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INTRODUCTION

Recent rapid population and industrial growth along the

Arizona/Sonora boundary has increased competition for the

region's limited water and has created waste disposal problems

that threaten future growth, surface and groundwater quality,

land use, public health and the general habitability of the area.

Current government, business and industrial efforts focus on

continued economic development, and, therefore, population growth

of the region which will add to the existing water resource

problems. Solutions to the current water supply and waste

disposal problems in the border region are complex and

complicated by the presence of two sovereign nations with

significantly different cultures, interests and capabilities.

Given this reality, it should be readily apparent that each

state and nation brings its own unique set of economic concerns,

social needs and interests, and legal rules to bear on the water

management process. Although an integrated regional water

management policy is needed to solve the problems, no active

program currently exists for the management of the water supply

or the disposal of wastes in the region.

Solutions to water management problems are, at best, diverse and

intricate. In a case such as Arizona/Sonora where water resources

on both sides of the boundary are physically linked, and actions

in either country will ultimately impact the other country, water
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management encounters formidable barriers. However, failure to

respond to mutual water resource problems will not only alter the

region's immediate future, but could also impact water management

efforts far into the next century.

SCOPE OF REPORT

Initially there will be a review of the assumptions inherent in

the report followed by a brief history and description of the

area in respect to water resources. The paper will then examine

the existing situation with respect to water supply and waste

disposal; trends in growth and development; outline the need for

a management program; examine the difficulties in implementing a

management program; and review the consequences of non-

management. The report will then review what is needed in a

management program and suggest a process by which an integrated

management program may be developed.

Due to the variety of water resource issues and their

relationship to most activities along the Arizona/Sonora border

an indepth analysis of every aspect is both beyond the scope and

intent of this paper. There are also areas such as funding and

politics that will not be addressed in great detail, but it

should be recognized that these considerations are extremely

important in any workable solution of border water problems.

9



ASSUMPTIONS

An assumption of this paper is that management of shared water

resources is technically possible, desirable, attainable, and in

the best long term interest of both nations. Another assumption

is that one needs to have knowledge of existing conditions in the

region in order to understand the complex issues associated with

water resource management along the boundary. Because the term

management can mean different things, I have assumed it means

movement toward achieving some predefined mutual goal. Because

needs and goals are dynamic entities that change with time, any

sustainable management efforts must be flexible enough to adapt

to changes which may occur along the border.

HISTORY

Water use along the border between the Mexican state of Sonora

and the U.S. state of Arizona has not always been a problem.

Evidence of man's early occupation can be found along most of the

major river drainages within the Arizona/Sonora border region.

Most early inhabitants, however, did not have a major impact on

the area's water resources (Ayers, 1971). Examination of how

water's role has changed over time may help in understanding how

the current situation with respect to water resources has come

about.

10



PREHISTORIC PERIOD

The Prehistoric Period can be viewed as being dominated by a

single event, when considering water resource utilization. This

event was the growth of the Hohokam Culture from approximately

100 A.D. to about 1400 A.D. Their development and subsequent use

of water resources give the Hohokams the distinction of being the

first inhabitants to make major use of rivers within the region

for agricultural purposes.

Hohokam settlements were scattered along most major rivers of the

area where water resources were easily exploitable (Figure #1).

As their population expanded irrigation and canal systems were

developed in order to meet growing needs for water. Even though

these early systems were primitive when compared to modern

standards the canals on occasion reached 10 - 15 miles in length

(Ayers, 1971). In fact, development and over use of water

resources have been suggested by some as a possible cause for the

decline and disappearance of the Hohokam culture.

Archeological evidence indicates that lands best suited for

agriculture were utilized first then abandoned as they became

less productive, thus extending agricultural pursuits onto lands

less suitable for irrigated agriculture. As their numbers

increased, the Hohokam were forced to extend their irrigation

systems to areas that were, at best, marginal in their

suitability for irrigated agriculture. By about 1450 the Hohokam

1 1
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as a viable culture had disappeared (Ayers, 1971). Even though

other smaller groups and subcultures used water in the region,

Hohokam development and utilization brought about the first major

change in the area's water resources.

MID 1500'S TO EARLY 1800'S

Shortly after the Hohokam disappearance Spanish explorers came

into the region. This was the beginning of another period of

influence on the area's water resources. The first Spanish

explorers came into the area in the early 1500's and continued

their exploration and settlement for over 200 years. During the

latter part of the period, they established numerous mission and

presidio sites throughout the region that now is Southern Arizona

and Northern Sonora (Figure 41). The establishment of European

type cultures in the area was a major event that influenced

water resource use within the region.

As the Spanish established settlements, new technologies came

into play, wells were used to supplement the available sources of

surface water, livestock was introduced into the area, and native

inhabitants were encouraged to move closer and cluster near

settlement sites. While these events tended to place further

burdens on the region's limited water, new concepts were also

introduced to help manage the region's available water.

13



The concept of equitable sharing and cooperation, in order to

ensure survival within the region, was early recognized by the

Spaniards. The Spanish view was to take only what you need and

leave the rest for others (Polzer, 1971). Throughout the period

of Spanish control there is no substantial evidence indicating

that water resources were either abused or over utilized. After

the collapse of the mission system and Spanish dominance,

another period of influence began that would change both the role

and importance of water throughout the region.

EARLY 1800'S TO PRESENT

In the early days of american intrusions, trappers were quick to

exploit the wildlife resources along the region's rivers, and

quickly recognized that these rivers offered easy access routes

to the West (Polzer, 1971).

After the U.S./Mexico war of 1848, rivers of the area took on a

new importance; they became tools of expansion and pawns in

international issues. The Gadsden Purchase of 1854 signaled the

beginning of a new era of unparalleled expansion into the region

of Southern Arizona. U.S. settlement also brought about a whole

new set of concepts, ideas, and problems with respect to the

region's water resources.

Extensive ranching and mining operations were established which

required considerable amounts of the region's water. As the need

14



for water increased, transboundary water projects were proposed.

In 1892 W. C. Green, who owned extensive holdings in the area,

proposed a plan to take water from the San Pedro River below the

border in Sonora to supply an irrigation project north of the

boundary in Arizona (Arizona Historical Society, 1982).

Around the turn of the century, as new residents came into the

area, problems associated with water resources started to become

more apparent. Pollution of the Colorado River, near Yuma,

became a problem due to the dumping of raw sewage into the river

by the Arizona State Prison which was located there (Fireman,

1971). Irrigated agriculture began to expand along both sides of

the boundary, thus increasing competition for the region's

available water.

Throughout the first half of this century use and protection of

water resources was neither managed nor regulated by either

nation. By the 1950's, the die was cast, and a new era of water

resource issues had arrived to which communities on both sides of

the border would have to respond. In addressing their mutual

water management problems border residents faced issues more

complex than they had ever known in the past.

In the period since 1950 the population along the border has

grown at a "tremendous" rate and it has become obvious that

mutual water resource problems can no longer be ignored (Jamail

& Ullery, 1979, Utton, 1982).	 Problems involving supply,

15



management, and protection of the resource base will have to be

resolved in order to ensure the region's inhabitants a reliable

source of water. Addressing these issues is a difficult process

because the occurrence of water is limited by the existing

physical parameters and the region's desert climate.

DESCRIPTION OF AREA

The area of examination is the land that lies adjacent to the

international boundary of the United States and Mexico, along the

length of the border separating the states of Arizona and Sonora

(Figure #1). While the area is primarily a region of semi-arid

and true desert regions, a wide variety of features and other

conditions do occur.

TOPOGRAPHY

Elevation along the Arizona/Sonora border generally decreases in

a westerly direction from the eastern boundary toward the

Colorado River and the Sea of Cortez. Elevations within the

region range from mountain peaks exceeding 8,000 ft. in the

eastern portion, to near sealevel where the Colorado River enters

Mexico and flows toward the Sea of Cortez. The border region is

typically characterized by mountain ranges and broad alluvial

valleys, with higher elevations in the eastern half, while the

western portion consists almost entirely of desert regions with

elevations rarely exceeding 2,000 feet (USGS, 1964, 1981).
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The area's valleys are comprised primarily of unconsolidated

alluvial fill deposits bounded by impermeable mountain ranges

(Bradley and DeCook, 1978). Depths of these fill deposits vary

from several feet near the mountain boundaries, to several

thousand feet in the valley centers. These fill deposits, by

virtue of their capacity to store large amounts of water (Davis

and DeWiest, 1966), form the area's most abundant water resource

base.

All the major surface drainages which cross the international

boundary generally follow a North/South direction (USGS, 1964,

1981) (Figure #2). With the exception of the Colorado River at

the western boundary, all are intermittent in nature (Bradley and

DeCook,1978). The intermittent periods of surface flow are a

direct result of the region's seasonal precipitation and arid

climate. The direction of surface flow varies throughout the

region, being north in some drainages and south in others (Figure

#2). One important feature of the area's drainage channels is

that they act as conduits which allow water and/or wastewater

and pollutants to move from one side of the boundary to the

other. They also act as concentration points for any pollutants

that are transported overland during precipitation events (Chow,

1964).

SOILS

Several major soil groups exist along the border ranging from

semi-arid upland soils in the east to desert type alluvial soils

17



o

kfttitec( States

, New-

Aexico

•I

tifae	
•	 • MEXICO

Doolaas

501tara.** r 	;14
AIM

att ex.i.co X \
IN; MILES

us
'mama

r,
tr.ei

0
4

T11

SURFACE DRAINAGES, POPULATION CENTERS,
AND DIRECTION OF SURFACE FLOW

e CA.WIK•

Adapted Fro. USGS Data

/."") MAJOR SURFACE DRAINAGES

1111 POPULATION CENTERS

1 DIRECTION OF SURFACE FLOW

(FIGURE #2)

18



in the west (Figure #3).	 The region's soils influence water

availability in a number of ways.	 Because they are typical

desert soils they tend to be shallow and contain very little

organic matter which limits their ability to retain moisture

(Brady, 1974). They are also subject to varying degrees of

erosion (Brady, 1974), which impacts runoff relationships. As

runoff time is decreased there is less time available for water

to recharge groundwater storage. Soils also impact water through

their influence on vegetation communities within the region.

Soil Ph, moisture retention, and composition are all factors

which help determine the region's plant communities.

CLIMATE

Climatic conditions along the border range from semi-arid in the

eastern half to arid in the west. Average temperature values

and precipitation amounts also vary along the border. Local

variations occur not only in response to seasonal changes, but in

response to elevation differences and prevailing conditions at a

specific site.

Temperatures within the border area typically reach their minimum

average values during the month of January, with higher minimum

temperatures occurring in the western half of the region.

Maximum temperature values follow the same general pattern with

higher maximum temperatures occurring in the western half, during

the month of July. Temperature is a major factor in the process
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of evaporation which limits the amount of water that is available

for either human use or recharge into the groundwater storage.

Estimated rates of annual evaporation from a lake surface in the

region range from 64 inches per year in the eastern portion to 76

inches per year in the western areas (Figure #3). Both of these

values exceed the region's average precipitation. Therefore

evaporation is a major influence on the amount of water available

in the area.

The majority of the region's precipitation occurs in two distinct

seasons; winter and summer (Schwalen, 1942). Winter

precipitation tends to be of longer duration, the result of

frontal type weather events, while summer precipitation is almost

entirely the result of convective type storms. Total amounts of

average annual precipitation also follow a general pattern from

east to west, with higher amounts of precipitation occurring in

the eastern section, where elevations are higher and temperatures

more moderate (Baker and McClenegan, 1966). Total amounts of

average annual precipitation in the western half of the region

are typically less than half of the total amounts received in the

eastern sections (Figure #4).

VEGETATION

Vegetation types also change

border. The eastern half

grasses and mesquite with

woodlands and small areas

in an east-west direction along the

is primarily comprised of desert

scattered areas of chaparral/oak

of coniferous forests, while the

21
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western half is primarily dominated by desert species such as

cacti, palo verde, saltbush and burr sage (Figure 4 4).

Vegetation plays an important role in determining the amount of

water that is available in the region. When vegetative cover

decreases runoff times are shortened thus decreasing the time

available for groundwater recharge. Erosion is another problem

brought about by a decrease in vegetative cover. As erosion

increases natural drainage patterns are altered which further

affects vegetation patterns and reduces recharge.

Together the parameters of topography, soil, climate,	 and

vegetation all interact in complex relationships and determine

how much water is ultimately available throughout the region.

WATER SUPPLY

Water resources along the border can be divided into two

categories, those with surface origins and those from underground

sources. While this type of division is not hydrologically

correct, it has been the deciding factor in most water allocation

decisions in the border region, and is firmly entrenched in the

legal system on the U.S. side of the boundary (Trelease, 1979).

For this reason the review of water supply will follow these

same divisions. This should allow for easier comparisons and

perhaps a better perspective in understanding how some water

problems have come about.
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SURFACE WATER SOURCES

Due to the area's desert climate the amount of surface water

available in the border region is severely restricted. Natural

springs are almost nonexistent occurring only in a few isolated

localities. Average flows in drainages that cross the boundary

range from a low of 3,370 acre ft./yr. in the San Simon Wash to a

high of 63,400 acre ft./yr. in the Colorado River (Table #1).

Because of their limited availability, surface sources do not

directly contribute significant amounts of water to most regions

along the border.

In the area immediately adjacent to the Colorado River, extensive

irrigation systems have been developed on both the U.S. and

Mexican side of the boundary (Bradley and DeCook, 1978).

Development of surface water along the remainder of the Arizona

/Sonora border is primarily limited to small impoundments for

specific types of uses. There are numerous small impoundments

scattered along both sides of the boundary for the purpose of

supplying livestock and wildlife with an accessible source of

water. Small lakes have also been developed at several locations

on the U.S. side of the boundary for recreational purposes

(Baker & McClenegan, 1966).

GROUNDWATER SOURCES

Eight basins have been identified by the USGS as separate

groundwater areas: the San Bernardino Valley basin at the eastern

24



ARIZONA/SONORA WATER DATA BY BASIN

A B C D e F G H J I L

BHP 2000. 9 1001 0 0 80% 5% 15% N W

DOD 32000 22 100% 0 0 80% 10% 10% 69.6 7.21

USP 21000 19 -	 80% 20% 0 60 1 5 2 351 63.8 22.9
2

USC 52000 62 1001 o 0 801 10 1 10 1 196.8 17.6
3

ALT 14000 10 1001 0 0 35 1 65 2 0
4

2.5 W

SSW 19000 14 80% 20% 0 70 1 30% 0	 \ 6.4 3.3
4

WMD 4000 3 33 2 67% 0 35 1 65% 0 N w

YUMA 49000 425 0 5: 95% 80 2 20 1 0 229.0 63.4
5

ALL FIGURES GIVEN ARE IN THOUSANDS OF ACRE FEET. ALL FIGURES AND PERCE1TAGES IN COLS. -

ARE FOR CONDITIONS PRIOR TO BASIN DEVELOPMENT (Basins in Hydrologic Balance). FIGURES IN

COLS. B C ARE ROUNDED OFF.

Pumps'' . of 500 acre feet or less.
W	 No record available.
•	 Two Year Average.
1. 49 Year Average.
2. 36 Year Average.
3. 59 Year Average.
4. Sir Year Average.
5. Velue is for 1978 water year. flow across

diversions.

Source: USGS

boundary diminished due to upstream

SBV = San Bernardino Valley
DOU - Douglas Basin
USP	 Upper San Pedro Basin
USC	 Upper Santa Cruz Basin
ALT	 Alter Valley
SSW	 San Simon Wash
WMD	 Western Mexican Drainage
YUMA	 Yuma

A. Basin.
B. Estimated Amount of Recoverable Water to a Depth

of 1200 feet.
C. Estimated Amount of Basin* Inflow and Outflow.
D. Estimated Percentage of Basin Recharge Attributed

to Precipitation and Infiltration.
E. Estimated Percentage of Basin Inflow Attributed to

Underflow Into Basin.
F. Estimated Percentage of Perennial Stream Losses to

Aquifer.
G. Estimated Percentage of Basin Outflow Attributed to

Evapotranspiration.
H. Estimated Percentage of Basin Outflow Attributed to

Underflow Out of Basin.
J. Estimated Percentage of Basin Outflow Attributed to

Stream Base Flow.
K. Average Yearly Pumpage for Period 1980 - 1984.
L. Average Yearly Total of Surface Flow Across Boundary

(TABLE #1)
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boundary, Douglas, upper San Pedro, upper Santa Cruz, Altar

Valley, San Simon Wash, Western Mexican Drainage, and the Yuma

basin at the western boundary (Figure #5) (USGS, 1982). The

amount of water contained in each basin/aquifer varies throughout

the region, with some areas holding significantly greater amounts

of water in storage than others (Table 1) (Bradley and DeCook,

1978). By virtue of their capacity to store water these eight

basins form the border region's only readily available source of

water (Kazmann, 1968).

Direction of groundwater flow also varies from basin to basin

along the border (Figure #5), and acts similar to surface

channels in some respects. Basins can act as conduits for

movement of water from one side of the boundary to the other, and

are also places of concentration for any pollutants which are

present in solutions reaching the water table (Chow, 1964). A

basic difference between surface channels and groundwater basins

is the rate at which movement occurs. Groundwater moves slower

than water in surface channels. The direction of groundwater

flow can also be altered by either irrigation or pumping if the

addition or removal of water is sufficient to change the natural

gradient of the water table.

Most of the region's water enters groundwater storage through the

bottom of the area's drainage channels by the process of natural

recharge (Bradley and DeCook, 1978). Lesser amounts of water

also enter groundwater storage at various other points within the

26
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basins. The rate at which water enters storage, the mechanism

by which it enters storage, and the total amounts of water in

storage at any particular time in a given basin are a function of

several complex variables (Davis and DeWiest, 1966). These

subjects will not be addressed in this paper. For purposes of

clarification, it is sufficient to simply state that the total

amount of groundwater in storage and the rate at which it enters

storage fluctuate in response to the prevailing topographic

features, soil types, climatic conditions, vegetative influences,

and pumping rates that occur within each basin.

WATER USE

Water use along the border has been increasing in recent years

creating a situation where the rate of water use now threatens

the available supply. Agricultural, municipal and industrial

users are using water faster than supplies are being replaced in

all of the populated basins along the boundary (Table #1).

Agriculture is, by far, the largest user of water in the 
region.

On the U.S. side of the boundary agriculture accounts 
for

approximately 80% of total groundwater use (USGS, 1985). 
While

exact estimates of agricultural use on the Mexican side 
of the

boundary are not readily available, agriculture 
is also the

largest water user. The number of irrigated 
hectares in the

Mexicali and San Luis Valleys increased from 49,074 
in 1957, to

73,584 hectares in 1972 (Bradley & DeCook, 1978).

Municipal, domestic, and livestock uses of water 
have also
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increased along the boundary. These categories of use account

for approximately 9% of total groundwater use on the U.S. side

with industrial uses accounting for approximately 5% (USGS,

1985). Estimates of the amount of use in these categories on the

Mexican side, are not available but they have also increased in

response to growing population and industrial activity in Mexican

communities.

POPULATION

The population growth along the international boundary and its

subsequent impact on water resources (Bradley and Emel, 1978) is

one of the primary reasons the region is experiencing difficulty

regarding its water resource. While there are undoubtedly many

factors which contribute to overall growth, perhaps the one

exerting the greatest amount of influence is the increase in

industrial activity that is occurring in most border cities.

This not only increases the burden on the water resource base,

but also places additional pressures on supply and wastewater

disposal systems as well.

POPULATION GROWTH

The population in most communities along the Arizona/Sonora

border has steadily increased over the last several decades.

Since 1950 populations in the border communities 
of Agua

Prieta/Douglas, Nogales, and Yuma/San Luis have more 
than
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tripled.	 In the Bisbee/Naco area the population has more than

doubled (Table #2).	 Most of these dramatic increases in

population have occurred on the Mexican side of the boundary and

can be attributed to the process of in-migration (Carpenter and

Blackwood, 1977), that is to say the number of people moving into

border communities is greater than the number of people that are

leaving. Large numbers of new residents are locating in border

cities in order to take advantage of better employment

opportunities that are occurring as industrial activity expands

(Ayer and Holt, 1977).

Industrial activity along the border has been increasing in

recent years. Most of the increase results from the Maquiladora

or twin plant program (Carpenter & Blackwood, 1977). Industry is

encouraged to locate facilities in border communities for a

variety of reasons. Labor costs in Mexico are lower than in the

U.S. American companies receive tax breaks by locating

facilities in Mexico because they are only taxed on the amount of

value added to products by Mexican labor. There are also fewer

restrictions on industrial activities in Mexico when compared to

the U.S. Finally, current agreements between the U.S. and Mexico

coupled with Mexico's need to provide jobs for an expanding

population encourage this type of development (Ayer & Holt,

1977).

A series of articles in the Arizona Daily Star identified 58 
twin

plant firms in the Mexican communities of Nogales, Aqua Prieta,
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POPULATION OF BORDER COMMUNITIES

COMMUNITY
	

1950
	

1960
	

1970
	

1980
	

1985

San Luis Rio
Colorado,	Sonora 4,500 35,000 69,000 135,000E 155.000B

Yuma,	 Arizona 9,145 23.974 29,007 45,4771C 55,389AD

TOTAL: 13,645 58,974 98,007 180,477 210,389

Nogales,	 Sonora 24,480 39,812 53,494 120,000E 200,000p
,

Nogales,	 Arizona 6,153 7,286 8,946 15,683 c 19,035 D

TOTAL: 30,633 47,098 62,440 135,683 219,035

Nato,	 Sonora 2,159 2,905 3,693 5,000E 7,000 B

Bisbee, Arizona 3,801 9,914 8,328 7,154 c 8,055
D

TOTAL: 5,960 12,819 12,021 12,154 15.055

Agua Prieta,	 Sonora 13,121 17,248 24,118 45,000 E 70,000 B

Douglas,	 Arizona 9,442 11,925 12,462 14,483C 14,080 D

TOTAL: 22,563 29,173 36,580 59,483 84,080

Source: Mexican Consulate
Tucson,Az.. Az Statistical
Review,Janail & Ullery. &

U.S.Census

A. Includes populations for Naval Air Station and San Luis, Arizona
B. Figures for Agua Prieta, Naco, Nogales and San Luis, based on verbal data

provided by Mexican Consulate, Tucson, Arizona
C. 1980 U.S. Census
D. Arizona Statistical Review, Valley National Bank, 1986
E. Estimated values from Jamail & Ullery

All other figures from Jamail & Ullery

(TABLE #2)
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and Naco which account for more than 27,000 jobs (Arizona Daily
Star, 3-6-88). Because the article only listed those firms with

more than 100 employees it is reasonable to expect that the

overall number is considerably greater when one takes into

account all firms and the auxiliary jobs created as a result of

the plants being located in the border area.

The twin plants are engaged in producing a wide variety of

products. Out of the 58 plants identified in the articles, 26

are involved in electronics manufacturing, 19 are unclassified, 6

are producing paper and plastic products, 4 are involved with

textiles and 3 are manufacturing automobile products. While

these types of facilities tend to be classified as relatively low

water users (Ayer & Holt, 1977), their overall impact on water

resources may be significant.

Electronic manufacturing and assembly plants introduce heavy

metals as a waste byproduct of manufacturing operations. Firms

involved in producing textile, paper and plastic products use a

wide variety of chemicals in production processes which a have

high potential for impacting water resources along the boundary.

Chemicals such as polyvinyl chloride, polystyrene, polyester,

cellulose acetate, and silicon are commonly used in these

industries and are tightly regulated in the U.S. (Code of Federal

Regs., 1987).
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POPULATION DENSITIES

There are four major population centers immediately adjacent to

the Arizona/Sonora border. With the vast majority of the

population concentrated in these relatively small areas (Figure

#2), additional pressures are being placed on not only the water

resource base, but on supply and disposal systems as well. In

fact, some water problems in border communities tend to result

from the concentration of people rather than for any other

reason.

As border communities increase in size, water supply and disposal

systems must also expand in order to meet the needs of an

expanding community. While supply and disposal systems in the

U.S. are adequate, the same is not true in Mexico. In the four

communities located on the Mexican side of the boundary not all

residents have an adequate water supply and disposal systems are

nonexistent in some areas (Table #3). Nogales, Sonora is a

typical example of a community experiencing both of these

problems. Infiltration galleries have been located along the

Santa Cruz River in order to increase the amount of available

water (Bradley & DeCook, 1978). Nogales has also been

experiencing sewage disposal problems for several decades (Jamail

& Ullery, 1979).
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HOUSEHOLD DATA FOR ARIZONA/SONORA BORDER COMMUNITIES

A n c n F. F G H .1 I(

Audit Prieta 7060 5776 1268 16 2668 1237 3155 18.2 1 44.7 1

Douglas 4285 2.4 1

Bisbee 3325 2.51

Nato 922 875 45 1 538 46 338 5.0% 36.71

Nogales,	 AZ 4564 3.42

Nogales,
Sonora 13587 11348 2176 63 7862 1384 4341 16.5% 32.01

1
Yuma 16774 6.51

2

San Luis 17716 14477 3160 79 6765 1949 9002 18.31 50.81

1. Includes figures for U.S. Naval Air Station and San Luis community on Arizona side of boundary.

2. Sum total of p	 ses, Yuma equals 0.82, Air Station equals 1.12 and San Luis equals 4.61

A.
B.
C.

D.
E.
F.
G.
H.
J.
E.
L.

Community
Number of Homes
Homes with Water Service
Nomes without Water Service
Homes Misc. and Unclassified
Homes Connected to Sewer System
Homes on Septic Systems
Homes Without Sewage Futilities
Percent of Homes Without Water
Percent of Homes Without Sewage Facilities
Portent of Homes Lacking Complete Plumbing Facilities

Source: U.S./Mexico Census

(TABLE #3)
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POTENTIAL FOR FUTURE GROWTH

The probability for continued growth along the border can be

expected to remain high, at least in the foreseeable future.

U.S. companies are expected to continue to locate manufacturing

facilities in Mexican communities in order to take advantage of

reduced labor costs, lower taxes, and fewer restrictions on

activity, while at the same time taking advantage of easy access

to U.S. markets and distribution centers (Ayer and Holt, 1977).

Likewise, pressures by U.S. corporations to retain current United

States trade policies coupled with Mexico's need to create jobs

for its residents can also be expected to continue. Officials of

both nations have gone on record as supporting the continuation

of the Maquiladora Program. As Guillerminas Valdes-Villalva

stated in a congressional briefing in 1985 "Mexican states along

the U.S. border are the key to Mexico's economic future" (Tucson

Citizen, 9-28-85). More recently in July 1988, Jim Kolbe, U.S.

Representative from Arizona stated "The tremendous positive

effect the twin plants exert on our local and national economy is

worth noting, and encouraging".

While economics is a major force in influencing regional growth,

other factors such as the mild climate, available labor pool, and

access to U.S. markets also contribute to the attractiveness of

the area in enticing new firms to locate in border communities.

Success in attracting new businesses and residents in such 
large
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numbers also creates other problems that may ultimately impact

the region's water. One of the most pressing problems facing the

area, in respect to water resources, is how to dispose of the

waste products that are being generated.

WASTE DISPOSAL

Waste disposal in border communities is a serious problem that

each nation is attempting to address. In some border cities

sewage disposal is an immediate problem, and disposal of solid

waste has the potential of becoming serious. While disposal of

either liquid or solid waste products has its own unique set of

problems, improper disposal, whether intentional or

unintentional, can be devastating to the area's water resource.

Given that surface and groundwater moves freely across the

boundary, and because most of the region is almost entirely

dependent on groundwater for meeting its needs, it would appear

to dictate that waste disposal should be given a high priority

by both nations in protecting the region's water.

SOLID WASTE DISPOSAL

The primary and generally accepted method being used to dispose

of solid waste along the border is to bury waste material in

landfills and cover the site with a layer of soil. Leaching of

wastes and protection of water resources near disposal sites are
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dependent on several variables. Hydrogeology of a site location,

soil type, and the type of waste, all need to be considered and

monitored, if water resources are to be protected (Code of

Federal Regs., 1987).

Impacts on water quality result from waste material being

transported off the original site. In the case of border

communities materials can be transported overland into drainage

channels or held in solution and leached downward until they

reach the aquifer. Any contaminates or toxic substances have

the potential to spread and can ultimately affect the entire

aquifer unless remedial action is taken.

The impact this process can or will have on any given border

community's water supply is nearly impossible to determine, under

current circumstances. There is a lack of reliable data on the

exact location of disposal sites, the type and amount of waste

material that may have been deposited at a given site, and

whether or not any waste materials or byproducts are moving off

the original site location.

While it cannot be stated that disposal of solid waste material

is or is not currently impacting water resources in border

communities, the potential for harm is present if disposal of

solid waste material is improperly managed. However, it can be

stated that some border communities are experiencing problems in
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disposing of solid wastes. The city of Nogales, Sonora recently

agreed to remove and clean up one of it's prior landfill sites

when residents living near the site expressed concern that runoff

from the site was adversely affecting their health (Hernandez,

1988).

LIQUID WASTE DISPOSAL

Disposal of liquid waste differs from disposal of solid waste in

that the majority of liquid waste consists of wastewater and

sewage. Liquid waste disposal has been a major cause of concern

in several communities along the border. Agua Prieta/Douglas,

Bisbee/Naco, and Nogales have all experienced problems, or

expressed concern, regarding disposal of this type of liquid

waste.

The region's water resources can be negatively impacted by the

improper disposal of raw sewage and wastewater in several ways.

Down stream, water quality can be lowered or wells can become

contaminated. Wildlife and aquatic life can be harmed.

Synthetic detergents and household cleansing agents can be

introduced into groundwater by untreated waste water or septic

systems (Chow, 1964). This is a major concern 
in border

communities because a large number of households in the 
Mexican

border area are without sewage disposal facilities (Table 
3).
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The Bisbee/Naco area has been experiencing problems regarding

sewage disposal for years. Overflows from sewage holding ponds

in Naco, Sonora have periodically crossed the border and moved

toward wells that supply the town of Bisbee with water (Jamail

and Ullery, 1979).

In the early 1970's, problems involving the quality of effluent

delivered to Mexico for irrigation use surfaced in the Aqua

Prieta/Douglas area. In this particular case the city of Douglas

expressed concern over their contractual obligation to provide

effluent of a specific quality to irrigators on the Mexican side

of the boundary (Jamail and Ullery, 1979).

The twin cities of Nogales are a prime example of communities

with a sewage disposal problem. In the Nogales case the amount

of sewage being generated by residents is far greater than the

capacity of the treatment plant. In recent years several

warnings have been issued by public health officials regarding

high levels of bacterial contamination in the Nogales Wash. The

wash flows year round in response to raw sewage which enters the

drainage channel on the Mexican side of the border (Maish, 1986).

Even though an agreement was recently signed by both nations to

expand the treatment plant (Maish, 1986), the city's past record

in resolving this problem does not suggest success in the future.
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An even greater concern regarding disposal of liquid waste

evolves from the increased amount of industrial activity that is

occurring in border communities. Proper disposal of the wastes

and waste byproducts generated by industry is essential if the

integrity of the region's water is to be preserved. The city of

Tucson, which lies less than 70 miles north of the boundary is

currently experiencing severe problems from past disposal of

these types of waste products, and border communities are not

immune from similar impacts.

Incidents of environmental contamination have already occurred

along the border. Beginning in 1977, the San Pedro River was

contaminated on several occasions by waste products which

originated at the copper mines located at Cananea, Sonora. In

this particular case liquid waste from the mine tailing ponds

entered the river channel and affected areas some distance from

the international boundary. Residents as far north as St. David,

Arizona, which lies approximately 40 miles from the border, were

issued warnings that water in the river was unsafe for livestock

and irrigation use due to contamination by heavy metals (Jamail

& Ullery, 1979).

These same types of problems are becoming apparent in some

border communities as a result of illegal disposal of toxic waste

by some twin plant firms. It was recently reported in a study by

Colegio De La Frontera Norte that some twin plant firms were
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disposing of highly toxic waste products with little regard for

safety (Benanti, 1988). The report indicated that the main

culprits are plants that produce electronic products, auto parts,

and plastic and metal products. It has been estimated that only

10% of the chemicals which are imported into Mexico are being

returned to the U.S. (Benanti, 1988). This is technically a

violation of law. Firms are legally required to export from

Mexico whatever they import into Mexico, which includes their

waste products (Benanti, 1988). Residents and business on both

sides of the border will ultimately be impacted by this type of

activity.

Because contamination by industrial waste in border communities

is only now beginning to be examined the magnitude of the problem

is unknown. However, it is a problem which requires attention if

the limited water resources in border communities are to be

protected.

WATER RESOURCE MANAGEMENT

Management of water resources is not a simple task under the best

of circumstances. In a case such as Arizona and Sonora, where

there is an international boundary, the difficulty is magnified.

Questions involving management responsibility, constraints on

management efforts, available options, and how to proceed in a

fair and equitable manner, all have to be resolved before the

actual management process can proceed.
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MANAGEMENT RESPONSIBILITY

Responsibility for managing water resources along the border is

currently divided among several different governmental entities.

In addition to both national governments, numerous governmental

agencies are charged with management responsibilities within

their respective countries (Jamail and Ullery, 1979). Management

efforts are also influenced by less formal arrangements that

exist along the boundary (Mumme, 1984). The situation is

further complicated because few linkages exist at most levels

between the U.S. and Mexican officials (Nalven, 1986). Because

of this, water management efforts along the border tend to be

divided with the prospect of further division as population and

industrialization in the region grows, and the demand for water

increases.

Internationally, the joint waters of both nations are under the

guidance of the IBWC (International Boundary and Water

Commission, U.S. and Mexico). At the national level several

governmental institutions have specific responsibilities in

respect to management and protection of water resources. On the

U.S. side of the boundary the EPA (Environmental Protection

Agency) is responsible for the protection of water quality. On

the Mexican side environmental protection is administered by SUDE

(Secretariat of Urban Development and Ecology).

level, the Arizona Department of Water Resources i

for managing water use within state boundaries

At the state

s responsible

while the

42



Department of Environmental Quality is responsible for protecting

water quality (AZ Rev. Stat., 1986). Because water management

responsibility in Mexico is centralized at the federal level of

government few parallels exist that compare to state levels on

the U.S. side of the boundary (Figure #6).

On a less formal level other quasi-governmental bodies and groups

also influence water management efforts along the border. The

Arizona/ Sonora Border Commission, various academic institutions,

and other groups have shown an interest in water management

efforts along the boundary (Figure #7). However, the primary

role of these agencies and groups is one of bringing matters to

the attention of the Commission, and in providing a base of

regional support necessary for solution of mutual problems

(Ingram, 1988, Mumme, 1980). Bringing border water problems to

the public's attention makes them harder to ignore and provides a

base of local support which increases the chance for Commission

action. Support from state congressional delegates has also been

instrumental in placing some items on the national agenda, thus

requiring Commission attention, via congressional control of the

funding process (Mumme, 1985).

A common thread linking most of the agencies and groups concerned

with transboundary water problems is that, for the most part,

their involvement is channelled through their respective sections

of the IBWC (Jamail & Ullery, 1979). Problems with salinity

levels in the Colorado River, sewage disposal problems, 
and
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pollution of the San Pedro River have all been routed through the

Commission before any action was taken to alleviate the problems

(Jamail & Ullery, 1979).

IBWC beginnings can be traced back to 1889 when the U.S. and

Mexico established the IBC (International Boundary Commission) on

a permanent basis to keep track of boundary changes brought about

as a result of course changes in the Rio Grande and Colorado

Rivers (Jamail & Mumme, 1982). In 1906, Commission functions

were expanded to include the sphere of water management (Jamail &

Mumme, 1982). The IWC (International Water Commission) was

established in 1924 to supervise provisions of the 1906 treaty

and was later combined with the IBWC, in 1932, to form the

current Commission (Jamail & Mumme, 1982). Ratification of the

1944 water treaty delineated IBWC functions and formalized the

Commission's structure (Nalven, 1978 & Jamail & Mumme, 1982).

Under the 1944 treaty the IBWC is granted a wide range of powers

in carrying out its duties. Article 2 specifies that the

Commission has the status of an international body in all

respects (Jamial & Mumme, 1982). Articles 2, 3, and 24 further

define the Commission's structure, jurisdiction, and powers

(Appendix #1). Formal IBWC powers include liaison and

investigative, adjudication and administrative duties (Jamail &

mumme, 1982). In their liaison and investigative capacities 
the

Commission acts as a formal liaison between the two Governments,

conducts investigations and gathers data on mutual water
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problems (Jamail & Mumme, 1982). Under their adjudication powers

the Commission can hold formal hearings and summon witnesses

(Jamail & Mumme, 1982). Under its administrative duties the

Commission also supervises numerous sanitation, flood control,

and water storage projects in both nations (Jamail & Ullery,

1979, Mumme, 1980).

In the period since 1944 Commission powers have been extended to

encompass the issue of transboundary pollution (Mumme, 1985).

Their powers have also been reaffirmed in later agreements

between the U.S. and Mexico. Article 12 of the 1983

environmental agreement states "nothing in this agreement shall

prejudice or otherwise affect the functions entrusted to the IBWC

in accordance with the Water Treaty of 1944" (U.S./Mexico, 1983).

Structurally the IBWC is comprised of a U.S. and Mexican section

each consisting of a chief engineer, two principal engineers, a

legal advisor, and secretary (Mumme, 1980). Current Commission

employees number approximately 400; 300 in the U.S., and 100 in

Mexico (Mumme, 1980). The employees are primarily engineering,

construction and technical, legal and clerical personnel (Mumme,

1980). Differences in size between the U.S. and Mexican section

are attributed to the fact that the U.S. maintains a construction

division while Mexico does not (Mumme, 1980).

The IBWC prides itself on its technical expertise and tries 
to

avoid political controversies and policy issues. However, 
the

Commission's influence cannot be discounted, especially within
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the U.S. section (Mumme, 1984). The IBWC affects policy issues

and avoids political controversies in several ways. The

Commission is held in high regard by both nations as evidenced by

its long institutional history. In the U.S. Commission members

keep state interests and congressional delegations informed

regarding current Commission projects and views (Mumme, 1984).

Even though the Commission's findings are subject to rejection by

either nation, their decisions are routinely accepted if neither

government objects within a 30 day period. This has the effect

of indirectly setting policy in some cases (Jamail & Mumme,

1982).

The IBWC has also been able to divest itself of politically

sensitive issues on the U.S. side of the boundary (Mumme, 1980).

In the case of the costly desalinization plant mandated by Minute

242 the IBWC successfully transferred operation of the plant to

the U.S. Bureau of Reclamation (Mumme, 1980). They have also

tended to take a conservative approach toward shared problems,

avoiding some issues altogether, and have aligned themselves

closely with state and regional interests (Mumme, 1984).

The Commission, as a whole, is not without some measure 
of

success in addressing water resource issues in an international

setting (Jamail and Ullery, 1979, Szekely, 1986, and 
Hayton,

1978). The Commission has been involved with joint flood 
control

works in Nogales since the 1930's. Approval 
and ratification of

Minute 242, of Commission proceedings in 1973, 
committed both

nations to solving the problem of salinity levels 
in the Colorado
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River and established pumping limits on groundwater in the San

Luis area. The IBWC has also been instrumental in negotiating

temporary solutions in most of the sanitation problems border

communities have experienced, and has successfully defended its

position as the agency primarily responsible for managing shared

waters (Jamail & Ullery, 1979, and Mumme, 1985). Just recently

they negotiated an agreement to expand the international

treatment plant located in Nogales, Arizona (Maish, 1988).

The Commission as a management body, however, has several

drawbacks. First, any agreement between Commission members is

subject to final approval by both governments. Because nations

tend to jealously protect their water resources, agreements may

not be an easily attainable goal (Alheritiere, 1985). There are

also political concerns in the U.S. in allowing the IBWC to take

on a management role (Utton, 1982). The Commission's failure to

address problems in a timely comprehensive manner, lack of

outside input into their decision making processes, concerns

regarding their technological approach toward solving border

water problems, and their tendency to avoid politically

sensitive issues have all been cited as potential drawbacks 
in

their ability to effectively manage water resources along 
the

boundary (Jamial & Ullery, 1979, Mumme, 1980).

Difficulties associated with management of shared 
waters by the

IBWC should not automatically eliminate it 
as an effective

management agency. The Commission has 
positive aspects, as well,
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which may enhance its ability to manage water in the border area.

The IBWC, over its relatively long institutional history (Hayton,

1978), has a fairly good record in addressing specific problems

along the border (Szekely, 1986, Mumme, 1984). It is also the

only agency currently in place that has some power to operate in

both countries, which gives the IBWC a definite advantage in

managing the region's water. The Commission's ability to manage

political controversy, and its ability to adapt to change as

evidenced by the extension of its duties to the issue of

pollution, may increase its chances for successfully managing

border waters (IBWC , 1979, Mumme, 1984, & Ingram, 1988).

MANAGEMENT CONSTRAINTS

Several barriers exist which impede management of water resources

along the border. Because U.S./Mexico transboundary water

problems are, by nature, a regional problem there are

difficulties in getting these issues addressed at the national

level. Each nation approaches its responsibility from different

legal perspectives, a disparity in the amount of economic 
and

technical resources that can be allocated toward solving problems

and with different sets of social standards. There is also 
an

element of mistrust and jealousy between 
the nations in

addressing border water problems.

In addition to getting management programs approved 
and

implemented there is also difficulty in getting 
border water
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problems addressed at the national level (Mumme 1980, Ingram,

1988). Local entities have few avenues available to formally

propose or influence management policies which tends to constrain

management efforts along the boundary. In Mexico, where

management authority is centralized at the federal level, the

same type of situation occurs because management efforts are

directed toward other priorities. This situation comes about

because there are few exchanges of information between officials

in the U.S. and Mexico (Jamail & Ullery, 1979). With the

exception of the IBWC, there is little cooperative effort in

solving mutual problems (Mumme, 1980).

The policy of the U.S. government is that management of water

resources that occur within a given state's boundaries is

primarily a state issue and that the authority to manage water

rests almost entirely with the state. This policy has been

reaffirmed in several opinions handed down by the U.S. Supreme

Court (Trelease, 1979). In the Republic of Mexico the federal

government has the authority to manage all water resources

occurring within its boundaries. Responsibility for managing

water resources in Mexico rests with the Secretarite De

Agricultura y Recursos Hidraulicos. Under current law 
the

secretary can either expand, modify the type of use, or restrict

the use of water if it is in the best interests of the country 
to

do so (Utton, 1978).

In the U.S. the legal right to water is closely tied to 
the

concept of property rights with individual owners 
holding
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specific legal rights to water (Trelease, 1979). This tends to

give the individuals holding water rights a great deal of power,

both legally and socially, in deciding how water is to be

managed and used. In Mexico, the rights to water are in effect

owned by the government. While the issue of private property

rights as they apply to water and methods to alleviate their

potential effects on management of water resources as a whole

have been the subject of debate (Lazarus, 1986 and Sax, 1970), it

is fairly easy to see that these differences can create problems

and inhibit management of water resources along the border.

Another point of difference is that both nations have different

legal definitions of hazardous waste and differing views on how

they should be handled. This makes the problem of dealing with

waste products difficult (Fondahl, 1988).

Another basic difference between the two nations lies in their

ability to devote sufficient economic resources toward managing

the region's water	 (Nalven, 1986 & Benanti, 1988). The U.S.

with its relatively stable rate of growth and economic resources

is able to allocate more resources and effort toward solving

water management problems. Mexico, however, has been struggling

to meet basic needs. Jobs must be provided for a population that

is one of the fastest growing in the world (Utton, 1978). In

addition, Mexico is burdened with managing a huge foreign debt

while meeting its day to day needs. 	 Mexico also has fewer

trained personnel than the U.S. to address management 
problems

(Nalven, 1986). The U.S. and Mexico differ in the social issues
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they are facing with respect to managing the region's water.

Mexico is trying to meet the basic needs of supplying more of its

citizens with a dependable source of water.

The same type of situation is also present when considering waste

disposal systems. The amount of waste products generated as a

result of expanding population and industrial activity in border

communities is growing faster than it can be handled. In the U.S.

concern over environmental issues, which Mexico views as a

passing fad (Szekely, 1986), and the desire for immediate results

(Nalven, 1986) assume a higher level of priority than they do in

Mexico.

There is also a certain amount of mistrust that exists on both

sides of the boundary. Mexico is concerned with the growing U.S.

influence in the region and has expressed reservations regarding

the possible negative effects brought about as a result of

increased U.S. activity along the border (Szekely, 1986). The

U.S. side cannot understand Mexico's lack of concern with

environmental problems (Nalven, 1986). While neither of these

concerns are specifically related to water resources both views

tend to complicate an already complex situation and limit the

opportunities for cooperative efforts in solving water problems

along the border.
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CONSEQUENCES OF NOT ADDRESSING PROBLEMS

If water resources along the boundary are not managed in a

responsible manner, negative impacts on the water supply will

more than likely increase in several areas. Competition for the

region's available water will almost certainly increase.

Incidents of environmental degradation are also likely to

increase which could lead to a reduction of water quality.

Economic costs will increase as water supplies become less

available. Conflicts between the nations are also likely to

intensify without proper water management. Some locations along

the boundary are already experiencing some of these problems.

Competition for the area's available water has been increasing

for several decades. The reasons for this are quite evident:

first, the population along the border has grown tremendously

since the 1950's and secondly, business activity along the border

has also increased dramatically. Use of water for irrigation has

also expanded, especially, in the San Luis area. All of these

situations increase the total amount of water use and compete

with each other for the region's available water.

Incidents of environmental contamination have already occurred at

several locations along the border. Beginning in 1977, the San

Pedro River was contaminated on several occasions by waste

products which originated at the mines located at Cananea,
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Sonora. Residents of the Bisbee/Naco area have also voiced

concern regarding the potential contamination of their water

supply by raw sewage. Public health officials in Nogales, AZ

have expressed reservations as to the long term benefits of the

recently signed agreement between the U.S. and Mexico to expand

the capacity of the waste water treatment plant that serves the

region (Maish, 1988). In view of the recurring problems

experienced by the cities of Nogales over the last 20 years,

there may be reason to give this analysis some degree of validity

(Jamail and Ullery, 1979). Incidents of contamination by

industrial waste are beginning to be identified in some

communities on the Mexican side of the boundary (Benanti, 1988),

and are likely to increase in the future as more industry locates

in border communities and additional amounts of waste are

generated.

The cost of water is another area that will be adversely affected

if water supplies become harder to obtain or require treatment

before they are suitable for use. The costs associated with

obtaining adequate supplies of water increase substantially if

local supplies have to be supplemented with sources of water from

outside the region or if treatment of water becomes necessary

before it is suitable for use. This is already evident in the

Yuma/San Luis area where the U.S. has built a desalinization

plant to treat Colorado River water before it enters Mexico.

Operation of the plant to reduce salinity levels in the river is
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mandated by Minute 242 of the IBWC proceedings. Pumping cost

will definitely increase as the water table is lowered around

most border communities.

The Number of conflict situations resulting from water related

problems along the border could also increase if water supplies

are substantially decreased. The same situation could also arise

if water quality was to deteriorate to a level that restricts the

availability of water for certain types of use. Conflict over

water quality in the Colorado River is what led to the approval

of Minute 242 of the IBWC proceedings (IBWC, 1973). Avoidance

of future conflicts was clearly evident in the Minute's

limitation on pumping of groundwater in the San Luis area. Item

number 6 of the Minute also specifically states, "With the

objective of avoiding future problems, the United States and

Mexico shall consult with each other prior to undertaking any new

development of either the surface or the groundwater resources,

or undertaking substantial modifications of present developments,

in it's own territory in the border area that might adversely

affect the other country."

It cannot be stated with any degree of certainty that any 
of

these situations will continue to occur or intensify but, 
at the

same time, it cannot be stated that they will not 
occur.

However, given the region's rapid rate of growth, limited

availability of water and its past record of 
experiencing

problems in these areas, the likelihood of future 
problems
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appears great. In the absence of adequate management efforts,

they area almost unavoidable.

MANAGEMENT OPTIONS AND GUIDELINES

Officials in both nations have several options available for

managing water along the border. Management problems could be

approached via a comprehensive management program, from a status

quo pint of view, or on a case-by-case basis. While all of these

options have limitations in respect to managing water along the

border, some are better than others.

Comprehensive management of water resources is possibly the best

available option, however, it would be extremely difficult to

implement. A major obstacle in this type of approach is that two

sovereign nations, and various other governmental bodies, are

involved in the management process. This gives rise to numerous

problems involving jurisdictional authority and enforcement power

(Utton, 1978). How these types of problems would be resolved in

an international setting, without infringing on either nation's

sovereign rights, is at best a significant issue. Because of

these differences and difficulties, comprehensive management does

not appear to be a viable alternative, at least in the near

future.

The current crisis management, or status quo, approach would

simply allow management efforts to go on as they have in the

past. Each nation would continue to respond to problems once
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they reach crisis proportions and would be allowed to manage

water with little regard for the concerns of, or impacts on, its

neighbor (Utton, 1978). This option would tend to increase the

number of water problems along the border as communities expand

and grow. The potential for conflict between the nations would

increase as water needs grow in response to increasing population

and industrialization (Utton, 1982). This option would also

encourage a more rapid depletion of the water resource as each

nation would continue to use water unabated (Utton, 1978).

continuation of this type of approach coupled with both nation's

reluctance to address management problems until they reach crisis

levels tend to eliminate this option as a desirable alternative.

Approaching border water management problems on a case-by-case

basis also has limitations. This type of approach tends to be

fragmented and somewhat inefficient in addressing shared water

interests, a disadvantage in addressing border water problems

(Utton, 1978). However, a case-by-case approach that

incorporates planning strategies has several advantages. 
This

type of approach would allow a certain amount of flexibility 
in

resolving localized differences between the nations. It would

also allow management efforts to be directed toward the 
areas of

greatest need and allow for easier solution of 
problems not

shared by all locations along the boundary.

Flexibility in resolving differences along the
 boundary is a

necessary management element because two sovereign 
nations are
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of

involved.

acceptable

addressing

potential

solution

Colorado

1988).

What is acceptable in one country is not necessarily

in the other. With proper planning, flexibility in

issues on a case-by-case basis can also reduce the

for localized problems to escalate and influence

other border water problems, as they did in the

Salinity case (Jamail & Mumme, 1982, Ingram,River

The ability to direct management efforts toward areas of greater

need is another element that enhances this type of approach in

managing shared waters. Because of differing degrees of economic

development and social conditions along the border, Mexico, by

necessity, must direct more of its efforts toward meeting the

basic needs of its citizens (Nalven, 1986).

The case-by-case approach in managing shared waters would also

allow for the separation of problems particular to one location

along the boundary from other areas. This approach has been

applied on a somewhat limited basis in solution of past border

water problems (Jamail & Ullery, 1979), and with adequate

planning can be a valuable tool in avioding future difficulties

(Utton, 1982).

When approaching management of shared waters 
from this

perspective, what is needed in the particular 
case of the

Arizona/Sonora border is a real effort by both nations 
directed

toward resolving their current differences and planning for

future needs. This process can be advanced by mutual development
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of specific guidelines and area plans that can be used in

managing joint waters.

When managing waters that transect international boundaries

several issues must be resolved before any management scheme can

proceed in an orderly manner. Questions involving the amount of

water to which each nation is entitled, concerns of fairness and

equity, how to proceed with management, and methods of resolving

disputes all have to be addressed if management of waters in

international settings is to be a workable concept. The subject

has been receiving increased attention in recent years, as

competition between nations for water supplies intensifies. Two

documents which offer guidelines for addressing these types of

issues in a straight-forward manner are the Helsinki Rules

(International Law Assoc., 1966) and the Ixtapa Draft agreement

relating to the use of transboundary groundwaters (Rogers and

Utton, 1985).

The Helsinki Rules discuss the issue of fairness and 
equity in

articles IV and V. Article IV states "each basin 
state is

entitled, within its territory, to a reasonable and 
equitable

share in the beneficial uses of the waters of an international

drainage basin". Article V then lists several criteria to be

used in determining what is fair and equitable (Appendix 
#2).

While the Helsinki Rules are primarily directed at 
surface

waters, the general principles are applicable in 
most

international water management situations.
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Although the focus of the Ixtapa Draft agreement is on

groundwater it is also applicable in most international water

situations. The Ixtapa document goes further than the Helsinki

Rules in its proposals for managing international waters. It

lists 16 general considerations in designing an agreement between

nations for the management of groundwater resources (Appendix

#3). Though the title of the document would suggest that only

groundwaters are considered, this is not the case. The first

consideration in the draft states that there must be conjunctive

management of surface and groundwater in areas where supplies are

interrelated. This statement alone gives the principles

contained in the draft more flexibility by virtue of its

recognition of the existing relationships between surface and

groundwater.

Incorporation of these types of principles into management

efforts along the Arizona/Sonora border, though difficult, would

not be impossible to achieve, and could be of great help in

reducing current problems and limiting the magnitude of future

negative impacts on the region's water resources.

SUMMARY

When considering the current status of shared 
waters, and

management efforts, along the Arizona/Sonora border 
several

points are easily recognized. Because of the 
region's desert

climate and the magnitude of human development, water resources
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along the border are limited.	 The population, business and

industrial activity in border communities have increased

dramatically over the last several decades. This has brought

about an increase in the total amount of water use and has also

increased the number of incidents of environmental contamination.

Management efforts with respect to shared water along the border

are fragmented and sporadic in their approach toward problem

solving. Management of joint waters is possible, necessary and

attainable and, if implemented, will reduce the possibility of

problems in the future. Any move toward management will not be

easy and will have to overcome difficulties before it can be

effective in managing the region's water. Water resource issues

are inextricably linked with most human endeavors, therefore, any

management effort should be open and multi-disciplined in its

approach in order to decrease opposition to management efforts.

Finally, active management of water resources is necessary in

order to limit the extent of current problems and insure the

future viability of the region.

The limited extent of water resources along the border is

undeniable. Except for the area near the Colorado River, the

region is entirely dependent on groundwater for meeting most of

its needs. While it can be argued that local supplies of water

can be supplemented with other sources, application of this type

of approach is nearly impossible. There are no major sources of

water in either nation available to supplement local supplies to

any great degree. Therefore, the region will have to depend on
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existing water sources in order to meet the needs along the

boundary.

The increase in population and business activity in border

communities cannot be denied. The region has been growing

extremely fast in recent years, and this trend can be expected to

continue in the near future. It also cannot be denied that most

border communities have encountered some type of problem either

directly or indirectly related to management of water resources.

This trend is also likely to continue in the near future and has

the potential for harming the region's water resource base if

management efforts continue as they have in the past.

Historically, few linkages exist among border water management

officials, and other interested groups, and problems along the

border have not been addressed until they assume a position where

they can no longer be ignored. This crisis management approach

has resulted in a very inefficient system of water management in

most border communities. Continued management of water resources

in this manner may eliminate some choices altogether.

Management of shared water along the Arizona/Sonora border is not

an impossible task. Various problems related to water have been

addressed on a limited basis at several locations along the

boundary.	 Problems involving public health concerns and

sanitation problems have been jointly resolved, in several border

communities. The importance of groundwater has been recognized
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as a point of concern, and is regulated along one section of the

border, and the process of dealing with salinity levels in the

Colorado River has begun. Although past successes, involving

water issues, along the border have been limited, they do

indicate that joint effort is possible. What has been missing

is a concentrated effort on the part of both governments toward

actual management of the region's water.

The actual process of managing joint waters along the boundary

will not be easy to achieve. Undoubtedly many difficulties will

be encountered before management can proceed in an orderly

manner. Differences in the economic and social needs of both

nations will have to be recognized and considered. Legal

differences will have to be resolved and political resistance

will have to be overcome before any management effort can be

effective. There will also have to be a definite commitment by

both nations to ensure that joint waters are actually managed.

This will require adequate financial, technical, and popular

support form both governments in order to be successful.

The impacts associated with management of water resources are not

restricted to water alone; they are inextricably linked with most

human endeavors, therefore, management of these resources along

the border should be given a high priority. Because public

health concerns, social issues, and economic pursuits are all

closely tied to water, any management effort should take a multi-

disciplined approach toward problem solving. In addition to
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experts from the field of Hydrology and Water Resources, experts

from all areas that may be impacted by water management

decisions, should be actively encouraged to provide input into

the management process. This would increase the chance of

attaining a workable solution to border water problems that is

acceptable to both governments, and may be possible if current

interests are allowed a greater voice in the management process.

CONCLUSION AND RECOMMENDATIONS

Because of the region's growing population and limited water

resources, both nations should intensify joint management efforts

along the boundary. In order to increase the chance of

successfully managing shared waters several elements need to be

present. Because two sovereign nations are involved the federal

level of government must take an active role in water management.

Authority to manage water and jointly developed guidelines that

define acceptable-use and protection standards must be present.

Compliance with mutually agreed on standards must also be

monitored. Finally, and perhaps the most difficult to achieve,

management efforts must be acceptable to both nations.

Management of shared waters at the federal level already occurs

along the boundary on a limited basis. The IBWC is already in

place and has addressed several transboundary water problems. In

the absence of specific agreements to jointly manage all waters

along the border IBWC activities should be expanded to encompass
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all matters directly related to the management and protection of

shared waters. This should occur at the policy level as well as

the technical and political levels. This will require the

cooperation of both governments in providing the popular support

and resources necessary to support increased management

activities.

Limited authority to manage joint waters along the boundary is

also present. Under the original 1944 utilization of waters

treaty the IBWC was granted a range of powers in managing shared

surface waters. In the interval since, they have extended their

authority to problems involving water quality. Approval of

Minute 261 clearly shows their intent to address these types of

problems. Their authority has also been reaffirmed in latter

agreements by both governments. Therefore, both nations should

extend the Commission's authority to actively manage all shared

waters. This could be achieved by simply approving a new minute

to the existing treaty.

Acceptable-use limits and protection standards need to be jointly

developed that define what is, and what is not, acceptable in the

use and protection of shared waters. The IBWC has already

partially defined these limits and standards along the Colorado

River and in the San Luis area of the boundary in Minute 242.

The process needs to be expanded along the remaining areas of the

border. Once this process is completed implementation and

enforcement could be left to the respective governments, or their

designated representatives.
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A monitoring program also needs to be established along the

border to ensure that approved limits and standards are being

observed. Along the Arizona/Sonora border monitoring does not

pose much of a problem because Commission personnel already have

the power to observe and conduct studies in the territory of both

countries.

Incorporation of principles such as those contained in the

Helsinki Accords and Ixtapa Draft into the management process

could also make management of shared waters more acceptable.

Both of these documents offer guidelines for resolving such

issues in a fair and equitable manner and should be included in

any management effort along the boundary.

The process of managing joint waters must be acceptable to both

nations. This implies that the process of setting standards and

limits needs to be accessible to officials and groups in both

nations at all levels if it is to generate the necessary public

support. In the past the Commission has tended to approach

border water problems from a technological fix point of view, and

their decision making processes were primarily closed to outside

viewpoints. One important step that could be taken to help

alleviate this situation is that the various institutions and

interest groups could be better organized to work more closely

with the IBWC in formulating problem solutions and management

policies. The IBWC itself could encourage this type of

involvement by sponsoring meetings and soliciting input regarding

water problems along the boundary. This type of approach would
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broaden the range of outside viewpoints and would tend to

strengthen the IBWC's political base and increase the chance of

identifying solutions that are acceptable to all interests.

Active management of water resources along the boundary is

desirable, necessary, and in the best long term interest of both

nations. Though the process of managing shared waters will be

difficult and controversial, both nations should proceed because

only active management can reduce the potential for harm and

extend the viability of the region for the benefit of communities

along both sides of the border.
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APPENDIX #1

U.S.-MEXICO 1944 WATER TREATY
(Articles 2, 3, & 24)

Article 2

The International Boundary Commission established pursuant to the
provisions of the Convention between the United States and Mexico
signed in Washington March 1, 1889 to facilitate the carrying out
of the principles contained in the Treaty of November 12, 1884
and to avoid difficulties occasioned by reason of the changes
which take place in the beds of the Rio Grande (Rio Bravo) and
the Colorado River shall hereafter be known as the International
Boundary and Water Commission, United States and Mexico, which
shall continue to function for the entire period during which the
present Treaty shall continue in force. Accordingly, the term of
the Convention of March 1, 1889 shall be considered to be
indefinitely extended, and the Convention of November 21, 1900
between the United States and Mexico regarding that Convention
shall be considered completely terminated.

This application of the present Treaty, the regulation and
exercise of the rights and obligations which the two Governments
assume thereunder, and the settlement of all disputes to which
its observance and execution may give rise are hereby entrusted
to the International Boundary and Water Commission, which shall
function in conformity with the powers and limitations set forth
in this Treaty.

The Commission shall in all respects have the status of an
international body, and shall consist of a United States Section
and a Mexican Section. The head of each Section shall be an
Engineer Commissioner. Wherever there are provisions in this
Treaty for joint action or joint agreement by the two

Governments, or for the furnishing of reports, studies or plans
to the two Governments, or similar provisions, it shall be
understood that the particular matter in question shall be

handled by or through the Department of State of the United

States and the Ministry of Foreign Relations of Mexico.

The Commission or either of its two Sections may employ such

assistants and engineering and legal advisers as it may deem

necessary. Each Government shall accord diplomatic status to the

Commissioner, designated by the other Government. The

Commissioner, two principal engineers, a legal adviser, and a

secretary, designated by each Government as members of its

Section of the Commission, shall be entitled in the territory of

the other country to the privileges and immunities appertaining

to diplomatic officers. The Commission and its personnel 
may

freely carry out their observations, studies and field 
work in

the territory of either country.
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The jurisdiction of the Commission shall extend to the limitrophe
parts of the Rio Grande (Rio Bravo) and the Colorado River, to
the land boundary between the two countries, and to works located
upon their common boundary, each Section of the Commission
retaining jurisdiction over that part of the works located within
the limits of its own country. Neither Section shall assume
jurisdiction or control over works located within the limits of
the country of the other without the express consent of the
Government of the latter. The works constructed, acquired or
used in fulfillment of the provisions of this Treaty and located
wholly within the territorial limits of either country, although
these works may be international in character, shall remain,
except as herein otherwise specifically provided, under the
exclusive jurisdiction and control of the Section of the
Commission in whose country the works may be situated.

The duties and powers vested in the Commission by this Treaty
shall be in addition to those vested in the International
Boundary Commission by the Convention of March 1, 1889 and other
pertinent treaties and agreements in force between the two
countries except as the provisions of any of them may be modified
by the present Treaty.

Each Government shall bear the expenses incurred in the
maintenance of its Section of the Commission. The joint
expenses, which may be incurred as agreed upon by the Commission,
shall be borne equally by the two Governments.

Article 3

In matters in which the Commission may be called upon to make
provision for the joint use of international waters, the
following order of preferences shall serve as a guide:

1. Domestic and municipal uses.
2. Agriculture and stock-raising.
3. Electric power.
4. Other industrial uses.
5. Navigation.
6. Fishing and hunting.
7. Any other beneficial uses which may be determined by the

Commission.

All of the foregoing uses shall be subject to any sanitary

measures or works which may be mutually agreed upon by the two

Governments, which hereby agree to give preferential attention to

the solution of all border sanitation problems.
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Article 24

The International Boundary and Water Commission shall have, in
addition to the powers and duties otherwise specifically provided
in this Treaty, the following powers and duties:

(a) To initiate and carry on investigations and develop plans
for the works which are to be constructed or established in
accordance with the provisions of this and other treaties or
agreements in force between the two governments dealing with
boundaries and international waters; to determine, as to
such works, their location, size, kind and characteristic
specifications; to estimate the cost of such works; and to
recommend the division of such costs between the to
Governments, the arrangements for the furnishing of the
necessary funds, and the dates for the beginning of the
works, to the extent that the matters mentioned in this
subparagraph are not otherwise covered by specific
provisions of this or any other Treaty.

(b) To construct the works agreed upon or to supervise their
construction and to operate and maintain such works or to
supervise their operation and maintenance, in accordance
with the respective domestic laws of each country. Each
Section shall have, to the extent necessary to give effect
to the provisions of this Treaty, jurisdiction over the
works constructed exclusively in the territory of its
country whenever such works shall be connected with or shall
directly affect the execution of the provisions of this
Treaty.

(c) In general to exercise and discharge the specific powers and
duties entrusted to the Commission by this and other
treaties and agreements in force between the two countries,
and to carry into execution and prevent the violation of the
provisions of those treaties and agreements.	 The
authorities of each country shall aid and support the
exercise and discharge of these powers and duties, and each
Commissioner shall invoke when necessary the jurisdiction of
the courts or other appropriate agencies of his country to
aid in the execution and enforcement of these powers and
duties.

(d) To settle all differences that may arise between the two
Governments with respect to the interpretation or
application of this Treaty, subject to the approval of the
two Governments. In any case in which the Commissioners do
not reach an agreement, they shall so inform their
respective governments reporting their respective opinions
and the grounds therefor and the points upon which they
differ, for discussion and adjustment of the difference
through diplomatic channels and for application where proper
of the general or special agreements which the two

Governments have concluded for the settlement of

controversies.
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(e) To furnish the information requested of the Commissioners
jointly by the two Governments on matters within their
jurisdiction. In the event that the request is made by one
Government alone, the Commissioner of the other Government
must have the express authorization of his Government in
order to comply with such request.

(f) The Commission shall construct, operate and maintain upon
the limitrophe parts of the international streams, and each
Section shall severally construct, operate and maintain upon
the parts of the international streams and their tributaries
within the boundaries of its own country, such stream gaging
stations as may be needed to provide the hydrographic data
necessary or convenient for the proper functioning of this
Treaty.	 The data so obtained shall be complied and
periodically exchanged between the two Sections.

(g) The Commission shall submit annually a joint report to the
two Governments on the matters in its charge. The
Commission shall also submit to the two Governments joint
reports on general or any particular matters at such other
times as it may deem necessary or as may be requested by the
two Governments.
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APPENDIX #2

ARTICLE V HELSINKI RULES

(1) What is a reasonable and equitable share within the meaning
of Article IV is to be determined in the light of all the
relevant factors in each particular case.

(2) Relevant factors which are to be considered include, but are
not limited to:

(a) the geography of the basin, including in particular the
extent of the drainage area in the territory of each
basin State;

(b) the hydrology of the basin, including in particular the
contribution of water by each basin State;

(c) the climate affecting the basin;
(d) the past utilization of waters of the basin, including

in particular existing utilization;
(e) the economic and social needs of each basin State;
(f) the population dependent on the waters of the basin in

each basin State;
(g) the comparative costs of alternative means of

satisfying the economic and social needs of each basin
State;

(h) the availability of other resources;
(i) the avoidance of unnecessary waste in the utilization

of waters of the basin;
(j) the practicability of compensation to one or more of

the co-basin States as a means of adjusting conflicts
among uses; and

(k) the degree to which the needs of a basin State may be
satisfied, without causing substantial injury to a
co-basin State;

(3) The weight to be given to each factor is to be determined by
its importance in comparison with that of other relevant

factors. In determining what is a reasonable and equitable

share, all relevant factors are to be considered together
and a conclusion reached on the basis of the whole.
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APPENDIX #3

IXTAPA CONSIDERATIONS

1. There must be conjunctive management of surface and
groundwater in areas where supplies are interrelated. In
the management of transboundary groundwaters it is essential
to recognize the interrelationships between surface and
groundwaters, which are frequently interconnected. Contrary
to hydrologic reality, the law frequently has made
distinctions which separate surface water from underground
waters; these distinctions have failed to recognize
interrelationships between surface and underground waters.

2. Legal rights should take into account the hydrologic fact
that water is a fugitive resource. Therefore, the legal
rights are to the control and use of water, not the
ownership of the water.

3. Decisions such as the spacing of wells and the rate of
drawdown need to be carried out according to a reasoned
development scheme.

4. Hydrologic information needs to be developed carefully in
order to plan for the use of the supply over a calculated
period, to determine sustained yield and to prevent salt
water intrusion.

a. There should be a system of measurement of withdrawals
from wells.

b. Records must be kept of withdrawals over a period of
time.

5. Controls must be placed on drilling in those areas where
present and future uses may be endangered.

6. Allocations procedures, including permits, must be flexible

in order to anticipate and minimize conflicts and shortages

and to facilitate transfers to other uses.

7. The planning process should be flexible enough to allow for

planned depletion over a calculated period by certain uses

such as irrigation or municipal water supply. The planned

depletion or mining of water can be justified in the same

way as the mining of nonrenewable mineral resources such as

oil, coal, or copper. The decision to mine, however, has

to be made after through investigation and the development

must be orderly and rational.	 This is particularly so

where the groundwater resource is divided by 
an

international boundary, because depletion of the resource

and the consequent damage to the other country 
cannot be

easily corrected by natural recharge.
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8. The management effort must include and be related to all
water quality matters.

9. Management should be placed in an agency with authority
which is broad enough to carry out the policies of the
parties concerned and strong enough to enforce the policies
designed for particular groundwater areas along and near
the border.

10. The use of groundwater resources divided by political
boundaries may be equitably apportioned and in that
apportioning, shared groundwater may be treated in the same
manner as shared surface water.

11. The amount and quality of groundwater available to the
affected countries within their shared international
drainage basins and from shared groundwater aquifers should
be included as elements in the determination of an equitable
appointment of their shared water resources.

12. The allocation of shared groundwater should not be
determined by parties acting unilaterally, but rather the
parties should determine through amicable deliberations and
negotiation their respective rights to shared natural
resources.

13. The actual allocation, administration, and enforcement of
water rights as to each party's portion of water in a
transboundary groundwater conservation area would be within
the jurisdiction of that party and its appropriate political
subdivision.

14. In addition, there should be a general supervisory power

lodged in the Commissions to ensure that each party abides
by its obligations.

15. In the event of prolonged drought the Commission should be

authorized to use transboundary groundwaters as drought

reserves.

16. The Draft Agreement is based on the sovereign power of

nations to enter into agreements. Thus, in large part,

political and institutional implications of the 
draft

agreement that are intra-national in character are 
not

discussed. While the issues of how local or provincial

support for a treaty within a nation is to be gained 
and how

the provisions are to be implemented are important, 
they are

not addressed in this draft. Absent knowledge 
of specific

parties and circumstances such matters are 
difficult to

anticipate and analyze.

80


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80

