drafts of the multi lingual 
glossary, submitting a large number of emendations to the 
list of multilingual terms and many recommendations regard­
ing definitions . 

(See UNESCO/WMO International Glossary of Hydrology , 
publi shed as WMO/OMM/BMO Report no . 385 , 393 p . ) 
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Coordinating Council Resolution No. V. 9 Design of Water Resources Proj ects with 
Inadequate Data 

Resolution No. V. 9 ( l )  

The Counci l , 

2 .  

3 .  

� that the Pane l [of Experts on DEWARPID] has iden­
�d the most important prob lems within this  field;  

Noting that these problems fall in a general way under 
three groups , namely;  

(i) Methodologies of comput ation of des ign dat a with 
inadequate basic observations , mainly on the basis 
of hydrometeorological elements ; 

(ii)  training of specialists in hydrologi cal engineering , 
a field centered on provision of design data to 
proje cts ; 

(iii)  preparation of concrete regional studies of hydro­
logical e lements for direct use in the computation 
of design data by specialists of countries in the 
region ; 

4 .  Noting 

(i)  that the WMO has already established a working group , 
the terms of reference of which concern the prob lems 
in 3 (i )  above ; 

(ii)  that problems in 3 (iii)  above are already pursued in 
the field of interest of many international and 
regional organi zations ; 

s .  Invites 

(i)  WMO to t ake the responsibi lity for the problems con­
nected with this IHD proj ect mentioned under 3 (i)  
above ; 

(ii)  Unes co to t ake responsibi lity for the prob lems men­
tioned under 3 (ii)  above ; 

6 . RecoDDDends to al l Member States and international govern­
mental and non-governmental organi zations to increase the 
work on regional , sub-regional and national synthetical 
studies of al l hydrological elements needed for project de­
sign data,  in particular within the UNDP proj ects and 
through bi-or multi lateral agreements between countries ; 

7 .  Decides to terminate the activities of the Panel  expressing 
apprec1ation for its work . 

( 1 )  This resolution supersedes resolution I I . S  
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TITLE Hydrologic Engineering Methods for Water Resources Development 

Coordinating Counci l 
Resolution in force 
and short title 

V . 9  Design of Water Resources Proj ects 
with Inadequate Data 

ORGANIZATION IN CHARGE U . S .  Army Corps of Engineers 
OF ACTIVITY The Hydrologic Engineering Center 

Davis , Cal i fornia 95616 

PRINCIPAL INVESTIGATOR B .  S .  Eichert and L. R .  Beard 
The Hydrologic Engineering Center 

US/IIID ref :  

3 . 9  (2) 

OBJECTIVES Develop a report on hydrologic procedures that can be 
applied in regions of sparse data.  The 1 2-vohae report 
contains detai l ed discus sions of hydrologic engineering 
methods and procedures , as wel l  as descriptions of 
computer programs , that can be used in the application 
of these methods and procedures .  

S IGNIFICANT RESULiS Work on the 1 2  volWDe set i s  proceeding . Volumes 1 ,  2 ,  
4 ,  8,  10,  and 1 1  are published and distributed. R•ain­
ing volumes are in various stages of completion . 

REPORTS AVAILABLE Hydrologic Engineering Methods for Water Resources Develop-
PUBLICLY ment , HEC , U . S .  Army Corps of Engineers , Davi s , California. 

Vol .  I Requirements and General Procedures ,  1971 
Vol .  I I  Hydrologic  Data Management , 1972 
Vol . I I I  Hydrologic Probabilities 
Vol . IV Hydrograph Analys i s ,  1973 
Vol . V Hypothetical F loods 
Vol .  VI  Water Surface Profi les 
Vol . VI I Reservoir Operation for Flood Control 
Vol .  V I I I  Reservoir Yield 
Vol .  IX Reservoir System Analysis 
Vol .  X Principles of Groundwater Hydrology , 1972 
Vol . X I  Water Quali ty Determinations , 1972 
Vol . X I I  Sediment Transport 

(These reports wi l l  also be avai lable through the 
National Techni cal Information Servi ce 
u . s .  Department of Commerce 
5258 Port Royal Road 
Springfield ,  Virginia 22151  ) 
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Coordinating Council Resolution No . VI . S  Influence o f  Man on the Hydrolog�cal Cycle 

Resolution No . VI . S ( l )  

The Council 

1 .  

2 .  

3 .  

4 .  

s .  

(1)  

Having considered that the scientifi c  scope of the problem 
on the Influence of Man on the Hydrological Cycle comprises 
many different aspects of man ' s  activity both in the field 
of agriculture and forestry and in that of urbanization 
and industrial and water management ; 

Decides to continue the working group on the Influence of 
Man on the Hydrological Cycle dealing with both the agri­
cultural and urbanization aspects ; 

�roves the terms of reference for the working group as 
in icated in Annex IV to the present report ; 

Requests FAO to continue to provide the technical secre­
tariat and support for this working group as a whole ;  

Requests Unesco to provide the technical secretariat and 
support for the sub-working group which will be established 
to deal with the urbanization and related effects as set 
out in section 3 of the terms of reference . This sub-work­
ing group will  be expected to report to the main working 
group in due time for its findings to be incorporated in 
the overal l report . 

This resolution supersedes resolution V . 4  
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. .  

TITLE 

Coordinating Counci l  
Resolution i n  force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY' 

PRINC I PAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrology of Agricultural Watersheds 

VI . 5  Influence of Man on the Hydrological Cycle 

Soi l and Water Conservation Research Division 
Agricultural Research Service (ARS) 
U . S .  Department of Agriculture 
Beltsvi l le ,  Maryland 20705 

c .  w. Carlson 

US/ IHD re f :  
2 . 5  (202) 

Investigations concerning a wide variety of watershed problems 
related to the influence of man on the hydrological cycle were 
conducted at 10 ARS watersheds . These were : 
Danvil l e ,  VT Coshocton , OH Columbia,  N) 
Riesel , TX Oxford , NS Boise , ID  
Chickasha,  OK Santa Rosa, NM Watkinsvi lle ,  GA 
Tucson , AZ 

The variety of prob lems and spectrum of results precludes 
ready summation and the reader is referred to individual 
reports l isted below . 

Osborn , H .  B . , L .  J .  Lane , and J .  F .  Hundley , 19 72 , Optimum 
gaging of thunderstorm rainfal l in southeastern Arizona , 
Water Resources Research , 8 : 1 ,  259- 265 . 

Wi l l iams ,  J .  R .  and R .  W .  Hann , 197 2 ,  HYN> ,  A prob lem-oriented 
computer language for bui lding hydrologic models , Water 
Resources Research 8 : 1 ,  79- 86 .  

Lane , L .  J .  and K .  G .  Renard , 1972 , Evaluation of a bas in­
wide stochastic mode l  for ephemeral runoff from semiarid 
watersheds , Amer . Soc . Agr . Engin . Trans . ,  15 : 2 , 280-283 . 

Smith , R .  E . , 19 72 , Border irrigation and ephemeral flood waves , 
Amer.  Soc . Civ . Engin . Proc . , Irrig . & Drain . Div . J . , 98 : IR 2 ,  
289 - 30 7 .  

Snyder , W .  H .  and L .  E .  Asmussen ,  1972 , Subsurface hydrograph 
analys is by convolution , Amer .  Soc . Civ . Engin . Proc . , Irrig . 
& Drain . Div .  J . , 98 : I R  3 ,  405-41 8 .  

Richardson , C .  W . , 19 72 , Changes i n  water yield o f  smal l water­
sheds by agricultural practices , Amer . Soc . Agr . Engin . Trans . ,  
15 : 3 , 591 - 593 . 

Dunne , Thomas , 19 70 ,  Runoff Production in a Humid Area,  USDA 
ARS 41- 160 , 108 p .  

Kib ler , D .  F .  and D .  A .  Woolhiser,  1970 , The Kinematic  Cas cade 
as a Hydrologic Model , Colo . State Univ . Hydrol .  Paper No . 39 ,  
Fort Col lins , Colorado , 27 p .  

Onstad ,  C .  A .  and D .  G .  Jamieson , 1970 , Model ing the effect of 
land use modification on runoff , Water Resources Research , 
6 : 5 ,  1287- 1 295 . 
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England, C .  B .  and G .  R .  Stephenson , 19 70 , Response units for 
evaluating the hydrologic performance of rangeland watersheds , 
J .  Hydro l . , 1 1 ,  89-97 . 

Smith , R .  E .  and D .  A .  Woolhiser ,  19 71 , Mathematical Simulation 
of Infi ltrating Watersheds , Colo . State Univ . Hydrol .  Paper 
No . 4 7 ,  Fort Col lins , Colorado , 44 p .  

McGuinness ,  J .  L .  and L .  L .  Harrold,  19 71 , Reforestation 
influences on small  watershed streamflow ,  Water Resources 
Research , 7 : 4 , 845-852 . 

Saxton , K .  E .  et al . ,  197l ,Hydrology and eros ion of loess ial 
watersheds , Amer . Soc . Civ . Engin . Proc . ,  Hydraul . Div . J . , 
97 , HY 1 1 ,  1835 - 1 85 1 .  

Brakensiek , D .  L .  and C .  A .  Onstad , 1968 , The synthesis of 
distributed inputs for hydrograph predictions , Water Resources 
Research , 4 : 1 ,  79- 85 . 

Dendy , F .  E .  and W .  A .  Champion , 1973 , Su.aary of reservoir 
sediment deposition surveys made in the United States through 
1970 , USDA Mis c .  Pub . 1266 , 82 p .  

Foster , G .  R .  and L .  D .  Meyer , 19 72 , Transport of soil  particles 
by shal low flow , Am . Soc . Agr . Engin . Trans . ,  15 : 1 ,  99- 102 . 

Young , R . A. and R .  E .  Burwe l l ,  1972 , Prediction of runoff and 
erosion from natural rainfal l using a rainfall s imulator. Soi l 
Sci. Soc. Amer. Proc. , 36 : 5 ,  827-830. 

1 6 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C a t a l o g  o f  U n i t e d  S t a t e s  C o n t r i b u t i o n s  t o  t h e  I n t e r n a t i o n a l  H y d r o l o g i c a l  D e c a d e ,  1 9 6 5 - 1 9 7 4
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 2 0 1 6 3

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Council 
Resolution in force 
and short title 

Effects of Thermal Pol lution on River Temperatures anCl I ce 
Condition 

VI . 5  Influence of Man on the Hydrological Cycie 
US/ IHD ref:  

2 . 5 ( 153) 

ORGANI ZATION IN CHARGE U . S .  Army Cold Regions Research and Engineering Laboratory 

OF ACTIVITV Hanover, New Hampshire 03755 

PRINCIPAL INVESTIGATOR S .  L. Dingman , W. F. Weeks , Y .  C .  Yen , and Andrew Assur 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

1 .  Formulation of a one-dimensional s teady state equation for 
heat balance of a river . 

2 .  Development of digital computer programs which incorporate 
previous ly establ ished semi-empirical equations for heat loss  
rates due to evaporation , long- and short-wave radiation , and 
convection in numerical ly evaluating downstream temperature 
changes in a cool ing river . 

3 .  Development o f  a s implified computational method which 
uti l i zes data generated in the computer program to estab lish 
coefficients under varying meteorological conditions . 

4 .  Test o f  methods agains t avai l ab le field data from the liter­
ature as well  as against new field observations col lected 
in this program . 

5 .  Application of results to keeping portions of navigab le 
waterways ice free in winter . 

We have been able  to accomplish al l of the above obj ectives . 
Our theoretical results have been shown to be in good agreement 
with field observations . Also our calculations indicate that 
it is poss ibl e  to use waste heat from nuclear power plants to 
greatly al leviate ice prob lems along se lected stretches of 
navigable waterways . 

Dingman , S .  L . , W .  F .  Weeks , and Y .  C .  Yen , 1966 , The Effects 
of thermal pol lution on river ice conditions , Part I ,  General 
method of cal culation . US Army CRREL Research Report 206 . 

Assur,  Andrew and s .  L .  Dingman , 1966 , The effects of thermal 
pol lution on river ice conditions , Part I I , Simp l ified method 
of calculation . US Army CRREL Research Report 206 . 

Dingman , S .  L . , W. F .  Weeks , and Y .  C .  Yen , 1968 , The effects of 
thermal pol lution on river ice conditions . Water Resources 
Research 4 : 2 ,  p .  349 - 362 . Also in Hearings before the Sub­
committee on Air and Water Pol lution . Committee on Pub lic  
Works , U .  S .  Senate , 90th Congress ,  2nd Session ,  p .  445 -467 . 

Dingman , S .  L . , 1968 , Some effects of thermal pol lution . Forest 
Notes 9 8 ,  p .  1 2-14 . 

Dingman , S .  L .  and W .  F .  Weeks , 1970 , Observations of tempera­
ture and ice distribution in the North Saskatchewan River below 
the Edmonton Generating Plant . CRREL Special Report 15 2 ,  33 pp . 

Weeks , W .  F . , C .  M .  Keeler, W .  Parrot , and D .  LeVine , 1971 , 
Wintertime dissipation of heat from a thermal ly polluted river , 
Water Resources Research , 7 : 6 ,  p .  1529 - 1537 . 
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Weeks , W .  F .  and s .  L .  Dingman , 1973 , Thermal modification of 
river i ce covers : progress and problems .  In The Role of 
Snow and I ce in Hydrology (Proceed . Banff Symposium, Sept . 1972) , 
Vol . 2 ,  p .  1427- 1435 , UNESCO-WMD- IASH , Geneva - Budapest - Paris . 

1 63 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Urban Water Resources Research Program 

VI . 5  Influence of Man on the Hydrological Cycle 

American Society of Civi l Engineers 
Urban Water Resources Research Program 
23 Watson Street 
Marblehead ,  Massachusetts 01945 

M. B. McPherson , Program Director 

US/ IIID ref :  

2 . 5  (346) 

The basic  purpose of the Program is to help establish 
coordinated long range research in urban water resources 
on a national s cale . During the Decade the program was 
divided into three phases . The theme of Phase I was research 
needs assessment and that of Phase I I  was urban water manage­
ment . Phase I I I  emphasi zed trans lation of research findings 
into practice ,  faci litation of urban runoff research , and 
col laboration and participation in research of municipalities 
and other organi zations . Another phase begun in late 1974 
wi l l  address international urban hydrology research capab i l ities 
and include deve lopment of two urban hydrology state-of-the-art 
reports , on ' 'urban catchment studies" and on "mathematical 
models" .  

This program produced many reports and technical memoranda deal­
ing with problems of urban hydrology and the influence of man 
on this environment . Importantly the Program Director was the 
u . s .  representative to and Chairman of the IHD/UNESCO Subgroup 
on the Effects of Urbani zation on the Hydrological Environment . 
In this capacity the Program had signifi cant internati onal inter­
action .  This Program was also the u . s . Co-operating Institution 
for the International Workshop on the Hydrologi cal Effects of 
Urbanization held in Warsaw Poland 8- 10  November 1973.  

American Society of Civi l Engineers , New York , N . Y . , 1968 , Urban 
Water Resources Research , First Year Report to the Office of 
Water Resources Research , avai l .  NTIS,  PB 184 3 18 ,  W69-03506 . 

American Society of Civi l Engineers , New York , N . Y . , 1969 , Bas i c  
Information Needs i n  Urban Hydrology , a Report to the Geological 
Survey , avai l .  NTIS,  PB 1 85 442 , W69-06770.  

Schaake , J.  C .  Jr . , 1968 , T.  M .  No . 3 ,  "Response Characteristics 
of Urban Water Resources Data Systems , "  avai l .  NTIS , PB 1 82 788,  
W69-03509 . 

Wenzel , H . G .  Jr . ,  1968 , T. M .  No . 4 ,  "A Critical Review of 
Methods of Measuring Discharge Within a Sewer Pipe , "  avai l .  NTIS,  
Pb 182 789 , W69- 035 10 .  
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McPherson .  M. B • • 1 968 . T.M.  No . 5 .  ·�e Nature of Changes 
in Urban Watersheds and Their Importance in the Decades 
Ahead . "  avail .  NTIS .  PB 1 82 790 . W69-0351 1 .  

McPherson. M .  B • • 1 969 . T .  M .  No. 6 .  "Some Notes on the 
Rational Method of Storm Drainage Des ign . "  avai l .  NTIS.  
PB 1 84 701 . W69-07482 . 

McPherson . M .  B • • 1970 .  ASCE . New York . N .  Y • • Prospects 
for Metropolitan Water Management . avai l .  ASCE . 345 East 
47th Street . New York . N .  Y .  100 1 7 .  

ASC E  Urban Water Resources Research Program .  1970 . "Systems 
Analysis for Urban Water Management . "  a report by Water 
Resources Engineers . Inc • • avai l . NTIS.  PB 197  677 .  W71-04755 . 

Prawdzik . T . B • • 1970.  T .M.  No . 1 2 .  "Environmental and 
Technical Factors for Open Drainage Channels in Mi lwaukee . "  
avai l .  NTIS.  P B  191  7 1 0 .  W70-06318 . 

McPherson .  M .  B • • 1971 . T .  M .  No . 1 4 .  ,,.anagement Prob lems 
in Metropolitan Water Resource Operations . "  avai l .  NTIS.  
PB 206 087 . W72-03553 . 

McPherson , M .  B • • 1971 . T .  M .  No . 15 . "Feasibi lity of the 
Metropolitan Water Intelligence System Concept (Integrated 
Automatic Operational Control ) . " avai l .  NTIS.  PB 207 301 , 
W72-05328 .  

McPherson . M . B • • 1972 . T .M .  No . 1 7 ,  "Hydrological Effects 
of Urbani zation in the United States . "  avai l .  NTIS,  PB 2 1 2  
579 .  

McPherson . M .  B • • 1972 . T .M.  No .  1 8 .  ' 'Urban Runoff . "  avail .  
NTIS.  PB 2 1 2  580.  

Bigler. A.  B • • 1973.  T.M.  No . 19 . "Urban Ecosystems : A Water 
Resources Perspective . "  (Draft ) • avai l .  NTIS.  

Goddard . J .  E . , 1973.  T.M.  No . 20 . "An Evaluation of Urban 
Flood Plains . "  (Draft ) . avai l .  NTIS.  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Role  of Water in Urban Planning and Management 

V I . 5  Influence of Man on the Hydrological Cycle 
US/IHD ref :  

2 . 6  (288) 

ORGANIZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY National Center 

Reston . Virginia 22092 

PRINCIPAL INVESTIGATOR W. J .  Schneider 
D. A. Rickert 
A. M. Spieker 

OBJECTIVES To develop the capabilities of supplying hydrologic 
information in a form readi ly usable by urban officials . 
This proj ect deals with one maj or aspect of the program -
the adaptation of water-resources information to urban 
planning and management . 

S IGNIF ICANT RESULTS Types of hydrologic data and information needed for urban 
planning and management have been identified. Basic  data 
have been synthesized into third and fourth generation 
products directly applicable to urban planning and manage­
ment problems . Experience indicates that the most useful 
products are maps or at l ases compatib le in scale and de­
tai l the hydrologic system compatib le with and linkab le to 
overal l management models . 

REPORTS AVAI LABLE Schneider. W. J • • et . al • • 1973 , Role of Water in Urban 
PUBLICLY Planning and Management . u . s .  Geological Survey Circular 

601-H. 10  p .  

Schneider . W.  J .  an d  A. M .  Spieker . Water for the Cities­
The Out look . 1969 . u . s .  Geological Survey Circular 601-A,  
6 p.  

Leopold. L .  B • • 1968 .  Hydrology for Urban Land Planning -
A Guidebook on the Hydrologic Effects of Urban Land Use . 
u . s .  Geological Survey Circular 554 . 1 8  p .  

Feth . J .  H • • 1973.  Water Facts and Figures for Planners 
and Managers . u. s .  Geological Survey Circular 601- 1 ,  30 p .  

Sheaffer. J .  R. , D .  W .  E llis . and A .  M .  Spieker. 1970 . 
Flood Hazard Mapping in Metropolitan Chi cago . u . s . Geologi­
cal Survey Circular 601-C.  14 p .  

Rant z .  s .  E • • 1970. Urban Sprawl and Flooding in Southern 
California.  u . s .  Geological Survey Circular 601- B .  1 1  p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short tit le 

Wil lamette River Basin Water Quality Studies 

V I . 5  Influence of Man on the Hydrological Cycle 

ORGANI ZATION IN CHARGE Battel le-Northwest 
OF ACTIVITY P . O . Box 999 

Richland ,  Washington 99352 

PRINC I PAL INVESTIGATOR W.  W .  Waddel 

US/ IHD ref :  

2 . 5  (135)  

OBJECTIVES Set up , calibrate and verify a water quality model for 
the Wi llamette River Basin . The model included 22  
parameters which could interact with each other to 
realistically simulate the water quality . 

S IGNIFICANT RESULTS The water quality model was successful ly applied to 
the basin and predicted water quality levels satis­
factorily. 

REPORTS AVAILABLE Baca, R.  C . , et a l . , 1973,  EXPLORE- I :  A River Basin 
PUBLICLY Water Quality Model , Batte lle , Pacific Northwest 

Laboratories , Richland, Washington . 
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Coordinating Council Resolution No . VI . 9  Ecology and Control of Water- Loving Vegetation 

Resolution No . VI . 9
( l )  

The Council ,  

1 .  Recall ing its resolution I I I . l l ;  

2 .  Considering the nuisance effects of water plants in water­
ways ; 

3 .  Considering the increasing practical value of the study of 
ecology of aquatic  p lants and of their control ; 

4 .  Accepts the report and recommendations of the ad hoc panel 
of experts ; 

s .  � with appreciation the efforts of the I HD  Secretariat 
and the IBP to implement this activity; 

6 .  Invites the IBP to continue its activities on studies of 
aquatic  vegetation in co-operat ion with the Secretariat ; 

7 .  Requests the IHD Secretariat in co-operation with I BP to 
carry out the following programme in the field of ecology 
of water- loving vegetation : 

(a) promotion of regional and international studies on 
the ecology of water- loving plants ; 

(b ) preparation of a technical paper on the development 
of improved means for control ling and monitoring the 
spread of water- loving plants ; 

(c) preparation of a technical paper on pre liminary studies 
needed before changes can be made in the hydrological 
regimes of bas ins , and on research practices to obt ain 
improved understanding of the ecology of water- loving 
plants under both natural and experimental conditions 
and in different cl imatic  regions . 

8.  Reguests the IHD Secretariat to prepare a progress report 
on these activities for the next session of the Counci l .  

( 1 )  This resolution supersedes resolution I I I . l l 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Aquatic Weeds 

VI . 9  Ecology and Control of Water- loving 
Vegetation 

US/ IHD re f :  

1 . 10 ( 182) 

Agricultura l Research Service 
U . S .  Dept . of Agriculture _ _  
Soil and Wa ter Conservation 
Beltsville ,  MD 20 705 

L . W .  We ldon 
R . D .  B lackburn 
ARS ,  USDA 
Fort Lauderda le , F lorida 

and Co l lege of Agriculture 
Univers ity of Wiscons in 
Madison , WI 

L . G .  Ho lm 
Univers ity of Wiscons in 

To provide a s tate of the art summary on aquatic weeds . 

Ho lm, L .  G . , L .  W .  We lden , and R .  D .  B lackburn , 1969 , 
Aquatic weeds . Sc ience , V .  166 , 7 Nov . 1969 , p .  699 -709 . 
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Coordinating Council Resolution No. VI I . 2  Water Balance 

2 . 3. 1  Working Group on Water Balances 

The Council noted some progress on international co-operation in 
this field : a technical paper on the Scientifi c  framework of world 
water balance was pub lished; a fundamental contribution on the theory 
and practices of water balance research was made by the Reading Sym­
posium (July 1970) on Water Balance , and preparation of the Guide on 
hydrological mapping has started . The Counci l also noted that the 
on methods of computation of elements of water balance , without whi ch  
i t  i s  imposs ib le to carry out any co-ordinated studies o f  regional , 
l arge-scale , continental and global balances , and the compi l ation of 
an annotated bibliography on water bal ances has not yet been completed. 

As the guide on the computation of water b alances should summari ze 
the experience of as many countries as possib le ,  the Counci l invited 
national committees to forward to the IHD Secretariat any significant 
material whi ch  they have on this subj ect . 

With regard
'
to the guide on hydrological mapping , the Counci l agreed 

with the recommendation of the sub-group on hydrolo1i cal maps that the 
question of practical mapping of generali zed data and parameters with 
reference to engineering computation of runoff of water bodies inade­
quately studies is especially important for developing countries . 

Resolution No . VI I . 2  

The Counci l ,  

2 .  Considering the importance of a guide on the computation 
of water bal ance for the study of l arge-s cale , regional 
and global water balances ; 

4 .  Recommends that , in the period up unti l  the end of the 
Decade ,  the Working Group should concentrate its atten­
tion mainly on the preparation of a guide on the compu­
tation of water bal ance for the study of large- s cale ,  
regional and world water balances , an d  take al l  neces sary 
measures to ensure its  publi cation in  1972 ; 

5 .  Re�uests that , in the preparation of an international 
gu1de on the preparation of hydrologi cal maps , attention 
should be given to reflecting in this guide , alongs ide 
s cientific  and methodologi cal questions , the prob lems 
of hydrological mapping whi ch  are especially important 
for developing countries . 
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TITLE 

Coordinating Counci l  
Resolution i n  force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJEC'l'IVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Phys ica l  and . Geo logica l Oceanography of the Great Bay , 
New Hampshire , Estuarine System 

VI I . 2  Water Balances 

Dept . of Earth Sc iences 
Univers ity of New Hampshire 
Durham, NB 03824 

Franz E. Anderson 

US/ IHD ref :  

2 . 3  ( 154) 

There were two main obj ect ives of this s tudy :  ( 1) a 
thorough study of  the phys ica l oceanography of  the bay 
on a annua l bas is ; and (2) ita re lation to the present 
and past depositiona l regime . Because the proj ect was 
not funded ,  only part o f  the proposed research was 
conducted . The s tudy mainly concentrated on the trans ­
port of suspended sediments through the estuarine 
system.  

Samp les of  estuarine wa ter were col lec ted from the 
Be l lamy River estuary ,  a tributary to Great Bay . 
Sur face and near bottom wa ter s amp les were ana lyzed 
for tota l suspended matter and organic carbon . These 
da ta were compared with the current ve locity ,  tempera ­
ture , and salinity s truc ture of  the es tuary to under ­
s t and the seasona l flux of suspended sediment i n  the 
es tuary . Samp les were col lected on a bi-month ly basis 
for one yea r .  

Anderson ,  Franz E . , 1968 , Factors a ffecting the con­
centra t ion o f  particulate matter in estuarine waters . 
Paper presented to the Geo logica l  Soc iety of  Americ a ,  
1968 Annua l Meet ing in Mexico City . 

Anderson ,  F .  E . , 1970 , The periodic cyc le of particulate 
matter in a sha llow , temperate estuary : Jour . Sed . 
Petro logy , 40 , 1 12 8- 11 35 

1 7 1 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

Hydrological Maps 

VI I . 2  Water Balances (Hydrologic Maps) 

US/ IHD Work Group on Hydrological Maps 
c/o U . S .  National Committee for IHD 
2101  Constitution Avenue , N . W .  
Washington , D . C .  20418  

in cooperation with 

Committee on Ground Water 
American Geophys ical Union 
1909 K St . ,  N . W .  
Washington , D . C .  20006 

US/ I HD ref :  

3 . 1 (279) 

PRINC IPAL INVESTIGATOR E. S. Asselst ine and A .  I .  Johnson 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To foster the improvement of pract ical and conceptual aspects 
of hydrological mapping ; to foster apprec iation for the unity 
of the hydrological cycl e  through preparation of hydrological 
maps of atmospheric ,  surface , vados e - zone , and saturated under­
ground water ; and to cooperate with and ass ist the UNESCO/ IHD 
Working Group on Hydrological Maps , subsequently incorporated 
with the UNESCO/ IHD Working Group on Water Balances . 

Preparation of the UNESCO/ IHD Travel ing Exhib it of Hydrological 
Maps , which included 61 maps from 23 countries , presenting a 
broad spectrum of hydrological subj ects and different ways of 
present ing hydrological phenomena . After being shown at uni ­
versities and conferences i n  the United States for about one 
year , the exhibit was sent to Canada , Cuba , and South America . 

In  preparat ion for the exhibit , the Work Group examined about 
300 hydrological maps made in the United States and selected 
about 75 for the UNESCO type col lection . To expedite the 
sel ection , the Work Group developed a map classification 
system that later was adapted to UNESCO ' s  broader needs . 

The Work Group also cooperated with the AGU Committee on Ground 
Water to prepare two chapters for the proposed UNESCO Guidebook 
on the Preparation of Hydrological Maps , scheduled for issue in 
19 75 . This guidebook represents the first attempt to treat the 
preparation of al l types of hydrological maps in a congruent 
fashion . 

Heindl , L . A . , 1970 , Proposal for a U . S .  National Water At las , 
Am .  Water Resources Assoc . Water Resources Bul l . , 6 : 1 ,  p .  1 -6 .  

, 1970 , An Approach to the Rational Classification of 
�Hy�d�ro�l�o�g�ic-al Maps (abstract) , Geol . Soc . America Abstracts with 
Program , 2 : 7 ,  p . 

...-----• 1971 , Hydrological Mapping and the IHD , Nature and 
Resources , 7 : 1 ,  p .  1 5 - 19 . 

, in review , Chapter I - Introduction in Guidebook on 
"P

-
re

_
p
_
a
_
r
_
a-:-t..,.io

-
n Of Hydrological Maps , UNESCO publicat ion scheduled 

for 1975 . 
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Johnson , A, I . ,  and others , in review , Contributions to 
Chapter VI I - Groundwater Maps in GUidebook on Preparation 
of Hydrological Maps , UNESCO publication scheduled for 1975 . 
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TITLE 

Coordinating Counci l  
Resolution i n  force 
and short title 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

Water Stored in Lakes , Reservoirs , and Swamps 

VI I . 2  Water Bal an ces 

u . s .  Forest Service 
U . S .  Department of Agri culture 
North Central Forest Experiment 
Grand Rapids ,  Minnesota 55 744 

Station 

US/ IHD ref : 

1 . 5 ( 33) 

PRINCIPAL INVESTIGATOR Don H .  Boe lter 

OBJECTIVES To obtain data on water in swamps , inflow and outflow, and 
turnover time , and to devel op methods of making reliable 
estimates over vast areas of swampland by extens ion of  results 
from gauged areas . 

SIGN I F I CANT RESULTS About three- fourths of the 1 5  mi l l ion acres of organi c soi ls 
in the United States is in the northern forest zone . Water 
balance measurements on experimental bog watersheds show that 
nearly 20 inches of water are lost  each year by evapotrans­
piration . Heaviest l osses occur in midsummer , although over 
40 percent of annual rainfa l l  also occurs during the 3 summer 
months . Hydrographs from recording wel ls indi cate that evapo­
transpiration may be reduced when bog water tables re cede only 
s li ghtly bel ow the surface . Management techniques which lower 
wet l and water tab les should reduce evaporation loss  and make 
more water avai l ab le for summer streamflow .  Knowledge of the 
streamflow leaving wet land forest watersheds is vital to wood­
land managers planning drainage systems ; to engineers p lanning 
bridges , culverts ,  and water control  structures ; and to water 
managers in agri culture , industry ,  muni cipalities , and the 
wi ldlife fie ld .  New knowledge deve loped in the Southeast 
shows that engineers who use a common drainage formula without 
correction for soi l  moisture storage capacity can under­
estimate peak flows by 60\ during wet periods . Such a large 
underestimation can result in underdesign of bridges , culverts , 
dit ches & other water control structures . 

Recent evidence shows that runoff is not evenly distributed 
from northern bogs and swamps . Flow in the spring months 
accounts for two-thirds or more of the total annual water 
yie ld.  Summer and fal l  flows are low .  Annual peak rates of 
dis charge were l ow and recessions were long , indicating that 
bogs were effective as storage areas for short-term runoff. 
However , they were not effective as long-term storage areas or 
regulation of streamflow. 

Laboratory and fie ld studies of organi c soi l s  measured large 
and signifi cant differences in physi cal properties of various 
peat material s .  Water storage an d  yie ld , as wel l  as rates of 
water movement , were rel ated to degree of decomposition of 
the organic  materi al . 
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REPORTS AVAI LABLE 
PUBLICLY 

Bay ,  R. R. , 1967 , Techniques of hydrologic research in 
forested peat lands , U . S .A .  XIV IUFRO Congress ,  Vol . l ,  
400-415 . 

Klawitter, R. A. , 1 96 7 ,  Water management in coastal plain 
woodlands , South . Lumberman 2 15 (2680) 1 75- 1 7 7 .  

Young , c .  E . , Jr . and R.  A .  Klawitter , 1968 , Hydrology of 
wet land forest watersheds , Proc.  Hydro! .  in Water Research 
Management , Clemson University Conference on Hydrology . 

Bay ,  R. R . , 196 8 ,  Evapotranspiration from two peatland 
watersheds . In "Geochemi stry , Precipitat ion , Evaporation ,  
Soi l-Moisture -;-Hydrometry , "  General Assembly o f  Bern , 
I . U . G . G .  Publ . ' 78 ,  Sept . -Oct . 196 7 ,  'P • 300- 307 .  

Bay ,  R .  R. , 1969 , Runoff from smal l peat land watersheds . 
Jour. Hydrology 9 : 90- 102 . 

Boe lter, D .  H. , 1969 , Phys i cal properties of peats as 
rel ated to degree of decompositi on .  Soi l Sci . Soc. Amer. 
Proc.  33 : 4 ,  606-609 . 

Bay , R .  R. , 1970 , The hydrology of several peat deposits 
in northern Minnesot a ,  u . s .A .  Proc.  Third Intern! . Peat 
Congress , Quebec , 196 8 :  2 1 2- 2 1 8. 

Bay , R.  R. , 1970 ,  Water table relationships on experimental 
basins containing peat bogs . Sympos ium on the Results of 
Research on Representative and Experimental Bas ins . AIHS 
(UNESCO) Pub . 96 , ·p . 360- 368.  

Berg lund , E .  R .  w . , 1970 , Vegetative influence on the di­
urnal and seasonal avai l ab i l ity of solar energy to peat­
l ands . Ph . D .  dissertation , Univ . of Minn . , ' 144 p .  

Boelter , D .  H . , 1970 , Important physi cal properties of 
peat materials . Proc. Third Intern! . Peat Congress ,  Quebec , 
1968 : 150- 154.  

Boe lter , D .  H .  and A .  C .  Mace , Jr . ,  1970 , Measurement of 
organi c soi l  water contents by gamma attenuation .  (Agro­
nomy Abstract) Soi l Sci . Soc. Amer. Annual Meeting , Tucson , 
Ari zona. Aug . 23-27 , 1970 : 1 57 .  

Brown , J . M . , 1971 , Evapotranspiration from some bog vege­
tation .  Bul .  Ecol . Soc. Amer. 52 : 2 ,  39 . (abstract) 

Sander , J.  E . , 1 97 1 ,  Bog-watershed relationships uti l i zing 
electri c analog mode l ing.  Ph . D. Diss . Mi ch .  State Univ . , 
225 p .  

Boelter ,  D .  H . , 1972 , Water table drawdown around an open 
dit ch  in organic soi l s . Jour. Hydrology 1 5 : 329- 340 . 

Boe l ter , D .  H . , 1 972 , Preliminary results of water level 
control on smal l plots in a peat bog . Fourth Int . Peat 
Cong . Proc. , Otaniemi , Finland , June 25-30 ,  1972 , Vol . 3 ,  
34 7- 354 .  
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Brown , J .  M .  , 1972 , The effect of overs tory removal upon 
surface wind in a bl ack spruce bog . USDA, Forest Service , 
Res . Note NC- 137 , 2 p .  

Brown , J .  M . , 1972 , Effect o f  clearcutting a b lack spruce 
bog on net radiation . Forest Sci . 1 8 :  2 73-277.  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Streamflow from the United States into the Atlantic Ocean 
during 1931-1960 . 

VI I . 2  Water Balances 

u . s .  Geological Survey 
National Center 
Reston , Virginia 22092 

c.  D .  Bue 

US/ IHD ref :  
1 . 6 (306 ) 

To furnish data on streamflow into the Atlantic Ocean. The 
data consisted of the following : Discharge by years from 
specified segments of coast l ine for a 10-year period (the 
period not specified) , discharge of the Charles River at 
mouth for the period 1920- 1960 , and the mean discharge of 
the Hudson River at mouth for the period 1 890- 1960 , and 
mean monthly dis charge of the Penobscot and James Rivers 
at mouth for a 1 0-year period (the period not specified) . 

Streamflow from the United States into the At lantic Ocean, 
between the international stream St . Croix River,  inclusive , 
and Cape Sab l e ,  Fla. , averaged about 355 , 000 cfs (cubic feet 
per second) during the 30-year period 1941-60 , or roughly 20 
percent of the water that , on the average flows out of the 
conterminous United States . The area drained by streams 
flowing into the Atlantic Ocean is about 288, 000 square mi les , 
including the Canadian part of the St . Croix and Connecticut 
River basins , or a little  less than 10 percent of the area of 
the conterminous United States . Hence , the average streamflow 
into the Atl antic Ocean , in terms of cubic feet per second per 
square mile , is  about twi ce the national average of the flow 
that leaves the conterminous United States . Flow from about 
three- fourths of the area draining into the At lantic Ocean is 
gaged at s treamflow measuring stations of the u . s .  Geological 
Survey . The remaining one- fourth of the drainage area consists 
mostly  of low- lying coastal areas from whi ch  the flow was 
estimated, largely on the basis of nearby gaging stations . 

Streamflow , in terms of cubic feet per second per square mi le , 
decreases rather progressivley from north to south . I t  
averages nearly 2 cfs along the Maine coast , about 1 cfs along 
the North Carolina coast , and about 0 . 9  cfs along the Florida 
coast . 

Bue , c .  D. , 1970 , Streamflow from the United States into the 
Atl antic Ocean during 1931- 1960 : U . s . Geo l . Survey Water-Supp ly 
Paper 1899- 1 ,  36 p .  
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

O�ECTIWS 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrology of Prairie Potholes 

VI I . 2  Water Balances 

U . S .  Geological Survey 
Denver Federal Center 
Denver , Colorado 80225 

W. S. Eisenlohr,  Jr . 

US/ IHD re f :  

2 . 3 ( 84) 

To determine the general hydrologic characteristics of the 
prairie potholes and the corresponding influence on the 
ecology of the area (primari ly migratory waterfowl) . 

The prairie pothole  region provides the best breeding grounds 
for migratory waterfowl , yet much of that region has already 
been drained for agriculture and the drainage of more pot­
holes is in  progress . I t  is important that the prairie 
potholes most desired by waterfowl for breeding , feeding , and 
resting be preserved for their use .  To sel ect the potholes to 
be preserved requires a thorough understanding of their 
hydrology . 

The usefulness of a prairie pothole  to waterfowl depends on 
the l ength of time it contains enough water to benefit the 
waterfowl . The principal gain of water in a pothole comes 
from snowmelt runoff in the spring . There are additional 
gains in some years as a result of rains and the runoff from 
torrent ial rainstorms . As a very few potholes overflow , evapo­
transpiration and seepage are the only loss from most pothol es .  
By evaluating these losses one obtains a measure of the useful­
ness of a prairie pothole and the gain in amount of water that 
could be required to keep it useful . 

Eisenlohr , W .  S . , Jr . ,  and C .  E .  Sloan , 1968 , General i zed 
hydrology of prairie potholes on the Coteau du Missouri , 
North Dakota :  u . s .  Geol . Survey Circular 558 . 

Eisenlohr , W .  S . , Jr . ,  1965 , Hydrology of prairie potholes in 
Northcentral United States : Bul l . of the International 
Associat ion of Scient ific Hydrology , Sept . ,  p .  49-50 . 

Eisenlohr ,  W .  S . , Jr . , and others , 197  , Hydrologic 
investigat ions of prairie potholes in North Dakota , 
1959-68 : U . S .  Geol . Survey Prof . Paper 585-A ( in press) . 

Sloan , c .  E . , 1972 , Groundwater hydrology of prairie 
potholes in North Dakota :  U . S .  Geol . Survey Prof . 
Paper 585-C , 29 p .  

Eisenlohr , W .  S . , Jr . , 1966 , Determining the water 
balance of a lake containing vegetation , International 
Association of Scientific Hydrology Pub l ication 70 , 
p .  9 1 -99 . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGHIPICANT RESULTS 

REPORTS AVILABLE 
PUBLICLY 

Precipitation Data for the United States 

US/IHD ref :  
VI I . 2  Water Balances , 1 . 2  (45) 

Nat iona l Weather Service , NOAA 
Gramax Bui lding 
8060 Thirteenth Street 
S i lver Spring , Mary land 20910 

Ra lph F .  Kresge 
Office o f  Hydro logy 
Nat iona l Weather Service , NOAA 
S i lver Spring . MD 209 10 

To provide accurate knowledge about bow much water exists . 
where it occurs , and bow much actua l ly is ava i lab le for 
use . 

Pub l ished data from a l l  prec ipitat ion observat ion 
stations , over 13 , 000 in number . are ava ilab le for 
appra isa l  and invest igat ion of the water resources 
o f  the nat ion . Many o f  these s ta t ions have been 
and are being used in connection with other Decade 
proj ects .  Among these proj ects are representative 
and experimental  bas ins , re ference c l imatologica l 
stat ions , and evaporat ion stat ions . Further to 
assist  in the internat iona l exchange of precipitat ion 
data from the IHD , data from a network of 143 stat ions 
in the cont iguous U . S .  are avai lab le in Wor l d  Weather 
Records for North America , 195 1 -60 . 

Bas ic prec ipitat ion , pan -evaporat ion ,  and c limatological  
data  are compiled and pub lished on a month ly and annua l 
basis in C limatolo�ica l Data , and Hourly Prec ipitat ion 
Data , by the NOAA Environmenta l  Da ta Service . These 
compilat ions are ava i lab le from the NOAA - Nat iona l 
C l imat ic Center , Ashev i l le ,  North Caro lina . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

World Water Balance 

US/ IHD ref :  
VI I . 2  Water Balance 1 . 12 (348) 

US/ IHD Work Group on the World Water Balance 
National Academy of Sciences 
2101 Constitution Avenue , N . W .  
Washington , D . C . 20418  

PRINCIPAL INVESTIGATOR R. L . Nace , Chairman 

OBJECTIVES The obj ectives of this Work Group were to promote activities 
within the u . s .  leading to better understanding of the world 
and regional water balances and to provide information for 
international compilations regarding the various parameters 
of the hydrological cycle in the United States . 

S IGNIFICANT RESULTS The Chairman of this u . s .  Work Group was also the u . s .  Represen­
tative to the corresponding UNESCO International Working Group 
on World Water Balance . Through this l iaison the u . s .  Work 
Group was able to contribute to the overal l direction of the IHD 
on this subj ect . Further, the Chairman served as the Coordinator 
for U . S .  part icipation in the International Symposium on World 
Water Balance held in Reading , Eng land in July 1970 .  In addition 
to assuring presentation of several U . S .  contributions the Work 
Group provided suggestions on the symposium program. Other 
activities included the preparation of a catalog of U . S .  hydro­
logical networks , provi sion of u . s .  data on floods , lakes , and 
water quality to UNESCO , securing the trans lation of a pertinent 
Russian paper , and the promotion of a U . S .  Water At las . 

REPORTS AVAI LABLE U . S .  National Committee for the IHD , 1972 , Catalog of Inter-
PUBLICLY national Hydrological Decade Stations and Networks in the 

United States , National Academy of Sciences-National Research 
Counci l ,  Washington, D . C . , 66 p .  

Kude lin,  B .  I . ,  I .  S .  Zektser, A .  V .  Meskhete1i , and S .  A. 
Brusi lovsky , The Prob lem of Groundwater Discharge into the 
Seas , U . S .  IHD Bulletin,  No . 19 ,  Reprinted from EOS, Trans­
actions American Geophysi cal Union , 52 : 10 ,  197 1 , trans lation 
by F .  W. Trainer , 6 p .  

Nace , R .  L . , 1969 , Water and man : a world view ,  UNESCO and its 
programme series , UNESCO , Paris ,  France , 46 p .  

Nace , R .  L . , 1967 , Water Resources : A Global Problem with Local 
Roots ,  in Environmental Science and Technology , 1 : 7 , pp . 550- 560 . 

Geraghty , J .  J . , and others , 1973,  Water At las of the United 
States (2nd edition) , Water Informat ion Center, Port Washington, 
N . Y . , 244 p .  (unnumbered) . 

Nace , R. L . , 1970 , World hydro logy : status and prospects ,  in 
Proceedings of Symposium on world water balance , Reading , England 
1970 , IAHS Pub l ication no . 9 2 ,  vol . I ,  1 0  p .  

1 80 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


Eagleson , P .  S .  and R .  F .  Lariviere , 1970 , The Scale of Oceanic 
Influence on Continental Precipitation , in Proceedings of 
Sr-pos iua on world water balance , ReadinJ; Engl and 1970 , IAHS 
Pub lication no . 92 , vol . I ,  6 p .  

Siapson , E .  S . , D .  B .  Thorud , and I rving Friedman ,  1970 , 
Distin,uishing winter from summer recharge to groundwater in 
southern Arizona by deuterium analysis , in Proceedings of 
Sy.pos ium on world water balance , ReadinJ; England 1970 , IAHS 
Publ ication no . 92 , vol . I ,  2 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN mARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNII"ICANT REStn.TS 

REPORTS AVAILABLE 
PUBLICLY 

Discharge o f  Surface Water to the Sea 

VI I . 2 Water Balances 

U . S .  Geo logica l  Survey 
Nat iona l Center 
Res ton 1 Va . 22092 

A l fonso Wi lson ; Kath leen T. Iseri 

To compi le data . in at las form1 on the surface 
water component of discharge of water to the sea 
from the United States . A laska and Puerto Rico . 

Displays maps showing discharge to the sea from the 
United States and Alaska in 1966 and 1967 1 tota lled 
as  fo llows : 

US/ IHD ref: 

1 . 6  (66) 

l"rom conterminous United States 
To At lant ic Ocean 
To Pac ific Ocean 
To Gulf  of Mexico 

l"rom Alaska to Pac ific Ocean 

(rounded) 

10 . 180 
14 . 140 
2 5 . 120 
42 . 800 

Tota l  (rounded) 92 . 000 

Wi lson 1 Alfonso . and K. T .  Iser i 1  1969 1 River discharge 
to the sea trom the shores of the conterminous 
United States . Alaska . and Puerto Rico : U . S .  Geo l .  
Survey Bydro l .  At las 282 . 
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Coordinating Counci l Resolution No . VI I . 3  Groundwater Studies 

Resolution No. VI I . 3  

The Council ,  

2 .  

4 .  

Recofiizing the great complexity of tasks facing the 
Work:Rg Group [on Groundwater Studies ] ;  

Accepts the work plan of the Working Group up unti l  the 
end of the Decade , whi ch  was adopted at its first sess ion 
in Paris and includes the compi lation of international 
guides on :  

the design and pl anning of networks of observation 
wells ; 

hydrogeological mapping ; 

the use of geophysical methods in exploration of ground­
waters ; 

the hydrogeologi cal studies in areas with fissured and 
carbonate rocks ; 

the exploration of quality of groundwaters ; 

the methods of exploration and forecasting of ground­
water resources in l arge areas ; 

the international glossary of hydrogeological terms for 
the second edition of the "International Guide on Ground­
water studies " ;  

s .  Decides that the Working Group should continue its acti­
V1t1es in the framework of the terms of reference estab­
l ished by the Counci l at its sixth session in resolution 
VI . 4 ;  

6 .  Directs the Working Group to give priority in its plan for 
1972- 19 74 to : 

(a) compi lation of an international guide on the methods of 
exploration and estimation of various types of deposits 
of fresh groundwater , and the organization in 1973 of 
an international seminar on this subj ect ; 

(b) compi l ation of an international guide on hydrogeologi­
cal work with a view to land use ;  

(c) compi l ation of an international guide on hydrogeologi ­
cal mapping ; 

7 . Requests the Working Group , at its next session ,  to define 
the priority tasks of the long-term programme of interna­
tional co-operation for the exploration of groundwater in 
accordance with resolution VI I . l 3 of this session. 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

Significance of  Groundwater Chemistry in Performance of North 
Sahara Tube We l ls in Algeria and Tunis ia 

VII . J  Groundwater Studies 
III. lS Regional Co -operat ion 

US/ IIfD ref:  

3 . 6 (301) 

ORGANI ZATION IN QIARGE U . S .  Geo logical  Survey 

OF ACTIVITY National Center 
Reston ,  Virginia 

PRINCI PAL INVESTIGATOR F .  A. Clarke and B .  F .  Jones 

OBJECTIVES 

SIGRIFICANT RESM.TS 

REPORTS AVAILABLE 
PUBLICLY 

To determine if the waters from the princ ipa l North Sahara 
aquifers of Algeria and Tunisia are likely to cause 
corros ion and minera l encrus tation on wel l  cas ings and 
fi lter p ipes and thus contribute to observed reductions 
in discharge and qua l ity changes in irrigat ion we lls . 

Although the sha l low and deep waters differ s ignificant ly 
in certain qua lity factors , a l l  are sulfochloride types 
with corros ion potentia ls ranging from moderate to extreme . 
None appear to be sufficient ly supersaturated with 
troublesome mineral spec ies to cause rapid or severe 
encrustat ion of fi lter pipes or other we l l  parts . 
However , calcium carbonate encrustation of deep -we l l  
cooling towers and re lated irrigat ion pipes can b e  expected 
because of loss  of  carbon dioxide and water during evaporat ive 
cooling . 

Corrosion products , part icularly iron sulfide , can be 
expected to deposit in we lls producing water from the deep 
aquifer . 

Both the shal low waters and the deep waters examined in 
this s tudy will tend to cause soil salinizat ion because 
their s a lt content are re latively high , and both have sodium 
absorption rat ios which are unfavorab le to sodium-sensitive 
soils and vegetation. 

C lark, F . E .  and B . F .  Jones , 1972 , Significance of Ground­
water Chemistry in Performance of North Sahara Tube We lls 
in Algeria and Tunis ia .  U . S .  Geo l .  Survey Water-Supply 
Paper 1757-M, 39 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIF ICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

International Glossary of Hydrogeology 

VI I . 3  Groundwater Studies 

US/IHD Work Group on Groundwater Studies 
National Academy of Sciences 
2 1 01 Constitution Avenue , N .W .  
Washington, D . C .  20418  

George H. Davis , Chaiman; 
Seymour Subitzky ,  Principal Reviewer 

US/IHD ref :  
3 . 5 .(288) 

To review the English language version of the UNESCO 
report , " International G lossary of Hydrogeology , "  
prepared under the direction of Jean Margat . 

The review was completed and appropriate revisions 
and suggestions were made . The report is scheduled 
for publication in 1975 and wil l  satisfy a long felt  
need for an authoritative multilingual g lossary on 
the subj ect of hydrogeology. 

Margat , Jean (ed. ) ,  in preGNEStion , International 
Glossary of Hydrogeology , CO, Paris ,  France . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Application of Geophysical Logging to Groundwater Studies in 
Southern Saskatchewan 
VI I . 3  Groundwater Studies 
I I I . lS Regional Co-operation 

US/IHD ref :  
1 . 8 (317) 

ORGANIZATION IN CHARGE Saskatchewan Research Counci l U . S .  Geological Survey 
Denver Federal Center 
Denver , Colorado 80225 

OF ACTIVITY Saskatoon, Saskatchewan 
Canada 

PRINCIPAL INVESTIGATOR J .  H .  Dyck W .  S .  Keys 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

To evaluate various logging methods under field conditions in 
Saskatchewan . 

Single-point resistance and spontaneous potential logs in fresh­
water fi l led rotary-dri l led test-holes provide data useful in 
geohydro logic studies in Saskatchewan . These geophys ical logs 
are made by many of the water we l l  dri l l ing contractors in 
Saskatchewan on a routine basis . The logs provide good reso­
lution of various l ithologic units and provide data required to 
estimate the sal inity of water in sand beds prior to construct­
ing a we l l .  

Caliper logging offers a potential ly useful method for evalu­
ating ho le conditions and the effect of dri l l ing techniques on 
the formation in completion zones . The casing col lar locator 
log run in a previous ly constructed wel l near Estevan demon­
strates that this device can provide an accurate and obj ective 
measurement of the position and length of each j oint of casing , 
the position of the s creen assembly,  and the location of 
screened and b lanked intervals within the screen assembly .  
This tool should find general appl ication i n  water wel l  con­
struction and maintenance practice . 

The neutron-epithermal neutron log provides a method of mea­
suring the porosity of sand and gravel beds . The response of 
the gamma log is similar to that of the spontaneous potential 
log and the neutron-epithermal neutron log deflects in a 
fashion simi lar to the resistance and resistivity logs . Nuclear 
logs offer the advantage that they can be run in cased or un­
cased boreholes which may be fi l led with any type of fluid . 
They require more complicated and expens ive instrumentation and 
s low-speed logging to obtain the required resolution . The 
normal resistivity logs offer the possibil ity of determining 
the concentration of disso lved solids in the formation water . 
The gamma-gamma log is a poor alternative to the natural gamma 
and neutron log for stratigraphic corre lations . 

Dyck , J .  H . , W .  S .  Keys , and W .  A .  Meneley ,  1972 , Application 
of geophys ical logging to groundwater studies in southern 
Saskatchewan, Canadian Journal of Earth Sciences , 9 , 78-94 . 
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN mARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Qualitative and Quantitative Evaluation 
of Infra-red Imagery 

V I I . 3  Groundwater Studies 

Battel le-Northwest 
P . O. Box 999 
Richland, Washington 99352 

J. R. Eliason 

To provide digital computer compatib le IR scanning 
systems to enhance qualitative and quantitative 
evaluation of Infra Red Imagery. 

US/IHD ref:  
3 .8  ( 159) 

Techniques were deve loped for the analysis and display 
of surface temperature data obtained by means of an 
aerial infra-red scanner. The output of the scanner is 
initial ly recorded in analog form on magnetic tape , 
then is subsequent ly digitized and processed in a digital 
computer. The processing program applies the necessary 
geometric and temperature corrections , calibrates the 
s ignal s ,  and produces the final output . An editing 
capability is provided whereby land area can be deleted 
and areas of particular interest can be isolated and 
expanded. Output is avai lable in several forms : 
(1 )  Temperature leve ls represented by distinctive 
patterns or by numbers or letters , (2 )  Contour plots 
and stero pairs of contour plots , (3)  Oblique proj ections 
of the thermal surface , (4) Intensity modulated pictures . 
The temperature sensitivity of the system is about . 2

•
c .  

Eliason ,  J .  R.  e t  aL, 1968 , Techniques for Qualitative 
and Quantitative Evaluation of Infra-red Imagery. 
U . S .  AEC Report BNWL-SA-1698.  
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Sodium Solphate Studies 

VI I . 3  Groundwater Studies 

U . S .  Geological Survey 
National Center 
Reston , Va . 22092 

I .  G. Grossman 

US/IIID ref :  
2 . 11 (203) 

To explain the origin of the sodium sulphate deposits of 
the northern Great Plains of Canada and the United States . 

Widespread surficial depos its of sodium sulphate in the 
Northern Great Plains may have been derived from deeply 
buried evaporates of the Prairie Formation of Devonian 
Age . Groundwater from the Rocky Mountain area presumably 
circulated eastward into the large structural basin under­
lying in the Great Plains in Canada and northern United 
States , dissolving the evaporates at great depths from 
late Devonian time onward . In late Pleistocene time , 
ascending mineral ized groundwater discharged into melt­
water channels in stratified drift overlying buried 
bedrock valleys . Freezing segregated pure crystals of 
sodium sulphate which accumulated in meromictic lakes . 
The res idual brines discharged into streams draining 
southward into the Missouri River system .  Ris ing 
temperatures and increasing aridity gradual ly dis ­
integrated the drainage pattern in an area where the 
deposits were reserved beneath existing or shrunken 
lakes . 

Grossman , I .  G . , 1968 , Origin of the sodium sulphate 
depos its of the northern Great P lains of Canada and 
the United States , U . S . Geological Survey Professional 
Paper 6008 ,  p .  8104-8109 . 
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TITLE 

Coordinating Council  
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

/ Investigation of Methods for the In-place Measurement 
of Vadose Zone �drauli� Parameters 

US/ IHD ref: 
VII . 3  Groundwater Studies 

U . S .  Atomic Energy Commission 
Washington . D . C .  20545 

R. E .  Isaacson .  At lantic Rich fie ld Banford Co . 
Rich land . Wash . 99352 

3 . 3  (92) 

To perfect techniques for measuring hydraul ic character­
istics of  partia lly-s aturated soils in s itu .  (to examine 
recent ly deve loped ins trumentat ion and equipment and to 
app ly the advances in e lectronic component des ign .  
minimizat ion . pressure -sens ing equipment . and soil  
mo isture probes to in s itu soi l measurements . )  

Mois ture migrat ion in arid soi l i s  dominated by gaseous 
phase diffus ion parameters . Maximum depth of penetrat ion 
o f  fa l lout trit ium re la tes to barometric cyc ling . 

Hs ieh . J .  J .  c . •  L .  E .  Browne l l  and A .  E .  Re isenauer . 
1972 , Lys imeter Experiment Descript ion and Progres s  Report 
on Neutron Measurements .  Batte l le -Northwes t ,  Rich land 1 
Washington , BNWL-171 1 .  

Hs ieh 1  J .  J .  c . •  A .  E . Re isenauer and L .  E .  Browne l l . 
1972 , A Study of So i l  Water Potent ia l and Temperature 
in Banford Soi ls . Batte l le -Northwes t ,  Rich land , 
Washington , BNWL-1712 . 

McHenry , J .  R. and A .  C .  Gill , 1970 ,  Measurement of 
So i l  Moisture with a Portab le Gamma Ray Scint i l lation 
Spec trometer , Water Resources Res . , 6 : 3 1  p .  989-992 . 

Wiebe , B .  H . , et a L,  197 1 ,  Measurement of Plant and 
So i l  Wa ter Status . Bul let in 484 , Utah State Univers ity . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Soil Moisture Transport in Arid Site Vadose Zones 

VI I . 3  Groundwater Studies 

Atlantic Richfie ld Hanford Company 
Richland ,  Washington 99352 

R. E. Isaacson 

US/IHD ref :  
3 . 3 (300) 

To thoroughly study the movement of water , both upward and 
downward , under various conditions of wetting in the zone of 
aeration with particular reference to questions about percolation 
of rain water and snow melt to the water table . 

Soi l-moisture re lationships are being studied for selected soils 
on the Hanford reservation to determine the rate and direction 
of soi l moisture movement in the vadose zone high above the deep 
water tables . The purpose is to establish with greater certainty 
the fate of radionuclides stored in the sediments on the Hanford 
reservation . Observations to date indicate that the annual pre­
cipitation of meteoric water does not percolate to the water 
table but apparently moves downward only a few meters during the 
fal l and winter months and is removed by evaporation and evapo­
transpiration during the summer . 

The movement of soi l water downward is influenced by the soil 
temperature . A decrease in temperature during autumn and winter 
increases the surface tens ion of water in the capillaries of the 
soi l thus providing a holding system that prevents transport of 
water downward . Lower temperatures increase the radius of cur­
vature and, therefore , the volume of the meniscuses of water held 
at the points of soi l -particle contact . This is one reason for 
the increase in soi l moisture as temperature decreases . 

Temperature gradients in autumn and winter tend to move water 
from depths toward the surface except for a short period during 
February and possib ly March . During late spring and sUIIIIIler the 
temperature gradients in the soi l near the surface reverse but 
upward transport of water by surface evaporation , evapotrans­
piration , and diffus ion negates the mechanisms for downward 
percolation . 

Work has shown that there is a critical rainfall  that is required 
to cause moisture to migrate to the water table . Further studies 
are showing that commonly accepted equations in hydrology that 
assume isothermal conditions are not general ly applicable in arid 
or semiarid regions having a deep water table , and conservation 
of momentum express ions must be developed and evaluated . I t  has 
become apparent that temperature , not gravity , is the primary 
driving force for moisture transport in the more arid soi ls .  

I saacson , R .  E . , et al . ,  1974 , Soi l Moisture Transport in Arid 
Site Vadose Zones , ARH-SA- 169 (SM- 182/6) , At lantic Richfield 
Hanford Co . , Richland, Washington , 25 p.  (See also report 
ARH-2983 , 1974 . )  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

S IGNIF ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Digital Computer Methods for Evaluating Groundwater Recharge 

VI I . 3 Groundwater Studies 

U . S .  Atomic Energy Commission 
Washington , D .C . 20545 

R.  E .  Isaacson , Atlantic Richfield & Hanford Co. 
D .  B .  Cearlock ,  Batte l le Northwest Laboratory 

US/ IHD ref :  
3 . 8 (9 1 )  

To determine the effects of  s i ze and configuration of  these 
faci lities on groundwater recharge capacities . Also to de­
termine the effect of soi l heterogeneities and depth to water 
tables on recharge rates wi l l  be evaluated . 

Significant advancement in computer technology has made digital 
modeling of groundwater systems practical . Realistic stimu­
lations of transient heterogeneous grounded water systems have 
been developed by several investigators . Both local and basin 
wide modeling can be routinely made . 

Several significant reports are listed be low. 

Kipp , K. L . , D .  B .  Cearlock and A .  E .  Reisenauer , 1973 , 
Mathematical Model ing of a Large , Transient , Unconfined 
Aquifer with Heterogeneous Permeability Distribution , Trans­
actions AGU 53 : 4 .  

Kipp , K .  L . , D .  B .  Cearlock ,  A .  E .  Reisenauer and C .  A .  Bryan, 
1972 , Variable  Thickness Transient Groundwater Flow Model 
Theory and Numerical Implementation , Battel le-Northwest , 
Richland ,  Washington , BNWL- 1703 .  

Kipp , K .  L .  and D .  B .  Cearlock , 197 2 ,  The Transmiss ivity 
Iterative Calculation Routine - Theory and Numberical 
Imp lementation , Battel le-Northwest ,  Richland , Washington ,  
BNWL- 1 706 . 

Addison , L. E . , D .  R .  Friedrichs and K. L .  Kipp , 19 72 , The 
Transmissivity Iterative Programs on the PDP-9 Computer -
A Man-Machine Interactive System ,  Battel le-Northwest ,  Richland ,  
Washington , BNWL- 1 707 .  

DeNier, w.  V . , A .  E .  Reisenauer and K.  L .  Kipp , 1972 , Variable 
Thickness Transient Groundwater Mode l Program-User ' s  Manual , 
Battel le-Northwest , Rich land Washington , BNWL- 1 704 . 

Freeze , R .  A. , 197 1 , Three-Dimens ional , Transient , Saturated­
Unsaturated Flow in a Groundwater Basin , Water Resources Res . 
7 : 2 , 347- 366 . 
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Bredehoeft , J .  D .  and G .  F .  Pinder , 1970 ,  Digital Analysis 
of Areal Flow in Multiaquifer Gro1mdwater Systems : A 
Quasi-Three Dimensional Model ,  Water Resources Research 
6 : 3 , 883- 888 .  

Cearlock ,  D .  B .  and A. E .  Reisenauer, 1971 , Sitewide 
Gro1mdwater Flow Studies for Brookhaven National Laboratory, 
Upton, L. I . , New York , Pacific Northwest Laboratories , Un­
documented Report , Battel le Memorial Institute .  

D . L .  Schrieber , A.  E .  Reisenauer, K. L.  Kipp and R. T. Jaske , 
1973 , Anticipated Effects of an Unlined Brackish-Water Canal 
on a Confined Multiple-Aquifer System,  Battel le-Northwest , 
Richland, Washington , BNWL- 1 800 . 

Friedrichs , D. R. , 1973, A Graphic Digitizer Program to 
Interpol ate Matrix Grid Values : Users Manual , Battel le­
Northwest , Richland, Washington , BNWL- 1652 . 

Friedrichs , D .  R. , 1972 , Graphic Display of Three-Dimensional 
Surfaces-User' s Manual , Batte lle-Northwest ,  Richland, 
Washington , BNWL- 1 722 .  

Ahlstrom, s .  W. and R .  G .  Baca, 1974 , Transport Model-User' s 
Manual , Battel le-Northwest ,  Richland, Washington , BNWL- 1 716 .  

Routson ,  R. C .  and R.  J .  Serne , 1972 , Experimental Support 
Studies for the Percol and Transport Mode ls ,  Battel le-Northwest , 
Richland, Washington , BNWL- 1719 . 

Routson , R. c .  and R. J .  Serne , 1972 , One-Dimensional Model 
of the Movement of Trace Radioactive Solute Through Soil 
Columns : The Percol Model ,  Battel le-Northwest ,  Richland,  
Washington , BNWL- 1718 .  

Serne , R. J . , R.  C .  Routson and D.  A .  Cochran , 1973 ,  Experi­
mental Methods for Obtaining Percol Model Input and Verifi­
cation Data, Battel le-Northwest ,  Richland, Washington , BNWL- 172 1 .  

Friedrichs , D .  R. , 1972 , Information Storage and Retrieval 
System for Wel l  Hydrograph Data-User ' s  Manual , Battel le-Northwest , 
Richland ,  Washington , BNWL- 1 705 . 

Addison, L .  E . , D .  R. Friedrichs and K .  L. Kipp , 1972 , Trans­
missivity I terative Program-User ' s  Manual , Battel le-Northwest ,  
Richland, Washington , BNWL- 1708. 

Kipp , K .  L .  and R. D .  Mudd, 1973 , Col lection and Analysis of 
Pump Test Data for Transmissivity Values , Battel le-Northwest , 
Richland, Washington , BNWL- 1 709 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Study of Depres s ion in Groundwater and Mois ture 
F low in the Vadose Zone 

VII . 3  Groundwater S tudies 

Ba ttelle Memoria l Ins t itute 
P . O . Box 999 
Rich land , Washington 99352 

D. R.  Ka lkwarf 
A. E.  Reisenauer 

US/ IHD ref:  

3 .  5 (09) 

To deve lop accurate methods to mathematical  mode ls and 
as soc iated digita l computer programs for describing 
hydro logic depress ions and trans ient mois ture movements 
in the vadose zone . 

Severa l digita l computer mode ls have been deve loped 
for describ ing hydro logic depress ions and trans ient 
mois ture movements in the vadose zone . Expans ion 
into mult idimens iona l heterogeneous , unsatura ted­
trans ient sys tems has been achieved . 

Cearlock , D . C . , 1966 , Transport Ana lys is - Bas ic 
Predictive Approach to the Movement of  Po l lutants 
Through So i ls , Proceedings of the 2 1s t  Annua l Purdue 
Indus trial Was te Con£ . , La fayett e ,  Indiana , May 3 -5 ,  
1966 . 

King , L . G . , 1965 , Descript ion of Soi l  Characteris t ics  
of  Part ially Satura ted Flow, Soil Sc ience Soc iety of 

· American Proceedings , 29 : 4 .  359-362 . 

Ne lson , R . W . , 1966 , A Sequence for Predict ing Waste  
Transport by Ground Water , 1966 Water & Sewage Works 
Re f .  Vo l .  (Scranton Pub lishing Co . , Chicago , I l l inois) . 

Re isenauer , A . E . , 1973 , D . B .  Cear lock and C . A .  Bryan , 
Numerica l So lut ion of the Richa rd ' s  Equat ion and 
App licat ion to Unsa turated Flow Prob lema , Transact ions 
AGU 53 : 4 .  

Re isenauer , A . E . , D . B .  Cearlock and C . A .  Bryan , 1972 , 
Part ia l ly -Satura ted Trans ient Groundwater Flow Mode l 
Theory and Numerical  Imp lementation , Ba tte lle-Northwest , 
Rich land , Washington , BNWL- 1 7 13 .  

Reisenauer, A .  E . , 1973.  Calculation of Soi l Hydraulic 
Conductivity from Soil-Water Retention Relationships , 
Batte l le-Northwest . Rich land. Washington , BNWL- 1710 .  
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Bredehoeft , J .  D .  and G .  F .  Pinder, 1970 ,  Digital 
Analysis of Areal F low in Multiaquifer Groundwater 
Systems : A Quasi-Three Dimensional Model , Water 
Resources Research 6 (3) , pp . 883- 888. 

Cearlock , D .  B .  and A. E .  Reisenauer, 197 1 ,  Sitewide 
Groundwater Flow Studies for Brookhaven National 
Laboratory, Upton , L. I . , New York , Pacific Northwest 
Laboratories , Undocumented Report , Battel le Memorial 
Institute, 

Schrieber , D.  L . , . A. E .  Reisenauer , K. L .  Kipp and 
R. T. Jaske , 1973 , Anticipated Effects of an Unlined 
Brackish-Water Canal on a Confined Multiple-Aquifer 
System, Battel le-Northwest , Richland , WA. , Report 
BNWL- 1 800. 

Ahlstrom, s. W. , R.  J. Serne , R. c .  Rouston, and 
D. B. Cearlock , 1974 , Methods for Estimating Transport 
Model  Parameters for Regional Groundwater Systems , 
Battel le-Northwest ,  Richland,  WA. , Report BNWL- 1717 ,  
23 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTI VITY 

PRINC I PAL INVESTI GATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Salt Water Intrusion into Coastal Aquifers - Miami Area, Florida 

VI I . 3  Groundwater Studies 

u . s .  Geological Survey 
National Center 
Reston , Virginia 22092 

F. A. Kohout 

US/ IHD ref :  

2 . 8 (339 )  

T o  investigate the dynamics of the salt-water front of the 
Bis cayne aquifer . 

Investigations in the coastal part of the Biscayne aquifer , 
a highly productive aqui fer of l imestone and s and in the 
Miami area , Florida, show that the dynamical ly stab le salt­
water front is  a much as 8 mi les seaward of the position 
computed according to the Ghyben-Herzbert principle .  This 
dis crepancy results l arge ly from the fact that the salt water 
in the Biscayne aquifer is not static ,  as exp lanations of the 
balance between fresh water and s alt water commonly assume . 
Equipotenti al l ines in terms of equivalent fresh-water head in 
wel ls shows that , when the fresh-water head is  high , water in 
all parts of the aquifer moves seaward , but that when the head 
is  l ow ,  s alt water circul ates from the floor of the sea through 
the lower part of the aquifer into the zone of diffusion,  and 
thence back to the sea. 

By use of hori zontal gradients derived from the low-head equi­
potential diagrams , a flow net has been constructed to show 
the movement of fresh and salt water in the aquifer .  About 
seven- eights of the total discharge at the shorel ine originates 
as fresh water in inland parts of the aquifer . The remaining 
one-eighth represents a return of sea water entering the aquifer 
through the floor of the sea. 

Cooper , H.  H. , F. A .  Kohout , H.  R .  Henry , and R. E. Glover, 
1964 ,  Sea water in coastal aquifers , u . s .  Geol . Survey Water­
Supply Paper 16 1 3-C , 84 p .  

Kohout , F .  A . , an d  Howard Klein , 1 967 , Effect o f  pulse recharge 
on the zone of diffusion in the Biscayne aquifer , Haifa Sympo­
sium on Artificial Recharge and Management of Aquifers , Inter­
national Assoc. of Hydrological Sciences Pub l c .  no . 72 , p. 252-
270.  

Kohout , F .  A . , and M .  c .  Kol ipinski ,  1 967 ,  Biological Zonation 
related to groundwater dis charge along the shore of Bis cayne 
Bay , Miami , Florida, in Estuaries , Am. Assoc. Advancement of 
Science Public .  no . 83 , p. 488-499 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Submarine Springs 

VI I . 3  Groundwater Studies US/ IHD ref :  
2 . 3  (338) 

ORGANIZATION IN OIARGE ju . S .  Geological Survey 
OF ACTIVITY �ational Center 

Reston , Virginia 22092 

PRINCIPAL INVESTIGATOR F .  A. Kohout 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

�o investigate the nature , origin , and dynamics of submarine 
springs . 

Fresh-water submarine springs imply that the landward segment 
of an aquifer is underdeveloped because unutil i zed fresh water 
continues to be lost in the sea. Cessat ion of flow indicates 
that safe yield of an aquifer has been exceeded . I f  the land­
�ard head fal l s  too far below that of sea level , the conduit 
to the submarine provides a path of ingress for salt water . 
!Remote sensing of temperature anomalies between spring and 
sea water appear to provide a bas is for estimating discharge . 

Kohout , F .  A . , 1966 , Submarine springs : A neglected phenomena 
�f coastal hydrology , Ankara Sympos ium on Hydrology and Water 
Resources Development ; Central Treaty Organi zation (CENTO) , 
�kara , Turkey , p .  391 -413 . 

�ohout , F .  A . , M . C .  Kol ipinski , and A .  L .  Higer , 1973 , Remote 
�ensing of submarine springs : Florida Platform and Jamaica , �est Indies , Second Palermo Symposium on Ground Water - Hydrology 
pf Fractured Rocks , Palermo , Sicily ( I taly) . !! press . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVIT\' 

PRINC I PAL INVESTIGATOR 

Ground Water Pol lution - The Authoritative Primer 

VI I . 3  Groundwater Studies 
VI I . 9 Hydrological problems related to Water 

Qual ity 

National Water Wel l  Association 
88 Broad Street 
Columbus , Ohio 43215  

J .  H .  Lehr 

US/IIID ref :  

2 . 5  (178)  

To present a comprehens ive overview of groundwater pol lution 
in lay terms suitable for use by water wel l  dri l lers , their 
cl ients , and the general public . 

The material was presented under the fol lowing section headings : 

The Protection of Ground Water Resources 
The Avai labil ity and Use of Ground Water 
The Classification of Ground Water Pol lutants 
Ground Water Pol lution from Surface Sources 
Ground Water Pol lution from Production We l ls 
Ground Water Pol lution from Inj ection Wel l s  
Th e  Purification of Po l luted Ground Water 
The Role of Federal Legis lation 
Governmental Responsibi l ities in Ground Water Management 
Sharing the Respons ibi l ity 
Survey of the States 
The Model Law 
Acknowledgements and References 

Lehr , J .  H .  (ed . ) ,  1970 , Ground Water Pol lution - the Author­
itative Primer , Water Wel l  Journal Special Issue 24 : 7 ,  p .  31 -67 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACfiVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Infrared Exp lorat ion for Coastal and Shore line Springs 

VII . 3  Groundwater S tudies 

Schoo l of  Earth Sc iences 
S tanford Univers ity 
Stanford , CA 94305 

Rona ld J .  P .  Lyon 
Keenan Lee 

US/ IHD ref:  
1 . 8 (157) 

To determine the ab ility of an infrared scanning sys tem to 
detect and de lineate shore line fresh water springs and to 
deve lop methods for the quant itative (vo lumetric) eva luat ion 
of discharge from result ing imagery . 

Deve lopment of techniques us ing air -borne infrared 
scanners (3-5 micron and 8 - 14 micron) to exp lore for 
shore line springs . Non-c las s i fied scanners have the 
demonstrated capab i l ity of locat ing a shore line and 
sub lacus trine fresh water springs at a primary test 
s ite - Mono lake , California , a sailing water body . 
The discharge from these springs can be de lineated on 
imagery and their aeria l temperature distribut ion 
mapped . 

Lyon , R . J . P .  and K. Lee , 1968 , Infrared exp lorat ion for 
c oastal  and shore line springs : Stanford Remote Sens ing 
Lab . Technica l Report , 68 - 1 ,  68 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN mARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Land subsidence and hydrogeo logy 

VI I . 3  Groundwater Studies 

U . S .  Geological Survey 
Room W-2528 , Federal Bldg . 
2800 Cottage Way 
Sacramento ,  Cal ifornia 95825 

J. F .  Pol and 

US/ IHD ref :  

1 . 8 (73) 

To examine mechanics of compaction of fine-grained sediments 
as related to land-subs idence . Field installations recording 
compaction and artes ian-head change in Cali fornia and Ari zona 
were maintained . 

Near Pixley , Cal i fornia ,  recording of artesi an  heads of 6 
piezometers was extended to include recording of heads in 
6 additional piezometers ( 3  of these tap aquifers and 3 tap 
aquitards) . 

A second liquid- level tiltmeter was set up on the s ite of the 
future Cal ifornia Aqueduct pumping plant at the base of Wheeler 
Ridge . This provides continuous recording of tilt  of the land 
surface in two directions , and is also coupled to high ly 
sensitive compaction recorders monitoring the thickness of 
depos its between l and surfaces and a depth of 150 feet . 

Meade , R . H . , Petrology of sediments underlying areas of 
land subsidence in central Cal iforni a .  Prof . Paper 497-C . 
In press . 

Poland, J .  F .  and G .  H .  Davis , Land Subsidence due to withdrawal 
of fluids : GSA Engineering Geology Review , v .  1 1 .  In press . 

Poland, J .  F . , Remarks on land subsidence studies in 
Cal iforni a :  State Publication , Proceedings of the Geologic 
Hazards Conf . on Lands lides and Subsidence . In press . 

Lofgren , B .  E . , Hydrogeology and land subsidence Great Central 
Valley ,  Cal ifornia :  Cal i f .  Div . Mines and Geology Bul l . 190 , 
Geology of Northern Cal ifornia;  GSA Guidebook . _!!!, press . 

1 99 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACT I VI 'I'\' 

Land Subs idence in the San Joaquin Val ley ,  Cal ifornia , and its 
Effect on Estimates of Groundwater Resources 

V I I . 3  Groundwater Studies 

U . S .  Geolog1cal Survey 
Room W-2528 Federal Bldg . 
2800 Cottage Way 
Sacramento , California 95 825 

US/IHD ref :  
3 . 9 (298) 

PRINCIPAL INVESTIGATOR J .  F. Pol and 

OBJECTIVES 

SIGNIFICANT RESULTS 

To determine the principles control l ing the deformation of aqui­
fer systems resul ting from change in effective stress ; to deter­
mine parameters of aquifer systems and aquitards , including the 
storage coefficients ,  under both virgin and elastic stress  ranges . 
To determine causes of subsidence , methods for decreas ing or 
al l eviating subsidence , and what part of subs idence is revers ib le . 

Land subsidence due to the withdrawal of fluids has been occurring 
with increasing frequency worldwide . In the United States , the 
maximum subs idence has been in Cal i fornia : 9 m and 1 3 , 500 u2 in 
the San Joaquin Val ley ;  4 m and 800 u2 in the Santa Clara Val ley;  
and 9 m at  the Wilmington oil  field .  This latter subs idence is  
now under complete contro l ,  due to inj ection of more than 1 mil ­
l ion barrels  o f  water per day for repressuring . Subsidence in 
Texas has now ( 1973) reached 8 feet and affected at least 7 , 800 
u2 and the inundation of shore l ines has become very serious . 
Subsidence in central Ari zona also is on the order of 2 . 5  m and 
many scores of fissures have developed . Principal problems 
caused by the subsidence are ( 1 )  changes of elevation and gradient 
of natural drainages and water-transport structures , (2)  failure 
of water wel ls  from compress ive rupture of casings , due to the 
compaction , and (3) tidal encroachment in l owland coastal areas . 

Methods of investigat ion have inc luded estab l ishment and relevel­
ing of bench-mark networks , measurement of compaction or  expansion 
of aquifer systems by depth bench marks (taut cable and anchor or 
free-pipe extensometers) ; measurement of correlative change in 
appl ied stress (water- level fluctuation) ; making laboratory tests 
of cored samples to obtain physical and hydrologic properties and 
consolidation and rebound characteristics , and petrologic studies , 
inc luding clay mineralogy ;  relating the areal variation in subs i ­
dence per unit o f  head change t o  the contro l l ing geologic param­
eters ; and development of a mathematical model to evaluate aqui­
tard parameters by s imul ation o f  field measurements of compaction 
and change in appl ied stress . 

Studies indicate that the subsidence due to ground-water over­
draft . in central Cal i fornia is chiefly the result of compaction of  
highly compress ible  aquitards in  the virgin range of  stress ing , 
due to large decl ines of artes ian head . Field measurements of 
compaction or expans ion of these multiaqui fer systems and the 
correlative change in fluid pres sure have been uti l i zed to con­
struct stress -strain curves and to derive s torage and compress i ­
bility parameters . These data have shown that the values of the 
average compress ibil ity and (storage) parameters for the aquifer 
system may be SO to 100 times greater when total appl ied stresses 
are in the virgin range of stress ing than when they are in the 
electric range . These field measurements defining response of the 
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REPORTS AVAILABLE 
PUBLICLY 

aqui fer systems in the elastic range of stress show that at one 
s ite the restoration of the artesian head to its initial position 
would result in rebound of the land surface equal to 2 percent of 
the overal l subsidence . 

X-ray diffraction studies show that montmoril lonite composes 6 to 
8 parts in 10 of the clay minerals in these aquifer systems . 

Bul l , W .  B . , 1964 , Alluvial fans and near-surface subsidence in 
western Fresno County , California :  U . S .  Geo l . Survey Prof . Paper 
437-A, 71 p .  

Lofgren , B .  E .  and R .  L .  Klaus ing , 1969 , Land subsidence due to 
ground-water withdrawal , Tul are-Wasco area, Cal ifornia : U . S .  Geol . 
Survey Prof .  Paper 437 - B ,  103 p .  

Bul l , W .  B . , 1972 , Prehistoric near-surface subs idence cracks in 
western Fresno County , Cal ifornia : U . S .  Geol . Survey Prof .  Paper 
437-C ,  85 p .  

Lofgren , B .  E . , 1973 , Land subsidence due to ground-water with­
drawal , Arvin-Maricopa area,  Cal ifornia : U . S .  Geol . Survey open­
file  report , 182 p .  (Prof.  Paper 437-D in press ) 

Bul l ,  W .  B .  and R .  E .  Mil ler , 1972 , Land subsidence due to ground­
water withdrawal in the Los Banos- Kett leman City area,  California . 
Part 1 ,  Changes in the hydrologic environment conducive to sub­
s idence : U . S .  Geol . Survey open- file  report , 164 p .  (Prof.  Paper 
437-E in press)  

Bul l ,  W .  B . , 1972 , Land subsidence due to  ground-water withdrawal 
in the Los Banos-Kettleman City area, California . Part 2 ,  Subs i ­
dence an d  compaction of depos its : U . S .  Geol . Survey open- fi le 
report , 262  p .  (Prof . Paper 437-F in press)  

Bul l , W .  B .  and J .  F .  Poland , 1972 , Land subsidence due to ground­
water withdrawal in the Los Banos -Kettleman City area , Cal ifornia .  
Part 3 ,  Interrelations of water- level change , change i n  aqui fer­
system thickness ,  and subsidence : U . S .  Geol . Survey open-file  
report , 198 p .  (Prof . Paper 437-G in press)  

Pol and , J .  F . , B .  E .  Lofgren , R .  L .  I reland and R .  G .  Pugh , 1973 , 
Land Subs idence in the San Joaquin Val l ey as of 1972 : U . S .  Geol . 
Survey open - file  report , 141  p .  (Prof.  Paper 437-H in press)  

Johnson , A .  I . ,  R .  P .  Moston and D .  A .  Morris , 1968 , Phys ical and 
hydrologic properties of water-bearing depos its in subs iding areas 
in central California : U . S .  Geol . Survey Prof . Paper 497-A, 71 p .  

Meade , R .  H . , 1964 , Removal o f  water and rearrangement of particles 
during compaction - Review : U . S .  Geo l . Survey Prof .  Paper 497-B ,  
23 p .  

Meade , R .  H . , 1967 , Petrology of sediments underlying areas of 
l and subsidence in central Cal ifornia : U . S .  Geo l . Survey Prof . 
Paper 497-C , 83 p .  

Meade , R .  H . , 1968 , Compaction of sediments underlying areas of 
land subs idence in central Cal ifornia : U . S .  Geol . Survey Prof . 
Paper 497-D , 39 p .  
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Miller , R .  E . , J .  H .  Green and G .  H .  Davis , 1971 , Geology of the 
compacting deposits in the Los Banos -Kett leman City subsidence 
area , Cal ifornia:  U . S .  Geol . Survey Prof . Paper 497-E , 46 p .  

Ri ley ,  F .  S . , 1970 , Land surface tilting near Wheeler Ridge , 
southern San Joaquin Val ley ,  Cal iforni a :  U . S .  Geol . Survey Prof .  
Paper 497-G , 29  p .  

Ri ley ,  F .  S .  and E .  J .  McC l e l l and ,  1972 , A�l ication of the modi­
fied theory of leaky aquifers to a compressible  mul tiple-aquifer 
system :  U . S .  Geo l . Survey open-file  report , 96 p .  (Approved for 
pub l ication as Prof .  Paper 497-H) 

Poland , J .  F . , B .  E .  Lofgren and F .  S .  Ri ley ,  1972 , Glossary of 
selected terms useful in the studies of the mechanics of aquifer 
systems and land subsidence due to fluid withdrawal : U . S .  Geo l . 
Survey Water-Supply Paper 2025 , 9 p .  

Lofgren , B .  E . , 196 8 ,  Analys is o f  stresses causing land subsidence , 
in Geological Survey Research 1968 : U . S .  Geo l . Survey Prof .  
Paper 600 - B ,  p .  B219-B225 . 

Lofgren , B .  E . , 1969 , Land subsidence due to the application of 
water , in Varnes , D .  J .  and George Kiersch , eds . ,  Reviews in 
Engineering Geology , v .  2 :  Boulder , Colo • •  Geol . Soc . America, 
p .  271- 303 . 

Lofgren , B .  E . , 1969 , Field measurement of aquifer-system com­
paction , San Joaquin Val l ey ,  Cal ifornia,  USA, in Tison , L .  J . , 
ed . , Land Subsidence , v .  1 :  Internat . Asso c .  Sci . Hydrology , 
PUb .  88 , p .  272-284 . 

Poland, J .  F . , 1969 , Status of present knowledge and needs for 
additional research on compaction of  aquifer systems , in Tison , 
L .  J . , ed . ,  Land Subsidence , v .  1 :  Internat . Assoc . Sci . 
Hydrology , Pub . 88 , p .  1 1 -2 1 . 

Poland , J .  F . , 1969 , Land subs idence and aquifer-system compaction,  
Santa Clara Val ley ,  Cal ifornia,  USA, in Tison , L .  J . , ed . , Land 
Subsidence , v .  1 :  Internat . Assoc . SCf. Hydrology , P� 88 , 
p .  285 - 292 . 

Poland , J .  F . , 1972 , Subsidence and its control , in Crook , T .  D . , 
ed . •  Undergrotmd waste management and environmental impl i cations : 
Houston , Texas , Am .  Assoc . Petroleum Geologists Memoir 18 , 
p .  50- 71 . 

Poland,  J .  F .  and G .  H .  Davis , 1969 , Land subsidence due to with­
drawal of fluids , in Varnes , D .  J .  and George Kiersch , eds . , 
Reviews in Engineering Geology , v .  2 :  Boulder Colo . , Geol . Soc . 
America , p .  1 87-269 . 

Riley ,  F .  s . •  1969 , Analysis of borehore extensometer data from 
central Cal i fornia , in Tison , L .  J . , ed . ,  Land Subs idence , v .  2 :  
Internat . Assoc . Sci:-Hydrology, Pub . IS9 ,  p .  423-431 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

Us e of Water Levels in Estimating Aqui fer Constants in a 
Finite Aquifer 

VI I . 3  Groundwater studies 
US/ IHD ref :  

1 . 8 ( 292) 

ORGANIZATION IN CHARGE U . S .  Geological Survey 
OF ACTIVITY 903 W. Tennessee St . 

Tal lahassee , Florida 32304 

PRINCIPAL INVESTI GATOR M.  I .  Rorabaugh 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To develop a s imple field technique for apprais ing groundwater 
suppl ies in aquifers of l imited extent . 

Methods of estimating the aquifer constant T/S (trans­
miss ib i l ity coefficient divided by storage coefficient) from 
natural fluctuations of water levels in observation wel ls were 
first developed for the case of a finite aquifer having 
paral lel  boundaries . Reservoir stage fluctuations were 
analyzed subsequently us ing similar methods . Equations adapted 
from heat - flow theory indicate that water levels fal l expo­
nential ly with time , but only after sufficient time has 
elapsed for the profi le  shape to stabi l i ze .  After this critical 
time , T/S may be computed from the s lope of the recess ion at 
any wel l .  In applying the method to a fiel d  prob lem ,  the 
effects of vertical components of flow in the discharge area 
were el iminated by the use of an imaginary boundary . An 
analysis by finite differences on a profi le may be  appl ied to 
aquifers where repetit ive recharge makes the use of the 
recess ion method impractical . The method was success ful ly 
appl ied to Hungry Horse Reservoir , Montana , in computation and 
prediction of useable  amounts of bank storage responding to 
reservoir stage fluctuations . Water budget and model  analyses 
resulted in a wide range of results when used separately , but 
when used in conj unction , the range was reduced and a most 
probable solution inferred . The study concluded that a change 
in ground water storage was a useful , but not maj or , factor in 
cal culating the water balance of the reservoir and should be 
included as a factor in predicting volumes of water avai lab le 
for power production . 

Simons , W .  D . , and M .  I .  Rorabaugh , 1971 , Hydrology of Hungry 
�orse Reservoir , Northwestern Montana , U . S .  Geo l . Survey Prof . 
Paper 682 , 66 p .  
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T I TLE Annotated Bib liography on Artificial Recharge of Groundwater, 
1955- 1967 . 

Coordinating Counci l 
Res o l ut i on in force 
and short ti t le 

V I I . 3  Groundwater Studies 

ORGAN I ZAT ION IN CHARGE U . S .  Geological Survey 
OF ACT I V I TY  National Center 

Reston , Virginia 22092  

P R I NC I PAL I NVESTI GATOR D .  C .  Signor 

US/ IHD ref :  

1 . 8 (307) 

OBJECTIVES AND Because of the worldwide interest in the field  of artifi cial 
S I GNI F I CANT RESULTS recharge and the need for a sing le source of references to 

the literature pub lished since 1954 , an annotated bib liography 
was prepared . The b ib l iography is arranged alphabetical ly 
by author . The indexing is by subj ect and geographic location . 

REPORTS AVAI LABLE Signor , D. C . , D. J .  Growit z ,  and Wi l liam Kam, 1970 , Annotated 
PUBLI CLY b ib l iography on artificial recharge of groundwater,  1955- 1967 : 

U . S .  Geo l .  Survey Water-Supp ly Paper 1990 (a seque l to Water­
Supply Paper 1477 ) , 141 p .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C a t a l o g  o f  U n i t e d  S t a t e s  C o n t r i b u t i o n s  t o  t h e  I n t e r n a t i o n a l  H y d r o l o g i c a l  D e c a d e ,  1 9 6 5 - 1 9 7 4
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TITLE 

Coordinating Council  
Resolution in  force 
and short tit le 

ORGANIZATION IN atARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES AND 
S IGNI F ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Ground water in the United State� ; Ground water in 
Puerto Rico and the (U . S . ] Virgin I s l ands 

V I I . 3  Groundwater Studies 

u . s .  Geologi cal Survey 
P . O .  Box 2415 
Trenton ,  New Jersey 08607 

Al len Sinnott 

US/ IHD re f :  

1 . 8 (72 ) 

To summari ze the occurrence and avai lability of ground 
water in 1 )  the conterminous United States , Alaska ,  and 
Hawaii ;  and 2) Puerto Rico and the (U . S . ] Virgin I s lands 
for inclusion in a volume , "Ground Water in the Western 
Hemisphere , "  being prepared by the Water Resources 
Section, Resources and Transport Division of the United 
Nations . 

McGuinness ,  C .  L . , and Allen Sinnott (ed. ) ,  in review , 
1 )  United States , and 2 )  Puerto Rico and (u . s . ]  Virgin 
I s l ands , in Ground Water in the Western Heaisphere , 
United NatTons Department of Economic and Social Affairs . 
(Scheduled for pub lication in Eng lish and Spanish in 
1975 . )  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

REPORTS AVAILABLE 
PUBLICLY 

Hydrology and Hydrodynami cs of the Zone of  Vadose Water 

VI I . 3  Groundwater Studies 

u . s .  Geological Survey 
Water Resources Division 
Denver Federal Center 
Denver , Colorado 80225 

R.  w. Stal lman 

US/ IHD ref :  

3 . 3 (82 )  

The work for this proj e ct w as  divided into four phases : 
1 )  devise and test fiel d  methods of measuring flow in the 
hydrauli c  properties of the unsaturated zone ; 2 )  measure 
ve locities of fluids underground by analysis of temperature 
profi le ; 3) develop and test methods of predi cting the nature 
of flow in the uns aturated zone ; 4) improve and deve lop new 
techniques for fie ld measurement of evapotranspiration .  

Stal lman , R .  W. , 1972 , Data needs for predi cting problems 
caused by use of subsurface reservoirs : Water Resources 
Research , 8 : 1 ,  p. 2 38-24 1 .  

Stal lman ,  R .  w. , and E .  A .  Samme l ,  1972 , Ground-water s tudies 
- an international guide for research and practice : UNESCO , 
Paris , Chapter 5 . 5 ,  12 p .  

Lohman , s .  W. , and others , 19 72 , Definitions of se lected 
ground-water terms - revisions and conceptual refinements : 
U . S .  Geol . Survey Water Supply Paper 1988,  2 1  p .  

Stal lman ,  R .  w. , 1971 , Waste-storage - the earth s cientist ' s  
dilemma : American Assoc . Petrol . Geol . ,  Symposium on Under­
ground Waste Management and Environmental Implications , 
Houston , Texas , December 6 ,  197 1 .  

, 1970 , Prob lems caused by use of subsurface 
-::"re�s�e--rv�o"!'"1 r-::'s�

·
: Paper presented at Am.  Geophys . Union Sym­

posium on Planning and Design of Ground Water Data Programs , 
December 1 970 , San Francisco. 

Stal lman , R.  w. , and E. P. Weeks , 1969 , The use of atmospheri­
cal ly induced gas pressure fluctuations for computing hy­
drauli c  conductivity of the unsaturated zone : Paper pre­
sented by Weeks at November 1969 Annual Meeting ,  GSA, At lantic  
City; abstract published in GSA meeting proceedings . 

Stallman ,  R. W. , and J .  E .  Reed,  1969,  Steady flow in the 
zone of aeration : Proc.  Symposium Water in the uns aturated 
zone , Wageningen , The Netherlands , June 1 966 , Internat . Assoc. 
Sci . Hydrol . ,  p. 564-5 75 . 

Stal lman , R. W. , and C .  T .  Jenkins , 1969,  Computing trans­
missivity and accretion by analyzing water-t ab le altitudes 
from unconfined aqui fers : (Revised and published by U . S .  
Geol . Survey Water Supp ly Paper 2029C by E .  P .  Weeks , 1973) . 
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Stallman , R. W. ,  1968,  Gro\Dld-water data - too much or too 
little ? : Am. Water Res . Assoc. Symposium Analysis  of 
Water-Resource Systems ,  Denver ,  Colorado , July 1-3 , 196 8 ,  
p .  126- 1 32 . 

, 1 968,  Aquifer test , design ,  observation , and 
,d�at�a�an�aTly�sis : u . s .  Geol . Survey Techniques of Water Re­
sources Inv. , Book 3 ,  Chap . Bl , 35  p .  

, 1967 ,  F low in the zone of aeration ,  in Chow , 
'"v�en�T;r:e:-,�eaT". ,  Advances in Hydroscience , v .  4 ,  196 7 :  New 
York , Academic Press , p .  1 5 1 - 1 95 .  

, 196 7 ,  Examples of re cent advances in analyti cal 
=te�ChD��i�q�ue�s� for evaluating aquifers : Am.  Water Res .  Assoc. 
SymposiUII Gro\Dld-Water Hydrology, San Francisco , November 
6• 8,  1967 , p .  126- 1 34 .  

, 1965 , Steady one-dimensional fluid flow in a 
�se�mr�-,r�n�f�in�ite porous medium with s inusoidal surface tea­
perature : Jour. Geophys . Research , 70 : 12 , p .  2 82 1-282 7 .  

Stallman , R.  w. , an d  I .  s.  Papadopulos , 1966 , Measurement 
of hydraulic diffusivity of wedge-shaped aqui fers drained 
by streams : U . S .  Geol . Survey Prof. Paper 5 1 4 ,  SO p .  

Stal lman , R .  w. , 1965 , Effects o f  water-table conditions 
on water- level changes near pumping we l ls : Water Res .  
Research , 1 : 2 ,  p .  295 - 31 2 .  

Weaver ,  Richard A. , 1971 , MS Thesis , Compilation of response 
flDlction for flow in \Dldergro\Dld reservoirs : Colorado Schoo l 
of Mines . 

Weeks , E .  P . , and M. L .  Sorey, 1973,  Use of finite-di fference 
arrays of observation wel ls to estimate evapotranspiration 
from gro\Dld water in the Arkansas River Val ley , Colorado : 
u . s .  Geol . Survey,  Water Supply Paper 2029- C ,  Cl-C2 7 .  
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Coordinating Council Resolution No. VI I . S  Representative and Experimental Basins 

Resolution No . VI I . S  

The Co\Dlcil ,  

1 .  Recal l ing resolution VI . 6  and the terms of reference of 
the Work1ng Group on Representative and Experimental 
Basins (Annex IV of the report of the sixth session of 
the Co- ordinating Co\Dlci l ) ; * 

2 .  CQnsi deri ng the •o\Dlt of research already carried out 
or sti l l  to be carried out on representative and 
experimental basins , the s cientific work that has been 
and is being accomplished during the De cade on such 
basins in a great many co\Dltries , and the need for 
methods of evaluating the influence of man on the 
hydrological cycle , parti cularly as they have emerged 
in the light of the Wel l ington symposium; 

3 .  Accepts the report of the sixth session of the Working 
Group and its work plan for the reaainder of the 
Decade ; 

4 .  Recommends that from now \Dlti l the end of the Decade , 
the WOik1ng Group concentrate its activities on : 

(i )  problems re lating to the results of research on 
experimental and representative basins considered 
as exceptional ly useful instruments of study for 
the evaluation of man ' s  influence on the hydro­
logi cal cycle ; 

(ii)  the deve lopment of systems of classifying basins 
that wi l l  enab le the interpretation , comparison 
and extrapol ation of results ; 

s .  Requests once again that the co-operation between this  
Working Group and the other working groups of the Co­
ordinating Co\Dlci l and the corresponding working group 
of the WMO be strengthened in order to avoid  any dupli­
cation of effort . 

* Ed. Note : Resolution VI . 6  reaffirmed support of the Working 
Group and requested more extensive coordination 
with other working groups . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

Experiaental Basin : Central Great Plains Experimental 
Watershed , Hastings ,  Nebraska 

US/ IHD ref :  
VI I . 5  Representative and Experimental Bas ins 

2 . 1  ( 1 1 8) 

ORGANI ZATION IN CHARGE Agricultural Research Service 
OF ACTIVITY U . S .  Dept . of Agriculture 

101 Administration Bldg . 
Beltsvi l l e ,  MD 20705 

PRINCIPAL INVESTIGATOR C .  W. Carlson 

OBJECTIVES To continue investigations of the effects of land use and 
agricultural practices upon streamflow ,  with emphas is on 
analys is of accumulated records . 

S IGNIFICANT RESULTS Beginning in 1938 , surveys of geology , soil , l and use ,  

REPORTS AVAI LABLE 
PUBLICLY 

and agricultural practices and estab l ishment of ins trumen­
tation for measurement of precipitation , soil moisture , and 
streamflow regimes on watersheds ranging in s i ze from 1 . 6 
to 1415  hectacres in s i ze .  

Proj ect closed ; data are avai lable  from : 
Hydrologic Data Laboratory 
Room 216 , Bldg . 001 
Agricultural Research Center-West 
Be ltsvi l le ,  Maryland 20705 

Al lis , J .  A . , F .  J .  Dragoun , and A. L .  Sharp , 1964 , 
Transmiss ion losses of loessial watersheds , American 
Society of Agricultural Engineers Transactions , 
7 (3) : 209- 21 2 ,  21 7 .  

Effects o f  runoff volume from perennial prairie seeded on 
cultivated l and .  Journal o f  Soi l and Water Conservation , 
20 : 63-64 , 1965 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Chemical Weathering of an Ultramafic Rock in a Humid-sub­
tropical Environment 

VI I . 5  Representative and Experimental Bas ins 

Maryland Geo logical Survey 
Johns Hopkins University 
Baltimore , Maryland 21218  

Emery T.  Cleaves 
Donald Fisher 
Owen Bricker 

US/ IIID re f :  

2 . 1 ( 198) 

To determine the geochemi cal balance and rate of chemi cal 
weathering of the serpentine . 

Weathering proces ses in a smal l watershed underl ain by 
serpentinite in the Piedmont of Maryland were studied by 
means of a mass balance technique and were compared with 
the processes operative in a watershed underl ain by s chist . 
The two terranes are downwasting at a rate of 2 . 4  m per m . y .  
but chemi cal weathering mu ch  more strongly affects the 
serpentinite (2 . 2  m per m. y . )  than the s chist (1 . 2  m per m . y . ) .  

The serpentinite l acks a saprolite cover because resistate 
minerals are absent and alumina in the bedrock is scarce . 
In  contrast ,  the schist contains both quartz and a source 
of alumina in the alumino•s i l icate minerals ,  and , as a 
result , has a thi ck saprolite mant le . Relative ly smal l 
amounts of secondary quartz ,  chal cedony, and 14A clay 
minerals are synthesi zed in the s erpentinite watershed , 
but relatively large amounts of gibbsite and c l ay minerals 
(kaolinite and vermiculite) are formed during the weathering 
of the schist . The hydrologic  consequences in the serpentinite 
terrane compared with the schist watershed are increased flood­
flow dis charge , greater fluctuation in seas onal instantaneous 
base-flow dis charge , and pronounced seas onal fluctuations in 
total discharge . The serpentinite stream water averaged 205 
ppm of total dissolved solids in the bas e  flow compared to 25 
ppm in the s chist . Stream water from the serpentinite is of 
the magnesium bicarbonate type ; that from the s chist is sodium­
cal cium bicarbonate type . 

On the serpentinite , substanti al l and-surface reducti on (de­
nudation) is effect by chemi cal weathering ; mechanical weathering 
is secondary . On the s chist terrane me chanical weathering is 
the primary agent that lowers the l and surface , even though 
chemical weathering reduced the rock mass by almost one-hal f. 

Cleaves , E .  T . , A. E. Godfrey , and 0 .  P.  Bri cker,  1970 , Geo­
chemical b alance of a smal l watershed and its geomorphi c  impli­
cations , Geological Society of America Bul letin , 81 , 
3015-3032 . 

Cleaves , E .  T . , D .  W. Fisher, and 0 .  P .  Bri cker , Chemical 
weathering of serpentinite in the Eastern Piedmont of Maryland ,  
Geological Society o f  America,  ( in press) . 

2 1 0  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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TITLE 

Coordinating Council  
Resolution in  force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTI VITY 

IHD Representative and Experimental Research 
Basins in the United States 

V I I . S  Representat ive and Experimental Basins 
US/IHD ref :  

2 . 1  ( 172)  

US/ IHD Work Group on  Representative and Experimental Basins 
National Academy of Sciences 
2 101  Constitution Avenue , N . W .  
Washington , D . C .  

PRINCIPAL INVESTIGATOR R.  F .  Hadley ,  Chairman 

OBJECTIVES To compile basic information on the extent of use of 
instrumented watersheds in the U . S .  for hydrologic 
research ; to formulate a network of representative and 
experimental b asins to serve as a basis  for participation 
in the IHD ; to faci l itate exchange of representative and ex­
perimental basin data,  techniques and results to other 
nationJ and to assess and comment on the success of the 
u . s .  Program. 

SIGNIF ICANT RESULTS In 1969 the Work Group compiled a catalog of the 60 U . S .  
Representative an d  Experimental Basins which agreed to 
be part of the world-wide IHD network of research water­
sheds . This catalog provided maps , location , types of 
instrumentation ,  obj ectives of studies , sponsoring organi­
zation ,  type of data being col lected and avai lable  pub­
lished reports for each of the bas ins . This report was 
fol lowed up by one pub lished in 1974 that provided addi­
tional information on each basin , the results achieved in 
the interim and the cost and avai labi lity of data.  The 
final report of the Work Group (now in press )  serves to 
assess the effectiveness  of the overal l  u . s .  Representative 
and Experimental Basins program and make recommendations 
for improvement . The Work Group ' s  program also contributed 
to the international exchange of scientists , information , 
data and techniques pertinent to  the establishment and 
operation of representative and experimental basins . 

REPORTS AVAILABLE Work Group on Representative and Experimental Basins , U . S .  
PUBLICLY National Committee for the International Hydrological 

Decade , 1969 , Representative and Experimental Research 
Bas ins in the United States : National Research Counc i l , 
Washington , D . C . , 267 p . , 68 maps , 1 foldout exp lanation . 

, 1974 , International Hydrological Decade Repre­
�se�n�t�a�t�1�V�e�andiEXPerimental Basins in the United States : 
Catalog of Avai l ab le Data and Results 1965- 1972 , National 
Academy of Sciences , Washington , D . C . , 149 p .  

, in review , u . s .  Programs in Representative and 
�E�xp�e�r�1�m�e�n�tal Basins-An Assessment with Recommendations 
(tentative title) . 

2 1 1 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Vigi l Network 

VI I . S  Representative and Experimental Basins 

u . s .  Geological Survey 
Denver Federal Center 
Denver,  Colorado 80225 

R. F. Hadley 

US/IHD re f :  

2 . 1 ( 140) 

Vigi l Stations are located where observations can be aade 
over long periods of time to record changes in landscape 
features . Sites are selected to represent typical 
environments that wi ll  be affected by nearby cultural 
influences . Vigil stations di ffer from benchmark stations 
in that the latter are located in areas protected froa 
man ' s  influences . 

Types of data col lected at these stations vary and the s ame 
observations are not necessari ly made or recorded at every 
s ite . In effect , each vigi l station could be the site for 
different investigations . 

To date 58 vigi l stations have been ins tal led . 

Sources of data : Both the original des cription and the 
periodic surveys are fi led in permanent repositories in 
the Library , u . s .  Geological Survey, Washington , D . c  • • 
U . S .A. , and the Library Laboratory of Geomorphology , 
University of Uppsala.  Sweden . 

u . s .  National Committee for the IHD,  1972 . Catalog of 
International Hydrological Decade Stations and Networks 
in the United States . National Academy of Sciences -
National Research Council , Washington , D . C .  

Leopold . L.  B . , 1962 , The Vigi l Network . J .  Int l .  Assoc.  
Sci . Hydrology, VI I Annee , n . 2 . S-9 . 

Emmett . W. W .  and R .  F .  Hadley , 1968 , The Vigi l Network : 
Preservation and Access of Data,  U . S .  Geo . Survey Circular 
46o-c . 2 1  p .  

2 1 2  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN mARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Watershed Research in Western North Carolina 

US/ IHD ref :  
VI I . 5  Representative an d  Experimental Watersheds 

Tennes see Val ley Authority 
350 Evans Bldg . 
Knoxvi l le ,  TE 37902 

C .  H .  Smith 

To study the effects of agricultural covers upon the 
hydrology of smal l watersheds . 

2 . 1 (199) 

1 .  Wel l  managed agricultural covers were found t o  have 
some surprising effects on streamflow . These responses 
were found to vary considerably among watersheds . 

2 .  Soi l surface crusting and cover management can 
markedly change the cover-streamflow relationship . 

3 .  Overland flow was found t o  occur infrequent ly on 
most of the watershed soi l s .  

4 .  The concept o f  partial- area contribution t o  watershed 
runoff was maj or finding of the proj ect .  

Tennessee Val l ey Authority,  1953- 1970 , Watershed 
Research in Western North Carolina, Annual Reports , 
Tennessee Valley Authority , Knoxvi l le ,  Tennessee .  

Tennessee Val ley Authority , 1970 , A Study o f  the 
Effects of Agricultural Covers Upon the Hydrology of 
Smal l Watersheds , Tennessee Val ley Authority, 
Knoxvi lle , Tennessee . 
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Coordinating Counci l Resolution No . VI I . ?  Inforaat ion and Pub l ications 

Resolution No . VI I . ?  

The Counci l ,  . . 
2 .  Cons iderinK the necess ity of the continuation of the pub l i ­

cation of Dis charge of selected rivers of the world" beyond 
the Decade period , and of guides on various hydrological 
subj ects ; 

3 .  Noting the concern shown by the Working Group for wider dis ­
semination of research carried out by Member States and 
results thereof ;  

4 .  Not ing that the Group stresses the continued need for sym­
pos ia and seminars and early pub l ication of the aain results 
of their del iberat ions ; 

5 .  Accepts the report of the fourth sess ion of the Working 
Group ; 

6 .  Decides that the Group should cont inue its work in accor­
dance with the work plan ; 

7 .  Reiterates that Member States should send urgently the data 
for the pUb l i cation on "Dis charge of selected rivers of the 
worl d" ;  

8 .  Urges Member States to supply the IHD Secretariat with : 

(a) s'UDIIII&ry reports on the main resul ts of the IHD 
achieved at nat ional level ; 

9 .  

10 . 

11 . 

1 2 .  

(b )  scientific reports on selected I HD  proj ects i n  the 
forws suggested by the Working Group ; 

Recommends Member States to prepare their nat ional cata­
logues of IHD research proj ects and of other pertinent 
res earch , and to pub l ish them , if th is has not been already 
done , us ing whenever possib l e , the model prepared by the 
Working Group on Information and Pub lications ; 

Suggests that the IHD Secretariat deputise scientists to 
cover sympos ia on hydrological subj ects he ld under the 
auspi ces of United Nat ions bodies for preparing reper­
toire of salient features to be pub l i shed in the Unes co 
Bul let in ''Nature and Resources " ; 

R£9uests Unes co to accept the respons ib i l ity for pub l i cat ion 
o material according to the priorities establ ished by the 
Counci l (Annex XVI I of the pres ent report) ; 

Recognizes the act ivit ies of internat ional governmental and 
non-governmental organizations in exchange of informat ion 
(particul arly United Nat ions . FAO , WK> ,  IAEA , IAHS and IAH) . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTI VITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES : 

S IGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Exchange of Information 

VII . 7  Information and Publications 

US/ IHD Work Group on Exchange of Information 
U . S . National Committee for IHD 
2101  Constitution Avenue , N . W. 
Washington , D . C .  20418  

R. F .  Kresge 
National Weather Servi ce - NOAA 
Rockvi l l e ,  Maryland 20910 

US/IHD ref :  

5 . 1  (335) 

1 .  To promote domestic  exchange of information regarding 
international hydrological activities . 

2 .  To assest with compiling information from the United 
States for use in UNESCO pub li cations . 

3 .  To cooperate with the equivalent UNESCO/ IHD Working 
Group . 

The US/ I HD  Work Group , operating through ad hoc Panels and 
individual ly , and in cooperation with Federal and non- federal 
organi zations , contributed information and data to UNESCO 
pub lications on dis charge of the main rivers of the world and 
the international g loss ary of hydrologi cal terms (q . v . ) .  The 
Work Group also responded to numerous inquiries regarding 
water information in the United States . 

(See UNESCO Studies and Reports in Hydrology no. 5 , (Vols . I ,  
I I ,  and I I I )  and no. 6 ,  and UNESCO/WMO International Glossary 
of Hydrology , pub lished in WMO Report no . 385 . )  

2 1 5 
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Coordinating Counci l Resolution No . V I I I . l  Application of Nuclear Techniques in 
Hydrology 

Resolution No . V I I I . l  

The Council ,  

1 .  

2 .  

3 .  

4 .  

s .  

6 .  

7 .  

8.  

9 .  

Recal l ing resolution VI I . 6 ;  * 

Accepts the report submitted by the sixth session of the 
work1ng Group (on Nuclear Techniques in Hydrology) ; 

�has i zes the need for a revised edition of the Guide-
oak on NUclear Techniques in Hydrology ; 

Endorses the Working Group ' s  approval of the synopsi s  of 
the publication programme and invites the Working Group 
to  make final arrangements for the publication ;  

Draws the attention o f  other working groups concerned to 
the application of tracer methods to water movement and 
pollution problems and invites the Working Group to con­
t inue its efforts in regard to application of these 
techniques in hydrology; 

Decides that the Working Group continue its activities 
as outlined in its proposed programme ;  

Invites the IAEA to continue to provide the Technical 
Secretariat of the Working Group and encourages IAEA to 
continue to assist and advise Member States in applying 
nuclear techniques to hydrological problems ; 

Extresses the need to further international exchange of 
in ormation on the appl ication of these new techniques 
through symposia,  seminars , training courses and related 
activities ; 

Invites interested countries with experience in nuclear 
techniques and related fields to continue to forward in­
formation to the Secretariat .  

* Ed . Note : Resolution VI I . 6  recommended and urged that the 
Guidebook on Nuclear Techniques in Hydrology , pub lished 
earl ier by the Working Group , be revised and pub lished 
again . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTI VITY 

PRINCI PAL INVESTI GATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Neutron Meter use in Soi l-moisture Measurements 

VI I I . l  Nuclear Techniques 1n Hydrology 

�S/ IHD Work Group on Nuclear Techniques 
National Academy of Sciences 
2 1 01 Constituti on Avenue , N . W. 
Washington , D . c .  20418 

Wi l ford R. Gardner 
Dept . of Soil Science 
Universi ty of Wisconsin 
Madison , Wisconsin 53706 

US/IHD ref :  

3 . 5 ( 1 87)  

in Hydrology 

To provide up-to-date information on the use of neutron 
meters in soil -moisture measurements . 

In response to a request from the International Atomic 
Energy Agency , the Work Group on Nuclear Techniques in 
Hydrology of  the u . s .  National Committee for the IHD sent 
out a questionnaire concerning the use of neutron moi sture 
meters to several hundred scientists and engineers believed 
to have interest in neutron moisture measurements . The 
answers to the questionnaire (sent to 350 persons from 
whi ch  200 responded) have been correl ated and the results 
summari zed in the report , Neutron Meter Use in Soi l-Moisture 
Measurements . Commercial instruments are used chi efly , and 
the number in use increases steadily.  Field calibration 
remains a difficult prob lem.  The method is  in use for 
every hydrologi cal prob lem that requires a soil-moisture 
measurement . A real need exists for research and development 
to increase the reliability of the meters in fie ld use .  
Tw o  bibliographic  lists are appended t o  the report t o  
i l lustrate the scope o f  present work . 

Gardner, W .  R. , 1970 , Neutron meter use in soi l-moisture 
measurements ,  Isotopes and Radiation Technol ogy ,  7 : 3 , 
297-305 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

Nuclear Techniques in Hydrology - Current Status and 
Prospective Uses 

VI I I . l  Nuclear Techniques in Hydrology 

US/IHD ref :  
3 . 8  (345) 

US/ IHD Work Group on Nuclear Techniques in HydlOlogy 
National Acadeay of Sciences 
2101  Constitution Avenue ,  N .W .  
Washington , D .C .  2041 8 

PRINCIPAL INVESTI GATOR F . J .  Pearson , Chairman 

OBJECTIVES This  Work Group was established to support U . S .  participation 
in the IAEA/ IHD Working Groups and to further the general 
understanding and appli cation of nuclear techniques to hydro­
logic prob lems . 

S IGNIFICANT RESULTS In addition to providing requested and voluntary papers for 
IAEA pub l i cations , symposia,  and re lated meetings the Work 
Group ; a) assisted in the preparation of two papers on appli­
cation of nuclear techniques by  W .  R .  Gardner and by L .  L .  
Thatcher ; b )  promoted the U . S .  trans lation of the Russian text 
by v. I .  Ferronskiy and others on nuclear techniques ; c) spon­
sored , in cooperation with the Canadian National Committee for 
IHD and others , j oint wel l  logging activities in Saskatchewan , 
Canada; and d) cooperated with the US/ IHD Work Group on Snow 
and I ce Hydrology in sponsoring the Interdisciplinary Symposium 
on Advanced Concepts and Techniques in the Study of Snow and 
I ce Resources . The final report of the Work Group on Nuclear 
Techniques in Hydrology (now in press)  summarized its activities 
during the Decade ; provides an assessment of the state-of-the­
art ; identifies needed areas of research ; and makes several 
recommendations necessary to further the understanding and 
application of nuclear techniques in hydrology . 

REPORTS AVAI LABLE Gardner , W. R . , 1970 ,  Neutron Meter Use in Soil Moisture 
PUBLICLY Measurements ,  Pub lished in I sotopes and Radiat ion Technology, 

Vol . 7 ,  No . 3 ,  pp . 297- 31 0 .  

Thatcher , L .  L . , 1969 , Principles of the Appl ication of Nuclear 
Techniques to Hydrologi c Investigations , pub lished in the Progress 
of Hydrology , Proceedings of the First International Seminar for 
Hydrology Professors , Urbana, I l linois . 

Ferronskiy,  V .  I .  (ed . ) ,  197 1 ,  Radioisotope Investigat ive Methods 
in Engineering Geology and Hydrogeology , Trans lat ion Series , 
AEC-tr- 7230 ,  avai l .  NTIS ,  254 p .  

US/ IHD Work Group on Nuclear Techniques in Hydrology , Nuclear 
Techniques in Hydro logy - Current Status and Prospective Uses , 
Final report , in press .  

Dyck , J . H . , W .  S .  Keys , and W .  A .  Meneley ,  1972 , Application of 
Geophysi cal Logging to Groundwater Studies in Southern Saskatchewan , 
Reprinted from Canadian Journal of Earth Sciences , Vol .  9 ,  No . 1 ,  
pp . 78-94 . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN OIARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES 

SIGHIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Water Management and Ava lanche Contro l 

VI I I . l App licat ion of Nuc lear 
Techniques in Hydro logy 

Atomic Energy Commis s ion 
Idaho Fa lls , ID 8340 1 

Dr . Peter D .  Rando lph 

U . S .  Fores t Service 
P . O . Box 245 
Berkley , CA 9470 1 

Dr . James L .  Smith 

US/ IHD ref :  

3 . 9  (88) 

To deve lop an automat ic snow forecast ing sys tem based upon 
a nuc lear device which has been previous ly deve loped and 
fie ld tested by the U . S .  Forest Service . 

From one to five remote ly operated te lemetered gages have 
been operated succes s fu l ly s ince the winter of 1970 -197 1 .  
Five gages are located in : the Sierra Nevada of  C a l i fornia ; 
Mt . Hood , Oregon ; A lyeska , A laska ; Sun Va l ley , Idaho and 
Red Mounta in Pas s , Co lorado . The base stat ion is located 
in Idaho Fa l ls , Idaho . Gages have been used in a s tudy for 
deve lopment of ava lanche predict ive operat ions. for snow fed 
s tream flow forecast ing by soil  conservat ion services and 
BPA , and for snow hydro logy s tudies . 

D .  C .  Shreve and A . J .  Brown , 1974 , Deve lopment and Fie ld 
Tes t ing of a Remote Radioisotopic Snow Gage , Sympos ium on 
Advanced Concepts and Techniques in the Study of Snow and 
lee Resources , As i lomar ,  CA , December 2 - 6 ,  1973 , U . S .  
Committee for the IHD , Nat iona l Academy o f  Sc iences .  

P .  D .  Rando lph , R .  A .  Coates , E .  W .  Ki l lian , 1973 , 
Te lemetered Profiling Isotopic& Snow Gage - Fina l Report 
and Pub licat ions , ANCR- 1 105 Radioisotope and Radiat ion 
Appl ica t ion , TID -4500 , (Avai lab le from Nat iona l Technica l  
Informat ion Services , Dept . o f  Commerce Springfie ld , 
VA 22151 . )  

Smith , J .  L . , H .  G .  Ha lverson , R .  A .  Jones , 1972 , Centra l 
S ierra Profi ling Snow Gage : A Guide to Fabricat ion and 
Operat ion , United States Atomic Energy Commiss ion 
Radioisotope and Radiat ion App licat ions (TID-4500) 
TID-25986 , (ava i lab le from NTIS . )  

Smith , J .  L . , H .  G .  Ha lverson , R .  A . Jones , 1970 , The 
Profiling Radioact ive Snow Gage in Proceedings 
Internat iona l Sympos ium on Snow Remova l and lee Contro l 
Research , Highway Res earch Board , Nat iona l Academy o f  
Sc ience Spec ia l Report 1 15 ,  Wash ington , DC .  

Smith , J .  L .  and H .  G .  Ha lverson , 1969 , Hydro logy of  
Snow Profi les Obtained with the Profiling Snow Gage in 
Proceedings 3 7th Annua l Wes tern Snow Con£ .  pp . 4 1 -48 , 
Co lorado State Univers ity Pres s , Fort Co llins , 
Co lorado . 
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.Limpert ,  F .  A . , and J .  L .  Smith , 1974 , Ut i lity of 
Isotope Profiling £br Wa ter Management , in Sympos ium 
on Advanced Concepts and Techniques in the Study of 
Snow and Ice Resources , Asi lomar , CA, December 2 -6 ,  
197� U . S .  Committee for the Internationa l Hydrologica l 
Decade , Nationa l Academy of Science . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Gamma Ray Attenuation for Soi l Water Content Measurements 

VI I I . l  Nuclear Techniques in Hydrology 

Batte l le Memorial Institute 
Pacific Northwest Laboratories 
Ri ch land , Washington 

A. E. Reisenauer 
s. J. Phi l lips 

US/ IHD ref :  

2 . 6 ( 177) 

( 1 )  Measurement of soi l  moisture content by gamma ray 
attentuation using 241  Am .  (2) Gamma ray attenuation 
measurements for obt aining non-destructive soi l moisture 
and bulk density determinations between pressures of 0 and 
2 bars using 137 Cs . 

The measurement of soi l moisture of l aboratory s amples by 
attenuation of gamma rays is des cribed with particular 
reference to the use of 241 Am as a source of protons . With 
the 241  Am is compared with 137  Cs , and some advantages of 
241 Am over 137 Cs are that less biologi cal shielding i s  
required; the apparatus may b e  made smaller and lighter ; 
there is greater sensitivity for smal l soi l thicknesses 
(4 . 5  to 6 em) . Disadvantages of 241  Am are that speci al 
pre- ampli fi cation of the 60 keV signal is needed and 241 Am 
is  l imited to smal l columns be cause of the soft gamma rays 
emitted . There is a practi cal limit to  strength of source 
whi ch  may be obtained with 241 Am because of self- absorption .  
However ,  s ource strengths entire ly adequate for most studies 
should be obtainable .  Moisture determinations of l aboratory 
soi l columns subj ected to gamma ray attenuation with 1 37 Cs 
as a proton source at pressures between 0 and 2 bars i s  
investigated. Soi l desorption values are obtained b y  app lying 
increas ing pressure and simult aneous ly taking successive 
measurements of soi l moisture in the s ame column . This method 
increases the accuracy of soi l desorption measurements as 
opposed to multi- component measuring systems . 

King , L .  s . , 196 7 ,  Gamma Ray Attenuation for Soi l Water 
Content Measurements Using 241 Am, Battel le Memorial Institute , 
Pacifi c Northwest  Laboratories , Ri ch land ,  Washington . 

Gardner , W .  H .  and C .  Cal issendorff , 196 7 ,  Gamma Ray and Neutron 
Attenuation in Measurement of Soi l Bulk Density and Water Con­
tent , Isotope and Radi ation Techniques in Soi l Phys ics and 
I rrigation Studies . International Atomic Energy Agency , Vienna. 

Gardner,  W.  H . , G. s. Campbe l l  and C .  Cal lissendorff , 1972 , 
Systemat i c  and Random Errors in Dual Gamma Energy Soi l Bulk 
Density and Water Content Measurements , Soi l Sci . Soc .  Amer. 
Proc . , 36 : 393- 398 .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN QIARGE 
OF ACTIVITY 

PRINCI PAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Radioisotope Investigative Methods in Engineering Geology and 
Hvdroloi!V 
VI I I . l  Nuclear Techniques in Hydrology 

U . S .  Atomic Energy Commiss ion 
Division of Technical Information 
Washington , D . C .  

US/ IHD Work Group on Nuclear Techniques in Hydrology 

US/ IIID ref :  
5 . 1 ( 309) 

To make the material presented in the U . S . S . R .  text , 
Radioi zotopnyye metody issledovaniya v inzhenernoy geologii 
i gidrogeologii , more readily avai lable to the scientific , 
educational , and professional coamunities in the United 
States . 

Ferronskiy , v .  I .  (ed . ) ,  1968 , Radioisotope Investigative 
Methods in Engineering Geology and Hydrology ; translated 
from Radioizotopnyye metody issledovaniya v inzhenernoy 
geologii i gidrogeologii , ATOMITZDAT , Moscow ( 1968) , 304 p . ; 
U . S .  Atomic Energy Commission rept . AEC-tr-7230 , 254 p .  
(Available also through 

National Technical Information Service 
U . S  . Department of Commerce 
5285 Port Royal Road 
Springfield , Virginia 22151)  
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Coordinating Counci l  Resolution No . VI I I . 2  Education and Training of Hydrologists 

2 .  

3 .  

s .  

6 .  

8 .  

9 .  

10 . 

1 1 . 

Resolution No . VIII . 2  

Considering that the training of hydrol ogists at all levels 
is one of the most important features of the IHD prograae ; 

Takinf into account the growing need in developing countries 
for t e training of technicians , engineers and research 
scientists in the field of scientific and technical hydrol­
ogy and water resources management ; 

Asks al l National Committees of developed countries to 
�inue to supply regularly to the Secretariat information 
on : 

(a) fe l l owships in hydrology which would be offered to 
candidates from other countries ; 

(b) the general and practical training of hydrologists 
in their country and in particular in courses , 
publications and films ; 

Recommends that Unesco and other organizations of the 
united Nations system continue to sponsor and organi ze 
international higher courses in hydrology , technician 
training courses and on-the-job training courses , and 
that they increase the number of fel lowships for hydro­
logical studies ; 

Recommends that Unesco publ ish the technical papers 
"Analys is of Textbooks in Hydrology" and "Teaching 
Hydrology" ; 

Suglests that the Unesco pub lications "Teaching Hydrol ­
ogy , "curricula and Syl labi" , "Textbooks in Hydrology" 
and "Teaching Aids" be revised and pub lished as a set ; 

Reiterates the need for a succinct study on the progress  
in hydrological education since the inception of the IHD , 
and requests the Secretariat to plan for early publication 
of the report ; 

Agrees that hydrological education is one of the most 
important activities within the long-term programme in 
hydrology and appreciates the suggestions for a programme 
for future international activities as foreseen by the 
Working Group , and invites the National Committees to 
provide adequate means for execution of educational activ­
ities within their countries . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTI GATOR 

OBJECTIVES AND 
S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Internat ional Seminars for Hydrology Professors , First -
Progress of Hydrology 

VI I I . 2  Education and Training 

Dept . of Civil Engineering 
University of I l l inois at Urbana-Champaign 
Urbana, I l l inois 61801 

Ven Te Chow , Seminar Director 

US/ IHD re f :  

4 .  2 (183) 

The Seminar, held at Urbana , I l l inois , July 13-25 , 1969 , was 
aimed at an advanced level of dis cus sion and exploration in 
hydro logic education . Because of the wide scope of the science 
of hydrology , the theme of the Seminar was l imited to new 
deve lopments in the field of hydrology , to hydrologic teaching 
and research at col leges and univers ities , and to the relat ion 
of hydrology with government , society , and profess ions . 

More than 7 , 000 copies of the Proceedings have been distributed 
around the world .  

Chow , V .  T .  (ed . ) , 1969 , Th e  Progress of Hydrology , Proceedings 
of the First International Seminar for Hydro logy Professors , 
Univers ity of I l l inois , Urbana , I l l inois , Vol .  I - I I I , 1295 p .  
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TITLE 

Coordinat ing Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

On-the-Job Training 

Vl l l . 2  Education and Training of Hydrologists 

Nat iona l Weather 5ervice , NOAA 
Gramax Bui lding 
8060 Thirteenth Street 
S i lver Spring , Mary land 20910 

Robert A. Clark 
Office of Hydrology 

US/ IHD ref :  

4 . 2  (53) 

to raise the hydro logic competence of the part icipat ing 
IHD count ries by prov iding on-the -job tra ining to 
foreign nat iona ls . 

to date , four courses in Hydro logic Ana lys is and 
Forecast ing have been given . Thirty fore ign nat iona l 
s tudent s from 17 countries have been invo lved . The 
c lassroom port ion o f  the course is o f  8 - 12 weeks 
durat ion . It inc ludes bas ic hydro logy , river fore ­
cast ing techniques , and some metero logy . It is fo llowed 
by an on-the-job ass ignment to a River Forecast Center . 

Hone 
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--=-=--=·=====r================-=-===..::.. _. 
T IT I .l 

Coordinating Council  
l� r.s o l ut i on i n  force 
and short t i t l e  

Internat ional Workshops i n  Hydrologic Engineering 

+-----------------------,
---- � -

US/ IHn re f :  VI I I . 2  Education and Training 
1 . 50 Mathematical Analys is 3 . 9 (286) 

---- - -------------;--------------------------------------------��----
I IIU;AN l ZAT l ON IN CHARGE 
OF ACT I V I TY  

PR INC I PAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

U . S .  Army Corps of Engineers 
The Hydrologic Engineering Center 
Davis ,  Cal ifornia 95616 

E. F.  Hawkins 
J .  C .  Peters 

Provide training courses for foreign nationals in a compre­
hens ive variety of hydrologic engineering techniques with 
emphasis on computer appl ications of the techniques . 

Two 4 -week Internat ional Workshops were conducted at The 
Hydrologic Engineering Center in August 1972 and August 1974 . 
The two workshops were attended by 53 participants from 26 
countries . 

The Workshop provided engineers engaged in the p lanning , 
des ign , and operat ion of water resources proj ects with a 
practical knowledge of a comprehensive variety of hydrological 
engineering techniques . Cons iderable  emphas is was placed on 

I 
the use of computers in applying the techniques to real -world 
problems , and a high-speed computer was avai lable  to the 
students as part of the course of instruction . 

I 

I' See also Hydrologic Engineering Methods for Water Resources 

. 
Deve lopment . 

i 
i 
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TITLE 

Coordinating Counci l 
Resolut ion in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIF I CANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

The Water We Live By 

VI I I . 2  Education and Training 

L. A. Heindl 
357 7  N. Powhatan Street 
Arlington , Virginia 222 1 3  

L . A .  Heindl 

US/ IIID ref :  

5 . 1 (34 1 )  

To provide a supplementary textbook . at the j unior 
high to high s chool level (or j uveni les 12- 16 years 
of age) regarding water resources in the United 
States and their prob lems , use , management , and 
conservation .  

The text des cribes the deve lopment o f  the use o f  water 
and gives case histories of selected prob lems or regions 
under the fol lowing chapter tables 

That ' s  Al l There Is  (Avai labili ty of Water) 
Before Water Management (Hydrologi cal Cycle under 

natural stresses ) 
Our Prob lems Begin (Effects of water use prior to 

c . l900) 
Water Management Becomes Necessary (Obj ect ives of 

Management) 
Management and Conflicting Interests 
Droughts in a Tradition of Plenty (New York and Florida) 
What Price the Blooming Desert ?  (Arizona) 
A River Fights Up Hi l l  (Ohio River) 
The Making of a National Showpiece (Potomac River) 
The Great Lakes - A Case for International Management 
The Future is You . 

Heindl , L .  A . , 1970 , The Water We Live By , Coward-McCann , 
New York , 1 2 7  p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

S IGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Hydrologic and Water Resource Education and Training in 
the u . s  - A Review and Rec,_ .... �.� � .... .. 
VI I I . 2  Education and Training of Hydrologists US/IHD ref:  
I I I . l5 Regional Cooperation 4 2 (340) IV. 13 Technical Assistance • 

US/IHD Work Group on Education and Training 
National Academy of Sciences 
2 101 Constitution Avenue , N . W . 
Washington , D . C .  2041 8 

M.  L .  Johnson, Chairman 

The education and training program obj e
'
ctives were twofold :  

First , to further understanding and appreciation of  the 
physical basis of the hydrological regime and of the stresses 
on it by man ' s  activities and demands ; and second, to promote 
and encourage the study of water sciences and applied practices 
by foreign experts and students in the United States and by 
u . s .  students and experts abroad. 

The Highlights of the Work Group ' s  accomplishments were 
1) the establishment in cooperation with Universities Counci l 
on Water Resources of the UCOWR/ IHD Fel lowships and Assistant­
ships in Hydrology Program which supported graduate training 
for about 125 foreign students at u . s .  Universities ; 2) the 
sponsorship of three International Seminars for Hydrology 
Professors in which there was participation by 168 foreign 
experts from 29 countries and 146 domestic experts ; and 3)  
the preparation and distribution of 6000 copies of a syl labus 
of detai led topical studies and references on hydrology and 
the water resources fie lds for use by instructors teaching 
environmental studies at the col lege undergraduate level . 
A final s ignificant achievement of the Work Group was the 
preparation of its final report . This document : a) sUIIII&l'izes 
al l of the Work Group ' s  activities , b) presents a survey of 
the current state of affairs in the u . s .  education of water 
resource specialists and the public and c) makes a series of 
recommendations to improve the status of education and fulfi l l  
future manpower and educational needs . 

Chow, v . T.  (ed . ) ,  1969 , The Progress of Hydrology, Proceedings 
of the First International Seminar for Hydrology Professors , 
University of I l linois , Urbana, I l l inois , Vol .  I - I I I ,  1295 p.  

Systems Analysis of Hydrologic Problems , Proceedings of  the 
Second International Seminar for Hydrology Professors , Utah 
itate University, Logan, Utah, 1973 , 452 p .  

Monke , E.  J .  (ed . ) ,  1974 , Biological Effects in the Hydrological 
Cycle - Terrestrial Phase , Proceedings of the Third International 
Seminar for Hydrology Professors , Purdue University, West 
Lafayette ,  Indiana, 391 p. 
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Work Group on Education and Training of the u . s .  National 
Committee for the IHD, 1972 , Hydrology and Water Resources : 
A Syl labus of References for Teaching Introductory Courses 
in the Water Environment , National Academy of Sciences , 
Washington , D . C . , 73 p .  

US/ IHD Work Group on Education and Training , Hydrologic 
and Water Resource Education and Training in the U . S .  -
A Review and Recommendations , Final report , in press . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTI VITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES AND 
SIGNIFICANT RESULTS 

REPOR'rS AVAILABLE 
PUBLICLY 

Byclrolou .. and Water l.eaourcea - A Syl labus of References 

VI I I . 2  Education an d  Trainina o f  Hydrologists 1 

US /IBD Work Group on Educat ion and 'frainins 
Nationa l Academy of Sciences 
2 101 Conatitut ion Avenue N.W.  
Waahiqton , D . C . 204 18 

K. L .  Johnson , Chairman 

US/IHD ref:  
5 . 1(3 12) 

'J.'be recent surge of concern over IDIIIl ' s illpact on hia 
environment has resulted - for one th ins - in a multip lici ty 
of courses intended to introduce the undergraduate s tudent 
to the comp lexity of the interre lat ioaahips of 1DIIIl 1 S  
activities with thos e o f  the phys ica l forces mode liq the 
world in wh ich he lives . Many of these couraes are of 
necess ity taugbt by instructors wbo are not fully aware 
of hydro logical and water-re lated aapects of IDIU1 1 S  prob l ... . 
'J.'bis Syllabus was prepared for use by such ins tructors . 
To date nearly 6 , 000 copies have been distributed by the 
USNC/IBD. 

Work Group on Educat ion and Trainins of the U . S .  Nationa l  
COIIIDit tee for the IBD ,  1972 , Byclrology a nd  Water l.eaources : 
A Syl labus of lle ferences for Teachiq Introduc tory Courses 
in the Water Env iromaent , Nat ional Academy of Sc iences , 
Washington , D .  c . , 73 p . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN OIARGE 
OF ACTI VITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

International Seminars for Hydrology Professors , Th ird -
Biological Effects in the Hydrological Cycle-Terrestrial Phase 

VI I I . 2  Education and Training 
VI . 9  Ecology 

Dept . of Agricultural Engineering 
Agricultural Experiment Station 
Purdue Univers ity 
West Lafayette , Indiana 4 7907 

E .  J.  Monke , Seminar Director 

US/ IHD ref :  

4 . 3  (340) 

To broaden the understanding of biological -phys ical inter­
actions within the terrestrial phase of the hydrological 
cycle . Specific obj ectives of the seminar were : 

1 .  To establ ish the role of biology in the hydrological 
cycl e ,  to stress the subordinate nature of the hydro­
logical cycle with respect to the ecosystem , and to 
present the phi losophy that the ecological system might 
wel l  by the pol icy criterion base for future planning 
and development of our water resources . 

2 . To re-examine the biological -phys ical interactions in 
the hydrological cycle at least where the biological 
input is s ignificant . 

3 . To discuss prob lems in ident ifying and quantifying the 
biological ly-affected hydrological variable  particu­
larly with regard to hydrologic systems analysis , and 
to acquaint parti cipants of recent developments in 
assess ing the effect of vegetat ive cover by remote 
sens ing . 

4 . To examine case studies of management schemes in which 
the biological component is altered to obtain select 
watershed response ,  and to discuss decision-making with 
respect to alternatives . 

This seminar was held at Purdue University , July 18-30 ,  1971 . 
The hydrological cycle was assumed to be a subset of the eco­
logical system although actual ly the reverse is true because 
it is the relative abundance of water which largely estab l ishes 
the ecology of particul ar land areas . This assumption , however 
unreal isti c ,  forced the part icipants to broaden their concepts 
of hydrology and its interactions with the biological environ­
ment . Discuss ions were l imited general ly to terrestrial hab i ­
tats and the b iological -hydro logical interactions of large 
inland lakes , estuaries , and bays - as wel l  as the oceans - were 
not included . Thirty invited papers covered the fol lowing 
maj or topic headings : 

1 .  Role of Biology in Hydro logical Cycle - the Ecological 
System and the Influence of Man . 

2 . Biological-Phys ical Relationships of Hydrological 
Processes . 

3 . Identi ficat ion and Measurement Techniques 

23 1 
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REPORTS AVAILABLE 
PUBLICLY 

4 .  Management of the Biological Coaponent for Se lect 
Watershed Response . · 

Monke , E .  J .  (ed . ) , 1974 , Biological Effects in the Hydro­
logical Cycle - Terres trial Phas e ,  Proceedings of the Third 
International Seminar for Hydrology Professors , Purdue 
Univers ity , West  Lafayette , Indiana, 391 p .  

This report also avai lable from: 
National Technical Information Service 
u . s .  Department of Commerce 
5285 Port Royal Road 
Springfield ,  Virginia 22151  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINC I PAL INVESTIGATOR 

O�ECTIWS 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Education in Hydrology 

, VI I I . 2  Education and Training o f  Hydro logists 

un1vers1t1es �ounc1 1  on water Resources 
Water Resources Center 
University of Cal i fornia 
Los Angeles ,  Cal i fornia 90024 

Walter L. Moore , University of Texas , Austin , Texas 

US/ IHD ref :  

5 . 1  ( 1 76) 

To evaluate the current status of education in hydrology in 
the United States , 

To evaluate the potential for education in hydrology in the 
United States , and 

To obtain information on the characteristics of various 
programs of education in hydrology . 

The Survey of Education Programs in Hydrology was initiated 
by the Universities Council  on Hydrology , the organi zation 
which prededed the present Univers ities Counci l on Water 
Resources . The survey was undertaken to obtain the most 
reliable  information pos s ible  on the status of hydro logy 
educat ion in the United States at the time of the survey 
(1966) . An important feature of this survey was the effort 
devoted to communicate the obj ective and scope of the survey 
and the meaning of terms to the participants . 

The report presents information on four aspects of hydrology 
, programs which the Committee fe lt were of primary s ignifi cance 

in determining the effect iveness of education in hydrology : 
Faculty ,  Courses Offered , Degree Programs , and Financial 
Support . A chapter of the report is devoted to the presenta­
tion of information obtained on each of these topics and one 
to a brief summary . 

Univers ities Counci l  on Water Resources , 1967 , Education in 
Hydrology ,  United States Univers ities - Early 1966 , The 
University of Texas Press ,  Austin , Texas , 44 p .  
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TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

International Seminars for Hydrology Professors , �ysteu Analysis of Hydrologic Problems 
�1 1 1 . 2  Education and Training 
1 . 50 Mathematical Analysis 

Second -

US/IHD ref:  
5 . 1 (313) 

ORGANI ZATION IN CHARGE 
Utah Water Research Laboratory 

OF AcriVITY �ol lege of Engineering 
Utah State University 
Logan, Utah 84322 

PRINCIPAL INVESTIGATOR J .  P. Riley ,  Seminar Director 

OBJEcriVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

To emphasize the system approach as appl ied to hydrology , in 
which the various fundamental hydrologic processes and their 
interrelationships were studied and examined . 

The Second International Seminar for Hydrology Professors was 
held at Utah State University on August 2-14 , 1970 . The pro­
gram consisted of 25 invited papers covering the fol lowing 
topics : Nature of Hydrologic Systeas , Description of Hydro­
logic Systems , Hydrologic Systems Modeling Techniques and 
Devices , and Applications . 

SysteiiS Analysis of Hydrologic Probl.-s , Proceedings of the 
Second International Seminar for Hydrology Professors , 
Utah State University , Logan , Utah , 1973 , 452 p .  
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY' 

Univers ities Council  on Water Resources/IHD Fel lowship and 
As s istantship Program in Hydrology 

VI I I . 2  Education and Training 

Universities Council  on Water Resources and U . S .  
Committee for IHD 

c/o USNC/ IHD 
2101  Constitution Avenue , N .W .  
Washington , D . C .  20418 

US/ IHD ref :  

4 . 1 (22)  

National 

PRINCIPAL INVESTIGATOR Executive Secretary 
USNC/ IHD 

OBJECTIVES To assist foreign nationals wishing to do graduate studies in 
the field of water resources at univers ities in the United 
States . 

SIGNIFICANT RESULTS The program began with the academic year 1968-69 during which 
49 scholarships were offered . By academic year 1973- 74 the 
number of s cholarships avai lable had increased to 55 . During 
this five-year period approximately 150 scholarships were 
uti l i zed by foreign nationals doing graduate studies in the 
u . s .  

REPORTS AVAI LABLE US/ IHD Work Group on Education and Training , Hydrologic and 
PUBLICLY Water Resource Education and Training in the U . S .  - A Review 

and Recommendations , in preparation . 

U . S .  National Committee for International Hydrological Decade , 
Accomplishments and Recommendations - part 3 of the Final 
Report of the U . S .  National Committee for the International 
Hydrological Decade , in preparation . 
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No Equivalent IHD Coordinating Counci l Resolution 

The contributions described in this section represent work 
undertaken in the u . s . for which there was no Coordinating 
Counci l  Resolution . It is included in the catalog because 
of expressed foreign interests in the subj ect matters . 

236 

Copyright © National Academy of Sciences. All rights reserved.

Catalog of United States Contributions to the International Hydrological Decade, 1965-1974
http://www.nap.edu/catalog.php?record_id=20163

http://www.nap.edu/catalog.php?record_id=20163


TITLE 

Coordinating Counci l 
Resolution in force 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Prec ipitation Scavenging of Po l lutants 

No Equiva lent 

Atomic Energy Commiss ion 
Paci fic Northwest  Laboratory 
Rich land , Washington 99352 

J .  M. Ba les , Batte l le -Northwest , Pac i fic Northwes t  
Laboratories , Rich land , Washington 99352 

US/ IIID ref :  

1 . 11  (93) 

To deve lop a prac t ica l quant ita t ive theory for pre ­
dict ing the rate of co llect ion o f  a tmospheric 
po l lutants by rain . 

The washout of react ive gases can be predicted us ing 
the theory of molecular d iffus ion to water drops . Newly 
c a lcu lated washout coe ffic ients based on measured ra in 
spectra rather than on fitted spec tral equat ions have 
been recommended .  

Ba les , J .  M. , 1972 , Scaveng ing o f  Gaseous Tri t ium 
Compounds by Ra in , BNWL - 1659 , Batte lle , Pac i fic North ­
wes t  Laboratories , Rich land , Washington . 

Ba les , J .  M., Precipitat ion Wa shout of Gaseous Tri t ium 
Compounds in BNWL - 1651 P'ri p .  33 -36 . 

Ba les , J .  M . , and L .  C .  Schwend tman , 1971 , Prec ipitat ion 
Scavenging of Trit ium and Tri t iated Wa ter , USAEC Div is ion 
of Bio logy and Medic ine Annua l Report , Vo l .  II , Part I 
p .  82 . 

Prec ipitat ion Scavenging (1970) ; AEC Sympos ium 
Series 22 Proceedings of a sympos ium he ld a t  Rich land , 
Washington , June 2 - 4 ,  1970 (38 papers) , U . S .  Atomic 
Energy Commiss ion Divis ion of Technica l  Information . 

Enge lman , R .  J . , 1968 , 5 -4 The Ca lculation of Prec i ­
pitat ion in Scavenging pp . 208 - 22 1  in Meteoro logy 
and Atomic Energy 1968 , D. S .  S lade , Editor , U . S .  
Atomic Energy Commiss ion Office o f  Informat ion 
Services . 
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TITLE 

Coordinating Council 
Resolution in force 
and short title 

ORGANIZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAILABLE 
PUBLICLY 

Scavenging of Po l lutants by Snow 

No equiva lent 

U . S .  Atomic Energy Commiss ion 
Washington , D . C .  20545 

S .  K. Sood , I l l inois lns t itue of  Techno logy 
Research Ins t itute , Chicago , I l l .  

US/ IHD ref :  
1 . 11 (87) 

To deve lop a pract ical  quantitat ive theory for pre ­
dict ing the rate o f  collec tion of atmospheric po l lutants 
by snow and ice . 

The scavenging effic iency of natura lly precipitat ing 
snow and ice c rys ta ls was detenained for submicron po ly­
s tyrene latex and sodium ch loride aerosals . The effec t 
of crystal  habit , crys ta l dimens ions , and partic le s ize 
on scavenging effic iency was estab lished . Experimenta l  
results show that scavenging effic iency is a funct ion 
of both the crystal  diameter and the partic le diameter . 

Sood , s .  K . , and M. R. Jackson , 1970 , Scavenging by 
Snow and lee Crys ta ls in Prec iuitat ion Scavenging 
Atomic Energy Commiss ion Sympos ium Series 22 . Pro ­
ceedings o f  a symposium he ld at Rich land , Wa shington , 
June 2 -4 ,  1970 U .  S .  Atomic Energy Commiss ion Divis ion 
of Technica l lnfonaat ion . 
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TITLE 

Coordinating Counci l 
Resolution in force 
and short tit le 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINCIPAL INVESTIGATOR 

OBJECTIVES 

SIGNIF ICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Remote Sensing Applied to Hydrology 

No Equivalent 
US/ IHD ref :  

3 . 8 (344) 

US/ IHD Work Group on Remote Sensing Applied to Hydrology 
National Academy of Sciences 
2101  Constitution Avenue , N . W .  
Washington , D . c .  204 1 8  

Morris Tepper,  Chairman 

To evaluate the current program of work within the area 
of remote sensing applied to hydrology and to prepare a 
state-of-the- art and/or informational documents regard­
ing the subj ect . 

This Work Group co- sponsored the Interdis ciplinary Symposium 
on Advanced Concepts and Techniques in the Study of Snow and 
I ce Resources . Also it provided through its members remote 
sens ing data to several UNESCO/ IHD pro�rams such as for the 
inventory of lakes greater than 100 KM • The Work Group pre­
pared a working paper for use in planning post-Decade Remote 
Sensing programs . This working paper has been transmitted 
to the USNC for Scientifi c  Hydrology ,  whi ch has responsibi lity 
for guiding u. s .  participation in the International Hydro­
lodical Program. This document wi l l  assist in formulation 
of the US/ IHP program dealing with remote sensing and its 
appl ication to al l IHP task areas . 

Rango , A . , D .  F .  McGinnis , V .  V .  Salomonson , and D .  R .  Wiesnet , 
New Dimensions in Satel l ite Hydrology, U . S .  IHD Bul letin , 
No . 30 , Reprinted from EOS , Transactions American Geophysical 
Union , Vol . 55 : 7 , 1974 ,  9 p .  
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TITLE 

Coordinating Counci l  
Resolution i n  for�e 
and short title 

ORGANI ZATION IN CHARGE 
OF ACTIVITY 

PRINC IPAL INVESTIGATOR 

OBJECTIVES 

SIGNIFICANT RESULTS 

REPORTS AVAI LABLE 
PUBLICLY 

Use of Satel lites 

No Equivalent 

National Environmental Satel lite Service/NOAA 
Suite 300 
3737 Branch Avenue , S . E .  
Washington ,  D . C .  20031 

D .  R. Wiesnet 
D. F. McGinnis 

US/IHD ref :  

3 . 8 (15)  

To investigate the application of information from weather 
satel li tes to hydrology. 

Briefly , the signifi cant findings of studies in remote sensing 
(mainly sate ll ite) appli cations to hydrology are : 

1 .  Useful measurements can be made of the extent of snow 
cover. ( 1 ) , (2)  
2.  There are correl ations between microwave brightness 
temperatures and useful snow parameters , such as water 
equivalent ,  wetness ,  temperature , et c. 
3 .  Areas of melting or areas which have melted and re­
frozen can be detected from a comparison of vi sible and 
near infrared imagery. (4) 
4. There are correlations between mi crowave brightness 
temperatures and soi l moisture . (5) 
5 .  Extent of flooding . (6) 
6. That snowfield measurement from satel l ites can be 
correlated with runoff. (7) 
7. That snowlines may be delineated. (8) (7) 
s. Basin parameters for hydrologic models can be measured. (9) 
9.  Precipitation can be estimated in some cases . (10 ) (12 ) 
Satellite data gathering ( 11 )  ( 1 2) 

Baker , D .  R. , 1972 , Remote Sensing of Snow Fields from Earth 
Satellites , International Workshop on Earth Resources Survey 
System,  v .  I I ,  Ann Arbor, Michigan , May 3-14 , 19 71 , 
pp . 431-435 . 

Cooper, c .  F . , 1969 , Snow Cover Measurement ,  Photogrammetri c 
Engineering , 31 : 4 ,  pp . 611-619 .  

McGinnis , D .  F . , 1973 , Detecting Me lting Snow and Ice by Visible 
and Near- Infrared Measurements from Satel lites , International 
Symposia on the Role of Snow and I ce in Hydrology - Symposium 
on Measurement and Forecasting , NM0-1 ,  10 pp . 

Mer:itt , E . � and c .  Hall , Soi l Moisture Estimation Appli­
cat1ons of N1mbus -3 HRI R ( . 7- 1 . 3 �) Observations , Final 
Report Contract 2-37098 Earth Satellite Corporation ,  (pre­
pared for NOAA) no date.  
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Hal lberg , G .  R. , B .  E .  Hoyer , and A .  Rango , 1973 , 
Appli cation of ERTS- 1 Imagery to Flood Inundation 
Mapping , Symposium of Significant Results Obtained 
from Earth Resources Technology Satel l ite- ! ,  vol . I I ,  
Summary of Results , March 5-9 , 1973 , NASA X-650- 73-1 2 7 ,  
P •  51-70 .  

Meier, M.  F . , 1973 , Evaluation of ERTS Imagery for 
Mapping and Detection of Changes of Snowcover on Land 
and on Glaciers , Symposium on Signifi cant Results Obtained 
from the Earth Resources Technology Satellite- ! ,  vol .  I ,  
NASA- 32 7 ,  'P • 863-875 . 

Wiesnet , D. R . , 1973 , Detection of Snow Conditions in 
Mountainous Terrain , Earth Resources Technol ogy Sate llite- ! 
Sympos ium Proceedings , September 29 , 1972 , NASA X-650- 73- 10 . 

Joering , E .  A. , 1969 , Estimating Streamflow Characteristics 
Using Airphotos , Limited Publication of U . S .  Army Cold Regions 
Research and Eng . Lab , Hanover , New Hampshire . 

Fol l ansbee , W . ,  1973,  Estimation of Average Dai ly Rainfall 
from Satel lite Cloud Photographs , NOAA Technical Memorandum 
NESS 44 , Washington , D . C .  

Fl anders , A.  F . , F .  V.  Kohl , and T .  W .  Davi s , 1969 , Hydro­
logic Communi cations Experiment on the Appl ications Tech­
nology Satel lite (ATS- 1 ) , Proceedings of the Sixth Symposium 
on Remote Sensing of Environment , vgl .  I ,  Univers ity of 
Michigan, Ann Arbor , Michigan, p .  197-204 . 

Schumann , H. H. , 1973 , Monitoring of Streamflow in the Verde 
River by ERTS- 1 Date Col lection System (DCS) , Symposium of 
Significant Results Obt ained from ERTS- 1 ,  NASA SP- 327 ,  p .  
769- 776 .  

Pol cyn ,  F .  C .  and D .  L .  Rebel ,  1974 , A Skylab Program for the 
International Hydro logical Decade , Environmental Research 
Institute of Michigan . Avai lable from 

National Technical Information Service 
U . S .  Department of Commerce 
5285 Port Royal Road 
Springfield,  Virginia 22151  
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SUB.JBCT INDEX 

Aquifers 
Conceptua l Models for Carbonate 

Aquifers V . 2  
Flow Pattern o f  Fresh and Salt Water 

in the Biscayne Aquifer of the 
Miami Area , F lorida VII . 3  

Hydro logic Studies of the Limestone 
Aquifer of the Central Kentucky 
ICarst V . 2 

Land Subs idence and Hydrogeo logy VII . 3  
Sa lt Intrus ion into Coastal Aquifers 

VII . 3  
Use o f  Water Leve ls in Es t imat ing Aqui­

fer Conatants in a Finite Aquifer 
Vl1 . 3  

Arid and Semi -Arid Zones 
Deserts of the Wor ld :  An Appra isal of 

Research into their Phys ica l and 
Bio logical  Environments I . 9  

Groundwater in Australia I . 9 ,  III . l5 ,  
VII . 3  

ICars t and Paleohydro logy o f  Carbonate 
Rock Terranes in Semiarid and Arid 
Regions V . 2  

Soi l  Mois ture Transport in Arid Site 
Vadose Zones VII . 3  

Avalanche Contro l 
Water Management and Ava lanche Contro l 

VIII . l  

Bib liography 
Annotated Bib liography of Art ificial  

Recharge of  Groundwater , 1955 -1967 
Vl1 . 3  

Annotated Bib liography of the Hydrology 
of Limes tone Terranes V . 2 
- Supplement I V . 2 

Bib liography of Tritium Studies Re lated 
to Hydrology through 1966 I . l6 

Biologica l Studies 
Aquatic Weeds VI . 9  
Biological  Effects in the Hydrological 

Cyc le - Third Internat iona l Seminar 
for Hydro logy Professors VIII . 2  

Changes in the Biota o f  Lakes Erie and 
Ontario I . 44 

Deserts of the Wor ld : An Appraisal of 
Research into their Phys ica l and 
Bio logica l  Environments I . 9  

Gila River Phreatophyte Proj ect I . 3 7 
Hydro logy of Prairie Potho les VII . 2  
Out line o f  Forest Hydro logy I . 30 

Carbonate Rocks 
Annotated Bibl iography of the Hydro logy 

of Limestone Terranes V . 2 
- Supp lement I V. 2 

Comparison of  Chemical Hydrogeology of 
the Carbonate Peninsula of  Florida 
and Yucatan V . 2 

Conceptual Mode ls for Carbonate Aqui ­
fers V . 2 

De l ineation of Groundwater F low Systems 
in Nevada V . 2  

Differentia l Eros ion o f  Carbonate Rock 
Terranes V . 2 

Effects of ICarst Features on C irculation 
of Water in Carbonate Rocks in Coast ­
a l  Areas V . 2 

Eva luation of Anomalous Streamflow Pat ­
terns by Seepage Runs and Radar 
Imagery in the Missouri Ozarks V . 2 

G lossary o f  ICarst Termino logy V. 2 
Groundwater in Aus tralia I . 9 ,  III . l5 ,  

VII . 3  
Hydro logic Studies of the Limestone 

Aquifer of the Central Kentucky 
ICarst V . 2 

Hydro logic Study of a Waste-Disposal  
Prob lem in a Karst Area at Spring ­
fie ld Missouri V . 2 ,  VII . 9  

Hydro logy o f  Carbonate Terranes V . 2 
Hydro logy in Limes tone Areas : Lowrey 

Draw Watershed , Sonora , Texas V . 2 
Hydro logy of Limestone Terrane , Sympo ­

s ium on V . 2 
Hydro logy of Limestone Terranes 

Geo logic Investigations V . 2 
Geophys ica l Invest igat iona V . 2 
Photogeo logic Investigations V . 2 

Karst and Paleohydro logy o f  Carbonate 
Rock Terranes in Semiarid and Arid 
Regions V . 2  

Re lat ion o f  Sea Water t o  Fresh Water in 
Carbonate Rocks in Coas tal  Areas V . 2 

Structural Contro ls on Streamflow in the 
North Fork River and Bryant Creek 
Bas ins , Mis souri V . 2  

Water Levels in Carbonate Rock Terranes 
V . 2  

Caribbean Area (see Regiona l Cooperat ion) 

Catalogs (see Dat a ,  Networks) 

Chemica l  Hydrogeology 
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SUBJECT INDEX 

Chemic a l  Hydrogeology (cont inued) 
Comparison of Chemica l  Hydrogeo logy of  

the Carbonate Peninsula o f  F lorida 
and Yucatan V . 2 

S ignificance o f  Groundwater Chemistry 
in Performance of North Sahara Tube 
We lls  in Algeria and Tunisia III . l5 , 
VII . 3  

Water Load o f  Uranium, Radium, and Gross 
Beta Act ivity at Se lected Gaging Sta­
t ions , Water Year 1960 -61  I . 26 

Chemica l  Studies (also see Water Quality) 
Sediment Wa ter Interact ion in Some 

Georgia Rivers and Es tuaries I . 3 1  
Sodium Sulphate Studies VII . 3  

Chemica l  Weathering 
Chemical Weathering of an Ultramafic 

Rock in a Humid-Subtropica l  Env iron­
ment Vll . 5  

Rate of Chemica l  Weathering of  S i l icate 
Minerals in New Hampshire I . 26 

C limatic S tudies 
C limatological Benchmark Stat ions I . 3  
Chemical Weathering o f  an Ultramafic 

Rock in a Humid -Subtropica l  Environ­
ment VII . 5  

Dendroc limatic His tory o f  the United 
S tates I . 22 

IRD Evaporat ion Network (U . S .  Stations) 
I . 3 ,  VII . 2  

Coas tal  Areas 
Effec ts of  Kars t Features on C ircula ­

t ion of Water in Carbonate Ricks 
in Coas tal  Areas V . 2  

Infrared Exp loration for Coastal and 
Shore line Springs VII . 3  

Re lation o f  Sea Water to Fresh Water ·in 
Carbonate Rocks in Coastal  Areas V . 2  

Salt Intrus ion into Coasta l Aqui fers 
VII . 3  

Comparat ive Hydrogeo logy 
Comparison of Chemica l  Hydrogeology of  

the Carbonate Peninsula o f  Florida 
and Yucatan V . 2  

Karst and Paleohydrology o f  Carbonate 
Rock Terranes in Semiarid and Arid 
Regions V . 2  

Re lat ion o f  Sea Wa ter to Fresh Wa ter in 
Carbonate Rocks in Coas tal  Areas V . 2  

Data 
Cata log of Informat ion on Water Data  I . l  

Data (cont inued) 
Compi lations of Data on Variations o f  

U . S .  Glaciers I . l3 
Decade Lysimeter Stat ions - Compilat ion 

of Data III . 1 
Des ign Characterist ics  for a National 

System to Store , Retrieve and Dis ­
seminate Water Data I . 49 

Discharge of Surface Water to the Sea 
VII . 2  

Nat iona l Water Data Exchange �EX) 
I . 49 

Prec ip itation Data for the United States 
VII . 2  . 

Recommended Methods for Water -Da ta 
Acquis ition V . 6 

Streamflow from the United States to 
the At lantic 193 1 -60 VII . 2  

Dendrochrono logy (see Pa leohydro logy) 

Denudat ion 
Rate of Chemical  Weathering of S i l icate 

Minerals in New Hampshire I . 26 
Different ia l Eros ion o f  Carbonate Rock 

Terranes V . 2  

Deserts (see Arid and Semi -Arid Zones) 

Determinis t ic Mode ling 
Determinis t ic Hydro logic Sys tems Mode l ­

ing I . 48 
USDABL - 70 Hydro logic Sys tems Mode ling 

I . 48 

Deve loping Countries (see Regional Coopera­
tion) 

Directory 
Directory of Hydro logica l ,  Hydrometeoro­

logica l ,  and Water Resources Agenc ies 
in the Caribbean Area III . l5 

Discharge 
Discharge of Sur face Wa ter to the Sea 

VII . 2  
Pluvia l -Sediment Discharge to the Oceans 

from the Conterminous United States 
1 . 15 

Inventory of Sediments and Solutes 
Transported to the Sea I . l5 , III . 2  

Tr itium Discharge to the Oceans I . l6 

Drought 
Aeria l Photography o f  Chi lean Glac iers 

III . l5 (I . l3 ,  I . l4) 
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SUB.JECr IHDEX 

Drought (continued) 
Dendroc limatic History of the United 

States I . 22 
Incidence and Spread of  Continental 

Drought I . 22 

Educat ion and rraining of Hydrologists  
Biological E ffects  in the Hydro logical 

Cyc le - 'l'hird International Seminar 
for Hydro logy Professors VIII . 2  

Education in Hydrology VII . 2  
Hydro logy and Water Resources  Educat ion 

and rraining in the United States -
A Review and Recommendations VIII . 2  

International Workshops in Hydro logic 
Engineering VIII . 2  

On the Job rraining VIII . 2  
Progress  of Hydrology . - Firat 

International Seminar for Hydro logy 
Professors VIII . 2  

Sys tems Ana lys is of Hydro logic Prob lems 
- Second Internat ional Seminar for 
Hydrology Pro fessors VIII . 2  

Univers i t ies Counc i l  on Water Resources/ 
IBD Fe l lowship and Assis tantship Pro ­
gram in Hydro logy VIII . 2  

Water We Live By . 'l'be VIII . 2  

Eros ion 
Differentia l Eros ion of Carbonate Rock 

rerranea V . 2  

Estuaries 
Behav ior of  Radionuc lidea in the Co lum­

bia River and ita Es tuary be low Ban­
ford . Washington I . 3 1  

Movement o f  Radionuc lides in Water and 
Sediment in Rivers and Es tuaries 
I . 3 1 

Phys ical and Geologica l Oceanography of 
the Great Bay .  New Hampshire . Estua ­
rine Sys tem VII . 2 

Sediment Water Interact ion in Some 
Georgia Rivers and Es tuaries I . 31 

Evaporat ion 
Effects  of Phys iographic Features on 

Precipitat ion and Evaporat ion I . 28 
Evaporation Reduct ion from Open Surfaces 

- Air Bubb ling rechnique Studies in 
California I . 43 

IBD Evaporat ion Network (U . S .  Stations) 
I . 3 .  VII . 2  

Mechanics o f  Evaporation I . 43 

Evapotranspiration 
Gi la River Pbreatophyte Project I . 3 7 
Hydrology and Hydrodynamics of the Zone 

of Vadose Water VII . 3  
Water rranafer by Evapotranspiration : 

Mechanism and Amounts I .  3 7 

Experimenta l  Bas ins (see Repreaeptative 
and Experimental Bas ins) 

Forecas ting 
Evaluation of Radar and Raingage Sys ­

tems for Flood Forecasting I . S 7  
Mountain Snow and I c e  Hydrology I . 48 
Prediction o f  Winter Surface Conditions 

in Cold Regions Us ing Meteorologica l 
Parameters I . l2 

Water Management and Avalanche Contro l 
VIII . l  

Forest Hydrology 
An Out line of Forest Hydro logy I . 30 
International Symposium on Fores t  

Hydrology 1 . 30 

Geologica l Inves t igations 
Hydrology of Limestone rerranes -

Geo logic Invest igations V. 2 

Geophys ical Appl ications 
Application of Geophys ical Logging to 

Groundwater Studies in Southern 
Saskatchewan VII . 3 1  III . lS 

Hydrology of Limesone rerranes -
Geophys ica l Invest igations V . 2 

Glaciers 
Aerial Photography of  Chi lean Glaciers 

I . l3 1 I . l4 . III . lS 
Alaskan Glac iers I . l2 
Ana lys is of a 24 -year Photographic Re ­

cord o f  Nisqua l ly Glacier . Mt . Ra i ­
nier National Park . Washington I . l3 

Combined Beat . Ice 1 and Water Ba lances 
at Representative Glacier Bas ins 
I . l4 

Compi lations of Data on Variations of 
U . S .  Glac iers 1 . 13 

Glacier Inventory in Conterminous U . S .  
I . l2 

Glac ier Variations in Washington State 
I . l3 

Glos sary 
A Glossary of Karst rerminology V . 2  
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SUBJECT INDEX 

G lossary (cont inued) 
International Glos sary of Hydrogeo logy 

VII . 3  

Groundwater (also see Aquifers , Carbonate 
Rocks) 
Annota ted Bib liography on Art ific ia l 

Recharge of Groundwater , 1955 - 1967 
VII . 3  

Applicat ion o f  Geophysical Logging to 
Groundwater Studies in Southern 
Saskatchewan III . l5 , VII . 3  

Delineation o f  Groundwater F low Sys tems 
in Nevada V . 2  

Digita l Computer Methods for Eva luat ing 
Groundwater Recharge VII . 3  

Gila River Phreatophyte Proj ect I . 3 7  
Groundwater in Austra lia I . 9 ,  III . l5 
Groundwater in the United States ; 

Groundwater in Puerto Rico and the 
(U . S , )  Virgin Is lands VII . 3  

Groundwater Pol lut ion - The Authorita­
t ive Primer VII . 3 ,  VII . 9  

Hydro logy and Hydrodynamics of the Zone 
of Vadose Water VII . 3  

International Glossary o f  Hydrogeo logy 
VII . 3  

Land Subsidence and Hydrogeo logy VII . 3  
Land Subs idence in the San Joaquin Va l ­

ley , California ,  and i t s  E ffect on 
Estimates of Groundwater Resources 
VII . 3 

Qualitative and Quantitative Evaluation 
of Infrared Imagery VII . 3  

Salt Intrus ion into Coas t a l  Aquifers 
VII . 3  

S igni ficance o f  Groundwater Chemistry 
in Performance of North Sahara Tube 
We l ls in Algeria and Tunis ia III . l5 , 
VII . 3  

Soi l  Moisture Transport in Arid S ite 
Vadose Zones VII . 3  

Study o f  Depres s ion in Groundwater and 
Moisture Flow in the Vadose Zone 
VII . 3  

Sodium Sulphate S tudies VII . 3  
Hydro logic Engineering 

Hydrologic Engineering Methods for Water 
Resources Deve lopment V . 9 

Internationa l Workshops in Hydro logic 
Engineering VIII . 2  

Sys tems Ana lys is of Hydro logic Prob lems 
VIII . 2  

Hydro logy , Genera l 
Catalog of Information on Water Data 

I . l 
Educat ion in Hydro logy VIII . 2  
Groundwater in Aus tralia I . 9 ,  III . l5 

VII . 3 
Hydro logy and Water Resources VIII . 2  
Hydro logy in Limes tone Areas : Lowrey 

Draw Watershed ,  Sonora , Texas V . 2 
Hydro logy of Agricultural Watersheds 

VI . 5  
Hydro logy of Limestone Terranes (see 

Carbonate Rocks) 
Hydro logy of Prairie Potholes III . l5 ,  

VI . 3  
Out line of Forest Hydro logy I . 30 
Progres s  of Hydro logy , The - Firs t 

Internat iona l Seminar for Hydro logy 
Pro fessors VIII . 2  

Urban Water Resources Research Program 
VI . 5  

Water Levels in Carbonate Rock Terranes 
V . 2 

Water We Live By , The VIII . 2  
Wor ld Water Ba lance VII . 2  

Internationa l Fie ld Year for the Great 
Lakes (IFYGL) I . 44 , III . l5 

Inventories 
Aerial Photography of  Chi lean Glac iers 

I . l3 ,  I . l4 ,  III . l5 
Alaskan Glac iers I . l2 
Glac ier Inventory in Conterminous U . S .  

I . l2 
Inventory of Sediments and Solutes Trans ­

ported to the Sea I . l5 ,  III . 2  
Sediment Yie ld o f  Major Rivers o f  the 

Wor ld I . l5 
Streamflow from the United States into 

the At lantic Ocean during 193 1 - 1960 
VII . 3  

Karst (see Carbonate Rocks) 

Lakes 
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Changes in the Biota of Lakes Erie and 
Ontario I . 44 

Changes in the Chemistry of Lakes Erie 
and Ontario I . 44 

Internationa l Fie ld Year for the Great 
Lakes (IFYGL) I . 44 ,  III . l5 

Stratified F low in Lakes , Reservoirs , 
and Large Rivers I . 44 
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SUBJECT INDEX 

Lakes (continued) 
Water Stored in Lakes , Reservoirs , and 

Swamps VII . 2  

Limestone (see Carbonate Rocks) 

Lys imeters (see Networks) 

Maps , Hydrological 
Discharge of  Surface Water to the Sea 

VII . 2  
Hydro logical Maps VII . 2  
Role o f  Water in Urban P lanning and 

Management VI . S 

Mode ls 
Application of Remote Sens ing to Hydro l ­

ogy I . SO 
Conceptual Mode ls for Carbonate Aquifers 

V. 2 
Dete�inist ic Hydro logic Sys tems Mode l ­

ing I . 48 
Digital Computer Methods for Eva luating 

Groundwater Recharge VII . 3  
Effects o f  Therma l Po l lution on River 

Temperatures and Ice Conditions VI . S  
Genera lized Soi l  Moisture - Runoff 

Re lationships I . 24 
Hydrodynamic Mode ling o f  Watersheds 

I . 48 
Hydro logical Mode ls I . 48 
Mathematica l Analysis of  Streamflow and 

Precipitat ion Sequences I . SO 
Mathematical Mode ls for Streamflow 

Predict ion I . 48 
Mountain Snow and Ice Hydro logy I . 48 
Runoff Eva luation and Streamf low Simu­

lation by Computer I . 48 
Snowmelt Inves t igations I . l4 
Stochast ic Hydro logic Sys tems Modeling 

I . SO  
USDABL- 70 Model o f  Watershed Hydrology 

I . 48 
Water Resources Sys tems Analys is I . 48 

Networks 
Catalog of IHD Stat ions and Networks 

in the United States III . l 
Cata log of Informat ion on Water Data 

I . l 
C l imato logical Benchmark Stations I . 3  
Decade Lys imeter Stations - Compi lat ion 

of Data III . l 
Decade Representative and Experimenta l 

Research Bas ins in the United States 
VII . S  

Networks (cont inued) 
Discharge of Decade Stations III . l 
Hydrological  Benchmarks I . 3  
IBD Evaporation Network (U . S .  Stations) 

I . 3 ,  VII . 2 
Precipitation Data for the United States 

VII . 2  
Vigil Network VII . S  
World Water Ba lance VII . 2  

Nuc lear Techniques (also see Tritiu.O 
Behavior of Radionuc lides in the Colum­

bia River and its Es tuary be low Ban­
ford , Washington I . 3 1  

Gamma Ray Attenuation for Soi l  Water 
Content Measurements VIII . l  

Movement of Radionuc lides in Water and 
Sediment in Rivers and Estuaries 
I . 3 1  

Neutron Meter Use in Soi l �is ture 
Measurements VIII . l  

Nuc lear Techniques in Hydrology , 
Current Status and Prospect ive 
Uses VIII . l 

Radioisotope Inves tigative Methods in 
Engineering Geology and Hydrology 
VIII . l 

Water Load of Uranium, Radium, and Gross 
Beta Act iv ity at Se lected Gaging Sta­
tions , Wa ter Year 1960 -61 I . l 

Ontario , Lake (see Internat ional Field 
Year for the Great Lakes , Lakes) 

Pa leohydrology 
App lication of Dendrochronology to 

Paleohydrology I . 21 
Dendroclimatic History of  the United 

States I . 22 
Karst and Paleohydrology o f  Carbonate 

Rock Terranes in Semiarid and Arid 
Regions V . 2 

Photographic Methods 
Hydrology of Limes tone Terranes 

Photogeo logic Investiga t ions V . 2  

Phreatophytes 
Gila River Pbreatophyte Proj ect I . 37 

Phys iography and Hydrology 
Effects  of Phys iographic Features on 

Precipitation and Evaporat ion I . 28 
Effects o f  Phys iographic Features on 

Precipitation, Arizona I . 28 
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SUBJECt INDEX 

Phys iography and Hydro logy (continued) 
Effects of Phys iographic Factors on 

Prec ipitation : Reyno lds Creek 
Experimenta l Watershed , Boise , 
Idaho I . 28 

Po l lution 
Effects of Thermal Po l lut ion on River 

temperatures and Ice Condit ions VI . 5  
Groundwater Pol lution - The Authorita­

tive Prtmer VII . l ,  VII . 9  
Hydro logic Study of A Was te -Disposa l  

Prob lem in a Karst Area a t  Spring­
fie ld , Missouri V . 2 ,  VII . 9  

Prec ipitation Scavenging of  Po l lutants 
No Equiva lent 

Scavenging of Po llutants by Snow 
No Equiva lent 

Precipitation 
Areal  Rainfa l l  Measurements by Radar 

I . 57 
Chemistry of Atmospheric Prec ipitation 

I . 26 
Effects of Phys iographic Features on 

Precipitation and Evaporat ion I . 28 
Effects of Phys iographic Features on 

Prec ipitat ion , Arizona I . 28 
Effec ts of  Phys iographic Factors on 

Prec ipitation : Reyno lds Creek Exper­
imenta l  Wa tershed , Boise ,  Idaho I . 28 

Mathematica l  Ana lys is of Streamflow and 
Prec ipitat ion Sequences I . 50  

Prec ipitation Da ta for the United States 
VII . 2  

Precipitation Scavenging o f  Po l lutants 
No Equiva lent 

Scavenging of Po llutants by Snow 
No Equiva lent 

Qua lity of Water (see Water Quality) 

ll41dar 
Area l Rainfa l l  Measurements by Radar 

I . 57 
Effec ts of Phys iographic Features on 

Prec ipitation , Arizona I . 28 ,  I . 57 
Eva luat ion of Anomalous Streamflow Pat ­

terns by Seepage Runs and Radar 
Imagery in the Missouri Ozarks V . 2 

Eva luation of Radar and Raingage Sys tems 
from Flood Forecas t ing I . 57 

A Los ing Drainage Bas in in the Missouri 
Ozarks Ident ified on S ide -Looking 
Radar Imagery V .  2 

Radioisotopes (see Nuc lear techniques) 

Radionuc lides (see Nuc lear techniques) 

Recharge 
Annotated Bib liography of Art ificial  

Recharge o f  Groundwater , 1955- 1967 
VII . 3  

Digita l Computer Methods for Eva luat ing 
Groundwater Recharge VII . 3  

Regiona l Cooperat ion 
Ac tivities with Deve loping Countries 

IV . ll 
Cooperative S tudies in Guatema la IV . l3 
Cooperative Studies in Peru IV . l3 
Compar ison of Chemica l  Hydrogeology of  

the Carbonate Peninsula of F lorida 
and Yucatan V . 2  

Directory o f  Hydro logica l ,  Hydrometeoro ­
logica l ,  and Water Resources Agenc ies 
in the Caribbean Area III . l5 

Groundwater in Aus tra lia I . 9 ,  III . l5 
Hydro logy and Water Resources Education 

and training in the United States -
A Review and Recommendat ions VIII . 2  

Internat iona l Fie ld Year for the Great 
Lakes (IP!GL) I . 44 ,  III . l5 

Internat iona l Workshops in Hydro logic 
Engineering VIII . 2  

On the Job training VIII . 2  
S igni ficance of Groundwater Chemistry 

in Performance of  North Sahara 'lube 
Wells in Algeria and tunisia  III . l5 , 
VII . l  

Snow and Ice Hydro logy - Current Status 
and Future Direct ions I . l2 ,  I . l3 ,  
I . l4 

techniques for As sess ing Hydro logic a l  
Potent ia ls i n  Deve loping Countries 
IV . l3 

Remote Sens ing 
App lication of Remote Sens ing to Hydro l ­

ogy I . 50  
Effects o f  Phys iographic Features on 

Prec ipitat ion ,  Arizona I . 28 ,  I . 57 
Infrared Exp lorat ion for Coastal  and 

Shore line Springs VII . 3  
Measurement of Snowfa ll -Snowpack Charac ­

teristics IV . 8 
Qua litative and Quant itat ive Eva luat ion 

of Infrared Imagery VII . 3  
Remote Sens ing App lied to Hydro logy 

No Equiva lent 
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SUBJECT UIDEX 

Remote Sens ing (continued) 
Snow and Ice Hydro logy - Current Status 

and Future Directions I . l2 ,  I . l3 ,  
I . l4 

Use of Satellites No Equivalent 

Representat ive and Experimental Bas ins 
Combined Beat 1 Ice 1 and Water Balances 

at Representat ive Glac ier Bas ins 
I . l4 

Effec ts of Phys iographic Factors on Pre ­
cipitation : Reyno lds Creek Experi ­
menta l Watershed , Boiae 1 Idaho I . 28 

Experimenta l Bas in : Centra l Great P la ins 
Experimenta l  Watershed 1 Bas t ings , 
Nebraska VII . 5  

Hydro logica l Benchmarks I . 3  
Hydro logy o f  Agricultura l Watersheds 

VI . 5  
IBD Representative and Experimenta l 

Research Bas ins in the United States 
VII . 5  

Urban Water Resources Research Program 
VI . 5  

Vigi l Network VII . 5  
Watershed Research in Western North 

Caro l ina VII . 5  
Water Stored in Lakes , Res ervoirs , and 

Swamps VII . 2 

Reservoirs (see Lakes) 

Rivera 
Behav ior of Radionuc lides in the Co lum­

b ia River and its Es tuary be low Ban­
ford . Washington I . 3 1  

Discharge o f  Sur face Water to the Sea 
VII . 2  

Effects  o f  Thermal Po l lut ion on River 
Temperatures and Ice Condit ions VI . 5  

Eva luat ion of  Anoma lous Streamflow Pat ­
terns by Seepage Runs and Radar 
Imagery in the Missouri Ozarks V . 2  

Movement o f  Radionuc lides in Wa ter and 
Sediment in Rivers and Es tuaries 
I . 3 1  

Sediment Water Interact ion in Some 
Georgia Rivers and Es tuaries I . 3 1 

Sediment Yie ld of Major Rivers of  the 
Wor ld 1 . 15 

S tratified F low in Lakes , Reservoirs , 
and Large Rivers I . 44 

Runoff (also see Soi l  Mois ture) 
Runo ff Evaluation and Streamf low S imula ­

t ion by Computer I . 48 

Runoff (cont inued) 
Water Stored in Lakes . Reservoirs , and 

Swamps VII . 2  

Sa lt �ater Intrus ion 
F low Pattern of Fresh and Sa lt Water in 

the Biscayne Aquifer of the Miami 
Area , F lorida VII . 3  

Re lat ion o f  Sea Water to Fresh Water in 
Carbonate Rocks in Coastal Areas V . 2 

Salt Intrus ion into Coastal Aquifers 
VII . 3  

Sate llites (see Remote Sens ing) 

Sediment 
F luv ia l-Sediment Discharge to the Oceana 

from the Conterminous United States 
I . l5 

Inventory of  Sediments and Solutes Trans ­
ported to the Sea I . l5 1 III . 2  

Movement o f  Radionuc lidea in Water and 
Sediment in Rivera and Estuaries 
I . 3 1  

Phys ica l and Geo logica l Oceanography 
of the Great Bay 1 New Hampshire , 
Estuarine System VII . 2  

Sediment Water Interact ion in Some 
Georgia Rivers and Es tuaries I . 3 1 

Sediment Yie ld of  Major Rivers of the 
World I . l5 

Seminars (see Symposia) 

Snow and Ice (also see Glaciers) 
Advanced Concepts and Techniques in the 

Study of Snow and Ice Resources 
I . l2 ,  I . l3 .  I . l4 

Effects of Thermal Po l lution on River 
Temperatures and Ice Condit ions VI . 5  

Measurement of Snowfa ll-Snowpack 
Charac teris tics  I . l2 ,  (IV . 8) 

Measurement o f  Snowpack Characteristics 
I .  12 , (IV . 8) 

Mountain Snow and Ice Hydro logy I . 48 
Predict ion of Winter Surface Conditions 

in Cold Regions Us ing Meteoro logical 
Parameters I . l2 

Scavenging of  Po l lutants by Snow 
No Equiva lent 

Snow and Ice Hydro logy - Current Status 
and Future Direct ions I . l2 ,  I . l3 ,  
I . l4 

Snow and Ice Research I . l2 ,  I . l3 , I . l4 
Snow Management - Watersheds in Trans i ­

tion I . l2 ,  I . l3 ,  I . l4 
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SUBJECT INDEX 

Snow and lee (cont inued) 
Snowme lt Invest igat ions 1 . 14 
Wa ter Management and Ava lanche Control 

VIII . l  
Workshop on Snow and Ice Hydro logy 

I . l2 ,  1 . 13 ,  I . l4 

Soi l Moisture 
Gamma Ray Attenuation for Soil  Water 

Content Measurements VIII . l  
Genera lized Soi l  Mositure - Runoff 

Re la tionships 1 . 24 
Invest igat ion of Methods for the In­

p lace Measurement of Vadose Zone 
Hydraulic Parameters VII . 3  

Neutron Meter Use in Soi l-mois ture 
Measurements VIII . l 

Soi l Mois ture Transport in Ar id Site 
Vadose Zones VII . 3  

Study o f  Depres s ion in Groundwater and 
Mois ture F low in the Vadose Zone 
VII . 3  

So lutes (see Sediment) 

Standardizat ion 
Des ign Charac teris tics for a Na t ional 

System to Store , Retrieve and Dis ­
seminate Water Data I . 49 ,  V . 6 

Recommended Methods for Water Data 
Acquis ition V . 6  

Standardizat ion o f  Ins truments V . 6 

Stocha s t ic Methods 
Cooperative Studies in Guatema la 

I . 22 ,  IV . l3 
Coopera t ive Studies in Peru IV . l3 
Hydro logic Engineering Methods for 

Wa ter Resources Deve lopment V . 9  
Stocha s t ic Hydrologic Sys tems Mode ling 

I . 50  

Streamflow 
App lication of Remote Sens ing to Hydro l ­

ogy I . 50 
Cooperative Studies in Peru IV . l3 
Discharge of Decade River Stat ions 

(U . S .  Stat ions) III . l 
Eva luation of Anoma lous Streamflow by 

Seepage Runs and Radar Imagery in 
the Mis souri Ozarks V . 2  

A Los ing Dra inage Bas in in the Missouri 
Ozarks V . 2  

Ma themat ica l  Ana lys is o f  Streamf low and 
and Prec ip itation Sequences I . SO 

Streamf low (cont inued) 
Mathematica l Mode ls for Streamf low 

Prediction I . 48 
Runoff Eva luat ion and Streamflow Simu­

lat ion by Computer 1 . 48 
Streamf low from the United States into 

the At lant ic Ocean dur ing 193 1 - 1960 
VII . 3  

Structura l Controls  on Streamf low in 
the North Fork River and Bryant 
Creek Bas ins , Missouri V . 2 

Structura l Contro ls 
Struc tural Contro ls on Streamf low in 

the North Fork River and Bryant 
Creek Bas ins , Missouri V . 2 

Subs idence 
Land Subs idence and Hydrogeo logy VII . 3  
Land Subs idence in the San Joaquin Va l ­

ley , Ca lifornia ,  and its Effec t on 
E s t imates of Groundwater Resources 
VIII . 3  

Surface Water 
Discharge of Surface Water to the Sea 

VII . 2  

Swamps (see Lakes) 

Sympos ia 
Advanced Concepts and Techniques in the 

Study of  Snow and lee Resources 
1 . 12 , I . l3 ,  I . l4 

Bio logical  Effec ts in the Hydro logica l 
Cyc le - 'l'hird Internationa l Seminar 
for Hydro logy Pro fessors VIII . 2  

Changes in the Biota  o f  Lakes Erie and 
Ontario I . 44 

Changes in the Chemis t ry of Lakes Erie 
and Ontario 1 . 44 

Hydro logy of Limes tone Terrane , Sympo ­
s ium on V . 2  

Internat iona l Sympos ium on Fores t  
Hydro logy 1 . 30 

Progress of Hydro logy , 'l'he - First 
Internationa l Seminar for Hydro logy 
Professors VIII . 2 

Snow Management - Wa tersheds in Trans i­
t ion 1 . 12 ,  1 . 13 ,  1 . 14 

Sys tems Ana lys is  of Hydro logic Prob lems 
- Second Internationa l Seminar for 
Hydro logy Professors VIII . 2  

Workshop on Snow and Ice Hydro logy 
1 . 12 ,  1 . 13 ,  1 . 14 
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SUBJECT INDEX 

Sys tems Ana lys is 
Sys tems Ana lys is of  Hydro logic Prob lems 

- Second Internationa l Seminar for 
Hydrology Professors VIII . 2  

Water Resources Systems Ana lysis I . 48 

Therma l Po llution (see Pol lut ion) 

Transpiration (see Evapotranspiration) 

Tritium 
Bib liography of Trit ium Studies Re lated 

to Hydro logy through 1966 I . l6 
Inves tiga t ion o f  Methods for the In­

p lace Measurement of Vadose Zone 
Hydraulic Parameters VII . 3 

Tritium Discharge to the Oceans I . l6 

Urban P lanning 
Ro le of Water in Urban P lanning and 

Management VI . S 

Vadose Wa ter 
Hydro logy and Hydrodynamics of  the Zone 

of Vadose Water VII . 3  
Invest igation of Methods for the In­

p lace Measurement of Vadose Zone 
Hydraulic Parameters VII . 3  

Soil Mos iture Transport in Arid Site 
Vadose Zones VII . 3  

Study o f  Depress ion in Groundwater and 
Moisture Flow in the Vadose Zone 
VII . 3  

Was te Disposal (see Pol lution) 

Water Load of Uranium, ladium1 and Gross 
Beta Ac tivity at Selected Gaging 
Stations , Water Year 1960 -61 I . l 

Water Management and Ava lanche Contro l 
VIII . l 

Water Qua lity 
Catalog of Information on Water Data L 1 
Changes in the Chemistry of Lakes Erie 

and Ont•rio I . 44 
Sodium Sulphate Studies VII . 3  

Water Qua lity (cont inued) 
Chemistry of Atmospheric Prec ipitation 

I . 26 
Water Load of Uranium, Radium1 and Gross 

Beta Activity at Se lected Gaging 
Stations . Water Year 1960 -6 1 I . l 

Willamette River Bas in Water Qua lity 
Studies VI . S  

Water Resources 
Hydro logic Engineering Methods for 

Water Resources Deve lopment V . 9 
Hydro logy and Water Resources VIII . 2  
Land Subs idence in the San Joaquin Va l ­

ley , California , and its Effec t on 
Estimates of Groundwater Resources 
VIII . 3  

Snow Management - Watersheds in Trans i ­
tion I . l2 , I . l3 1  I . l4 

Techniques for Assessing Hydro logica l 
Potent ia ls in Deve loping Countries 
IV. l3 

Water Resources Sys tems Ana lys is I . 48 

Watersheds 
Experimenta l  Bas in :  Centra l Great 

Plains Experimental Watershed . 
Hast ings , Nebraska VII . S 

Hydrodynamic Mode ling o f  Watersheds 
No Equivalent 

Hydro logy of Agricultura l Watersheds 
VI . S  

Mountain Snow and Ice Hydrology I . 48 
Snow Management - Watersheds in Trans i­

tion I . l2 ,  I . l3 1  I . l4 
USDABL -70 Mode l of Watershed Hydro logy 

I . 48 
Water Management and Ava lanche Control 

VIII . l  
Watershed Research in Wes tern North 

Carolina Vll . S 
Wi l lamette River Bas in Water Qua lity 

Studies VI . S  

Workshops (see Educat ion and Training . 
Sympos ia) 
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PRINCIPAL INVESTIGATOR AND ORGANI ZATION INDEX 

Agency for Internationa l Development , Of­
fice of Sc ience and Technology IV. l3 

Agricu ltura l Research Servic e ,  U . S .  Dept . 
of Agriculture I . 22 ,  I . 28 ,  I . 37 ,  
I . 48 ,  III . l ,  V. 2 ,  VI . S ,  VI . 9 ,  VII . S  

Ambaruch , Reuben I .  SO 

American Geographica l Soc iety I . l3 

American Geophysica l Union , Committee on 
Water VII . 2  

American Soc iety of C ivil Engineers VI . S  

Anderson , Eric A .  I . l2 ,  I . l4 ,  I . 48 

Anderson , Franz E .  VII . 2  

Anderson , James A. I . 24 ,  I . 48 

Anouymous I . l6 , III . l 

Arizona , Univers ity of 
Geochronology Laboratories I . 2 1  
Laboratory o f  Tree -ring Research I . 22 
Office of the Arid Lands Studies I . 9 

Asselstine , E .  S .  VII . 2  

Assur , Andrew I . l2 ,  I . l3 ,  I . l4 ,  VI . S  

At lantic Richfie ld Banford Company VII . 3  

AtOIIIic Energy Commission , U. S .  I . 3 1 ,  
VII . 3 ,  VIII . l ,  No Equivalent 

Aubert , E. J. I . 44 

Back, Wi lliam V . 2 

Barks , J .  B .  V . 2 

Battel le Memoria l Ins titute 1 . 3 1 ,  VII . 3  

Batte l le -Northwest  VI . S , VII . 3 ,  VI11 . 1 

Bates , B.. E .  1 . 12 

Beard , L .  B.. V . 9 

Beck , It. C .  1 . 3 1  

Bile l lo ,  Michael  A.  1 . 12 

Bisse l ,  Vernon C .  IV . 8  

B lackburn , B. .  D .  VI . 9  

Boe lter , Don B .  VI1 . 2  

Bricker , Owen VI1. S 

Bue , C .  D. VI1 . 2  

Buffa lo Soc iety of Natura l Sc iences 
Research Foundation of the State 
Univers ity of New York 1 . 44 

Car lson, C .  W .  1 . 28 ,  1 . 3 7 ,  V . 2 , V1 . S, V11. S 

Cear lock , D .  B .  V11 . 3  

Chow, Ven Te 1 . 48 ,  1 . 50 ,  V . 6 ,  VII1 . 2 ,  
No Equiva lent 

C lark , Robert A. VIII . 2  

Clarke , F .  A .  VII . 3  

C leaves , Emery r .  V11 . S  

Co ld Regions Research and Engineering 
Laboratory , U . S .  Arm, 1 . 12 , VI . S  

Corps of Engineers , U . S .  Arm, 1 . 24 ,  1 . 3 1 
(w/AEC) , 1 . 48 ,  IV . l3 ,  V . 9 ,  VI1I . 2  

Crawford , N .  B .  I . SO 

Cul ler , B., C .  1 . 3 7 

Curt is , W .  F .  1 . 15 

Dartmouth Co llege 1 . 26 

Davies , r. r .  1 . 44 

Davis , George B .  VI1 . 3  

Dingman, S .  L .  VI . S  

Dresher,  W .  J .  1 . 44 

Dyck , J .  B .  VI1 . 3  

Eagleson , Peter S .  1 . 57 

Education and Training , US/IBD Work Group 
on VIII . 2  
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PRINCI PAL INVESTIGATOR AND ORGANI ZATION INDEX 

Eichert , B .  S .  V . 9 

Eisen lohr , W .  S . , Jr . VII . 2 

E liason , J .  R. VII . 3  

Exchanse o f  Information , US/IBD Work Group 
on VII .  7 

Feder , G .  L .  V . 2 

Feldman , A .  D .  IV . l3 

Fie ld , W .  0 . , Jr . I . l3 

Fisher , D .  W .  I . 26 ,  VII . S  

F loods and their Computation , US/IHD Work 
Group on V . 3  

Fread,  D .  L .  I . 48 

Fritts , Haro ld C .  I . 2 1 ,  I . 22 

Gardner , Wilford R. VIII . l 

Heind l ,  L .  A .  III . lS , VIII . 2  

Hendricks , E .  L .  I . l3 

Hewlett , J. D. I . 30 

Hodge , s .  K. I . l3 

Hoffeditz , Char les V . 6 

Ho leman , John N .  I . lS 

Ho lm, L .  G .  VI . 9 

Holtan , H .  N .  I . 22 ,  I . 48 ,  III . l 

Hydro logy of Carbonate terranes , US/IBD 
Work Group on V . 2 

Hydro logy Sess ion of the 5th Caribbean 
Geo logy Conference ,  St . 'rhomail , 
Virgin Is lands III . lS 

I l linois , University of (Urbana -champaign) 
I . 48 ,  1 . 50 1 VIII . 2 ,  No Equiva lent) 

Genera l E lectric Corp . (in cooperat ion with Internationa l Business Machines Corp . I . SO  
Atomic Energy Commission) I . 3 1  

Geo logica l  Survey o f  Alabama V . 2  

Georgia Ins titute o f  techno logy I . 3 1  

Georgia , Univers ity o f  
Schoo l o f  Forest  Resources I . 30 

Geraghty , J .  J .  I . l 

Grayman , Wa lter K. I . 57 

Greene , D .  R. I . 57 

Grossman , I. G. VII . 3  

Ground Water Studies , US/IBD Wk . Gp .  VII . 3  

Hadley , R .  F .  I . 3 ,  VII . S  

Hales , J .  K .  No Equiva lent 

Hanshaw , B .  B .  V . 2 

Hanson , R. L .  I . 3 7 

Harvey , E .  J .  V . 2 ,  VII . 9  

Hawkins , E .  F .  IV . l3 ,  VIII . 2  

Isaacson , R.  E .  VII . 3  

Iseri , Kath leen t .  VII . 2  

Johnson, A .  I .  1 . 13 ,  V . 6 ,  VII . 2  

Johnson , K. L .  VIII. 2 

Johnson , N .  K. I . 26 

Joiner , t. J .  V . 2  

Jones , B .  F .  VII . 3  

Ka lkwarf,  D .  R .  I . 3 1 ,  VII . 3  

Ke l ley , J .  C .  V . 2 

Keys , W .  S .  VII . 3  

lOberg , G .  E .  I . 43 

Kohout , F .  A .  VII . 3  

Kresge , Ra lph F .  V . 6 ,  VII . 2 ,  VII . 7  

Krimme l ,  R.  K. I . l4 
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PRINCIPAL INVESTIGATOR AND ORGANI ZATION. JNDEX 

LaMoreaux , P .  E .  V. 2 

Langford , R. B .  I . l 

Larson , Lee W .  IV . 8 ,  V . 6  

Lee , Keenan VII . 3  

LeGrand , B .  E .  V . 2 

Lehr , J .  B .  VII . 3  

Leifeste , D .  K. I . l5 

Lesesne , E .  B .  I . l ,  1 . 44  

Lins ley , R .  K .  1 . 50  

Lul l ,  B .  W .  I . 30 

Lyon , Rona ld J .  P .  VI1 . 3  

Ma l lory , E .  C .  1 . 26 

Maryland Geo logical  Survey ,  Johns Hopkins 
Univers ity VI1 . 5  

Mayo , L .  R .  I . l4 

MCGinnies , W .  G .  I . 9  

MCGinnis , D .  F .  No Equiva lent 

MCPherson , K. B. VI . 5 

Meier , Mark F .  1 . 12 ,  1 . 13 ,  I . l4 

Metman ,  J .  R. I . l2 - I . l4 

Mi fflin ,  K. D .  V . 2 

Kitche l l ,  J .  K. , Jr . 1 . 3  

Manke , E .  J .  VIII . 2  

Monro , John 1 . 48 

Monroe , W .  B .  V. 2 

Moore , W .  L .  VI11 . 2  

Nace , R .  L .  1I1 . 1 ,  VII . 2  

Na tiona l Environmenta l Satel lite Service/ 
NOAA No Equiva lent 

Nat iona l Water We l l  Associat ion V11 . 3  

Nat iona l Weather Serv ice/NOAA I . 3 ,  I . l4 , 
1 . 28 ,  1 . 48 ,  1 . 57 ,  1V . 8 ,  1V . l3 ,  v . 6 ,  
VII .  2 • VIII . 2 

Network P lanning and Design, US/IHD Work 
Group on 1 . 1 

Nevada , University of  
Desert Research Ins t itute V . 2 

New Hampshire , University of 
Department of Earth Sc iences VII . 2  

Nuc lear techniques in Hydro logy , US/IHD 
Work Group on VIII . l  

Nutter , W .  L .  1 . 30 

Office o f  Water Data Coordination , U. S .  
Geo logical Survey 1 . 1 ,  I . 49 , V . 6 

Oregon State Univers ity ( in cooperat ion 
with Atomic Energy Commiss ion) I . 3 1  

Pearson F .  J .  VI11 . 1  

Peck, E .  L .  1 . 3 ,  1 . 28 ,  1V . 8 ,  1V. l3 

Pennsylvania State Univers ity , Dept . of  
Geochemistry and Minera logy 1 . 30 ,  V. 2 

Peters , J .  C .  VII1 . 2  

Phi llips , S .  J .  VII1 . 1 

Po land , J .  F .  V11 . 3  

Post , Aus t in 1 . 12 ,  1 . 13 ,  I . l4 ,  1II . l5 

Purdue Univers ity , Department of  Agricul ­
tura l Engineering VIII . 2  

Rando lph , Dr . Peter D .  V11I . l  

Rasmussen ,  Lowe l l  A .  1 . 48 

Raub , Wi lliam B .  1 . 12 

Reisenauer , A .  E. V11 . 3 ,  V111 . 1 

Remote Sens ing App lied to Hydro logy , US/IHD 
Work Group on No Equiva lent 
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PRINCIPAL INVESTIGATOR AND ORr.ANI ZATION I NDEX 

Representat ive and Bxpertmenta l Bas ins , 
US/IBD Work Group on VII . 5 

Rhodehame l ,  E .  c .  I . l6 

Spieker , A. K. VI . 5  

Sta l �n .  R .  W .  VII . 3  

Standardization Problema 1 US/ IBD Work 
Rickert , D . A .  , VI . 5  Group on V . 6 

Ri ley , J .  P .  VIII . 2  

Robertson , B .  I . 3 1  

Rorabaugh , K .  I .  VII . 3  

San Jose State Co l lege I . l2 

Santeford , B .  S .  I . l2 ,  I . l3 ,  I . l4 

Saskatchewan Research Counc i l  VII . 3  

Scarbrough , W .  L .  V . 2 

Schneider ,  W .  J .  VI . 5  

S igafoos , R .  S .  I . l3 

Signo r ,  D .  C .  VII . 3  

Si111D0ns , J .  w .  I . SO  

Simpson , E .  S .  I . 9  

Sinnott , A .  VII . 3  

Sittner , Wa lt I . 48 

Ske lton , John V . 2  
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