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breeding herd; (4) cut excess forage for hay or 
silage for use in years of low production; and (5) 
lease or rent grazing to other livestock operators. 

Equally important with establishing planned al- 
ternatives for keeping livestock numbers in bal- 
ance with forage is to know when to implement 
them, recognizing as early as possible when adjust- 
ments in numbers will be necessary. An operator 
doesn’t need to wait till July to decide whether he 
is having a good growing season. If moisture is 
below normal in the soil profile by mid-April, he 
knows adjustments in his program will need to be 
made by summer. 

Ranchers, range managers, and range conserva- 
tionists realize good quality grass is the cheapest 
livestock feed that can be grown on millions of 
acres of rangelands. They also know that range re- 

sources must be managed to meet the needs of both 
the plants and the animals. Flexibility in manage- 
ment plans will aid the manager in obtaining opti- 
mum use of the range and related resources despite 
fluctuating forage production. 
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Highlight 
A shortage of good quality livestock 

and household water has plagued 
northwest Nebraska ranchers. The de- 
velopment of Polyvinyl-chloride pipe 
has provided a method of piping good 
water into this area. Five hundred 
forty five miles of PVC pipe have been 
installed, or are planned, on 108 
ranches watering approximately 
300,000 acres of rangeland. This pro- 
ductive grassland area can now be 
grazed safely and efficiently with a 
stable, good quality water supply. 

When discussing the resources of 
Nebraska, water is cme resource 
that seems to be plentiful. There 
is an abundance of water in Ne- 
braska’s many streams, rivers and 
lakes. Good quality water is avail- 
able from shallow wells throughout 
the Sandhills region. 

The Problem 
The water situation in Sioux and 

Dawes Counties in Northwest Ne- 
braska is somewhat different. This 
area is called the “Gumbo Country” 

1 Received March 25, 1971. 

and the small amount of ground 
water available is highly mineral- 
ized and not fit for human con- 
sumptioln. 

The livestock dams and dugouts 
used to store water have a relatively 
short life due to siltation, and sites 
for new impoundments are scarce. 
In late winter and early spring 
when runoff is frequent the water 
quality is fairly good, but in late 
summer and fall when evaporatioa 
is rapid the concentration of salts 
in the water becomes quite high. 
Livestock often get mired in the 
mud when these dams are low. A 
survey in 1967 by the Nebraska Ex- 
tension Service (U. S. Dep. Agr., 
1967) indicated that livestolck dams 
are dry for an average elf 3 out of 
10 years with the water being poor 
quality for an additional 3 of 10 
years. 

In the past, the ranchers, in this 
area have relied cm dams and dug- 
outs to store surface runolff to sup- 
ply the needs for livestock water. 
To obtain water for household use 
ranchers had to haul water from 
the nearby towns of Chadron, Craw- 
ford, or Harrison. Another source 
of water was the runoff from houses, 
sheds, and barns equipped with 
downspouts that drained into a 
cistern and the water sto,red here 
for later use. Wells with a 3 foot 
diameter have been tried, but met 
with limited success and no im- 
provement in water quality. 

Resources 
This area is in the Pierre Shale 

Plains and Badlands Resource area 
in the 14 to 16 inch precipitation 
zone. The mean length of the frost 
free period is approximately 120 
days. 

The major soils are Samsil, Pierre 
and Kyle clay. These are upland 
soils (U. S. Dep. Agr,, 1969), devel- 
oped in the weathered, gray shale 
of the Pierre formation. All have 
clay surfaces and subsoils, but differ 
in the thickness of the soil material 
over the unweathered parent shale. 
Samsil is shallow, Pierre is mod- 
erately deep, and Kyle is a deep soil. 

The vegetation is dominantly 
western wheatgrass (Agropyron 
smithii), green needlegrass (Stipu 
viridula), blue grama (Bouteloua 
gracilis), sideoats grama (Bouteloua 
curtifiendula), and buffalograss 
(Buchloe dactyloides). 

These ranges yield from 500 to 
1500 pounds of air dry forage per 
acre (Jensen, 1968). This is a valu- 
able grass resource that the ranchers 
have not been able to use efficiently 
because of the water situation. 

The ranches in this area are pri- 
marily cow, calf, and yearling opera- 
tions with some sheep production. 
The hay supply is limited and the 
livestock are ranged year round. 
The antelope population is quite 
high and there are some deer. 

This “Gumbo” area is fortunate 
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in having a source of well water 
nearby in the sandstone formation 
along the Pine Ridge escarpment. 
This Pine Ridge escarpment angles 
across the northwest corner of Ne- 
braska. Most of the wells are 8 
inches in diameter, are 50 to 250 
feet deep, and produce 10 to 40 gal- 
lons per minute. 

Materials and Methods 
Prior to the development of Poly- 

vinyl-chloride pipe (PVC), livestock 
water pipelines were impractical. 
The cast of metal pipe was toO high 
to make pipelines feasible and the 
soils in this area are highly corro- 
sive to metal pipe. PVC comes in 
40 foot lengths, is resistant to COP 
rosion and damage by rodents, and 
has a low friction loss. 

Ranchers and farmers interested 
in inar;dli”g a pipeline contact the 
Somil Co,nservation Service for tech- 
nical assistance. Surveys are made to 
get the elevations along the pro- 
posed pipeline and other informa- 
tion is gathered that is necessary to 
design the pipeline. Cost sharing ia 
provided by the Agricultural Con- 
servation Program (ACP) or the 
Great Plains Conserwtio~” Pro- 
gram. TVhen there arc several 
ranchers interested in a pipeline, 
they can form i( nonprotit organira- 
tion and make application for a 

pooling agreement for participation 
in one OC the cost sharing pro~grgrams. 
\\rhe” the pipeline design is com- 
pleted the organization puts the 
pipeline up for bids, or negotiates 
with the contractor for construction 
of the line. 

Each ranch is alloted a certain 
percentage of the cost sharing pay- 
ment and is assessed with a per- 
centage of the maintenance costs. 
T& percentage is generally based 
on the acres, and/or cattle numbers, 
served by the pipeline on each 
Xt”Cll. 

The pipelines are designed to 
provide 20 gallons per day per ani- 
mal “nit and 500 gallons per day 
per ranch headquarters. Irrigating 
of lawns and gardens is not allowed. 

The PVC pipe is of the rigid or 
serni-rigid type, placed in a mini- 
mum of 12 inch wide trench (Fig. 1) 
and buried 5 feet deep to stay below 
the frost line (U. S. Dep. Agr., 1967). 
The pipe is snaked in the trench to 
maintain some slack for contraction 
and the joints are glued (Fig 2). 
The line is tested before back- 
filling to check Coor leaks. Care is 
needed in the backfilling operation 
to see that no sharp rocks co’mme in 
direct contact with the pipe. If 
leaks develop after backfilling the 
trench, the area over the leak can 
be excavated with a backhoe and 
repaired. When leaks occur, the 
water comes to the surface rapidly 
because the day content of the soils 
prevents deep percolation of the 
water. 

Electric pumps are placed in the 
wells and at booster stations along 
the line to maintain operating pres- 
sure. The pressure on the line may 
vary from 20 to 160 psi. The elec- 
tric pumps vary from ?/a to 5 horse- 
power depending on the length of 
the line and the total lift. Air re- 
lease valves are required on apexes 
in the line to prevent air locks. The 
safe operating pressure on the ma- 
jority of PVC pipe is 160 psi. When 
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Table 1. Summary of installed and planned Pipelines in Sioux and Dawes 
Counties Nebraska. 

Jordan- 
Wa%?rbIlrger 

Ant&JptY 
Isham 
Prairie Dag 
Robertson 
Indian Creek 
sugar Loaf 
Lindekin 
Stumph 
Larserl 
EllWXl 
M0ntr0stY 
Sand Creek 
Whetstone 
Spring Creek 
Cottonwood 
Wayside 
Bowen 

Total 

12 50.4 
1 1.3 
1 1.” 
1 .9 
1 1.9 
5 31.6 
7 18.8 

10 45.0 
15 86.9 
11 18.2 
14 125.0 

1 20.0 

108 545.3 

6,254 
16,891 
16,067 
15.385 
8,303 

36,500 

298,970 

pressures approach 160 psi, pressure 
reducing valves or cisterns are in- 
stalled. Vacuum release valves are 
installed where there is a danger of 
the pipe collapsing from negative 
pressure. 

The livestock watering tanks on 
the pipeline are provided with 
floats to control the water level 
and check valves to prevent the pas- 
sibility of tank watt from draining 
back into the line. The tanks are 
galvanized steel with concrete, or 
steel, bottoms and vary in size from 
10 to 20 feet in diameter. The 
larger tanks have been more success- 
ful because of the additional star- 
age capacity. Some tank installa- 
tions have a length of concrete pipe 
placed over the intake valve and 
float. This pipe has a cover to pre- 
vent freezing, and to protect the 
float mechanism from breakage. 
Each tank is provided with a shut- 
off, so service to the rest of the line 
is not interrupted when mainte- 
nance is required. 

and gradually decrease down to 1 
inch on the spur lines. To date, 
these pipelines water about 63 
ranch headquarters and approxi- 
mately 300,000 acres of rangeland 
with about 760 tanks (Fig. 3). An 
occasional country schoolhouse is 
also supplied with water from these 
pipelines. 

The cost of these pipelines is high 
and without financial assistance 
from Federal programs, they would 
not be feasible. The per acre costs 

Discussion 
The pipelines that are completed 

or are in the planning stages (Table 
1) have from 1 mile up to 125 miles 
of pipe. The longer lines start o,ut 
with 3 inch inside diameter pipe Ra. 3. The end producL--a supply of 9_ood quality watu for a registered cow hrn,. 

33,700 
2,000 

520 
1,280 

900 
12,819 
8,111 

23,onn 
42,000 
12,240 
51,000 
12,000 

iv”. “f NO. 
farmstcxk tanks 

1 12 
5 33 
1 32 
4 38 
1 16 
8 90 
6 90 
1 5 
0 2 
0 3 
0 6 
4 43 
4 21 
6 54 
9 90 
0 28 

II 150 
2 40 

63 753 

1967 
1967 
1968 
,968 
1968 
1968 
1967 
196G 
1968 
1968 
1969 
1969 
1970 
Planning 
1967 
Construction 
Construction 
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for supplying water through pipe- 
lines is, approximately, $4.00 to 
$5.00 per acre. Although the costs 
are high, the benefits are far reach- 
ing. The water supply can be 
placed where it is needed the most. 
Planned grazing systems are now 
possible and areas formerly over- 
grazed have been rested and non- 
grazed areas are now providing val- 
uable Corage. Livestock distribution 
is greatly improved and livestock 
performance has improved with the 
good quality water being available. 

Some ranchers believe that year- 
ling cattle will gain an additional 
50 to 150 pounds more with good 
water. Assuming a calf crop of 85%, 
there would be about 12,000 calves 
produced per year. Using an aver- 
age of 100 pounds additional gain 
per yearling, this would mean an 
additional l,ZOO,OOO pounds of beef 
produced. If beef is worth 25$ per 
pound, this would mean $300,000 
additional income, per year, to the 
area. 

PVC pipelines make water avail- 
able to fight range fires and the 
clear water will not plug up the 
nor&s on fire fighting equipment. 

It is needless to say that the 
ranchers’ wives are extremely happy 
with the good quality water brought 
into their homes by the pipelines. 
There are no more pipes and fau- 
cets clogged with salts and minerals, 
and there is nothing like being able 
to get a good, cool drink of water. 
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BOOK REVIEWS 

America’s Changing Environment. 
Edited by Roger Revelle and 
Hans H. Landsbag. Houghtoln 
Mifflin Co., Boston. 314 p. Illus. 
1970. $6.95. (Beacon Press Paper- 
back #BP369. $2.95) 

This book is a collection of papers 
expressing various viewpoints concern- 
ing decision making in environmen- 
tal problems. The impending theme 
throughout the book is that the causes 
of the degradation of our surroundings 
are: (1) rapid population ‘growth; (2) 
increase in Gross National Product; 
and (3) changing patterns of our lives. 
Revelle and Landsberg point out in 
their fine introductory chapter that as 
our nation grew in affluence each in- 
dividual used a larger quantity of ma- 
terials and thus there was more to 
throw away. We could afford, because 
of our affluence, to discard many ob- 
jects we once saved and reused. But 
as the primary wants of the great ma- 
jority have become satiated, we are now 
more concerned with the quality rather 
than the quantity of “life.” They go 
on to say, “Thus in the past our grow- 
ing affluence has led to environmental 
destruction but in the future it can 
give us greater opportunities both to 
perceive and to protect the quality of 
life and the diversity, beauty, and 
wonder of our land.” 

The tools used to achieve these goals 
serve as the major groupings of the 
chapters, namely: science, economics, 
politics, technology and education. 
Many fields are represented among the 
twenty contributors. The social sci- 
entists far outnumber the biological 
scientists. Thus, the emphasis of the 
book is on the interactions and be- 
havior of people and their subsequent 
effects on the environment rather than 
on the standard biological and physi- 
cal aspects of the ecosystem. Fifteen of 
the twenty essays were first published 
in the fall 1967 issue of the Journal of 

the American Academy of Arts and 
Sciences. The other four essays and 
the introductory chapter are published 
here for the first time. 

The science section stresses ecology as 
an integrative and synthesizing science 
both in dealing with different levels of 
biological organization and in point 
of view. The chapters under economics 
and political action contain not only 
general essays pointing out the diffi- 
culty of evaluating environmental 
problems in terrns of the present mar- 
ket systems, but also contain interesting 
case histories involving particular gov- 
ernment agencies and specific prob- 
lems. It is emphasized that economists 
have dealt with only half of the prob- 
lem, i.e., the economic benefits of pol- 
lution to the pollutor and the eco- 
nomic costs of pollution control. The 
other half-the costs of pollution and 
benefits of pollution control-is hard to 
state in ordinary economic terms be- 
cause these values cannot be dealt with 
in the market place as it exists today. 
Since pollution ignores political boun- 
daries, one must think in terms of air- 
sheds and watersheds instead of areas 
of cities, counties, or nations. To over- 
come’ these difficulties of political ac- 
tion, it is suggested that it may be 
necessary to invent new political insti- 
tutions or modify old ones. Technolog- 
ical innovations may remove or ameli- 
orate some problems. We should not 
indict neutral technology for the con- 
sequences we find ourselves in today, 
but rather should indict our inability 
to organize intelligently for its (tech- 
nology) beneficial use. 

The ro’le of education in helping to 
remedy the environmental crisis is pre- 
sented as threefold: (1) production 
of many kinds of specialists to deal 
with specific problems; (2) formulation 
of moral and intellectual values on 
which environmental improvement 
must rest; and (3) creation of a height- 
ened sensitivity among young people 

to the world around them. Many of 
the basic concepts and problems con- 
cerning environmental quality are re- 
peated often. This repitition makes 
reading difficult, but also makes in- 
dividual chapters more complete. Al- 
though no specific references are made 
to rangelands, this does not or should 
not keep us from recognizing the im- 
plications of this work to our own 
fields.-Michael C. Stroud and Harold 
H. Biswell, Berkeley, California. 

Innocent Killers. By Hugo and 
J ane van Lawick-Goodall. 
Houghton Mifflin Co., Boston. 
222 p. illus. 1971. $lO.O,O. 

Although the authors are probably 
best remembered for their 1965 tele- 
vision program about behavior among 
wild chimpanzees, they have also been 
conducting a considerable study of some 
of Tanzania’s carnivores. This book re- 
ports observations on behavior of wild 
dogs (Lycaon pictus), golden jackals 
(Canis aureus) and spotted hyenas (Cro- 
cuta crocuta). One facet of their studies 
was to determine whether killing or 
scavenging provide the principle means 
by which these carnivores obtain food. 
They concluded that these particular 
species depend primarily upon hunt- 
ing to procure their food, but being op- 
portunists, they are scavengers when- 
ever the rewards exceed the risks. 
By logical inference from these studies 
and the studies of chimpanzees, the 
authors suggest that early man was 
most probably dependent upon hunt- 
ing, rather than scavenging, as his pri- 
mary source of meat. 

Most of the book is devoted to ob- 
servations on behavior of the three 
carnivores and the related fauna. The 
photographs are technically excellent, 
and some are of near “salon” quality. 


