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An investigation leading to  this report was initiated at the request of the Commissioner of-the eureau cf 
Reclamation. Although the Bureau has an excellent pubiic safety program, people and animals arz continuing to 
drown in canals, which prompted a study of all aspects of the problem. 

This report includes conclusions of the investigation. It contains a detailed survey of drownings of people and a 
brief review of current safety practices and policies. For a complete ~ t u d y  of Bureau safety policy and practices 
relating to  Bureau reservoirs and watewa&. the reader i s  referred to  1, SBR General Design Standards, Chapter 3, ' 
Safety Design Standards, and the bulletin entitled Canal Safety. A m2r.e detailed review of the problem of animal ? 

drownings is presented herein because much of this information ha~never.before been published. This report also 
includes a discussion of both the costs and some of the benefits of placing canals in buried conduits, covering 
canals, and fencing canals. In addition, other safety considerations. such as using stepped or corrugated canal 
linings, allowing canals and rights-of-way to  be used for recreational purposes, constructing canals with flatter side 
slopes, and attaching cleqts to linings of existing canals, have been investigated and are included in the report. 

. . 

A detailed economic study of the costs and benefits of reducing or eliminating the hszards of open canals was not 
made because of the many variables involved in this broad study of the problem. Land costs throughout Bureau 
projects may vary by 1.000 percent, and can even have a wide range within a project. The value of'$ater varier. 
greatly, and operation ktnd mainte~ance wsts differ from project to project. The size and sod&if facilities 
required will depend extensively upen local conditions. For example, the'cost of cpn~eyin<~a gi~en~quantity of 

wher  by pipe will vary in accordince with the'topographica!:characteristics of ea~h~ure~uwro j sc t .  Thus, 
developing typical costs and benefits would result in meaningless =ompayisons. ~owever.jnforma$$~ i s  presented 
herein, related to the problem of public safety, that will be of assistance to waterway 'pi=nhe?i;.clesigners, and 
operators. ~. . 
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INTRODUCTION 

The loss of a human life is a tragedy which affects the 
immediate family of the deceased forever. It i s  also an 
economic loss to  the nation. Unfortunately, this 
tragedy occurs approximately 30 times every year on 
Bureau-constructed canals. In  the past 5 years there 
have been 152 public drowni~tgs on these waterways. 
Even mote tragic i s  the fact that 40 percent of the 
victims were children. 

The Bureau has had an aggressive canal safety 
program for many years. It is Bureau policy t o  
include reasonable safety devices when these 
waterways are constructed. Yet the drownings persist. ., 

Why? There are many reasons. The rapid increase i n  
population, and i t s  mobility, has increased exposup 
of the public to  the hazards of open canals. The 
construction o f  urban areas adjacent to canals and the 
granting of access to these canals for recreational uses 
in the absence of safety facilities and supervision also 
contribute to these drownings. Many drownings occur 
on the canals of older projects that were not 
considered a hazard when constrxted becaise of 
their then remote locations. As a result there are both 
Bureau-operated and privately operated projects 
which do not include adequale safety features..A 
contributing factor is the lack of financial assista&e 
by others to  the irrigation district for construction of 
safety features required because of such increased 
exposure. 

In  addition to  the drowning o f  people ini Bureau- 
constructed canals, many animals are also lost 
annually. These consist mainly of big game animals, 
mostly deer. Although the number :of  big game 
animals lost i s  not tabulated herein, it is estimated 
that approximately 1,000 l o  2.000 deer are drowned 
annually in Bureau waterways. Although this is a 
small percentage of the nation's total deer popula- 
tion, these drownings are concentrated in specific 
canals, resulting in significant depletion o f  local deer 
herds. For example, 45 deer were lost in the first 30 
days of operation of the Howard Prairie Canal in 
Oregon. When a condition such as thisexists, severe 
pressure is exerted upon the Bureau to  reduce these 
losses. 

REDUCING HAZARDS TO PEOPLE 
ON RECLAMATION CANALS 

There is ample evidence that unguarded and 
unprotected open canals and laterals present a serious y' 
hazard to  people. particularly children. Since 1962 
the Bureau has maintained a &tailed record of 

t,c 

"Survey of Drowning~ in Bureau-constructed Canals" 
contain pertinent information from accident investi- 
gation reports relating to  the 152 public drownings in 
Bureau-constructed canals and laterals for the 5-year 
period from 1964-1968. This survey covers all 
Bureau-constructed canals and laterals including those 
operated by irrigation districts, state and lo& 
agencies. 

-1. Survey of Open Waterway Hazards to  People 
The survey sh9s consideiable light on the'?ature and 
extent of the hazard to  people f r6m Bureau- 
constructed canals and laterals. ~ortunately, it also 
serves as a guide to  steps which can be initiated to 
reduce public drownings in these waterways. The 
icformation in the acc.ompanying 
summarized as follows: 

a. The type of construction, lined or unlined, has 
had little influence on the number of drownings. 
Large hard-surface lined canals are more hazardous 
due to the diificuity in escaping from them. There 
is greater exposure to  young chiljren to the 
relatively small unlined canals and laterals in the 
vicinity of their homes. For approximately equal 
lengths of canal, the 5.year survey shows that 69 
drownings occurred in lined canals end laterals 
compared with 67 in unlined canals and laterals. 

b. The survey discloses that canals and laterals of 
all sizes and depths must be considered as 
potential hazards ." For example, 45 drownings or 
approximately one-third o f  the total occurred in 
waterways with a capacity of 100 cubic feet per 
second or less. Similarly, 27 drownings or 18 
percent occurred in waterdepths o f  30 inches or 
less, and 77 or over 50 percent of the drownings 
occured in 5 feet or less of water. The survey 
indicates that both lined and unlinpd canals and 
laterals, regardless o f  size~or flow ecnstitute very 
real hazards, particularly t o  ch3dren. Conse- 
quently, all canals, regardless of si.ze, flow, or type 
of construction must be included in considering 
solutions to  the hazards t o  people. 

c. Pertinent to  the hazards to people, and to  its 
solution, is the fact thar almost all o f  the 
drownings occurred in urban and rural populated 
areas (Class A" and B exposure). Conversely, 
drownings in canals and laterals located in isolated 
areas with only occasional exposure to persons, do 
not present a probler,i. By far the greatest number 
of drownings occurred in rural areas (Class B). 

"See Table 1C for exposure classification. 
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Figure 1. h r s a u  of Reclamation regional boun$arier .- 



(air Region and Year) 

Period: Fhe Years - 1964 through 1968 

Burea~r-Wide 

Region"" Number of drownings ,, 

Canal Drownings by Year 

Total ~ . ~ .  .,..7.- : , . . ~ 152 
. , 

,, 

'The accompanying survey covers 152 drownicgs in  ~ e c '  lamation-constructed canals operated by  the B&eau, 
irrigation districts, state and local agencies..Gf this total, 85 were in Bureau-operated canals; 67 were in canals . . 
operated by District, State, and local agencies $,,>- ** Refer t o  Figure 1 showing the geo?yyhi$al boundaries of each of the Bureau of Reclamation's seven regions. 

.. a . .. 



Years 1964 through 1968 

A. Number of drownings related to canal capacity and type 

Lined canals and 
laterals 

Unlined canals 
and laterals 

Other (Drains, 
wasteways, 
etc.1 

Total drownings 

Canal capacity, cubic feet per second 

0.100 101-500 501-1.000 1,001-5,000 Over5.000 

14 14 8 30 3 

18 27 9 11 2 

13 

45 41 17 41 5 

8. Number of drownings related to depth of water and type of canal 

Water depth 
Type 0-30 31 1n.- 6-1 0 11-15 Over 15 

in. 5 ft. f ~ .  ft. ft. 

L~ned canals and 
laterals 12 12 26 6 13 

Unlined canals 
and laterals 6 36 18 5 2 

Other (drains, 
wasteways, 
etc.) 9 2 2 

- . ., 

17 50 46 11 Total drownings 15 

* In three drownings the capacity and water depth'are unknown. 

Wear Annual 
total rate 

5-year Annual 
total rate 

69 13.8 

67 13.4 



Veh~cular Other 5-year total Annual rate 
c 

A. Exposure classificat~on' 

Class A 3 42 45 9.0 

Class B 26 77 103 20 6 

Class C 3 1 4 0.8 

Totals 32 120 152 30.4 

8. Site of drowning 

Bank 
Bridge 
Siphon 
Turnout 
Check 
Chute or drop 
Undetermined 

C. Protective fencing + 

"Class of Hazard Exposure (Paragraph 3.5, Chapter 3, Safety Design Standards) 
Class A-(Urban)-Locations and sites readily accessible to the publ~c from an adjacent or nearby city or 
school and subject to numerous and frequent vislts by the public. 
Class B-(Rural)-Locations and sites removed from any population concentrations but subject t o  
infrequent visits by the public from nearby farms or public highways. 
Class C-(Remotel-Locations and sites far removed from any dwelling which would be visited by operating 
personnel and sportsmen. 



A. Age, years 

0-5 
6.10 
11-15 
16-20 
21 -60 
Over 60 

Totals 

B. Type of drowning 

Accidental 
Apparent suicide 
Suspected homicide 
Undetermined 

Totals 

C. Activity of deceased 

Fishing 
Swimming 
Hunting 
Walking 
Playmg 
In  vehicle 
Undetermined 

Totals 

(Under the influence 
of alcohol) 

Years 1964 through 1968 

Sex 
Male Female 

Cause 
Fell Own volition Pushed or 

thrown 

5-year 
total 

46 
14 
4 

16 
61 
11 

Vehici~., Syear 
I,: 

, total 
:a 
0 

27 ! -113 
2 
1 

5 36 

32 152 

5-year 
Over 60 total 



d. Two-thirds of the drownings, or 103, occurred 
along the bank of the canal or lateral. Drownings 
from bridges and check structures claimed 23 lives. 
The fact that 32 drownings (21 percent) involved 
vehicles points up the mounting hazard from this 
source. These incidents involved vehicles entering 
canals from adjacent public highways, vehicles 
traveling O&M roads alongside canals where access 
was permitted for recreational uses, and vehicles 
traveling O&M roads where access was not 
permitted and trespassing was involved. In  several 
cases, it was determined that the driver was under 
theinfluence of alcohol. 

e. Not considering vehicular accidents, only a 
total of 20, or 4 drownings per year, occurred in  
reaches of canals or laterals protected by fencing. 
In most instances trespassing was involved and the 
fencing varied from simple barbed wire to more 
elaborate chain link and barbed wire. Significant i s  
the fact that 100 of the 120 drownings, not 
including vehicular, occurred along unfenced 
reaches of Bureau canals and laterals. 

f. Indicating the danger that open waterways 
present to children is  the tragic fact that 60 were 
under 11 years of age. 

g. The study indicates that almost al l  the 
drownings were accidental although 22 or 12% 
percent of the drowned persons were known to be 
under the influence of alcohol at the time. Only 
16 drownings involved persons swimming in the 
canals, compared whh 57, mostly young children, 
who fell in while walking or playing along the 
waterways. 

From the accompanying survey, shown in Table ID, 
it is concluded that the greatest single incidence of 
drownings involves children playing or walking along 
open canals or laterals. Further, that while lined 
canals'and laterals are potentially the most hazardous, 
the incidence of drownings i s  equally great in unlined 
canals and laterals. The survey indicates that 
protective fencing is  effective in reducing the number 
of drownings. Conversely, a review of the specific 
locaiions where drownings have been prevalent;as 
listed below, disclosed the absence of fencing or 
perimeter guarding: 

Delta-Mendota Canal - 1.8 drownings per year 
Yuma Main Canal 1.2 drowning per year 
RIO Grande Project 4.8 drownlngs per year 
Miod e RIO Grande Project 4.6 drownings per year 

~nches in height are equipped with escape ladders 
~nstalled at 750-foot intervals. In addition, other 
escape dev~c~s are provided upstream from a l l  

7 

Photograph 1. Safety rack innalled in inlet transition of 
siphon. Photo P328-701-9467 

In many areas the Bureau's public image has suffered 
as a result of these tragic'drownings of children. 
Additionally, law suits aqainst the Bureau resulting 
from drownings in Bureau-operated 'canals and 
laterals are becoming more prevalent. 

2. Present Practice in Protecting the Public Along 
Existing Waterways 

The Bureau, for some years, has been thoroughly 
aware o f the  need to protect the public along existing 
waterways. In an effort to reduce drownings in canals 
and laterals an aggressive public safety program, 
incorporating the following actions, has been 
initiated: 

a. Design.- Current Bureau safety design criteria 
dictate that all open canals and laterals over 30 
inches deep, located in Class A exposures, be 
protected with either a 4- or 6-foot chain link or 
wire mesh perimeter fence topped with barbed 
wire. This protection has also been extended to 
rural areas depending upon ihe degree of exposure. 
All concrete-lined canals with sides more than 30 



hazardous canal structures (such as checks, 
turnouts, diops, and chutes). These escape devices 
inc1.1de suspended cables with droplines, floats or 
boo, .i across canals, escape nets, safety racks, and 
trashracks. Al l  inlets to  s~phons over 30 inches in 
diameter and all i n l ~ t s  t o  tunnels are protected 
with these escape devices and a fence or guardrail. 
In urban areas, it is the Bureau's pol~cy to  
construct closed conduits wherever practical. 

b. Current practice on existing canals. - During 
the past 5 years the Bureau has installed siphon 
protection on Bureau-operated canals and has 
encouraged water districts t o  do likewise. Also, 
safety devices have been installed on other 
hazardou~ canal structures on most Bureau- 
operated canals. Very little perimeter fencing has 
been installed on existing canals or lateials, 
regardless o f  the exposure or the incidenceof 
drownings. However, in cooperation with the 
districts and state agencies, the Bureau has 
encouraged local legislation requiring land devei- 
opers t o  fence adjoining canals and laterals. 

c. Safety maintenance. - Routine inspection and 
maintenance programs are carried out by all 
operating offices to  ensure that required fencing 
and protection devices are installed and adequately 
maintained. 

d. Public education. - Since 1961 the Bureau, in 
cooperation with the American Red Cross, has 
sponsored and actively participated i n  an aggres. 
sive public water safety program. The program, 
widely known as "Operation Westwide," currently 

Photograph 3. Checked siphon inlet with safety rack, fenclng 
and guaidrail. Photo P-328-7a0.103NA 

is composed of 30 community water safety 
councils promoting water safety on or ddjacent to  
Bureau irrigation projects. 

3. Potential Improvements for Reducing Waterway 
Hazards t o  People 

In  view of  the hazards that open canals present to  
: people, the following steps are proposed t o  reduce 

drowning in these waterways: 

a. Future fence construction. - Bureau design 
standards should be revised to  provide for 
construction of protective right-of-way fencing o n  
all reaches of open cansls or laterals designated as 
Class A or Class B exposure. For Class A exposure 
the fencing should be 5 feet high, constructed o f  4 
feet of chain link and three strands of barbed wire 
on metal posts. Adjacent t o  schools or public 
playgrounds the fence should be 7 feet high. 
constructed of 6 feet of chain link and three 
strands of barbed wire on metal posts. Class B 
axposures should meet the Class A design criteria 
except that wire mesh shall be substituted for 
chain link fencing material on the 5-foot fence. 
Also, wooden posts may be used in lieu of metal 
posts. 

b. Existing facilities. - Reaches o f  existing cansis 
and laterals classified as Class A or 8, operated by  
the Bureau, should be either placed in under- 
ground conduits or fenced i n  accordance with the 
design criteria set forth i n  a. above. A priority 
should be established for the fencing o f  these 

Photograph 2. Safety sign. life buoy and fence at canal 
headworks. Photo P-328.701-7145 



canals and laterals should be encouraged and- 
assisted in an effort to provide similar protection. 

c. Safety. - The current safety maintenance and 
public education programs carried out by the 
Bureau should be intensified. 

d. Increased consideration for use o f  underground 
conduits. - i n  future planning studies for '  water 
conveyance structures, more consideration should 
be given to  reducing hazards through the increased 
use o f  underground conduits in lieu of fenced, 
open waterways. 

REDUCING HAZARDS TO ANIMALS 
ON RECLAMATlON CANALS ' 

Concrete4ined canals present a very serious hazard to  
animals. Because of the high water velocities and 
slick, steep side slopes normally associated with these 
canals, it is virtually impossible for animals to escape 
from them unassisted. I f  they do not die o f  
exhaustion, they drown when swept through siphons. 
Canals with earth banks do not present as great a 
hazard because animals can generally escape from 
them unassisted. 

Relatively few domestic animals are drowned in 
Bureau-constructed canals annually but these can be 
greatly reduced by the construction and maintenance 
of cattle guards, gates, and right-of-way fences. The 
present policy of providing barbed wire or wire mesh 
fences wherever canals present a hazard to  domestic 
animals is successful and should be continueb. 

The loss of big game animals in canals is another 
matter. Limited attempts have been made to reduce 
the many drownings of these animals. Approximately 
95 percent of the big game animals lost are deer, 
although losses of elk, bear, antelope, and desert 
bighorn sheep have been recorded. Just how many 
animals are lost in ~eclamation canals is not known 
because complete records have never been kept. Table 
2 is a summary o f  available data and i s  presented to 
give some idea of the number of animals lost. 

It can be seen from Table 2 that the probler~~ of big 
game drownlngs is primarily a problem of  one species, 
namely deer. These reports cover about 2,200 miles 
of the 7,000 miles o f  canals the Bureau has 
constructed. The data are too Incomplete to  establish 
the total number of deer drowned annually on 
Bureau-constructed canals. 

colorado has annual losses of approximately six deer 
PeF mile o f  canal. The Delta-Mendota Canal i n  
California apparently has annual losses of one deer 
for every 10 miles of canal. Canals that are in suitable 
deer habitat usually have annual lasses of one or more 
deer per. mile. Thus, the location of a canal will 
dete~mine the hazard the canal presents to  wildlife. 

Table 3 shows canal properties of the canals 
mentioned in Table 2. All canals tabulated are either 
partially or completely concrete lined, and deer losses 
were significant only in the lined portions. Also 
noteworthy i s  the fact that concrete-lined canals with 
sideslopes as flat as 2:l (2 horizontal t o  1 vertical) are 
a hazard. The size of acanal does not appear to be 
significant, nor does water depth. 8 ,  

1. The Basic Problems of Canals to  Big Game 
A listing of the bas~c problems that canals present to 
big game are: 

a. A canal located in an area normally inhabited 
by deer or other big game can act as an obstacle or 
barrier that must be crossed. In extreme cases 
canals may reduce or eliminate access to valuable 
habitat. 

b. Canals may be in resident, summer or winter 
range or in a transition area. They often intersect 
normally traveled game trails. They may intersect 
maior migration routes. 

c. The danger of canals to  deer is threefold: First, 
deer enter the canal, are unable to  find a suitable 
place to  escape, become exhausted, and drown. 
Second, critical damage to deer's hoofs, pasterns, 

: and knees i's often a result of their efforts to 
' ,  escape on koncrete- or gunite-lined banks.~This 

damage may later result in death. Third, when 
concrete-lined canals are dry, deer usually cannot 
escape unassisted. They die from exhaustion or 
injury incurred trying to escape. 

d. Deer may enter the canal for three different 
reasons: First, the animal may be attempting to  
cross to  the opposite bank. This is especially 
compelling i f  the canal crosses daily or seasonally 

I, traveled game trails. A deer might be attracted to  
something qh the opposite bank, such as another 
deer or feed, and betempted tocross. Second,deer 
may be forced to jump into the canal when 
frightened or chased by people, dogs, or predators. 
Third, deer might fall or slip into a canal when 
trying to  drink from it. Canals are an attraction to  
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Canal-Project 

Robles-Casitas 
Canal 
Ventura River 

Project 

Toketee Project 
North Umpqua 

River 

Wellton-Mohawk 
Project 

Table 2-Continued 

State Animals lost* 

Calif. None 

Oregon 57 deer 
3 elk 

Miles a f  canal 
Period involved involved 

Arizona Many deer 
Several 
desert 
bighorn 
sheep 

*Animals lost are deer unless othelwise indicated 

,+:$ ', 
!i 
\I 

Over 50 

Comments 

Source of Information 

1. Nebraska Game, Forestation, and Parks Commission 
2. State of Washington, Department of Game 
3. Bureau of Sport Fisheries and Wildlife (see bibliography reference No. 3) 
4. Talent Irrigation District 
5. Bureau of Reclamation 

(- 

Since 9 ladders 
and 2 bridges 
constructed 

Resident popula. 
tion of deer 
small; no 
migration of 
significance. 
Decreasing loss 
over period 
attributed by 
Company t o  
bridges 

Source of 
information 

(31 

(3) 



Table 3 

SUMMARY OF CANAL HYDRAULIC AND PHYSICAL PROPERTIES 

Canal Lining V S:S d (ft) b l f t)  

A~nsworth Canal 
Reaches 1.2.3 Concrete 3.40 2:l 7.22 9.0 
Reaches 4.5.6.7 Concrete 6.20 2:l 5.30 7.0 

Charles Hansen Feeder Canal Concrete 4.41 1 1 4 : l  8.79 13.0 
Concrete 3.91 1 1 4 : l  8.17 7.0 

Delta Mendota Canal 
Typical unlined section, 2 miles Not lined 2.26 2-1/2:1 . 14i27 50.0 
Typical concrete-lined section, 96 miles Concrete 3.81 1-112:l let56 48.0 
'Typical earth-lined section. 18 miles Earth 2.41 2-112:l 13.90 62.0 

Friant-Kern Canal 
Typical concrete section, 152 miles Concrete 3.90 to 1114:l 17.00 to 36.0 

5.10 18.30 
Typ~cal earth-lined sectlon, 25 mlles Earth 3.20 1 1 2 : l  15.20 64.0 

Gateway Canal Concrete 4.99 1 1 2 : l  6.90 10.0 

Howard Pram Canal Concrete 3.38 -1/4:1 2.99 2.2 
Howard Pra~rie Bench Flume Concrete 3.34 Vert~cal 2.99 6.0 

Robles Casitas Canal Concrete 5.86 1 1 2 : l  5.56 7.0 

V =velocity, feet per second 
S:S = s~de slope ratio 
d = normal water depth 



Photograph 4. .  Male mule deer attempting to escape from 
the Ainrworrh Canal. The deer was unable to emape until i t  
reached the deflector escape structure further down the canal 
lree Photograph 61. Photograph courtesy Nebraska Game. 
Fish and Parks Commiaion. 

deerbecause they offer a source of drinking water. 
This is especially important in areas where water i s  
scarce. Drinking from a canal can be difficult i f  
the water surface is well below the. top of the 
canal. Deer, in attempting to  reach this water, may 
slide into the canal. 

e. The steepness, slickness, and height of the canal 
bank influence a deer's ability to  escape. The 
depth and water velocity apparently affect the 
animal's behavior in the canal. 

f. Concrete-lined canals present a major problem 
t o  b ~ g  game because the walls are too steep and 
slippery to  allow an animal to  get out. Even small 
concrete-l~ned canals are a hazard to  adult animals 
as well as fawns. 

g. In  most cases, canals with earth banks offer few 
problems t o  adult deer but may be a hazard to  
fawns. 

The behavjo; of deer trapped in a canal is not entirely 
predictable. Normally, they attempt to  escape at the 
pointtheyentered the canal. They continue to  t ry to  
escape until t h y  become exhausted. Then they swim 
or float downslieam until swept through a siphon and 
are drowned d until they reach some barrier in the 
canal where they die. Deer will swim either upstream 
or downstream searching for an escape point. 
Normally they will not swim upstream i n  a canal i f  
the velocity is greater than 4% feet per second. 

water-users; however, when significant numbers of big 
game animals are lost in a canal, measures are 
undertaken to  reduce or eliminate these losses. These 
measures are usually endorsed hq- conservation 
organizations, sportsmen's organizaiionif; and the 
communication media. Directly interested are the 
state game departments, the Bureau of Sport 
Fisheries and Wildlife, and state and Federal officials. 

In  addition, state game departments and the Bureau 
of Sport Fisheries and Wildlife are requesting that 
hazards to  wildlife be reduced on future canals. For 
example, on the Fryingpan-Arkansas Project the 
Bureau will provide 33miles of deerproof fence and 
16 deer crossings at a cost of approximately 
$350,000 on three concrete-lined canals. This i s  being 
done at the request of the Colorado Game and Fish 
Department. In  addition, the State o f  Nebraska has 
stated that all future concrete-lined canals should be 
fenced completely. 

On existing canals operated by water dis:ricts the 
problem of deer loss can be complex. Expenditures 
for animal protective devices can range from very 
minimal to  a large amount. Usually large expenditures 
for such protective devices may be beyond the 
financial capabilities of the districts. Cooperative 
efforts by both the water users and conservationists 
are needed to  find a solution to  the Droblem. 

2. Present Practice in Reducing Deer Losses on 
Existing Canals 

Generally, stock fences have not been effective in 
'reducing deer losses; however, installation o f  such 
fencing along canal rightvof-way has been credited 
with reducivg losses on some piojects. A conventional 
stock fence i s  4 feet high with four strands o f  barbed 
wire. Deerproof fence is 7% feet high with 6 feet of 
woven wire and three strands of barbed wire and wil l  
almost completely eliminate deer access. Fencing 
costs are included i n  this report i n  the portion 
entitled "Fencing." 

~rksent ly there are several measures being taken on 
different projects to  reduce deer losses in existing 
canals. These include elimination of access by 
fencing, instaliation of deer crossings, construction o f  
drinking bays, and installation of escape devices. 
Escape devices used consist of deflectors, floating log 
booms, snow fence laid on canal sides, airplane 

$landing mat laid on canal sides, metal cleat steps 
attached to  canal lining, rough gravel-asphalt escape 
ramps, reinforcing bar grids laid on canal sides, escape 
steps at siphon inlets, and temporar; escape devices 
for use during the nonirrigatiotfseason. 



Deer crossings are bridges constructed across canals 
and their use is limited to  animals. They provide a 
means of animal movement across canals and reduce 
incidents of animalj entering the canal. They should 
be at least 8 feet wide and have a cover of 4 inches of 
earth. The effectiveness o f  these structures has been 
proven on the Colorado-Big Thompson and Rogue 
River Projects. Any plan t o  reduce deer losses in a 
canal should consider the use of crossings. Crossings 
should be provided for deer, movement i f  a canal is t o  
be fenced. They present few or no O&M problems if 
properly constructed. The following tabulation gives 
estimated costs (May 1969) of deer crossings 
constructed of :imber: . , 

Estimated cost 
Span of crossing Width of crossing per crossing 

~. 

15 feet 8 feet $1.650 

20 feet 8 feet 2,200 

30 feet 8 feet 3,300 

40 feet 8 feet 4,400 

Installation of drinking bays will reduce incidents of 
deer entering canals in areas where water is scarce. 
They are credited with reducing deer losses on the 
Howard Prairie Canal. Drinking bays can be 
constructed inexpensively, with the use of natural 
materials and corrugated metal pipe, and presenl few 
O&M problems. 

Deflectors are barriers placed in the canal to  shunt or 
force a swimming or floating deer to the sides of the 
canal where some means of escape is provided. 
Deflectors can be constructed of metal pipe, wood, or 
metal pipe and reinforcing bat% TP;y can be floating 
or'stationary. 

Photograph 5. Canal deer crossing lor  bridge) on the Charles 
Hanron Feeder Canal. Tracks ahow deer usage. Photo 
P-245.713-4111 NA 
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Figure 2. Typical animal deflector on canal. 



Sno!.v fence laid on  the canal side as a deer escape has 
been used in some areas but  has not  proven t o  be 
effective. I t  is thought that i t s  appearance frightens 
deer. 

Surplus airpiane landing mat placed on  canal sides t o  
aid deer in escape has been used on some canals; 
however, i ts effectiveness is no t  known. 

To  assist deer in escaping, metal cleat steps are used 
on the Mohawk Canal, Yuma Project, at all check 
structures o n  the canal. These consist of steps of 
angle iron placed on  canal sides and welded t o  a 
frame which i s  anchored t o  the canal bank. These 
devices were designed and installed b y  the Arizona 
Game Department. The project reports that deer 
drownings were reduced by 75 percent after the 
installation o f  these devices. The metal steps should 
present no 0 & M  problems. The estimated installed 
cost o f  the device i s  $500. 

Rouoh aravel-amhalt escaoe ramDs consist o f  a mat o f  
rough Gavel anb asphalt i inch'thick. approximately 
20 feet wide, applied f rom the top  !o the bo t tom o f  
the canal sides. This escape de;ice is a result of 
research conducted b y  the Washington State Game 
Department. They found that deer are attracted t o  
dark areas i n  trying t o  escape. These mats are used o n  
thcconcrete-lined portions of the Main Canal and on  
the West Canal o f  the Columbia Basin Project. Deer 
have been observed escaping from the canals on  these 
r a m p  bo th  when canals were emptv m d  w i th  water 
i n  them. Project O&M personnel and game depart- 
ment people are satisfied wi th these devices. They 
have reduced deer losses; on these canals b y  75 
percent. These devices 'were also used on  the 
Ainsworth Canal and were found i o  be ineffecrive 
because o f  the high velocities of this canal. Whcn 
water velocities exceed 5 feet per second. deer are 
swept off  the mat before they are able t c  cl imb out  
of the canal. This escape device should pose no  O&M 

Photograph 7. Stepped siphon inlet, Gateway Canal. The concrete steps allow humans and animals to exape from the canal. 
Conventional reinforcing bar steps for human ercape shown in right foreground. Photo 526-400-4213 



problems. Their estimated cost i s  $100 per ramp. At 
present this device appears to offer the best means of 
aiding deer in  escaping from concrete-lined canals. 

Reinforcing bar grld consists of a mat of concrete 
reinforcing bars welded Into a y i d  placed on the 
canal sides and anchored t o  the canal bank. These 
qrids were used on the North Branch Canal, Yakima 
Project, but were found t o  be ineffective and thetr 
use has bee,> discontinued. 

stepped siphon inlets; consisting of reinforced 
concrete steps, extend below the canal water surface. 
They are a monolithic part of the siphon inlet. These 
steps require an inler transition o f  special design. 
eliminating their use on existing canals. 'They were 
developed in the hydraulic laboratory of the U. S. 
Bureau of Reclamation. Stepped siphon inlets were 
constructed on the siphons of the Gateway Canal. 
Weber Basin Project. They are effective when the 
canal is a t  or near design capacity. They are 
completely ineffective when rhe canal has low flows 
or is dry. They are credited with reducing deer 
drownings on the Gateway Canal where deer have 
bean obssrved using them to egrnpe from the canal. 

Baled hay placed in canals after ciorc of the irrigation. 
season is  an effective tempordry escape device. This 
has been used successfully on the Tieion Division of 
the Yakima Project and has eliminated losses of deer 
and elk during the nonirrigation season. 

The degree of effectiveness o f  all measures and 
devces reviewed is  in some part based on judgment. 
Fur some there is  little or no data available t o  make a 
scientific determination of their effectiveness. 

~easures that have been found to be effective in 
reducing deer losses include deer crossings, drinking 
bays, and escape devices. None of these alone will 
prove satisfactory, but an intelligent application of a 
combination of some o f  these devices should reduce 
deer losses significantly. Escape devices that have 
been found effective are deflectors, metal cleat steps. 
rough gravel-asphalt escape ramps, and stepped 
siphon inlets. Escape devices used should be in 
accordance with canal characteristics and must take 
into accounr the conditions peculiar t o  the locality. 
These conditions include canal properties, terrain 

.canal traverses, habits of deer, and availability of food 
and water for deer. 

Deer losses can be eliminated by covering canals, 
colweying water in pipe rather than in  open canals, 
and by iencing open canals with deerproof fence (see 
bibliography references 1,3,5,6,7. and 81. 

3. Potential Improvements for Reducing Waterway 
Hazards t o  Animals 

After reviewing the animal drowning problems, 
exDertenced by the Bureau on existlng canals, it i s  
obvlous t h ~ t  future canals should be planned t o  
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.I. " Costs o r e  as af May, 1969 

Figure 3. Comparison of construction cost, of covering canals and convsyinp water in p i p  for various capacities. 



concrete-lined laterals in Figure 4. Figure 4 indicates 
that construction costs for a pipe lateral will generally 
exceed those for a fenced, lined lateral when the 
lateral capacity is greater than 11 cubic feet per 
second. However: an economic comparison of these 
alternatives. considering all related costs and all 
related benefits, would generally indicate that pipe 
can be justified for laterals of greater capacity than 
11 cubic feet per second. 

2. Closed Conduits 
Normally open canals are the most economical means 
of ccnveying large quantities of water. It can be 
assumed that the capital cost per lined foot of 
underground condults exceeds the cost of open 
waterways except for those of very small capacity. 
Comparisons of underground conduits with fenced, 
open waterways for a proposed project should give 
consideration to  such economic factors as: 

a. Comparative Costs 
(1 I Construction costs. as affected bv comDact- 
ness o f  area served, alignment of waterways, 
drainage requirements, right-of-way, severance 
etc, 

(2) Operation and maintenance costs, consider. 
ing weed. rodent, and vector control; drain and 
waterway cleaning; operating requirements, 
pumping; energy; etc 

b. Comparative Benefits 
(1) Net irrigation benefits from \;%ter con. 
served, comparing relative items such as 
evaporation seepage, operational waste, etc. 
These benefits may also be evaluated in terms 
of water use for such purposes as power 
generation, municipal and industrial supply. 
quality control, fish and wildlife enhancement, 
and recreation. 

(21 Increased intangible benefits, considering 
such items as hazards to  human lives and 
animals, esthetics, environment, and ecology. 

Table 4 presents an estimate prepared i n  1967 of the 
cost to  enclose 982 miles o f  existing Reclamation 
canals that constituted a serious safety hazard (see 
bibliography Reference 11 ). Although the costs 
shown in the table may be conservatively high, they 
indicate the magnitude o f  costs to  convert open 
canals to  closed conduits. 

Estimated construction costs for pipe and lined canals 
are also shown in Figures 3 and 4. These costs are 
presented for general information only. Construction 
costs for burled conduit vary greatly with location, 
pressure in pipe, etc. 

100 cub~c-feet-per-second capacity to  a pipe system; 
~ h i l e  Fiaure 3 shows a cost o f  onlv $270.000 oer " 

mile, assuming new work, for a pipe system of the 
same capacity. This points up the merit of including 
closed conduits in new work - so that economic 
water velocities may be used - rather than trying to  
convert existind canal to  pipe systems. 

3. Canal Covers 
To determine whether existing canals could be 
covered economically, estimates were made for 
several types of canal covers. Reconnaissance grade 
design and estimates were prepared for thin-shelled, 
rrinforced-concrete arches; precast concrete, double 
T-beams; and chain link fencing supported by  pipe 
arches. See Figures 5 and 6. Obviously canal covers 
also could be constructed of a variety of other 
materials. A comparison o f  the construction costs of 
covering canals versus t h e  construction costs o f  
conveying water i n  pipe is shown in Figure 3. 

The advantage of covering canals is mainly the 
elimination of the hazards o f  open canals. In some 
instances, the covered canal right.of-way might be 
used for other purposes such as park or recreation 
areas. Other benefits might include reduction in canal 
weed problems and improvement 3 f  winter operating 
conditions. Disadvantages might include increased 
hazard to  animals where wire mesh covers were 
involved, increased maintenance costs for such items 
as silt removal, canal prism inspection and repair, etc. 
It would also be necessary to  prevent vehicle access to  
flat canal covers. 

4. Fencing 
Constru.&ion costs for fencing are generally far less 
than costs for canal covers or close conduits. Table 5 
presents estimated construction costs for fencing. 
Fencing of concrete-lined laterals with urban safety 
fence increases costs about $37,000 per mile as 
shown in Figure 4. The costs shown in Table 5 are 
based upon the following design criteria: 

I( 

a. School safety fe& - Fence 7 feet high with 6 
feet of chain link andphree strands of barbed wire. 
Steel posts at 10-foo:'centers wi th toprail. (Also 
known as cyclone ft-5ce.I 

b. Urban safety fence. - Fence 5 feet high with-4 
feet o f  cham l ~ n k  and three strands of barbed wire. 
Steel posts a t  10-foot centers wlth toprail. (See 
Figure 7). 

c. f'ro~osed rural safetv fence. - Fence 5 feet 
high with 4 feet of wire'mesh a<d three strands o f  
barbed wire supported by posts of metal or wood 
at 10-foot centers. 

d. Barbed wire stock fencs. - Fence 4 feet high 
For instance, Table 4 shows a construction cost of with four strands of barbed wire and posts at 
$457.000 per mile for converting an existing canal o f  12-foot centers. 



C A P A C I T Y  OF L A T E R A L  OR PIPE (c.f.s.1 

' C o s t s  are  as o f  May, 1969 and do 
no t  include R i g h t - o f  -Woy costs 

Figure 4. Comparison of conrtruction CM6 of fenced laterals and conveying water in pips for various capac~ties in urban areas 



I (Pipes and boxes1 

I Estimated miles to be Estimated total cost of Estimated cost per mile of 
Capacity, cfs enclosed enclosure enclosure" 

50 or less 
50-100 
100-500 

I 

Subtotal 855 532,371,000 

Total 982 $1.120.585.000 

'Reconnaissance grade estimate, costs are as of October 1967. 
"Costs based on pipes or boxes placed on the same grade as the existing canal. Low veloclty of flow, between 2 
and 3 feet per second, results in large.diameter structures snd relatively high-cost systems. 

So that the size of open canals may be visualized, the following tabulqtion gives approximate dimensions of typical 
canal sections for capacities that correspond with the capacities shown in Table 4: 

Capacity Canal bottom Canal top Canal 
(cfd width (ft) w id~h  ( f t l  depth (ft) 

Table 5 

ESTIMATED CONSTRUCTION COSTS OF FENCING 

Cost per 
Fence Exposure hear foot Cost per 

class of fence mile of canal" 

USBR school safety fence 
USBR urban safety fence 
Recommended rural safety fence 
USBR barbed wire stock fence 
USBR woven wire stock fence 
Recommended deer fence 
Highway safety fence (6-foot chain iink) 
Highway safety fence (4-foot chain link) 

*Assuming each side of the canal is  fenced. 



C O N C R E T E  ARCH CANAL COVER 

W I R E  M E S H  CANAL C O V E R  

P r e c a s t  p r e s t r e s s e d  

Symmetr ica l  about 

S E C T I O N  A-A  

PRECAST "T" BEAM CANAL COVER 

Figure 5. Typical canal coves. 
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Unreinforced concrete block 
(2 b y 4  inches by 2 foot 0 inch) 
Precast reinforced-concrete beam : Expansion anchor 
Redwood timber (2 by 4 inches) Expansion anchor 
Galvanized steel angle irons Expansion anchor 
Aluminum angle iron Expansion anchor 
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e. Woven wire stock fence. - Fence 4 feet high 
with 2% feet of woven wire and three strands of 
barbed wire. Posts are at 12-foot centers. 

f. Proposed deer fence. - Fence 7% feet high and 
6 feet of wire mesh and three strands of barbed 
wire supported by wooden or metal posts at 8.foot 
centers. 

g.. Highway safety fence, 6-foot. - Fence 6 feet 
high, chain link, along a l l  freeways in urban areas. 

h. H~ghway safety fence. 4-foot. - Fence 4 feet 
high, chain link, in sparsely populated urban areas: 
or a 4-foot-high barbed wire fence or wire mesh 
fence where highways are a hazard to domestic 
animals. 

The benefits of fencing are primarily the reduction of 
hazards to people and animals. In  addition to the 
costs, fencing has another disadvantage - its detrac- 
tion from the local landsca~e. To retain i t s  
effccrircness, fencing requires partic~lar attenrion ro 
main:enance. l r  has been esrimated tnat the average 
annual maintenance cost for a stock fence is  about 
$50 per mile of fence. Maintenance costs for the 
various types of fencing will vary considerably with 
the type o f  fence and its location. 

5. Other Solutions 
Among the other possible methods of reducing the 
hazards which canals present to people and animals 
are stepped concrete-lined canals, corrugated concrete 
linings for canals, flattened canal side slopes. 
attachment of cleats to concrete canal linings. 
animal repellents, and animal. frightening devices. 
Figure 8 illustrates three of these possible methods. 
Because of the construction costs for and problems 
involved in construction of the stepped or corrugated 
linings as compared. to those for fencing conventional 
concrete-lined canak, no further consideration has 
been given to these two proposals. 

Cleats attached to canal linings would need to be 
installed the total length of the canal to prevent 
frightening animals or in connection with the 
deflectors discussed in earlier sections. Two or more 

cleats would be required on each side of the canal 
depending upon the canal depth. The following 
tabulation gives esttmated costs for various types of 
cleats. 

Comparison of construction costs for continuous 
canal cleats with costs of deerproof fencing ind~cates 
fencing t o  have less first costs. Because of 
maintenance problems associated with deflectors and 
the wide variety of designs that have been suggested, 
no estimates were prepared for deflection structures. 

No determination has been made of the maximum 
angle of concrete linings which people or animals 
could safely negotiate. Continuously flattened canal 
side slopes would result in unacceptable hydraulic 
efficiency and would result in a larger, more 
expensive canal. When compared with the effective- 
ness of fencing, this solution is considered infeasible 

.for any but the smallest of canals. 

Costs for animal chemical repellent developed by the 
Bureau of Sport Fisheries and Wildlife in the amount 
required for effectiveness are such as to make this 
method infeasible. 

The Bureau of Sport Fisheries and Wildlife reports 
that no deer-frightening devices have prover. effective 
over periods of prolonged use. Therefore, no further 
consideration has been given t o  such devices. 

While the Bureau must continue to maintain 
surveillance and provide facilities for the protection 
of animals and people, as discussed in this report, 
consideration must also be given-to the public interest 
in  use of selected canal aieas for recreational 
purposes. The high values involved in some areas. 
particularly where other water-based recreation areas 
are scarce or where canal areas contain unusual 
opportunities for certain activities, have already 
resulted in establishment of public use areas on 
Reclamation canals. It i s  anticipated that public 
interest in similar uses in other canal areas. 
particularly those near towns and cities, will 
accc!erate in the future. Where encountered they 
should be considered on their individual merits. Care 

Method of anchoring Estimated installed cost 
Cleat descripzion to canal lining per l~near foot of cleat 
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must be taken to  avoid interference with primary are arrangements with a responsible local or state 
project functions.Any resulting alterations in canal agency or organization to  provide recreational, 
alinement or other characteristics would be limited t o  sanitation, and related facilities, and t o  supervise 
relatively small locations and would not call for any public recreational use. Through such arrangements 
general redesigning o f  canal sections. Prerequisites to  the substantial recreational values of Reclamation 
recreational development and use of such canal areas projects can continue to  be extended. 

4. Drownings now occur vast often along unfenced 
CONCLUSIONS rural canals and laterals. 

1. The Bureau o f  Reclamation is aware of the safety 
hazards associated with open waterways and incor- 
porates protective features in the design of new 
facilities and mod~fies existing irrigation features for 
the protection of the public. Similar preventive 
measures have been undertaken for animals but on a 
smaller scale. Aggressive water safety programs to  
educate and protect the public have assisted in 
reducing the number o f  drownings in some areas. 

2. The rapid growth o f  a highly mobile population, 
particularly in areas adjacent to  Reclamation canals. 
is increasing the exposure o f  the public, thereby 
increasing the number of drownings and the need for 
implementing additional protective measures. 

3. Exposure to  both people and animals is virtually 
eliminated by using pipe in place of open canals; 
however, the initial cost of pipe is expensive and may 
be prohibitive. I n  those cases, fencing of the canals 
appears t o  be the most feasible alternative. 
Right-of-way fencing is comparatively inexpensive 
and has proven to  be an effective deterrent t o  

i " '~dnings in Reclamation canals if maintained 
properly. Financing modifications may require 
assistance from adjacent land developers, irrigation 
districts, or other sources. 

5. A high percentage o f  human drownings in canals 
and laterals involve children. 

6. Protective devices including guardrails on struc- 
tures, escape ladders, float lines, and siphon guards 
are effective in reducing human drownings. 

7. Large concrete-lined canals present the greatest 
hazard t o  animals. Effective animal escape devices 
include various types of deflectors, cleats, rough 
gravel-asphalt mats, and stepped siphon inlets. 
Constructing stepped, corrugated, or flatter canal 
sides appears impractical and in most cases financially 
prohibitive. 

8. Recreational use of Bureau waterways has always 
occurred, even in areas where such use has not been 
officially recognized or permitted, particularly where 
recreational values for such activities as fishing and 
swimming were unusually attractive. Such use will 
undoubtedly continue. Maximizing the attendant 
recreational values at specific and limited locations 
through appropriate development and adequate 
supervision appears more consistent with the public 
interest than attempting the impossible task of 
prohibiting all recreational use of Bureau canals and 
other waterways. 





California, ~obkomplet ion Report, Project W-57-R-10, Rogue River Project, Oregon, March 1965. Bureau of 
May 20.1965 Sport Fisheries and Wildlife. Portland, Oregon 

2. Letter, Regional Game Biologist, Department of 
Game, State of Weshington letter dated April 25. 1969. 
on effectiveness and construction o f  gravel-asphalt 
patches on Columbia Basin Project concrete-lined 
canals 

3. Report. An Inquiry into the Effects of Reservoirs 
and Canals on Big Game Migrations, by Cicel E. 
Gubser, Bureau of Sport Fisheries and Wildlife. 
Billings, Montana, for presentation to the Western 
Association of State Game and Fish Commissioners, 
Salt Lake City, Utah, June 20-29.1960 

8. Report, Deer Losses in Concrete-lined Canals, 
prepared by Bureau of Sport Fisheries and Wildlife, 
Bismarck, North Dakota, January 1967, for the 
Garrison Diversion Conservancy District 

9. Letter, Project Manager, Yuma, Arizona, dated May 
31. 1968, on hazards to animals and people from 
concrete-lined canals 

10. Letter, Regional Director, Region 4, dated June 
27, 1968, on hazards t o  animals and people from 
soncrete-lined canals 

: . , . . 
4. Report, Acting Project Manager, South Platte River 11. .kport, letter from Acting Commissioner dated 
Projects, Region 7, letter dated February 20, 1969, on . November 9, 1967, on converting open canals to closed 
animal losses Charles Hansen Feeder Canal conduits to reduce hazardous conditions 

5. Report. Deer and the Ainworth Canal. a status 12. Cost estimates prepared by Estimates and Analyses 
report, Feburav 28. 1969, Karl E. Menzel, Nebraska . Branch. Division of Construction. Office of Chief 
Game. Forestation, and Parks Commission. transmitted Engineer; prices are as of May 1969 
by Regional Director, Region 7, letter dated April 25, 
1969 

5. Report, the Relationship of Horsetooth Canal to 
Big Game, Quarterly Report, April-June 1956. Vol. 7, 
No. 4, Colorado State University, Colorado 
Cooperative Wildlife Research Unit 



CONVERSION FAmORS-BRITISH TO METRIC UNITS OF MEASUREMENT 
. . 

The following conversion factors adopted by the Bureau of Reclamation are tho= p rb l i r kd  by the ~ m & n  
Saiety for Testing and Maerialr IASTM Metric P r a i ~ e  Guide. E 380-68) except that additional fanon"It1 
commonly "red in the Bureau, haw been added. Further direusrim of definitionsaf quantities and units is given in 
the ASTM Metric Pracfice Guide. 

The mmic  unitr a n l  mnversion factors adapted by the ASTM are bared on the "International Synem of Units" 
(designated SI for Systeme International d'unitesl. fixed by the International Committee for Weights and C. 
Mearum: thir njrtem ir also known ar the Giorgi or MKSA Imeter.kilogram (mwl.resond-amprel njnem. This 
rynem ha* been adopted by the international Onanization for Standardization in IS0 Recommendation R.31. 

The metric technical uniz of farce is the kilogram.form; thir is the lorm which, when applied foe  body having a 
mar of 1 kg, g i i r  it an eeceleration of 9.80665 mlreehec. the rtandard smleratioll of free fall toward the earth's 
center for sea ledel at 45 d m  latimde. The metric unit of force in SI units is the newton (Nl, which is ddined as 
that force which, when applied to a body havinga masrof 1 kg, giver i t  an acceleration 2f 1 m l r e d ~ ~ . T h e r e  unitr 
must be distinguished from the (inconstant) local weight of a body having a mars of 12% that is. theweight of a 
body is that f o e  with which a b d y  is atvaaed to the earth and ir equal to the mass of a body multiplied by the 
acceleration due to gravify. However. becaupe it is general p m t i k  to use ''Wund'' rathe; than the technically 
correct term "pcund-forre," the term 'lilogram" (or derived mars unit) has been used in thir guide innead of 
"kilogram-form" in expreaing the conversion fsctors for forcer. The newton unit of force will find inwearing use. 
and iil essential in SI unitr .. 

QUANTITIES AND UNITS OF SPACE 

Mult~ply BY To  obtain 

LENGTH 

Mil : . . . . . . . . . . . . . . . .  25.4 (exac:lyl Micron . . . . . . . . . . . . . . . . . . . . . . .  
lnchcr . . . . . . . . . . . . . . .  25.4 (exserlyl . . . . . . . . . . . . . . . . . . .  Millimeters :! 
Inch- . . . . . . . . . . . . . . .  2.54 (exactlyl. . . . . . . . . . . . . . . . . . .  Centimeters 
Feet . . . . . . . . . . . . . . . .  30.48 Icxactlyl . . . . . . . . . . . . . . . . . .  Centimeters 

. . . . . . . . . . . . . . . .  Feet 0.3W8isxactlyl~ Metsrr . . . . . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  0.0003046 (exactlyl' . . . . . . . . . . . . . .  Kilomete<$ 
Yards . . . . . . . . . . . . . . .  0.9144 (exactly1 . . . . . . . . . . . . . . . . . . . .  Meterr 
Mile6 irafutel . . . . . . . . . .  1.609.344 (exacUylf . . . . . . . . . . . . . . . . . . . .  Meters 
Miles . . . . . . . . . . . . . . . .  1.609344 (exaalyl . . . . . . . . . . . . . . .  Kilometerr 

Square inches . . . . . . . . . . .  
Square feet . . . . . . . . . . . .  
Squarefeet ..... 1 . . . . . .  

. . . . . . . . . . . .  Sware yard3 
Acrer . . . . . . . . . . . . . . . .  

Acres . . . . . . . . . . . . . . . .  
Acrer . . . . . . . . . . . . . . . .  
Square miles . . . . . . . . . . .  

- ~ ~~~ -- 

. . . . . . . . . . . . .  6.4516 (mactlyl Square centimeters 
'929.03 . . . . . . . . . . . . . . . . . . . .  Square centimeters 

0.092903 . . . . . . . . . . . . . . . . . . . .  Square meterr 
. . . . . . . . . . . . . . . . . . . .  0.836127 Square meterr 

. . . . . . . . . . . .  . . . . . . . . . . .  '0.40469 : Hectares 
'4,046.9 . . . . . . . . . . . . . . . . . . . . . . . .  Square meters 

'0.OWW66) . . . . . . . . . . . . . . . .  Square kitonleterr 
2.58999 . . . . . . . . . . . . . . . . . .  Square kilometerr 

Cubic inches . . . . . . . . . . . .  16.3871 . . . . .  
Cubic fmt  . . . . . . . . . . . . . .  0.0283168 . . 
Cubic yards . . . . .  ..; . . . . .  G.764555 . . .  

Cubic centimeters . . . . . . . . . . . . . .  . .  
. . . . . . . . . . . . . . . . .  Cubic metere 
. . . . . . . . . . . . . . . . .  Cubic meters 

CAPACITY 

FlvidounmrlU.S.1 . . . . . . .  
Fluid ounces IU.S.1 . . . . . . .  

29.5737 . . . . . . . . . . . . . . . . . . .  Cubic centime~err 
29.5729.. . . . . . . . . . . . . . . . . . . . . . .  Milliliters 

Liquid pints (U.S.1 . . . . . . . .  0.473179 . . . . . . . . . . . . . . . . . .  Cubic decimeters 
Liquid p i m  (US.) . . . . . . . .  :, 0.473166 . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
&am US. )  . . . . . . . . . . .  '046.358 ................... Cubiccentimeterr 
Ouem (U.S.1 . . . . . . . . . . .  '0.946331 . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
Gallons (U.S.1 . . . . . . . . . . .  '3.785.43 . . . . .  X:. . . . . . . . . . . . . .  Cubic centimeter$ 
Gallons IU.S.l . . . . . . . . . . .  3.78543 . . . .  !/,. . . . . .  .'. . . . . . .  Cubicdecimeters 
Gallons IU.S.1 . . . . . . . . . . .  3.78533 . . . .  .I! . . . . . . . . . . . . . . . . . . .  Liters 
Gallons (U.S.1 . . . . . . . . . . .  -0.00378543 . . . . . . . . . . . . . . . . . . .  Cubic meters 
Gallons (U.K.I ............ 4.54609 . . . . . . . . . . . . . . . . . . .  Cubic decimeters 

............ Gallonr(U.K.l 4.54596 . . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
Cubicfest . . . . . . . . . . . . .  28.3150.. . . . . . . .  : . . . . . . . . . . . . . . . .  Liters 
Cubic yards . . . . . . . . . . . .  '764.55 . . . . .  . .  . . . . . . . . . . . . . . . . . . . . .  Liters 
Acrefeet . . . . . . . . . . . . . .  *1.233.5 . . . . . . . . . . . . . . . . . . . . . . . .  Cubic meters 
Acrefern . . . . .  :.'. . . . . .  '1.233.500 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Literr 



Tab l~  I 1  

OUANTITIES AN0 UNITS OF MECHANICS 

Multiply BY T.,"bli" 

Multiply BY To obtain 

WORK AN3 ENERGY' 

train%1ln.000 ibl . . . . . . . . .  64.79891 lrxactlyl . . . . . . . . . . . . . . . . . . . . . . . .  ~ i l l i g r s ~ l  
Tmy ounmr 1480grrln.l . . . . . .  31.1035 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grams 
Ounces lavdpl . ........... 28.3405 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grams 

. . . . . . . . . . . . . . . . . . . . . .  Paunds lavdpl ............ 0.45359237 lexartlyl Kilwgramt 
shon tons(2.m lb) . . . . . . . .  901.185 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kilograms 
Shon Ion3 12.OW lb) . . . . . . . .  0.901185 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Metric 1m5 
Longtonr122401b) . . . . . . . .  1.018.05 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kiloprams 

FORCEIAREA 

. . . . . . . . . . . . . .  Pandr 9- sq.ara inm . . . .  0070307 ~1logramrpersg.srecsn#Imo8er 

. . . . . . . . . . . . .  POund' ~ C I  ~ g . 2 ~  nm . . . .  0 688476 Nrvtonr per wlvarLIanllmcllr 
~n . .~n . -~  -..am tmt 488243 . . . . . . . . . . . . . .  I( warns per mrre memr .......................... ~ ~ ~ ~ ~ ~ . . . .................. mudl per quare foot . . . . . . .  47,5803 Nmmnr per g u m  meter 

MASSNOLUME IDENSITYI 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ o r x p w n  745.700 watts 
. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 w  p r  hour 0.293031 Watt* . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~mt-pounds p r - d  1.35682 Wmr 

HEAT TRANSFER 

s w  in.lhr ft2degroe F lk. 
~ h a m ~ l m r d u c f i v i t ~ l  . . . . . . .  1.442 . . . . . . . . . . . . . . . . . . . . . . .  Mill iwanrlrmdqruC 

BtuinJhrf t2dmrr FIX. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  t h r r m d m r d ~ ~ f l ~ l f y l  0.1240 Kgcallhr m d w u C  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  BW l l lhr f t2 dewee F '1.4880 Kg cal mlhr m2 d- C 
8 w h r  n ?  dwss F IC. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  thnmil  mductanctl 0.558 ~ i l l i w a t t ~ c k ~  dew- c 
B w h r  I t2 dqr- F IC. 

thamal mnductamel . . . . . . .  4.W2 . . . . . . . . . . . . . . . . . . . . . .  :. . Kpal lhr  rn2drgree C 
Owrea F hr f121B1u IR. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  lhamal rsrlnlnss) 1.78; D ~ g ~ C c m 2 / m l l ~ b ~ f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Bullbdeprrtl F (c, heal sswify l  4.1858 Jlg d m -  C . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  8mnb drgnc F '1.0h? Call~rsm dewre C . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . .  ~r~hr(thormldIlfusivityl 0.2581 :; cm2/ac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... ~12hrlthsrmaldilfu~iiltyl '0.W290.. ~ ~ / h r  

MASSICAPACITY 

WATER VAPOR TRANSMISSION 

BENDING MOMENT OR TOROUE 

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ n c h p o u d t  . . . . . . . . . . . . .  0.011521 Marn.kilogamr 
I ~ E ~ ~ U ~ S  . . . . . . . . . . . . .  1.12985 106 ...................... centimsterdynss 

......................... Fwt-pounds . . . . . . . . . . . . .  0.138255 Mcta-kilogmml ...................... ~ ~ t . ~ ~ ~ ~ d .  . . . . . . . . . . . . .  1 . ~ 6 5 8 2 ~  107 centimeferdynes 
Fmt.poundr pet Inch . . . . . . . .  5.4431 . . . . . . . . . . . . . .  Centimta.Xilayamr per mt:metsr 
Ounm-inches . . . . . . . .  :. . . .  72.006 . . . . . . . . . . . . . . . . . . . . . . . . . .  Gram-rentireten 

orainthr ft2 Iwrtauapal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  wmmluionl . . . . . . . . . . . .  16.7 Gram124 hr m2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......... Perms l p r m m e l  0.859 Mcnls p r m t  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  P~rm.lnchnlprrn~abllltyl 1.87 M ~ w l c p e m ~ m l i m t e r f  

F r f p s e c o n d  . . . . . . . . . . .  30.481exrUyl . ................. Centlm~nrsprsecbnd 
Featpr a c m d  . . . . . . . . . . .  O . m  l ~ r a l y l '  . . . . . . . . . . . . . . . . . . .  Meten pr second ............... F r t  pa ymr . . . . . . . . . . . . .  '0365873 x to6 ~ ~ ~ t i ~ t t &  pr second 
M i l l  pa hour . . . . . . . . . . . .  1.W344 Iexactlyl . . . . . . . . . . . . . . . . .  Ki lnmtalper hour 
Mi l l lp rhovr  . . . . . . . . . . . .  0.44705 lexatllyl . . . . . . . . . . . . . . . . . . .  M e f e r s p a w n d  

ACCELERATION. li -- 
F r t  per second2 ........... ' 0 . m  ......................... M W r  p r  nmnd2 

Cubfc 1-t per-d .................... Iwrd.l.rtl . . . . . . . . . . . .  .O.m8311 lCvblc meter3 per m p n d  
Cub.kfeetprmlnuts . . . . . . . .  0.4719 ...................... .)\. . Li ferspumbnd . . . . . . . . . . . . . . . . . . . . . . .  GallmslUS.1 p r  minute . . . . . .  0.08309 ;'. . Literr p r r c o n d  

. . 

Pavndr . . . . . . . . . . . . . . . .  '0.453592 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kilograms 
... . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  Povnds 7.4482 ! N m l m l  

P . . . . . . . . . . . . . . .  -4.4482"lb . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ y n e r  

Tabla Ill 

OTHER OUANTITIES AND UNITS 

Mul t i~ ly  BY To obtain 

Cubic feet p r  gwm f w t  pu day k p w l  . . . .  -301.8 . . . . . ...... L i t m  p r  m a r s  meter p r  day 
Pound.-ndl p r  g~amfrnt l ~ i e o l i l y l  . . . . . .  '4.5824 . . . . . . .  K l i ~ l r n  scond p r  S ~ U D R  metar 
Swarefeelpt  e m d  lu iuai fy l  . . . . . . . . . .  'OQ319LU . . . . . . . . . . .  Sgursmrlarr p w u c m d  . . . .  . . . . . . . . . . . . .  Fahnnhaitdqrs. Ichmpll' 5 B e x ~ l l y  Cdclur or Kelvlldqner lrhagol' 
Volts w m l l  . . . . . . . . . . . . . . . . . . . . . .  0.03937 . . . . . . . . . . . .  Kiiwolts pumlllirnesr 

. . . . . . . .   me& p.r wsro foot 1toot.undiesl 
. . . . . . . . . . . . . .  Ohmcimlarmlls p r  (art 
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COstV 'drowning - 
IDENTIFIERS-/ canal covers1 open and Clored Conduit System Progl safety 
aquapmentl humanr 

DESCRIPTORS-I *animals/ benefits1 canals1 canal linings1 *safely/ water ursrrl closed 
conduits/ accidentrl economlcrl WazardV 'penonnell thin shell rtrueturerl 
conrtruction cortr l  indirect benefits1 fencer1 pr4sct planning1 irrigation operation a 
maintenance1 irrigation system9 public relatlonV prertrsrred concrete! reimburrable 
cortr l  'drowning 
IDENTIFIERS-/ sand couerrl Open and Clored Conduit System Progl safety 
equipment1 humans 
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Cost$/ *drowning 
IDENTIFIERS-/ canal coverrl Open and Closed Condult System Progl rafsty 
equtprnentl humanr 

DESCRlPToRs-1 .animals/ benefltrl canal9 canal i lningrl .rafstyl waler ursrvclored 
conduits1 accidents1 seonomicrl *hazards/ *perronnsil thin rheli rtrueturerl 
construction cortrl indirect bensfitq fencer1 Project planning/ irrigation operation 8. 
maintenance1 irrigation systems/ public relations1 prertrersed concrete1 raimburrable 
Costs/ .drowlilnm 
IDENTIFIERS-/ canal coverrl Open and Clored Conduit System Pro91 rafsty 
equipment1 humanr 


