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A .  

B .  

- WATER DEVELOPMENTS 

I 

This Handbook supplements the renewable resource improvement and 
t reatment guide lines and standards contained in Manual Sect i on 
the supplement ing guidance and p ro cedure discussed in Handbo ok 

I-1 

The guidance and instructional inf o rmation in this Handbook addresses  the 
and use of water  deve lopments ,  including 

advantages , disadvantages , p ro cedure s , and 
to  specific types of wate r  d evelopments .  Coordination ,  invest­

ment analysis ,  modification ,  maintenance ,  and reconstruction 
applicable t o  all water developments are also discussed bri efly . 

Before a propo sed water  deve lopment is given seri ous consideration as a 

answered . 
ect  " seve ral questions should be 

are : 

1 .  Have management actives for the area and resources  invo lved been 

2 .  

deve loped and identified through an res ource 

acti ves been and 
final or action 

3. Have the d 
de ',fat er  
affec ted use rs , 

ectives  and the propo sal to  
objectives included di scussions with 
othe r  non-Bureau int erest ? 

4 . in or  

5 .  

6. 

7 . 

8 .  

prescript i on cons idered in 
o f ,  water  deve lopment pro j e ct s ?  

Have diffe ring typ e s  of wate r  deve l opments and 
that would largely achieve the same objectives 

Has the of exist wat e r  d 
revi ewed to  determine whether a new 

Wil l  water to  serve one need 
the or habitat ? 

be ed 

their  relative c o st s  
been considered ? 

the area been 
is needed ? 

e new conflicts  in 

ect 
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I-2  

9. 

10 . 

11 .  

Is  
of  

- WATER DEVELOPMENTS 

I 

of  the water  resource the most 
res ource act i ves?  

ies ) 
Is  

the affect ed 
are a ,  etc . , in relation t o  other 

means 

unit s ?  

12 . cons t ructed t o  meet 

14 . 

other , wilderness  
are a ,  etc . ) ? 

menta s erve more 
at this as an 

Has a site  

such as be 
needs or  serve othe r allotment s ?  

one allotment and are res ource 

tecr.nical eYaluation or feasi bi been 

The se 
process 
ments . lines and 

, , and construct ed .  
similar to  that shown in 2 of 

and the most effective and efficient manner. 

, new technology ,  etc . , 
the actives  are 

adverse effects . 

from Bureau and 
concerns , management obj ectives , 

that other means of 
and will not result in 
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A .  

B .  

I I -1 

- WAT ER D EVELOPMENTS 

I I  

D ecisions t o  use or  t o  exclude a of  wat er d evelopment at 
evolve from the interdis -or  near a specific 

ciplinary consid erat i on of res ource 
the l and use 

Environmental Impac t  S t at ement p ro c es s . Res ource 
obj ectives mus t  b e  d efined b efore a means of is  s el ec t ed . 

the appro­
and proj ect  

should be i d ent ifi ed and rec eive 
envi ronmental and other analys es the activi ty 

p l anning pro c es s  ( see Manual S ec tion 9101 ) . 

ects must  b e  coord inat ed among affec t ed 
res ource programs t o  assure that all res ource values and needs are 
c onsi d ered .  The most efficient means of ac this i s  t o  ident 
and the l and use and /or 

proc ess es . and d ocumenta-
tion checkli st will  assure that a ect rec eives the e 

revi ew and coordination .  The b asis fo r s elec 
ins t allati on and use of a water deve 

should b e  of environmental, ec onomic,  and 
ect fil e. Water  d eve 

wi ll 
The fo 

le-use active s .  

1 .  

2 .  

should not  be  
energy or minerals 

their destruc tion unless :  

a .  The features o r  o f  the water proj ec t  c an b e  
economic ally and used again ,  or 

b .  The b enefits 

used 
rec overed at the time 

to removal d est ruction will  
inst allation and maint enance. 

Water  should not  b e  cons t ruct ed on  
sale or exchange unless  one of the conditions in 

or the residual value of materi al , and 
ect wi ll b e  reflec t ed and 

Re 1. 1-1591 
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II-2 

3.  

4 .  

5 .  

H-

be 

2 - ':'lATER DEVELOPMENTS 

II 

must  b e  c onsist ent with recr eat ion 
d ec isions , s ince water may 

of recreat ion use.  on must  
the water wil l  b e  availab l e  t o  rec reat ion 

users and whether and standards are 
with . 

Where l and use or  other 
that human int rusions on vi.ewshed are t o  b e  

o r  avo ided , water d evelopments must  b e  , ins t alled , 
that c auses them t o  b lend in w ith the 

some fac ilit ies in a 
"'"''-'-'- .......... , and 

cons id ered . T o  minimize the 
not leave t raceab l e  l in ear 

and rehabilit at e areas where 
is nec es s ary . , the pres ence and easy 

ion of c ertain st ruc tures may b e  d es irable.  

them t o  withst and the 
when a herd comes to wat er and 

in wild and 
and cons t ruc t ed t o  allow 

hors es and burros 
for available  spac e  Provision 

of wat er to wildl ife and livest ock in areas where hors es o r  burros 
are exclud ed may be neces s ary . The need to wat er to some 

on a b as is should also  b e  cons id ered ect 

6.  Each ·N"at er d eve must be and 
wat er for the kinds and numbers o f  

livest ock and wild lif e  that will on it . Fac t o rs such as s eason 
of  us e, existence of alt ernat e  wat er s ourc es,  rements (a 
st orage  of  at least 3 is recommend ed ) and the  use of  
waters to  achieve ect i  ves should als o  b e  
c onsid ered . er 
int erests should b e  
st ock and ion 
aff ec t ed authoriz ed users 

other p rogram or res ourc e 
familiar w ith live-

7 .  , installed ,  
to the manage­

Review 
c onsist ent 

ment of wildlife 
l and use and 

Consultat ion and 

that 
in most 

a. Locat e  and ins t all wat er 
c reation of new conflicts  
resourc es . 

BLM MANUAL 

user int erests 
in add it ion to  the coord ination 

The fo 

in a manner that avo ids the 
use of and other 
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a. 

- \'lATER DEVELOPrmNTS 

I I  

b .  Install escape ramps i n  open water and tanks to ect 
wat e r  and to  reduce wi ldlife loss . 

c .  Assure that wate r  is 
( e . g .  wild hors e s  and 
faci li ty when 

to wildlife and other 
when live st ock are not 

the need . 

d .  Assure that wate r  for wi ldlife is present ed in a manne r sui t ed t o  
the requirements o f  the This may re the 
installat ion of faciliti es and 

to  exclude livest ock or  horses . 

e .  Document 
int e rest groups 
maintenance of wat er d evelopments .  

f .  Plan for the establishment and 
wildlife whe re that need exist s . 

of s eep a reas for use 

g .  Plan for wildlife enhancement measures where 
design ( islands in reservo i rs).  

cal in ect  

e-use standards for humans and 
S ec tion 1112 , Handbook 

Guidance ,  and {l!anual Section . )  

C. Statut for Coo rdination 

1 .  See Manual Section 

2.  

on and Wildlife Service  
p roposed wate r  listed or  

cand idate spe cies . Memorand a  of agreement with S ta t e  
agencies should identify the procedure to  follow concerning State  
listed 

CFR 800 . 4  sets forth the to be 
The content 

si cultura l  resource invent ory or 
clea rance is also  described in Manual Section 8111 . ( I I I  
invent ori es). 
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3. 

D. 

1 .  

2. 

Guidelines for 
and for 
invent ory process  has 
standard is that the se 
t o  

- WATER DEVELOPMENTS 

II 

of such areas 
ness . II , 
cation procedures and reco rdkeeping 

a re contained 

Manual 

Uses , Minimum and Acceptable 
and maintenance of livest ock 

use 
and 

facilities The are that the wi lde rness  
character of  the a rea should that livest ock 

Management Plan may continue 
i s  discus sed in Manual Section 

that Wilderne s s  Management 
areas on lands. The s e  

tion or  re vision o f  other and action 

reconst 
ects . 

Coordination 

ect 

the 

and 

modification,  or  remova l  of wate r  deve 

for  

use . This and consultation 
ecti ves invo lve 

and p rogram ectives . Except where wate r  
funded the Bureau fo r non-livest ock u s e  purposes , 
authorized eithe r  a or  
Permit which identifies  cons t ruct i on and maintenance 
as well as of ects . When 

shall be  executed on beha lf of the BLM. 

ment 
funds . rement is 

the utilization 
t o  all 

prepara­
c ontain 

and 

b oards  must 
to offer 

of  allot-

and tre atment to coordinated res ource 
that  include the 
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3. 

4 .  

5 .  

- WATER 

I I  

Coord ination with conservation , 
which may be  affected 

reconstruction ,  or  removal of water  
should occur during the planning p ro cess.  a reached 
activi ty p lanning regarding participation or  responsibility 
constructing , , or  operating improvements should 
documented in a Agreement. 

a a 
Servi c e ;  State land s , wildlife , and rec reati on 
and officials should all have an opportunity 
c omment on proposed water d evelopments that may affect  

for ,  
be 

o r  
o r  

inte rests  for which The most  means of  
in the land use 

coordination meetings with s ome State and 
this 

local 
and 
for 

Use the ect  checkli st 
procedures to 

d evelopment ects. 

t he Bureau c o op e ra t e  

ect ident i fi ed land water uses 
State law fo r the 

ment of the land s .  

coordination needs 

the Bureau 
for the 

t o  

manage­

mu s t  be 
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III-1 

- WATER DEVELOPMENTS 

III 

of 
p rojects  in a plan , and of  

mixes of pro j ects and management strat , is  nec e s sary to  
determine the  most economic o r  most  cost-effect i ve package of p ro j ec t s . 

a p ro j  ect  basis  is 
c onsideration of effec t s , and does 

rule . Inve stment analya:r.;-is 
s ome or  all  of the benefits cannot  be o r  valued .  
like thi s ,  the and informati on provided t o  decisionmakers should 
identify the package of improvements that will  management 

active s  in the least cost manner .  

Investment 
establish 
of 

the use of economic and other c ri t e ria t o  
p ri o rities  an�o establish the 

acts associated with tho s e  
funds ) . See  Handb o ok 

gene ral and p rogram specific investment 
User Handbook o r  contact the Servic e  Cent er user 

.. 

Also see  
for about the 's Model  which is  designed 
for use on IBM 
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A .  

B .  

IV-1 

- WATER DEVELOPMENTS 

IV 

"A spring is  a place where , without the agency of man ,  wat e r  flows from a 
rock o r  soil  upon the land or into a body of surface wat er . " 

This some 
springs . occur in an 

of  

situati on its  own unique reason,  
a c o okbo ok approach to spring deve lopment is  not p resented here . 

The obvi ous but not the prope r  reason for a is  because 
" the wate r  is there . "  The p re s ence of  water  in the form of a 
spring provides  a d evelopment oppo rtunity that should be 

the and amount of wate r  need e d ,  the 
soil  type , and maintenance ,  protect i on ,  and enhancement of 

existing area mus t  be  considered before a determination to  
deve is  made .  

or  re servo i rs are or 
amount of wat er  In  such case s ,  the 

whe re we lls , catchments,  
to  cons t ruct for the 

of deve 
the is On the other hand , exi st in 
areas whe re other sourc es of wate r ,  such as st reams or lakes , are 
abundant. In these areas , of a may be a needless  
expense , unless the source is needed fo r livestock dist ribution or 
some other fact o r .  

l .  

The chi ef 
of wate r  

of 

- Low investment risk.  

- Cost . 

The presence 
unce rtain 

of construc tion .  

deve relat ive t o  other sources  

inherent risk of a well  int o 
most reservoir  and catch­

ment const ruct i on is undertaken on that may or 
may not be accurat e . 
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I V-2 

2. 

c onditions , s ome 
the next . This 
i ssue from 

are 

used , 

- WATER DEVELOPMENTS 

I V  

t ract o rs a re 
the smaller 

gene ral ly needed . 

from the j ob site a re 
mat erials 

less , but also 
less than for 
are much less 

advantage is  that a 
cons t ruction methods  can be  used t o  

seas o n  o r  climatic  
year to  

that 

and crawle r  
expense o f  

t o  and 

ems can of french drains , of  different 
mate rials , d ri ven sand , or e ven horizontal wells . 
boxes take many and forms and can be const ructed from many 
mat e rials that may be on hand . Cutoff walls  can be made  from most 

mate ri als , from ic to  c oncret e .  
Likewis e ,  on many labor can be substituted for machine 
wo rk and vic e  versa. Thi s is 
access i s  difficult or when a 
effort bet ·li'een BL�.Y and a ranche r  ·,vho may not have 

The main of 
other sources of wat er  inc lude the 

- Uneven dist ribution. 

- Variable flow. 

- Restric ted season of use . 

- Maintenance c o sts  may be 

occur whe re 
fit the 

alternatives . 

condit ions dictate--not 
Thi s  is 

Another that must be realiz ed is that 

ve rsus 

will vary in amounts of flow and t o  
the season or  the climatic conditions , one may visit  a 

site that appears to  be worthwhil e  for A 
second visit in ano ther season may show a diminished or 
non-existent flow . Because of thi s ,  it is to unde rstand 
the conditions the occurrence of amounts of 
flow . 

BLM MANUAL 
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c. 

- WATER DEVELOPMENTS 

I V  

some are variable  in f l ow and 
comes the realizati on that there may be res t ri c t i ons 

on the season of  use for which the is intend e d . For 
, a rl th weak flow may freeze  up A 

less obvious example  is the spri ng  that may d ry up a wet 
summe r  because its recharge area may not have rec eived  suffic ient 
snowmelt s ome months earlier .  Again , an of  

is  essent ial . 

The 
can exact their 
unsuitable 

The sections on the c lassification of and 
of  d evelopment will  he lp achi eve more uti li zation 
on the lands . 

d esigning and 
must  be  ed . 

structure and forc e s  

methods  

to  the surfac e  and Cleaves , ) . 

are 

1 .  

and arte sian. 

are: 

- C ontact 

are fo rmed 
S ome of the 

Fracture and tubular springs . 

a .  

( 

( 

of water  table at o r  in bottom 
basins , in moraine s , and 

cut in massive permeable sandst one or  vo lcani c  ash . 
See  Illustration I V- 1 . 

s paces  between of the 
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( 

( 

( 5 )  

( 6) 

( 

b .  

( 

( 

( 

( 

( 

BLM MANUAL 

- WATER DEVELOPMENTS 

I V  

o f  the wat er table , 
and size  and 

from less than one 

be either or  
rise o r  fall of the wat e r  table . If  the 
is small , the flow wi ll  on  local 

fai r  to exc e llent , but may be 
c ontains s o luble  

of the •..rater  1dll 
mean annual 

t empe rature . 

In humid areas , 
, or  may s omet imes  

In windswe p t  arid and semiarid 
the vegetation growing around 

basins , the wetted  areas and 
may cause of  

a mound . 

- Characteri s t i c  Featu�e s  

o c cur o n  hi llsides , in • or whereve r 
rop of an occurs b eneath a water-
permeable Illust ration IY- 2 .  

are 

tures, or  open 
are joint s ,  free­
may be tubular in 

limestone , gypsum, and basalt . 

Volume of flow may than t o  
seve ral  thousand gpm , 
of the wat e r  

intake . 

or  
mate rial , the volume 

• and c ondi tions of water  

pe rennial for contact 
tab l e . If c ontact is  

minerals. 

may be  int ermi t t ent . 

fair to  excellent , but may be 
mat erial contains so luble 

Rel. 1-1 5 91 
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c .  

BLM MANUAL 

- WATER DEVELOPMENTS 

I V  

( 6 ) The t the wate r  wi ll  

( 

( 1 ) 

( 2) 

(3 

mean annual of the 
location . movement of wate r  
are open t o  the c i rculati on of  air , as much a:s 
se ve ral  d egrees below mean annual t empe rature will  o c cu r . 
If  wate r  is not in contact  with air and the 
to the wate r  table  i s  seve ral hund red feet , the water  will  be 
a few about 1 for each 100 ft . 

lava . 

warmer than the mean annua l  t emperature . Buri ed 
if still hot ,  wi ll raise  the 

hot 

On hillsides , in 
below the wate r  table . 

may be 
Tubular 

, or  whe reve r  land 
See  Illust rations 

of 

as 

Fractures and open in all 
tubular in limestone, gyp s��. and 

Frac tured or joint ed rocks . 

pe rennial, may fluctuate with 
area is small . 

( 5) may range from less than one to hundreds of gpm 

( 

( 

( 

upon the extent of frac tures, solut io n passages, 
or joint syst em to  the 

" 

be hard 

wi ll 
at the 

If the wat e r  is warmer than the mean 
t has ed 

limest one on its way to  , travertine 
( may be  

mat erials 
Water  

surface features . 

Rel. 1-15 91  
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2 .  

I V  

Artesian are formed whe re the ric surfac e  i s  above 
the land and the wat e r  flows  unde r  a rt esian p re ssure . ��o 

a .  

c .  

of  artesian are and fault 

( 

( upon nature o f  

( 

( 5 )  

( 6) 

( 

( 

( 

is  sand s tone , wate r  may s e ep from 
be�Heen , from fractures or from open 

I f  aquifer is limest one , wat er  wi ll i s sue  from 
j o ints or tubular 

constant . affec t ed 
be affec t ed 

Flow may range from a few grams pe r met er  t o  seve ra l  
grams p e r  met e r .  

go od to  excell ent . Wat er  may be 
( contain if i s 

locat ion unless  
wil l  be a 
( about 

bene ath the surface ) . 

of the wat er will  
of  the 

buried . If so , 
the mean annual 

lies 

water  is from a limest one and 

any location 
Illust ration 

, t rave rt ine 

a fault o r  
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D. 

. 

( 2) 

( 

of. 

- WATER DEVELOPMENTS 

IV 

on the nature of material at 
is , water will issue from 

If surface is rock, water will issue 

May be any kind of rock. 
what the consists 

( 4 )  Volume of flow may range from a few gpm to several 
gpm. 

( 5 )  Perennial, constant, and affected by 
of affected from 

upon the 

( 6) good to excellent. Water may be 

( 

( Features 

ective of a 
1rater available for 

( contain CaC03 ) if is 

See Aquifer Outcrop 

See Outcrop 

is to make natural outc 
deve t 

varJ with the different allow efficient 
removal of the amount of water 
should allow the unused water to flow 
up and c flow pattern around 
drain the or dewater the natural 

Information about the should be collected 
data would be: 

- Volume and of flow. 

- Nature of the wat material. 

conditions that cause the flow. 

method used 

to 
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IV-8 

- \·lATER DEVELOPMENTS 

These data indicate whether the 
also are essential for proper 

The three essential 

- Collection 

ion facilities. 

These three are 
identifiable as such. For 
into a wet hillside could serve 

l. 

IV 

will 

of a 

and 

are: 

may not be 
at one end) driven 

, and 

, it is necessary to collect the flow from 
or from the 

• it is desirable to 

The use 
caution because 
proc e s s. 

areas of maximum flow. 
for this purpose should be done with 
could be the 

flow can be collected several methods or combinations of 
methods, inc 

- French drains. 

- Perforated 

- Cutoff walls. 

- Well 

wells. 

- Manufactured 

BLM M ANUAL 

and well screens. 

ems. 

Rel. 1-15 91  
6 / 90 



a. 

b. 

BLM MANUAL 

- WATER DEVELOPMENTS 

IV 

A french drain is a ditch in the 
Usually , a sy stem of lateral ditches are dug more or 

to the flow path. These are to flow 
into a main collector ditch ( or ditches) which in turn grades to 
the concentration After with gravel and 

the gravel with a filter fabric, the drains are covered 
with the excavated ditch material. Gravel used in the french 
drain should be washed and to water infiltration 
into the drain. Water is collected from the drain by means of a 

of pipe, a ed box, 
sump area. 

Perforated and well screens or any combination of them are 
very efficient means of water from a However, 
their use is to water from unconsolidated 
materials. As with french drains, ditches are dug into the water-

material in patterns to the on 
The ditches should to the bottom of the main 

strata but must rat e  the rmeable 
below. If t he 
flow is in exc e s s  of 
necessary .  

rmation i s  ve ry t hic k and t he wate r 
the ne ed, this provi s i o n  may not be 

In t he ca s e  of ed ed, washed gravel is laid on a 
filt e r  fabric in the bottom of the ditch. The is then 
o n  the gravel bed and covered with more gravel which is covered 
with a filter fabric, so that an " " of 
the and an enve of filter fabric around the 
formed. The material from the ditch excavation is used for cover 
so that the contour of the area is restored. 

In the , the only available for collection was 
made of iron or Metal ect to corrosion and 
are difficult to handle and and 
break easi 

on hand. 
no corrosion. 

Perforated 

easy to cut and 

ions. the collector 
pressure, the material 
diameter is unsuitable 
alternative. 

ic 
or 
is 
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is 
of diameters and wall thicknesses. 

cut with an hand saw. Joints are 
Perforations can be made to the size upon the 
texture of the material. are with an 
electric drill, or slots can be made with a circular saw. 

in 

maximum amount of water 
the 

collection 
with the least am ount 

a spring must be maximized, the 
screens in of 

resistance. 
extra cost of 

may be 

screen are louvered and The two most comm on 
continuous slotted. are made of either or metal, 
with the metal the of the ��o. 

for all but 
ions. Louvered screen is but 

slotted screen offers of very control over 
the size of the screen This is , because the 
purpose of the screen is to allow water to enter the co 
'ffihile the material out. 

If well screens are considered for a 

advice should be obtained from a person with in water 
The w ater w ell section of this Handbook has a more 
discussion of this ect. 

A cutoff wall is used to 
the source. 

flow from 

in unconsolidated materials often seep out over a wide 
area with no concentrations of flow. In such cases, a 
cutoff wall can be installed below the seep area to int and 
back up the water. With some , the wall may serve as the 

collection In other situations, the cutoff will 
collect flow, but also back up water to create a 

head and make other of the ( such as drain 

Cutoff walls are often used where flow issues from 
consolidated formations ( e. g., fractured , or where thin 
unconsolidated material the use of drains, , or 
screens. In these cases, a cutoff wall should be looked at as a 
small dam to store and concentrate the water. 

Rel. 1-1 5 9 1  
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A cutoff wall will have these features: 

more or less to the flow. 

- Angled to concentrate the flow. 

- Strong enough to contain the flow. 

in to underflow or side flow ( 

The cutoff wall is to the flow 
lines, to 
same time, 

of water. However, at the 
wall needs to be maintained so that the 

water will flow to the concentration 

Cutoff walls can be of many 
strong enough to withstand the 
When use of a cutoff wall is 
be consulted to ensure that the 

Of importance is the of 
sides of the cutoff wall. The wall must be 

must be 
ream. 
should 

in the bottom and 

sufficient to flow under or around the structure. This 
escape of the water and the 

be u.nder:nined and ·..rashed out 

that the 

Cutoff walls can be made of many different materials, if are 
ous and strong to do the j ob. used 

materials include concrete, c, , soil-bentonite mixtures 
and steel sheet Before any material is used, a ed 

needed be asked to confirm that it will meet the 

( sometimes called drive 
installed at shallow 

or sand ) are 
in soft formations 

which are 
driven into the 

free of 
hand. The auger 

the well 

the well can be 
drill is used where 

the formation is hard, and 

( Driven 
hillside 
with few rocks. 

to 
issue from unconsolidated 

well installation serves as 
collector, concentration facili em. 

Rel .  1-15 91  
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( The first step in installation is to bore a hole into the 
formation with a hand auger than the well 

The hole should be bored into a flow concentration 
area or into the bottom of the water material. 

The hole 
the 

be that water will run into 

the 
the hole is augered to 

is inserted and driven into the 
are added as needed until the 

reaches the end of 

A well a section ( or sections) of metal well 
screen with attached to one end, with a 

shank other end. A short of is 
screwed onto the threaded shank. A drive cap is screwed on the 
end of the pipe so that the assembly can be driven into the 

Short sections of are added as needed until the 
desired penetration is achieved. 

Three common 
are: 

- Brass jacket 

- Brass tube 

of 

- Continuous-slot '..rell screen 

drive ( see 

The brass jacket 
bronze wire mesh. 

consists of a covered with 
The mesh is then covered w ith a perforated 

brass to it The steel 
carries a widened shoulder gravel or stones aside 
and reduce the of 

The brass tube consists of a slotted brass tube over 
The slotted brass tube is not as easi 

the wire mesh It has about the same intake 
as the wire mesh 

The continuous-slot well screen is the most 
water intake It will withstand hard 
should not be twisted while driven. This 
should be used where efficient intake of water is 
should also be used where the water has low 
dissimilar metals used in the other of 
due to action. 

from a 
, but 

essential. It 

will corrode 

Rel .  1-1 591 
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The consists of a plastic core ( varies with 
which is sandwiched filter fabric and serves as a ration 
and collection and has an concentration conduit 
which collectors or can be used as a 

The ad vantages: 

The material 
very 

every manufactured em is 
can be handled by one person. 

- The fabric s the movement of fines out of the 

- In most cases, it eliminates the need for and the 
on site. to haul and the 

Site disturbance is held to a minimum. 

- A ditch trencher (4 inch cut) or a backhoe with a narrow 

-

can be used, thus 

laterals 
int em. 

The 
the 
co water 

less �aterial in the r. 

can be installed and connected into one 

em can be as 
When closed ( 
continues to flow r. 

There is no head box or box. This eliminates the 

on 

of of the water from rodents which crawl 
into the box and die. 

water 
central 
or more 

- Store and the 

the collection 
The concentration 

functions: 

flow. 

- Provide access for maintenance. 

- Settle out material from the collector. 

- Feed water into the em. 

a 
one 

BLM MANUAL 
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A box (head is the most common structure used to 
concentrate the flow. boxes come in many and 
are made of a of materials. 
constructed so that drains and the 

em feeds out box also 
serves as the collection 
limited the 
stand what functions 
that from the 

and must ensure 
and out o:f the 

box should 
The entire box is often buried to avoid vandalism, 

As mentioned in the section on collectors, the 
may be of the , such as a driven 

is where two or more collector 
in a wye or feed into a manifold. When 

used, a filled sump, installed behind the 
wall, could serve as the concentration 

The 

- Overflow 

em has two main 

or s). 

The convey s water from the 
or to the intake of the distribution 

to the 
the 

come 
wall is 

of the 

lower end 

a cutoff wall or the wall of box, it must be 
union should be 
This allows the 

disconnected if maintenance or 

around the 
immediat downstream from 
of the discharge to be 

water 
water 

is required. 
of use away from any 

back into the 

should be to carry 
Excess 

This area should be fenced to 

be used. 

Overflow 
flow away 
the 

preserve the 
be consulted for advice on 

tected wet soil into a 
are located in the wet area, 
undermined if not ted. 

BLM MANUAL 

habitat. A 
sizes and material to 

excess uncontaminated 
the use area and back into 

collection 
unpro-

and broken or 
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If there is a risk of water overt a head box or cutoff 
wall, an overflow should be installed at the It should 
be located low enough to overflow and should be 
to carry the excess flow. 

trough 
an overflow is needed at the head box, the 

point of use. the should 
on a carry any excess flow. A 

should be consulted to ensure that the overflow 
the job. 

Overflow pipes should 
, where the 

function or use of the 

water to a safe 
will not interfere with the 

r.fater should be 
back into 

occur in the bottom or 
These watercourses vary from wid e ,  meande 

the sides of 
chan."lels 

When a and all are ect to 
flood zo ne i s  ca re should be t a k e n  t hat t h e  
no t w·a s he d  away 'lli t h  t he fi r s t  ·11a t e r. 

To a d e ve from flo o d  wat e r, t h re e  

- Avoid the flood. 

- Avoid obst the flood. 

to withstand the flood. 

possible, boxes, cutoff walls, , and water 
should be located above flood flows. 

of the deve cannot be removed from the flood zone, 
should be installed so that do not obstruct flood flows. 

For , in alluvial channels, walls can 
be installed so that their tops do not 
surface of the channel bottom. The and 
be buried in the channel alluvium, and any flood would merely pass 
over the whole installation. This assumes that the deve is not 
located in a reach of channel. If there is doubt, an 

or should be consulted. 

BLM MANUAL 
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and water control 

IV 

cannot be installed to avoid floods ( or 
installation should be to with-
In these cases, must understand the 

and have of channel 
The should be 

in the hands of 

The lush that is associated with most sources is 
to livestock and big game, such as elk. 

, as the animals graze in these wet areas, their 
can soon turn a wet meadow into a 

result in contamination the , destruction of the 
or even destruction of the For these reasons, many of the 
wet areas a the routes of and 
overflow be fenced to exclude livestock and 
which tend to wallow wet areas. The decision to 
should be based upon ectives and animals the area. 

are sometimes used to or ed 
areas. The active is to matter and make 

e water deve 
unless there is a clear 

will affect the wat 
strata. An excellent reference on this t is 
Resources, " USDI, BLM, Miles District Office, 

is 

should not be used to the flow of 
from fractured rock. The use of 

than it has 

used to excavate trenches for collector 
, and to backfill a 

, small- to medium- sized backhoe- loader 
, cutoff walls, 

after construction. 
tractors ( crawler or 
these machines are 

rubber tired) are the machines. While 
labor savers, must be used with care and 

common sense. 

BLM MANUAL 
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Careless or obliterate a 
a m achine on the surface of 

or otherHise render 
Thus, while equipment is 
m achines for developm ent should be 

Because 
used to 

for 
for flow 

re, 
or use. 

tool, the use of these 
and 

conditions are favorable to excavate a reservoir below a 

be 

and create a pond. A bulldozer, backhoe, loader or 
could be used. 

If the conditions exist, an 
spring development can be installed: 

- A strong and 

. , so� .... 

- Little s ed im e nt movement . 

- Low flood risk. 

The excavation is m ade below the 

flow. 

, low m aintenance 

Care m ust be 
exercised so that the flow is not on the dam 
m ust be able to pass the runoff from upstream . Care 
m ust be taken not to use saturated m aterial for enbankment m aterial 
if an em bankment is needed. Also, care m ust be taken to construct 
the pond so that the natural area is not drained or the 

BLM MANUAL 
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Depressi on Sring, Seepage or Filtration Ty pe 
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Illustration 1 
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Contact 

!mpermable material-clay or shale 
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Illustration 2 
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Spring in Jointed Basalt 

BLM MANUAL 

I llustration 4 

Rel. 1-1591 
ll/6/90 





BLM MANUAL 

H-1741-2 - WATER DEVELOPMENTS 

IV 

Spring in Jointed Limestone With Some Tubular Passage 

limestone 
water irregular 

Illustration 5 
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Chapter rv 

Artesia n  Spring at Outcrop of Aquifer 

Intake Area 

Springs at outcroo of aquifer 

Permeable material-sandstone aquifer 

Permeable material-alluvium 
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Artes ian Spring Occurring Along a Fault 

Intake Area 
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Illustration 7 

Rel. 1-1591 
1 1 / 6 / 90 





BLM MANUAL 

H-1 741-2 - \.JATER DEVELOPMENTS 

Chapter IV 

Different Kinds of Drive-well Points 

Continuous 
Slot Ty� 

Illustration 8 
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DET All ol COllECTOR 
SECTION A-A 

Chapter IV 

Spring Development 

PlAN ol SPRING BOX USED 
\\'ITH COLLECTION SYSTEM 

Colle<:!OIS 111.11y bEl tile, l)<efletated pipe e< �''""' 
PLAN 

Illustration 9 
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Plan and Profile View of Spring Development 

SPRING 

FENCE 

E:XCAVATION 
CONCRETE PLATFORM 

HEADBOX 

TAMPED NATIVE BACKFILL 

POL YVIf'IYL CHLORIDE 
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Illustration 10 
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Chapter IV 

Collection of Seep Water 

HEAOBOX WITH OPEN BOTTOM 

SET ON SMALL ROCKS. USE 

DURABLE OR TREATED MATERIAL. 

ONLY 

NP-.TER CAr� NOT BE 

�JED OTHERWISE. 

P!PE 

Illustration 1 1  
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Chapter IV 

Spring Box and Pipe Arrangement 

Tn in Sp!ing box 
""'"" lrom beneath !he surface, 
P<events leaves "' !lash frrn 
plurainc in let. 

DETAIL-DELIVERY f'!Pt INlET 

NOTE: S!>fitl& box uy be consllucted ol concrete, 

... tal eulvert, or oil drum. Use type ol collection 
system require<! lo tully devtl"'' s!>frnc. 

Place ail p1pe below frost line. 

Tank may be ol dilterent sizes and shapes. 
Steel< tanl< al>!lloaclles should be kell! dry. 

PLAN ol GUARD alld TANK 

NOTE: Tee may be placed here and llorJ:ontal 

prpe extended ""!Side tanl< base and pluq...:l. 

Removal ol plug will permit flow to bypass tank. 

SECTIONAL ELEVATION 

Illustration 1 2  
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Chapter IV 

Spring Development Concrete Headworks 

ROCK OR OTHER SOLiD FOUNDATION 

S ON 

METHODS COVERING HEADWORKS 

Illustration 14 

ON PIPES 
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The term "reservoir" as used in this Handbook refers to water 
a dam, ty pically an earth filled embankment with an 

A reservoir may be formed by a dam 
a to one side of a 

diversion ditch ( See Manual 

water to 

Y-1 

are a very effective means of 
animals in many areas of the West. However, they can be very ineffective 
if are located or poorly An to 
consider is that many of the best reservoir 

land have been used. Future reservoir construction in BLM 
Districts must be carefully considered and evaluated to ensure that 
economic and actives are achieved for the 

1 .  

ect. 

Most small reservoir construction on land has been 
for and water for livestock, ·�ldlife, and wild 
horses. 

are built where runoff is from snow melt 
rain storms. Either of these events can 

floods that either wash the reservoir or out or fill 
the reservoir basin with sediment. 

selection is the to a reservoir. 
where there is reasonable 

frequency, quant and quality of water flow. A hy drologic study 
should be done to determine these parameters. The following are major 

a. 

to consider in the selection of reservoir sites: 

Select sites with 
prepare the reservoir 
the dam; use 
reservoir bottom; and 
should be drained and 
rock removed before 

, heavy 
site, 

material 
the 

soils where 
, the earth- filled area of 

in the embankment and in the 
earth fill well. The site 

, debris, and loose 

b. The watershed above the dam should be 
sufficient water to fill the reservoir but not so 
maximum flows will damage the or wash out the dam. 

BLM MANUAL 
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c. The 
the channel is narrow, 
made wat The channel 
should be as flat as 

v 

d. animals ( livestock, wildlife, and wild horses, etc. ) 
should have easy access to the water. 

e. The dam should be located, 
natural sites. 
constructed for the reservoir. 

, to take 

u�LH��, small retention 

be 

Unless fed 
reservoirs or seasonal sources of water. 

however, on surface runoff 
needed in seasons. 
low ratio of surface area to 

( settlement 

to construct. are, 
be when most 

size, a 

or construction in areas of low sedi­
eroaion of the face of the 

water for seasons if 

small reservoirs as rangeland water 
poor of water and 

seepage, and evaporation. 

The reservoir site should be and staked or to construction. 
To determine the of material for dam const soil tests 
should be made a soil scientist or other Trees 
and shrubs should be cleared from the dam site The 
foundation area of the dam should be or scarified in the direction 
of the main axis of the dam so there will be a bond be��een the 
foundation and the fill material. On sites and 

of the foundation material is , a narrow core trench must 
to the then refilled with select backfill and 

the dam is constructed. Core trenches should extend into au 
but be no less than 3 feet in The minimum bottom 

width of the trench must be 12  feet with 1 to 1 side 
able material is available above the it should be there so 
the borrow of the reservoir an.d add to the 

General ions for the construction of dams must 
include these items: 

1. The s of the dam must be a minimum 3 to 1 on the ream face 
and a minimum of 2 to 1 on the downstream face. 

BLM MANUAL 
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2 .  Minimum width of the of all dams must be 12 feet. 

3 .  Freeboard ( the top of the 
the the estimated peak 
than 3 feet or meet the State water law requirement. 
must be designed to minimize the risk of the dam 
during the life of the structure. 

mark when 
be less 

It should have a broad, cross section, be 
located away the fill, and re- enter the main channel some 
distance downstream from the fill. When a is built, it 
should be wide and flat- bottomed. 

The entrance must be wide and smooth and the 
channel mild so the water will flow without 
spillway should be no less than 25 feet wide to provide for snow or 
trash blockage. 

4 .  to meet a storm ( etc. ) whichever 
the situation warrants. Include allowance for sedimentation. 

size. 
ture should be considered in 

of handling 
should 

the struc-

the d a m  for flood rout Consider 
structure and trickle tube to reduce 

expected to continue for an extended 

inst allation of small outlet 

erosion when inflow is 
od of time each year. 

6. m�n�mum. Semi means that 
compaction is the embankment material scraper-

, 6 inches in thick-
ness, and dist travel over the entire width of 
the embankment to obtain uniform compaction while placing the 
material. The best material available must be selected for the 
embankment. The material must contain sufficient moisture for the 
travel of the construction effective to consolidate the 
embankment. Should the borrow material be found undesirable, i. e. , 
too , too wet, too in content, or struc 
unsound, corrective measures must be taken. These may consist of 
se alternate borrow areas, construction 
periods when soil moisture conditions are most favorable, or 
water to the earth material. 

BLM MANUAL 
Rel .  1-15 91 

6/90 



D. 

- IV'ATER DEVELOPMENTS 

v 

ted fill 
settlement. When the 

may be increased 
construction stakes are 

10 to offset 
set, fills may be 

inc rea sed 10 
with outlet 
and for all dams 

and stakes set 
will 

For dams 
acre- feet of water 

a hazard to life or 

7 .  

American Association 
( AASHTO ) is 

In all other cases 
effort is necessary to 
installation of outlet 
maximum 

should be every reservoir 
over the disturbed areas. 

disturbed above the er line for 
or when the borrow must be taken from other 

and 

area. 

8. Borrow areas should not be located feet of the toe of the 
upstream or in the bottom of 
level if there is a chance of 

within the water 

Further and standards are discussed in 3U1 Manual 
Section , Control Structures and BLH Handbook H-
Water Control Structures, Guidelines for 

Considerations. 

reservoirs that are 
of fish life. A satisfactory reservoir must 
free from silt. This water may be runoff from lands 
a soil conservation program or from wells, or very 
streams. The should be well- constructed 
a to carry off flood waters. For fish life, 
be in the northern of the West than in the southern in 
order that cold winters and thick ice do not result in loss of fish. 
Increased is also to characterized 

1. 

of weather. 

for on reservoirs 

exist 
the 

BLM MANUAL 
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For the r� servoir should b e  a m2 n�mum of 12 feet deep 
to feet ( for 25  of the area in northern 
areas. In the depth of 25 perc ent of the should 
b e  10 feet , 12 feet deep adequate. Depth greater than 
this would inc rease the fisheries 

For waterfowl the average water measured from normal 
should not exc eed 3 feet for when the 

duc ks. 
is 

For duc ks, it c an b e  Dike should 
not exc eed 6 feet, exc ept where are nec essary to c ross 
narrow ons. Construc tion of islands for waterfowl and 
esc ape whenever exist may b e  done at the tim e the 
reservoir is c onstruc ted or when a low water level s. 

2 .  the southwest, for the U. S. Fish and 
found that water- c ut c anyons offer suitab le sites for 

small c onc rete dams and reservoirs to water for desert 
sheep. These small reservoirs were most effec tive where c an y ons 
narrowed down with , vertic al sides of b edroc k. Suc h arroy os 
make c onstr�c tion sites, on east or north 

whic h provide the sun and reduc e evapora-
t i on. Dam s  should fi the bedroc k b o t h  sid e s  and 

bottom. A o u t l e t  into the dam. ';'l ater 
loss will b e  ed if roc k formations are c hec ked for c rac ks and 
fissures. 
c o nstruc tion. 

is, at tim es, an 
C om merc ial seal ers c an be 

of sound 

after suc h  c an y on dam s 
and not over 5 or 10 feet 

after the small 

ed to the dam 
should be under feet 
the first several years 

formed b ehind the dams will 

After the reservo ir b ec omes filled with gravel and sand washed in b y  
floods, the water soaking into the and sand is stored and 

from exc essive evaporation. The stored water is 
the dam to natural roc k b asins b elow or to c ement 

c onstruc ted away from the main water c ourse. 

3. Reservoirs or with fenc es serve to 
whic h is desirab le for wildlife food and c over. 

protec t livestoc k from in the reservoir and 
of outside the fenc ed area water 

for livestoc k 
water ( see 

the animals out the stored 

over the dam. 
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the bottom of 
of silt and 

soil contains 
roller 

often seepage. to attract 
in the basin before it fills with water will 

reduce seepage losses because the animals will , compact, and 
the soil. Where additional treatment is and the soil 

contains at least 5 0  o f  silt and chemical 
and the soil. 

Wh ere of reservoirs on so il cannot be 
avoided, the water basin to water 
line with bentonite or other special 

rvious membranes can be considered. 
such treatment should be fenced from 
to erosion at the waterline and 
water should be out. Bentonite is 

game 
��.u�ue Q '  and the 
rates of 1 to 3 

per square foot d upon the of the 
batch. When mix ed 

inches of the soil with a smooth it is 

l evels and 

when wet, up the soil interstices 
seepage losses. bentonite is 

effective when used on sites with flue 
dry 

ic and �� bber li�ers 
reservoirs where t he sit es were well 

6 

and 
to 

were covered wit h soil t o  a of 6 inches or more, t hei r 
use has not proven wit h small st oc�v at er reservoirs. 
w at er basins wit h concretet soil cement , or is 

too cost t o  consider. 

5 .  Snow can make more water available snow 
to increase water into streams and reservoirs. Snow fences are 
a snow to increase streamflow where there 

open areas having limited snow To 
minimize convey ance losses of melt snow fences should be 
located stream chann els or near reservoirs. 

The fence is 
for losses to 

About 
the melt season. For small 
of drift water can be recovered, 
loss to soil water and 
survey and considerations, see reference 8 

c 
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6 . To increase the life of old reservoirs, in 

1 .  

2 .  

the silted areas. This 
st considered to 
( for more information 

dams 
on page 

The 
or 

also referred to as a " charco, .. " water hol e, •• 

from the small retention reservoir in that most 
of its 
is to 

capacity comes from excavation. The purpose of a 
a of the overland flow as the 

is l imited; most contai n b etween 2 and 3 acre- feet. 

Pit reservoir sites are located in , dry lake 
beds ( ) , water courses where there is no real defined channel 
or where the d is too wide to construct a dam-

reservoir, or behind large detention dams away from the 

The t reservoir is to flat l ands where some overl and flow 
occurs. It is best suited to l ocations where a small water i s  
sufficient and where the soil is D iversion d itches 

into the are often ro st should be 
consulted to determine water availabi 

water source, reservoirs 
seasonal sources of water. Pits are rela-

on size, to construct. are, 
however, dependent on surface ru noff or seepage, so may be empty 
when moat needed in dry seasons. They require a drainage area of 
adequate size, a low ratio of surface area to storage and 

action excessive silt Pits have been successful in 
the life of an reservoir. Pits are 

to clean out which would become 
a retention reservoir. 

as rangeland water 
, lower of water, 

seepage, and 

BLM MANUAL Rel .  1- 1591 
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- WATER DEVELOPMENTS 

v 

Pit are excavations for water storage. Pits with control 
because can contain erosion and 

water Pits or with u ncontrolled inlets should never 
be excavated in soils that will 
a or lower the bed of the 

erode from the 
drainage channel. 

and cause 

watershed characteristics to determine the 
of water for storage and sediment 

Pits are adaptable flat areas. Three factors should be 
considered 
water 

are: control of 
, and erosive� 

soils and the natural These 
for data on which to base the 

Pits should be 
dimensions should be 

Soil textures. surface 

Bottom 

and 

a .  

b. 

c. 

are factors which determine 

the m inimu m of the shoul d be 
is re commend ed f o r  mo s t  BLM 

e wat e r  fo r si l t a t io n  and 

in to the wat are a should b e  no 
for livestock and w ildlife 

Excavated m aterial and debris should not be 

than 

feet from the of the in a channel , 
or in a location and m anner that will cause excessive erosion or 
result in a channel Where excavated m aterials are used to 
form an downstream of the which increases the water 

m ore than 6 feet, the m ust be treated as a reservoir 
and the for m inor dams excavated 
m aterials for the em bankment, there will 
2 0  o f  the materials 
from Reference 1 0 ,  BLM Manual Handbook 
Structures, Guidelines for . )  

BLM MANUAL 
Rei .  1-15 9 1  
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- \-l ATER DEVELOPMENTS 
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a. Consideration must be the need for an outlet 
wildlife requirements a nesting island where 
fence the upper portion of the reservoir) , rehabilitation 
menta, compaction and water for and construction 

to avoid run- of f  periods and to use soil moisture 
level. the reservoir site 

require product such as bentonite? the 
drainage run or debris? Consider a combination silt 
trap reservo ir with an outlet water a charco 
or second reservoir. These are but very s uccessful 
installations. Drainages and sites with bentoni te soils 
sometimes have water due to fine soil 

held in suspension in the water. If the reservoir is 
sealed, consider fencing the area and a small 
through the fill and a drinki ng trough below the fill. 
Construction should be considered when 

all sites. Short hauls on fills and charcos may 
a dozer or front end while hauls would 

a scraper or Charcos in level that 
are stable or well vegetated may have to 
the s i d e s  1 to the d 

Run- o ff wat e r  ",;i ll fi l l  the cha r c o  and flush out any 

mat e r i a l  o r  d eb ri s .  

L o ok at o t he r  re s e rvo i r  s i t e s  i n  the area f o r  s uc c e s s  o r  

failure and and maintenance considerations. 
a re of t en i nd i c at o rs of poor or soils for const�2 ction 

Cut banks in the area can often be used 
as a soil water debris 
lines can be used as an indication of flood 
soils within reasonable hauling distance will seal 
Use 4 t o  1 upstream slopes when wind exposure could cause wave 
erosion. If the fill is to be used as an access road, widen the 

width to accommodate vehicular traffic. Do not leave 
areas where livestock could become down in mud. 

BLM MANUAL 
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Pipe for Small Darns 

c:: 

R E S E RVOI R  BASIN 

------+--� -- TO P :O:L. 1 00.0 

D R O P  P I P E  

F(AILROAD TI E S  O R  M I N .  DIA. TREATED 

iN G R O U N D  ANC H O R  DROP P I P E  TO POSTS 
WITH WRAPS '40 9 WIRE.  

o s s  s I O N  
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Pit Reservoir/Charco Pit 

Pit Reservoi r  

Metal Pipe (minimum 24" diameter) 

Top View 
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A. 

- ';'lATER DEVELOPMEN TS 

VI 

Catchm ents and Guzzlers are the names applied to 
, storage and distribution used primarily to 

water for livestock and wi ldlife on Water 
were 

water. Even 
collected from roofs of 

in ancient times to crops and 
, in many areas of the world, water is 

and stored in cisterns for domestic 

VI- 1  

needs. Other names to these ems include "trick tanks, " "rain 
traps, " "water harvesters, "  and "gallinaceous guzzlers. " 

Water catchments as well as other 
and are an essential 

of water 
component of any 

of ungulates 

( i. e. , 
management to 

maximize the control and 
Therefore, the , and safe 
water is critical to meet 
Section 441 2 .  This is particularly true regarding many 

where, unlike livestock, cannot be moved to new 

area. 
of that 

( see Manual 
wildlife 

if 
water resources are depleted. Once wildlife species on a 

water source and become upon it, that water becomes 

ments 

A sudden loss of relied upon waters 
have a dramatic t o n  the survi vabi-
therefo re, critical that ·w ater deve 
the needs of wildlife even those 

To , it is necessary that the coordinator of 
coordinate and with other resource 

Federal , and affected land users. 
and location of new water should meet mult 

use objectives. Where two or more activity plans the need for 
water in the same general location and the respective objectives can 
be met without creating resource conflicts, funding of a single 
water development should be considered. 

Livestock water should e mit ive measures for 
wildlife. At the escape ramps must be installed on all 
to ensure that wi ldlife can escape and to ect water Where 
the water has the. to benefit wildlife or wild horses 
and burros under a herd management plan) , 

modifications must be made to ensure that water is 
when needed. 

BLM MANUAL 
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B. 

- �v ATER DE\TEL OPMENTS 

VI 

Catchm ents can be with 
little added coa ts. 
or more for livestock and 
me nta have limited water can go 

droughts. In addition, livestock 
while or livestock. 

considerations, sufficient water should be left in the water 
after livestock move- out to meet wildlife needs. If a reserve 

cannot be built into the storage then 
facilities should be added to the for wildli fe. In cases where 

are turned off, separate should be off 
and enclosed with an that wildlife 
water is available. is 

Bureau 
actives and 

In this all of harvesters will be referred 
to as "catchm ents. " 

Most harvest ems consist of fo ur or 
that function as a: 

1 .  Watershed ( natural or , ap ron or catchment area. 
2 . Faci li ( t anks , s ,  b as i ns , and ) .  
3 .  D i s t ribut i o n  ( , va lves and ) . 
4 . Fences for protection and 

�I ote: Storage faciliti es are dis cussed in er 9 .  

Catchments are most often used where other sources o f  reliable water 
• or are uneconomical or both, and where animal 

water are small. Catchments can be constructed in a wide 
variation of shapes, sizes and will on the water 

rements, amounts, forms and seasonal 
soil characteristics, and available construction 

materials. Consideration must be ven to many environmental factors 
weather, , construction and maintenance costs, 

and visual environmental 

Catchments can be an effective tool to control the distribution 
of both livestock and many wildlife , such as desert 

, , mule deer, and elk. In fact, catchments are 
used to enhance wildlife water in 

otherwise excellent habitat where water is the 
This is in the southwest where catc hments have 

been used as the action for desert 
in historic habitat. 

BLM M ANUAL Rel . 1-15 91  
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- WATER DEVELOPMENTS 

VI 

of water harvested, when to other dave 
Likewise, m aintenance costs of catchments are 

, reservoirs, and Failure to 

VI 

catchments on a basis will result in failure. The 
and cost analy sis phases of proj ect planning should b e  

in detail to avoid mistakes. Multiple subactivity 
large catchments m ay be the best way to distribute costs 
to subactivities. 

I .  

Site selection is a cru cial step in the cat 
It affects design, cost, performance, 

process. 
and 

m aintenance of the sy stem. All potential sites within the water short 
area need to be studied. A 
enlist several individuals in the initial 
is recommended. Proper consideration of m ultiple resource needs will 
ensure the best engineering located catchments will 
result in poor returns on investments and m ay contribute little 
towards m eet resource actives. 

The factors need to be c onsidered ���hen 

for the best c at chment si e .  

a .  

b. 

c. 

Review· all 
seaso nal s ources 

on catchment construction as the 

habitat, and 

the feasi bili 
construction of wells, reservoirs, 

Carefully evaluate the animal 
to be serviced by the catchment. 

and cover 

tional conflicts for 
catchment can furnish stock 

not create addi­
location of the 

than one 
and 

and burros. 
and benefits to wildlife, wild horses, 

BLM MANUAL Rel. 1-1 591 
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d. 

maintenance costs. 

- riATER DEVELOPMENTS 

VI 

su rface and su bsu rface 
• constru ction, and 

e. and need carefu l evalu ation in site 

f. 

g. 

i. 

BLM MANUAL 

minim ize constru ction costs and the adverse effects 
of weather. between 
for su ccessfu l  site location. Catchment 
distances can be redu ced if the 
the apron. T his resu lts in shorter 

constru ction costs. 

a few y ears. 
control these 

shru bs and rhizomatou s  grasses are often 
k ill and can destroy certain apron mat erials within 

Effort shou ld be made to avoid these areas or 
before constru ction. 

to access vehicles or 
for constru ction and maintenance. 

T he catchment mu st also be located in terrain that is easi 
accessible to livestock and wildlife. 

and the l ocati o n  of snow 
i dent ifie d to ensu re maximum p ro d u c ­

s ha d o�m and a r e a s  

acent to or across 
on from th e wa t e rs he d  apron. 

of wind shou ld be avoided. 
th e apron can i ncrease ru noff into the s torage Laminar 

made from i s  availab le for 
economical constru ction of snow fences. T his of snow fence 
is a cal alternative to the old fashioned wood slat fence. 

ems s hou ld be located on 
fu tu re of the apron, 

Re l. 1-15 9 1  
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VI 

- WAT ER DEVELOPMENT S 

VI 

calculations mus t be done to accurate cos t es timates 
and ens ure s ucces s ful s ys tem performance. Poor will res ult in 
failure of the during s eas on or was te of cons truction 
dollars if the ect is overbuilt. 

A water balance ect 

a. 

b. 

c. 

of the apron and mus t be factored into 
calculations s hould cons ider the fo 

animal water by s eas on and 

ion ities . 

d. of mus t for 
reliable water for wildlife where 
other water s ources are not available. 

e .  Water sur f a ce f rom s f acili tie s . 

f .  Runo f f  e f f ie of apr on mater i a l s . 

g. water from s now melt catchment ap ron 
l ocation or c onstruc ti on of sn ow d rif t fence s .  

h .  s ize and w ate r ld calculations . s ize of 
catchment apron and water can be calculated with the 

CATCHMENT SIZ E 

A = 0 . 2 u 
p 

A Catchment apron area in s quare 
U = Annual water us e ( ) 
P annual inches . 

BLM MANUAL Rel .  1-1591 
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VI 

R = 5 . 5  P A E 

R .. 

p = in inche s . 
A = Catchment apron in square 
E '"' Catchment 

of 

It i s  that the 
catchment apron i s  

c o llected from the apron to  

located at the  base 
volume of water  

will  result in  
loss  int ense rainfall event s . Use  and 

rainfall  events as aids t o  size of 

BLM MANUAL 

holes in 

Natural rock wat ershed can be a s broad 
cons o lidated rook often referred to  as slick 

small rock cove red Wat er storage can be 

minimized . acent to o r  
below the installat ion of a st orage tank or the 
excavation of rock from the d to  form an adit  or  cave 
area that reduc e s  loss . This o f  storage 
has been for desert in 
the Southwest . 

Collection of runoff from a rock watershed is 
when to artifi cial apron 
on the size of the watershed and 

characteri s t ic s , many natural aprons 
flows of water  

sizab l e  

Rel .  1-1591 
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- WATER DEVELOPMENTS 

VI 

( 3 )  Locati on of rock wat ersheds are somet imes in 

( 

( 

away from wat e r  deficient Rock 
watersheds vary in charac-
teristics . wate rsheds 
60 perc ent of rainfall .  Access  is  somet imes p o o r ,  whi ch 
increases const ruct i on costs . Flood debris  and s ed iment 

the ture or  reduce st orage of 
tank . C o st of 

maintenance to handle  d eb ri s  and sediment may offset cost 
of rock wat ershed aprons . 

The adve rs e  t of flash 
the installati on of rock 

or debris  basins cons t ructed above 
sto rage faci lities . In the Southwest , most of the flash 
flood d eb ri s  is t ransport ed in the init ial head of the flow . 
Silt and debris st ream loads are lower as flood 
waters subside . 

cons t ructed 

t rap �vat e r  and 
should resemble an open fan 
wat e r  run. The ap ron ne e d s  t o  b e  whe n  s o i l  m o i s ­
ture is t i o n  can be d one with a d rum rolle r 
or  rubber ti red vehi c le .  The apron s h ould be t re a t ed with 

soil st erilant t o  

Minimizes the cost o f  apron construction . 

( 3) Compacted clay aprons 
perc ent wat ershed 

t o  erosion .  Erosion generates sediment 
and dec reases  of 

apron wi ll  function best ods and 
on a basis when soil moi sture is  

runoff efficiencies are poor from snow melt 
le rainfall . to from 

int ensi 

Re 1 .  1- 1591 
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VI 

( soils  
for these  aprons . wil l  

const ruc tion o f  a si lt t o  reduce the 
into the 

by rubber-tired vehi c le s  should 
and down ( with the Small ril ls , that 

runoff ,  often if vehicle compac ti on i s  

( Catchment aprons are t reated with refined 

( 

wax with a low of 28 F .  
Aprons must  be cons t ruc t ed with even 
s l ope  of  The aprons mus t  be with s oil  
steri lant and comp ac ted with a d rum ro ller or rubber-tired 
vehi c le when soil  moisture is available . The be  

in small  blocks and melted t o  a 
ove r  the apron surfac e  when 

exceed 80 d egree F and soil  surface is warm . Wax should be 
at 2-21 lbs .  per square The wax does  not form 

cove r  but coats  individual soil  
soil  surface inch 

ion is  with spec ial , such as 
tar kettles , c rack sprayers or  boot t rucks used to  
spray seal coats  of  oil  on surfaces . Treatment s 
have achieved their best success  on silt  loam 
soils  low in montmori lloni t e  

after initial t reatment averages 
d ec line s with time pe rc ent before retreat­
ment is rec o��ended . Wax t reatment of catchment aprons has 
been successful at low e leva t ions whe re ambi ent 
tures exceed 100 F in the summe r ,  and action on 
the soil  surfaces  is minimal . A si lt should be built t o  
minimize  siltation i n  the 

a c rew Cost  
apron mat e rials i s  low to  moderate .  Water  

and low eleva� 

to e rosion 
i s  lowest  

fros t  
, the apron should b e  

soil moisture is  Annual maintenance i s  

Ret reatment is  
aprons are  rec ommended 

that reinvades  the apron.  
red eve ry years . Thes e  

for southwestern 

Rel .  1-15 9 1  
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( a ) Slope . t o  reduce 

( b ) 

( c ) 

( d ) 

e rosion hazard is  recommended . 

must  be low 
Successful 

less  than 20 
the 

as well  as 
soils . A soil  

t o  determine soil  typ e s . 

Use an open fan 
ero s i on potent ial . 

to  shorten water  

in the 
t raps with baffle 

have been successful . 
square-nos ed shove l .  

s ediment 
conc rete  

of  flow 
cleaned with a 

aprons are located best on south-southwest  
maximum s o i l  s u r f a c e  t h e  
of the 1vax coat 

us ed as the cat chment ap ron 
of pe rennial 

of chemi cal us ed must 
for use on land s .  The selected soil  

sterilant should be leached int o  the soil  where 
i t  wi ll be immobilized and not contaminate  runoff water .  

are treated wi th a rat e  of  
c rushed rock salt . Salt is  mixed into the 
soil at the rat e  of 5 , wet t ed and 

The sodium molecules the which 
soil pores which reduc e s  infi ltrat ion and increases  

runoff.  The sodium is  held in the and the water 

evaluate  
is not available to  
t reated aprons . 
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VI 

apron. 

t reatment 
content . 

cost  is  low . No o r  
Sod ium salt 

Salt in soil  res t ri c t s  

is similar to  wax aprons . 

must  be  in  
and should contain coarse 

mate rials nec e ssary for the format i on of e rosion t o  
reduce e rosion . Sodium salt i s  not effective with soils 

in kao linetic  

Soils  should be 

of sodium salt aprons would 
in the Co lorado 

commitment under  the Colorad o 
Cont rol Act . 

a soil  scient ist . The same 
des  charact e ri s t ics de8cri b ed for w·ax aprons 

f o r  s alt aprons . 

Rel . 1-1591 
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( in various forms has been as a 
aprons for seve ral  years with d egrees  of 

Asphalt-concret e ,  a road surface mixture of 
s and , and grave l ,  i s  usually successful for short 
ods before seve re deteri o ration start s  to occur 

and of the surface .  
Insta llation and maintenance costs  of hot o r  c o ld mixes  are 

and not recommended for apron surfaces . 
emulsi ons containing latex additive s  to  
been di to soil surfaces  with road 

ence has shown that the latex may extend 
the life of the apron , but within 3 years , 
det eri o ration occurs by the breakup of the surface .  
Infilt rati on of moisture the c racked surface 
encourage s  frost and plant growth to further 
deteri o ration. 

Asphalt emulsi ons have been used t o  
geot extile fabrics made of 
mat s  whi ch he det e ri o ration the 

emulsions are water  soluble and are 
and floor  b ro oms or  

pumps and spray guns . 

( 2 ) o r  , aprons are 
e rosion as soil t reated aprons . 

range to  variable 
5 a re not as 

snow , and ice  as are soil  
t reated aprons . Maintenance costs  ( if installed ) 
are low t o  moderat e .  No si is Water  
i s  excellent . 

( aprons are mes sy 
costs  are and installa-

a considerable  amount of labor .  The aprons are 
to from 

is fai r  as the erodes  from the 
surface and washes into the Geotexti le fabric s  
shrink and e the 

apron berms caused 
been observed in 

ravens , ant s ,  and 

during construe­
Southwe st near 

animals . 
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The apron must be 
a t rench excavated around the 

apron exte ri o r  bord e r .  The apron needs  to be raked clean 
all stones or rocks that may eventual ly cut the 
fabric . Two of emulsi on a re desi red 
for longer life . 

with soil ste ri lant The apron should 
or soil  surface 

( 
excavated t o  remove hard-to-kill  

shrubs and rhizomat ous grasses ) . The apron 
down to the soil  surface along j oint s  

fabri c , 
ove r  the apron surface 

numerous small  wrinkle s . These  wrinkle s  wi ll 
about 1 2  months as the mat erial shrinks . 

to increase  
damage , numerous should be  

The 

apron . Used vehicle rubber tires  and flat rocks 
used to apron and t 

wind s . 

the 

( 1) Metal  aprons excellent watershed 

( 

have been cons t ructed out of 
steel ,  sheet metal , aluminum , and co ed metal 
mat eri al s . The most used material has been 

ed Metal thi ckness  
ranges from 

Dimensi ons of 
and range in from can be 

in direct contact  with the soil  surface o r  secured to  
understructures  A rain or  wid e  

collection at the toe  of the apron i s  installed to  
conduct the runoff to  the 

surface s , 

watershed with 
installed . 

i s  maintained . 
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c o s t s  are 
are resi s tant to c o rro s i on but d e te ri o-

rate s l owty when in contact the s o i l  surface 
t reated with an asphal t  emuls i on . Newly inst a lled galvaniz e d  
surface s  reflect sunlight and can b e  s e e n  a t  great d i st ances 
unle s s  painted . Reflect i veness of the gal vani z ed surface i s  
reduced in time a s  the i s  
Metal aprons improperly s ecured o r  cons t ruc te d  above ground 
a re susc ept ible t o  wind damage , thos e  of 
gage metal . I t  is rec ommend ed that met al aprons be 
cons t ruc t ed of no lighter t han 26 gage mate ri a l . 

at the 
the volume of 

runoff from rains t o rms . Malfunct i on of the c o llec­
t i on t rough has o ccurred in c o ld c lima t e s  when snow and i c e  
bui l d s  up i n  the t rough blocking the runoff . 

The apron suppo rt s t ructure should be t o  
wind damag e . Where termit e s  a r e  a problem , all lumbe r  in 
c onta c t  with the g round should be t reated wi th a p re s erva-
tive . C-channel st eel studs o r  " beams 
a re economi cal and have a 

rubbe r is 

mat erials have been 
and in the 

This mat e ri a l  is s omewhat res i stant 

used for 

ultravi olet and other pro ce s s e s but 
p e rformed well on range lands .  Mos t  d e ve l opments show seve re 
d et e ri orat i on within 4-6 years aft e r  installat i on .  

( Advant�ge s . Ins tallation c o s t s  a re low c ompared t o  other 
cat chments because uni t s  can be in a 

cond i tion. Prefab ricated 
installed with 

t ransported 
to remot e  si tea . 

Rel . 1 -15 9 1  
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assoc iat ed with 
water  accumulate on 

it to  remain in a 
the 

stat e ,  pre­
from filling .  s o lution to  thi s  is  t o  

insert an air-fi lled llow inside the The most 
p roblem relate s  to  deteri o ration 

and the 
rodent s , and other wildlife . 
further 

ant s , 
lead t o  

inva si on o n  the 
aprons . 
butyl 
effec t s  
wate r  

is  not rec ommend e d .  The 
pro t ec ted dire c t  sunlight and harmful 

and animals , c ould be used as  

( Conc ret e ,  a very common mat erial , has been used 
as  a catchment apron for 

smal l  wildlife catchments .  Concre t e  i s  a very durable 
mate rial it i s  mixed with p roper propor-
t i ons of clean , cement and wa ter .  

with wi re fab ric or  
st  and 

excessive are strong ,  and it i s  not 
necessary to const rue pro ac tion fences  to 
mechanical Concrete readi shows the effects  of 

if the mix has been d one with contaminat ed 
materials availab le near work site or  with water .  If 

a trowe l fini worked e:x:cessi 
and surface occur . Good vehicular access t o  
the work site , location mat erials , , batch 

or transit mixer 
consider when eva luat 

are critical items to 
alternat ive s .  

Sho t c rete  i s  a process  of concre t e  
Sho t c ret e i s  concret e from a nozzle . The 
c ement , sand , can be as  a wet pre-
mixed mat erial  or a whe re wat er  is 
into the mixture at the nozz le . The materials a re ected 
at ve onto a surface with air pressure whi ch s 
it considerable st Sho t c re t e  is more to 
stabiliz e  and embankments 
tunnel , foundation 
res t o rat ion of o ld rusted out steel  storage tanks . 
not knoi� to  be used as an apron material for catchments ,  
there is no reason to  beli eve that it would not well  
if 

Rel .  1-1591 
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Concret e is  very durable and if 
with skilled i s  maintenance free . 

VI-1 5  

mi::x:ed 

Sho t c rete  has the advantage of easy , qui ck on 
uneven surface s . It is  very and colored to 
blend in with the land scape . It  can be  applie d  with a 
limited amount sho t c rete  i s  so  versa-
tile , it could be used to bui ld the apron and the s t o rage 
tank the same cons t ruction pha s e . For more 
information ,  see the Storage Section of this 
Handbook.  

( 3 ) Concret e  can be a mat erial t o  use if 
access to  worksite  i s  poor or materials  mus t  be 

hauled over long dist ances to remote  worksi tes . 
and semi-ski lled labore rs are 

Installati on a 

Sho t c rete  would be limi t ed to  worksit e s  with 
good road acces s . It is necessary for the t rans-

the shotc ret e and the mi::x: materials 
to have access to the worksite . 

The cost of shotcrete  is  the 
thicknes s  and worksite access , costs  
per square for a cat chment apron .  

construction alternative if  
ed  at the same time the 

Howeve r ,  this may be 
the s t o rage tank 
apron is  

( Thi s  type of catchment has been d esigned for 
seve ral c ompanie s  and can be o rdered as  an 

unassembled catchment unit . In appearance ,  the unit 
res embles the of and i s  
often referred t o  as such .  The unit c omes of 
sizes  with the unit of a 
shallow circular st orage tank with a d omed roof as 
the catchment apron and cont rol . game 
animal s  can drink in the roof  cove r  or  the 
wate r  can be 
seve ra l  hund red 
unit 
tank to  

varies  from 
The 2 , 100 

to fill the s t o rage 

Rel. 1-1 5 91 
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The un.i t i s  
without the use 

and can b e  

It  pro vi d e s  tor evap o ra t i on c ontrol and 
, float val ve s , 

The uni t can be t ransport ed t o  remot e  
d ri ve trucks * c o s t s  are 

very low .  hol e s  are 

is less 

that acts as the 
s t o rage fac i li where 
inches o r  the wat e r  

game animal s  exceeds wat e r  
apron i s  conduci ve t o  snow 

espe c i ally in areas which would reduce runof f  when snow 
me lt s . Numerous seams mus t  be carefu l ly sealed during 
ins ta llat i on to ensure that no o�curs . 

s o i l  t o  inch 
fo r hand labor 

o f  catchment has b e en fo r 
can als o  be used as a 

Tne cat chment c o ns i s t s  o f  a st e e l  
bolt -on s t e e l  

inve rted umbre lla . 
� fo r wat e r  c o ll e c t i on that 

, the tank and 
s t e e l  and c an va ry  

i n  Si ze used· c onsist s 
of an 8-foo t  t a ll diame t e r  tank with an attached 
1 6- fo o t  c o ll e ct i on are a .  Thls 2 ,  

; 
years of 
terrain with the 
a flat surfac e 

and 201 square feet o f  collec t i on a re a .  

t o  and ca.n b e  
t he tank i s  enc lo s ed , 

mat erials are 
to have 20 

be bui l t  in a. 
the 

in diamet er . 

o f  
clear 

Rel . 1-15 9 1  
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( 3 )  The "rings "  are to  
and may result in damage to the  or  

entire unit .  The amount of  surface collect i on area is  
limited ; therefore , the reli ability of the  catchment may be 
poor during dry peri ods . The ent ire unit is above and 
can be obtrusive t o  the visual scene depending on the loca­
t i on. Because of the high profile , it may become an easy 
target for vandals . 

( Special Design Considerati ons . The unit should be in 
shelte red a reas p ro t ected from high winds that may damage the 
struc ture . 

Seve ral o ther types of catchment apron cove rings have been used 
varying degrees of success on rangelands . They include the 

following : 

( Gravel covered plast i c  sheeting o r  hypalon.  

( Thick 
belts 

reinforced 
or  other 

mat s  and conveyo r  
s ources . 

( 5 ) Soil cements ,  silicone s ,  or other roleum soil  t reatments .  

of thes e  materials are of consideration if can be  
obtained at  very lit tle cost and are inexpensive t o  install. 
Howeve r ,  they are �ot recommended as normal const ruction mate rials 
to be purchased in open market situations. 

Rei .  1 -15 9 1  
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structure that , when prope A wel l  is  an 
and constructed , efficient removal of  ground wate r  from a water­

of a well  should invo lve careful considera-
tion of material based on wate r  and geologic cond itions . 
Of equal  
c onst ruction,  and 

conditions . 
etc . ) depth to  

, season , 
flow c ont ro ls . 

proper in 
take maximum advantage of 

(wind , electri c , 
need s , storage , locations of  use 
cost of distribution em , and 

Wate r  wells are generally drilled in one of �Ko types of : water  
table , and artesian wate r  Wat e r  table  
generally open t o  atmospheric pressure ; therefore , when 
type of the static wate r  level remains at the was 
encount ered , even after  p roper of the we ll . 
penetrates an art e sian water rises  in the boreho le due to 

pressure . If the ( i . e . , the 
met ri c  level  of the surface at the well site ) , 
wat er 'ri ll flow the The o c currenc e  

o f  artesian wells results from 
mat erial and the area 
in the where the well is d ri lled . 

vu'��·"J • we lls are drilled into a thi rd 
table . This is 

and st orage areas . 
with hori zontal equipment . See  Illustration for a 

of the Wells are generally considered  as a 
source of  wate r  or  surface wate r  supplies a re or  
unreliable , and can offer o r  short-term solutions t o  water 

A we ll-site examination should be made t o  eva luat e the of 
wat e r .  The well-site examination for 

we ll availabi , and 
material typ e ,  and for the method most suitable for 
the cond itions at the site wi th the least amount of risk. This  
information is then us ed in the well and pumping and 

the bid d raft . 

BLM MANUAL 
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of areas whe re wat e r  is needed should be made in the 
eva luated the well-site in.vesti� 

of at a 

a Area , Distric t ,  or State  

on  

Offi c e ,  or  Service  Cent e r .  The use of  c ontracted servi c e s  to  evaluate 
we ll  sites is acceptable if the cont ractor  meets  certain qualificati on 
standards .  The of wate r  d owsers or "wate r  wit ches"  to select 

locations should not be authorized . 

In the well-site examinat i on , it  is that the 

wat e r  conditions . 
the 

w:!l e n  c o nsi 

as much of the informat ion as possible  on the 
needed on water s ourc e s , the 

should b e  c onsulted . Thi s  
necessary for an accurate assessment of 

, the form information t o  the 
on three known s ources of water  in the 

we ll-si te . This informat ion is useful 
invest 

a propo sed resource 
should make s ome 

as season of use water dist ribut ion , ac cess to  
and future water These  items should be not ed i n  the 
for we ll-site invest and retained as of  the 
of the well . 

Wate r  we lls are 
situations : 

When a water  

When a 

When a 
o r  catchments . 

in seve ra l  of the fo llowing 

is needed year around . 

site is needed . 

than is available from 

. .... s� c, e ,  

record 

or climatic conditions use of 

- When 
water 

Seve ral 
the 

located 

situations may exist where wat e r  we lls are 

BLM MANUAL 
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The advantages of a well can be realized is 
p roperly and constructed , and the and 
deli ve ry have been installed . 

Wel ls are very reliable s ources  of wate r .  In cold 
to  delive r  wat er without climates , a 

can be 
storage systems . 

em can 

ed as wat e r  dictate .  
rate  can b e  increased up t o  the maximum 

well . 

, as the and the well  b o re 
, e liminat the need for surface 

In winter-use systems in cold climate s , this is an 

and cons t ruct ed well is often 20 years 
or more . are , this results in 
a ve ry cost-effective alternative of wat er  deve S ome 
;naintenance on the ;-tell may be red to achi eve maximum , ) 

conditions often allow fo r 
Therefore , the we ll can be d rilled at the 

in we ll locat i on .  
of  need for  the water  

Rec o rds of the we ll often information 
about subsurface 
geologists ,  , and engineers . 

A p roperly designed and construct ed well can be 
maint enance free . 

water  flow valuable to 

, pump j acks , and other 

maint enance .  
, are often , and 

Maint enance can be difficult if ac curate  records were not 
initial and construction of the well . 

Local wat e r  may not meet stand ards f o r  human or  livest ock 

The re is the risk of a ho le . 

BLM MANUAL 
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The location of a we a conso lidated or an uncons o lidated 
formation.  There are of wells in 
each of the formation in Table VII-1 . time s , the 
well must  selecti on of the 

ion to be d ri lled in are not , when 
sites for water  wells consideration should be made  of consoli-

dated versus unconso lidated mat erials as 
of conc e rn  are 
maint enance ,  local availabi 

TABLE VI I-1 

Not ect  to  effect  of 
of subnormal rainfall . 

maintenance .  
D o  not 
'"'e ll scre e n . 

little 

cost . 
low in 

mineral cont ent . 
Water  has lower 

wat e r  sourc e s . Areas 
versus ected 

and weather 

Are 
Yields may vary within 
same format ion.  Mineral  
content may i n c r e a s e  
wi th d 

Water  t 
incre a s e s  'vi th d 

S e c t  t o  po llut i on 
from distant and 
local s o u rc e s . 

Will need t o  be screened . 
May grave l 
Wi ll re 
more maintenance .  

time . 

be ect  to  local 
s ourc es of po llution.  

BLM MANUAL 
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The of wells in unconsoli dated and conso lidated formations can be 
very different . In unconsolidated formations , the ent i re b o rehole  is 
cased . Blank casing ( non-perfo rated ) is  p laced from the surface t o  the 
intake , and well screen or another of intake cas ing is  
in  the aquifer to  the we ll design .  A d ri llable can be 

in the bottom of the intake t o  fine s and o r  silt 
from entering the c omp leted wel l .  Intake can be installed without 

a gravel pack ( a rtificial filter material ) around it if the 
natural  mat erial is suitable to  
are used when the natural  mat e rial  
than • 0 08 , when the sand has , when 
diameter wells are d rilled ( reverse method ) , in semi-
cons olidat ed sandst ones whe re weak and flaking conditions may exist , or 
when the aquifer is art e sian and the intake casing size  is reduc ed below 
the upper considerations are the same for 

filter To  allow of  a 
pack , the must  usually be d ri ll ed at a larger diameter than if no 

The d 

was used . See  Illust ration VII-2  for of well 

of we lls in conso lidated format ions can vary from 
ent i re borehole to  a surface 

in the 

The dete rmination of when and whe re upper and intake must be used 
in a ·.ve ll in consolidated formations can be mad e  as the '..rell is d rilled . 

If the bo reho le is stable from the surface t o  the bottom ,  
the a surface must be installed . 

conditions may exist in the boreho le that wi ll 
to be set . An may be encounte red that has 

and the use of or  may be used 
wate r  from ente ring the well . Aquifer mat e rials may be 
have a cementing agent that erodes or disso lve s  as wate r  is removed from 
the well . As this happens , a well scre en may be needed to the solids 
from the well  and the pump . Also , there may be 
ove rburden or  zones between materials that can cave into the 
boreho le without an uppe r  It i s  
case the ent i re borehole 

certain zones or format ions . 

Well  construc tion invo lve s  up to  five different 

the boreho le . 

the surface .  
the well . 

easi er  t o  
exist than t o  case 

ions : 

BLM MANUAL 
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The more c ommon methods used for cons t ruc t i on of e or 
c ommercial wells are also  suitable for use  in wells  for Bu� 

ions . Thes e  methods includ e : 

- Cable t o o l  o r  

- Direc t 

- Reverse  

of the s e  methods  are  lis t ed in  Table  2 ,  
selection o f  the mos t  method for 

a 
limitations 

a .  Cable 

Cable ( also called 
holes and d a 
bi t and drill  s t em ,  into the boreho le . 
tions , the mat e rial is  c rushed the 

unconso lidat ed format ions , the 

) drill  
c onsis t ing of a d rill  

cons olidat ed forma-
of the d rill  st  

mat erial i s  
loosened . 
a 

The c rushed o r  loosened material i s  mixed with 'tl"ater o r  
fluid . wnen the s i s  s o  thick tha t i t  retards the 

action of the bit  and drill  stem ,  it is removed from the borehole 
a bailer or sand pump int o the ho le to remove the 

cut If sufficient natural moi sture is not to make 
the wi th the cut , wat er wi ll need to be added t o  the 
borehole as d p rogresses . In cable tool  
is  d riven as the boreho le is drilled . 
consolidated formations , which is  often very s l ow ,  
surface be set . T o  d rive the casing , d rive c lamps are 
attac hed to  the d ri ll , which the d riving 
and the st is lowered repeat of the casing , 
it  into the hol e .  A set  of 
the d rill  and function ma.�ll.b� 

from the borehole if the 
can also be used to assist in 
not be ed . See Illustration 
tool  

in 
the d rill  bi t and 

s tuck. The 
from we lls tha t  wi ll 

a de tail of a cable 

BLM MANUAL Rel .  1-1 5 9 1  
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Dire c t  a 
and the capability of greate r  d epths . A wide o f  

rigs a r e  available t o  mat ch needs wi t h  format i ons 
to be pene t rat e d . Rotary d ri l ling rigs operate by using a hollow 
d ri ll to turn a drill bit .  As the b i t  turns , i t  loosens o r  
c rushes the formation . A fluid i s  c irculat ed the 
dri l l  and bi t int o the boreho le , using a pump ( s e e  
I l lust rati on ) .  The fluid carrie s  the t o  
surface ,  cleaning the bo re ho le , and flows o r  
mud The s e t t le out of the fluid and the 
fluid is rec irculat ed through the pump and d ri ll 

fluid in a bo reho le c an 
solids that may b e  diffi cult t o  remo ve 
Mud should be s e le c t ed 
t i on i s  known about the aquifer t o  prevent damage s  that 
result in l o s s  of well The s e le c t i on and 

fluid is ve ry imp o rtant . Commercial bent oni t e  and 
a re availab le f rom many manufacture rs and the 

used should be ible wi th cond i t i ons . As the s e  
c onditions , additi ve s  can be us ed t o  alter o f  
the fluid such a s  and vi s c o si The fluid must have 

that al low it to the bo reho le open afte r  
, t o  allow of the hole and installation of 

Bit rot ation , and pres sure exe rted o n  the bi t 
the and dri ll are c ri ti cal in all 

mat erial s e lecti on and as sure minimum wear on 
as well as verti cal bo reho le S e e  

I l lust ra t i on for a d rawing of mud rotary metho d . 

Ai r is ve ry simi lar t o  mud that ai r 
i s  used to carry the f rom the ho le instead of a 

As the b i t  loosens o r  c rushes the fo rmat an air c om-
p re s s o r  force s  air through the d ri l l  pipe and bit and carri es the 
cut up the annulus at a Wat e r  can be e c ted 
int o  the with pressure , low vo lume pump t o  reduce 
the d ust and of cutt ings remova l  from the 
borehol e .  Addi ti ve s  can e c t ed with the wat e r  t o  a 

whi c h  furthe r enhanc e s  the removal of cut t ings by 
open a rea in porous formations to reduce ai r loss , and 

the a i r  space in the annulus be tween the d ri l l  and 
the bo reho le s id e s . In s emicons o lidated fo rmations , the foam can 
often the boreho le open to set 

BLM MANUAL 
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In unconsoli dated format ions , of air 
can b e  enhanced 

p rogresse s .  The 
d rill  back into 

d river to  d rive 
t o  d rill seve ra l  

the 
feet , 

t o  
the where st 
bottom of the 

, then 
the sequenc e . 

heavi e r-walled is  needed 
d rive r , as well as a d ri ve shoe 

to withstand the the 

See  Illustration 
method . 

welded to  the bott om o f  
for a of the air 

direct air 
is the bit 

between the bit and 

can be use d , as with 
The main difference from direct air 

and the use of a hammer drill located 
the d ri ll The bit is flat on  the bott om 

with carbide insert s ,  and as it is rotated , the 
action the formations . The are then removed  
with air .  in hard mat erials 
d with o ther methods . 
mat erials ,  such as bould ers , a 

since the d ri acti on or 
d::"iver can crush boulders as  d ri 

in unc onsolidated 
can be  used ver<J 

additives  and d ri vers , 

t o  

progress . 
combined wi th  the 

dri vers , make this 
more 

formations that , until 

of the down-the-ho le hamme r and 
method very Yersat i le . I t  i s  

many dri llers in a wide vari of 
, could not be dri lled with 

with this method is similar to direc t mud 
the flow of fluid is reversed . Clean water o r  a mud 

the borehole full  t o  
the bit and are 

up the pump as are loosened ( this 
method is used in semiconsolidated and uncons olidated 
format ions ) . diameter we lls can be d rilled with 
this method , amounts of  
fluid are need ed .  t o  ente r  the drill 

the in the bit are encounte red , must be removed 
with boulder cat chers , forced into the borehole wall , or c rushed 
with a roller cone bi t .  Reverse used 
for diamet er holes , 

for 

of the reverse 
See Illustrat ion 

metho d .  

BLM MANUAL Rei . 1-15 9 1  
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With the use of air assist , a compressor ects air int o 
the d rill  pipe near the bit , 
carried to  the surface with  air .  
which reverse rotary is 

and fluid are 
Thi s  increases  the t o  

effective .  

There are 
suited t o  

methods , most o f  which a re less 
few of these are mentioned below .  

( Bucket Augering - Can be d one t o  
mat e rials penetrated have a 
hole  open.  Rocks can create 
i n  the reve rse rotary method . 

of 250 feet if the 
of to the 

and must be removed as 

( - Are installed in unconso lidated formations 

( 

and rocks . Well a re d ri ven 
hand with d rive rs similar t o  fence po st pound ers , or with 
weights up t o  seve ral  hundred of d ri ven wells 
are less than fee t  

s t ream o f  wat e r  and a 

the fo rmat i on wi t h  a 
rai s ed and l owe red a s  w i t h  

the wat e r und e r  p r e s sure l o o s e n  the forma-
tion and carry the from the hole . 
vary ho l e  d i amet e r ,  

and p r e s sure . 

The upper serves several functions . , as well 
as after we ll const ruction ,  the upper casing prevent s the we llbore 
from caving . In many formations , caving may not be a problem ,  and the 
upper casing is not needed . However ,  Stat e laws or Bureau 
tiona dictate the minimum amount of casing that mus t  be  
eve ry well dri lled , for  ec tion of  shallow wate r .  

also serves a s  a barrier to  wate r  from 
the ed we ll . If a art esian we ll is 
, the upper combined with the intake , serves 

t o  carry the water  from the confined to the surface of the 
without o r  ( dry ) uppe r  

strata above the mat erial s .  

BLM MANUAL 
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The diamet e r  of the upper 
to be used . 

we ll should be at least 2 inches 
in BLM wells are 3 t o  4 inches 

diameter we ll should be 
room for p roper well 
For a em 

be selec ted 
the d iameter of 

than the pump . 
a minimum 
also  allows 

discussed in this 

page VII - 20 for a rec ommendation of minimum 
for vari ous sizes of pumps .  artesian wells can be 
cons t ructed with smaller diameter  without 

maintenance c onsiderations 
Therefore , it  be 

nec essary to 
( as well  as are often 4 t o  5 inches in d iame ter .  
C onst rue wells ,  whe ther free-flowing or  , wi th a minimum of 

diameter will allow future d eepening of wells , 
exist ic  or metal for maintenance 

purposes , and a wider range of well-screen diameters 
during ini tial cons t ruc t ion or  maintenance .  

A wide range of materials are available for 
Selec tion of mat erial should be based 
d , c o s t , and the st rata 
c o ns i d e ra t ions can b e  mad e b a s e d  on wa t e r  

a c e nt w e l l s  o r  t e s t  w e l l s  d ri l l e d  n e a r  t he l o c a t i on p ro p o s ed 
on the wel l  si tes . mat erial can then be selected 

chara c t e ri st i c s  of the wa t e r .  

determine the wa ll thickness  and co  
Installation 

drivers may have a 
heavier wall thickness than that needed for wells with open hole 

limitat ions are 

( PVC ) and well  can be  used , 
limitations are noted and adhered t o .  these  

st , heat resi stance associat ed wi th 
, and the to which can be set , due to formation 

pressures . 

mat erials available can vary , so  proper 
selecti on of the material most suitable for a 

An eva luat ion of fac tors needed mat e rials 

the 

to cost  the we ll . The BLM ' s 
at the Service  Center can 

based on ected well  
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The t o  allow wat e r  t o  pass 
from the w e l l . 

The intake casing can be one of seve ra l  typ e s  avai labl e , such as wi re 
wrap s c reen , shutt e r  s c reen , slot p ip e ,  o r  mil led s l o t  pip e .  
I n  case s whe re the d ri lling i s  i n  a c onso lidated 
the open may be a wi re wrap screen i s  the 
mo st d e s i rable , since the s i z e  of the can be t o  
a ll ow effic ient wat e r  removal from the aquifer while the 

of the mat erial outside of the intake This 
the o f  t he bo reho le , sinc e  o ne c an cont rol the 

mat erial removed from around the 
and Wire wrap s c reen 

a we l l ,  j et t ing the 
s c reen,  s ince the p e rc ent open a rea o f  well s c re en is ve ry 

when to othe r types of int ake Wi th a 
open a rea p e r  unit o f  t h e  s c re en ,  the ent rance 

of the wat er through the s c re en can b e  kept low , even 
in t hin This design consideration will c ont ro l  
incrustati on and c o rrosion o f  the intake casing . A V-wi re wrapped 
s c re en should be us ed unless there i s  s ome 
cat ion for See I l lust rat ion 'IT 
intake 

S e l e c t i on of mat e ri al fo r 
c onsi d e rati ons as the upp e r  
s t rata charac terist i c s , and ;ra t e r  
res i s t ance ) . The of the intake 

and 

thi s  informat ion and results from 
aquifer p roduc tion t e st s ,  the optimum s l o t  size and amount of s c reen 
nee d ed for maximum produc t i vi ty of the we ll can be d e t e rmined . 

When a well s c re en i s  needed and the fo rmation charac t e ri st i c s  
ind icat e that a grave l pack i s  nec es sary ,  the fi lter mat erial 
t i on used in the mus t  be d e t e rmined based on a 
s i z e  ( si eve s ) of the ( the we ll 
d e sign consideration section d i scus s e s  when gravel packs a re 

The grave l mat erial i s  around a we l l  s c reen 
that i s  c ente red in the bo reho le with the use of c entra l i z e rs . 

BLM MANUAL Rel . 1 -15 91  
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Thi s a unif o rm thi ckne s s  o f  fi lt e r  mat eri a l  a ro und the we l l  

s c re en that the t ravel of fine mat e ri a l  int o the 
we l l . The should range from 2 inches 
minimum t o  8 i nc h e s  maximum . A thickne s s  o f  l e s s  than 2 inches 
c anno t be ac curat e ly than 8 inche s 
will not allow p ro p e r  f o rmat i o n .  

Grout s e a l s  are in the we ll annulus around the 

surface casing or the pump chambe r  t o  

The s e a l  should b e  o f  suffic i ent thi ckne s s  and o f  

surface wat e r  o r  other c o nt aminants f rom 
b o re . 

s eal . 

t o  
the w e l l  

Bent oni t e  o r  c ement grout i s  used fo r the s e a l  mat e ri a l . I f  
insta l l e d , the s ea l  wi l l  fo rm a bond b e �Heen the and 

we l l  b o re . Minimum thi ckne s s  fo r s u rface s e a l s  va ry  between so 
the S t a t e  wat e r  agency s hould b e  c onsul t ed for 
indi vidual The method the is 

d e t e rmined the d Each d ri l l e r  has a 

m e t h o d  t h e  kind of d ri used and the 

l o c a t i on . 

A surfac e s e a l  should be u s e d , even 

State wat e r  agency. 
no t a 

5 .  We l l  

\ve l l  i s  the p ro c e s s  whe re fine s o i l  mat e ri a l s  a r e  removed 

in and 
p ro c e s s  i s  
s c re e n  and 
proc e s s : 

the s c reen wat e r  t o  f low 
wat e r  or a i r  

mat e ri a l . The w e l l  

Remove s  mat erials that have bui l t  up in the of the s c reen 

the well d and installation proce s s e s . 

- Remove s fine mat e ri al from the s i d e s  o f  the b o reho le that re sult ed 
from the procedure , e . g . , mud . 

- Inc reases the 

and the filt e r  

o f  

mat e ri a l s . 

- S tabi li z e s  the fine mat e ri a l s  that remain in the 

w e l l  and re t a rd s  their mo vement int o the well . 

BLM MANUAL 
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The benefits o f  well are inc rea s ed , reduc ed 
o f  fines whic h  can and c o r ro si on and enc rusta-
tion which lower intake at the w e l l  s c reen . The re sult o f  
the p ro c e s s  o f  c o ar s e  t o  the 
s c re e n .  The p e rc entage of fine r p a rt i c l e s  inc reas e s  

away f rom the we l l . We l l  d eve l opment i s  ne c e s s a ry in any we l l  b e c ause 
c logging c an o ccur regard le s s  of the method used o r  the 

fo rmat i on pene t ra t ed . 

We l l s  can be natural ground wat e r  flow or a rt ificial 
means . a w e l l , the w e l l  should b e  b a il e d  o r  c i rcu-
lat e d  wi th wat e r  or air to remove s and tha t  ha s ac cumulated 
c o ns t ruct i o n .  a l s o  ensures that wat e r  wi l l  
f l ow int o the we l l . can last f rom about two 
hours t o  s e ve ra l  d ays depend ing on w e l l  depth and forma t i on 

p ro p e rt ie s . 

Natura l  o f  we l l s  i s  

and a l l owing the w e l l  t o  re c o ve r .  This method d o e s  n o t  cau s e  much o f  
a c t i on and i s  re lat ive ly ineffe c tive i n  

and in fine s . The re a re s e ve ra l  add i t i onal metho d s  
that c a n  be u s e d  i n  w e l l  d eve are : 

BLM MANUAL 

O ve r  Thi s ::nethod at 
rat e s  and as s��e s that t he em wi l l  be s t able at normal 
rat e s . A pump s hould b e  used than t he pump that 
�.;ill be use d  for w·at e r  d e li ve ry .  'illien the pump is s t  , bac k-
.vas h of �·r:'1i l e  t hi s  m e t ho d  i s  
the also the least effe c tive . 

In this metho d ,  a surge b l ock o r  s u rge i s  
out of t h e  we ll i n  a fashi on. 

The p lung e r  can b e  s o l id o r  val ve d . Val ved p lung e rs a l low a c t i on 
on the d owns t roke and s t rong ac t i on o n  the up st roke , but care must 
b e  taken o n  the ups t roke b ecause s c reens can c o l l ap s e . Thi s 

metho d  i s  the mo s t  c ommon and i s  a effe c t ive method of 

In j , a d e vi c e  wi th two o r  more no z z l e s  i s  
into the w e l l  s c reen and wat e r  o r  a i r  i s  j et t ed 

The wat e r  reve rs e s  d i rec t i on 
the s c re e n  

the 
s c reen and carri e s  fines int o the well for remova l .  

we l l  whi l e  j wi th wat e r  flow revers a l  and fine 

the 

remova l ,  and wat e r  for Thi s i s  o ne o f  
the mo s t  effe c t ive metho d s .  

Rel . 1-1591  
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Thi s  method is a c ombi nat i on of ai r 
wat e r .  Air i s  into the 

i s  out o f  the we l l  t o  s t a rt the c i rculat i on .  
The a irline i s  then c lo s ed off and d own into the s c r e en 
area whi l e  a i r  pres sure s bui ld t o  100 per s quare 
inc h .  An ai r blast is then releas e d , the 
Thi s i s  s e veral t ime s . 

S e ve ra l  other metho d s  exis t  that a re l e s s  c ommon fo r 

o f  we l l  , and should b e  c onsi d e re d  i f  the 
above method s  do not s e em effect i ve in a we l l .  

b e  

I f  
b e  

d i s c u s s e d  c a n  b e  a i d e d  wi th t h e  u s e  o f  

s ( s uch a s  
clay .  Mi l d  a c i d s  can 

l im e s t o ne and open c re vi c e s .  

s o lut i on and 

fluid , chl o rine should 

to b re ak d own the 
a s  well as 

removal o f  the 

a ct ion of we l l s  wi we l l  The 

of ma t e rials for va rious wat e r  and s o i l  cha rac-

, as d i s c u s s e d  in the s e c t i ons on uppe r and 
well s c re en s e l e c t i on .  o f  a 

s e a l  ent ranc e of cont aminant s from surfac e wat e r .  

Mo s t  bac t e ri a  and vi ruse s  i n  the well envi ronment a re 

D i s infec t ing a we l l  wi l l  d e st roy that can be int rod uc e d  int o 
a w e l l  syst em installation of the pump o r  the 

maint enanc e of the pumpi ng em . The ref o re , d i s infec t i on 
b e f o re const ruc tion and d i sinfec tion of the w e l l  

fo c o ns t ruc t i on o r  any i s  nec e ss a ry .  Use o f  a chl o rine 

s o l ut i on i s  the mo s t  effe c t i ve way to d i s infe c t  or s t e ri li z e  wel l s , 
pump s , ems , o r  tanks . Chl o rine i s  an 
di s i nf e c tant that ki l l s  bact e ri a  o n  conta c t . The chlo ri ne c onc ent ra­
t i on mus t  be suffi c i ent to ensure tha t a free chl o rine re s i dual 
remains in the we ll and s e ve ra l  hours aft e r  t reatment 

Re l .  
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B e f o re the w e l l ,  pump , and t ank s hould 
b e  c l eaned o f  gre a s e , soil s e diment e t c . , whi ch 

t he effect s  o f  chlorine . The s o lu-

l i t e r .  

b e  that when mixed wi t h  wat e r  i n  the 

sys t e m , wellbo r e , and area d i re c t  out side o f  t h e  intake 
s o lut i on wi l l  remain b e tw e e n  and 200 p e r  

Thi s concent rat i on should remain i n  t h e  e m  f o r  at l e a s t  4 ho urs t o  

a s sure d i s infec t i o n . I f  i t  fal l s  be low per l i t e r ,  

the t re a t ment should be unt i l  i t  maintains the c o nc ent rat ion. 
As the l a s t  s t ep o f  t he d i s infe c t i on p ro c e s s , i t  is 
that a l l  t rac e s  o f  chl o rine be f rom the well 

i t  into s e rvi c e . Ce rta in of the 
p ro c e s s  may be hazard ou s  t o  human hea l t h  or harmful to s t ock . 

A f t e r  the d i s infe c t i on proc e s s , wat e r  should b e  c h e cked 

the wat e r  fo r wit h  S t a t e  

s t andard s .  This w i l l  a l s o  give valua b l e  
d a t a  for that we l l  The s e  t e s t s  mus t  b e  

l ab recommende d  by t he S t a t e  O ffic e  hyd ro logi s t .  mus t  
b e  c o ll e c t ed ac co so that any ba c t e ri a  

the 
w i l l  
if the 

The purp o s e  of a 

of cond i t i ons 
he a lth 

re su l t s  w i l l  d e t e rmine 

to d e t e rmi ne t he 

of wa t e r  for a 

whether in t e s t , moni tor o r  
Ph ,  e l ec t ri c a l  and 
f rom the w e l l  have s t abili z e d . The samp l e  can then be t e s t ed f o r  
the s e  ty s t and ards appli cable t o  a p ro p o sed use , whet h e r  
d ome s ti c , agricultura l ,  o r  indus t ri a l . For info rmat i on on wat e r  

s e e  Manual 7240 , Wat e r  Quality . 

In many s i tu at i ons , i t  may be he t o  d r i l l  a t e s t  we l l  b e fo re 

a well . In a re a s  whe re l i t t le i s  known of the 

sub surfac e condi t i ons , a we ll-s i t e  may ind icat e 

that the re i s  ri sk a s s o c ia t ed with a succ e ss ful w e l l .  
A t e s t  we l l  can b e  d ri lled a t  l e s s  c o s t  t han a p ro d uc t i on we l l  and 

w i l l  valuab le info rmati on nec e s sa ry t o  d e c i d e  if a 
we l l  can b e  a d  i n  that loca t i on and i f  the wat e r  and 

wi l l  t he int end ed u s e  of that w e l l . 
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A test we l l  a l s o  

o f  t h e  fo rmations ) 
ho l e  can b e  

we l l , and t h e  mo s t  d e s ign f o r  that c an b e  
Mat e ri a l s  fo r thi s can be s e l e c t ed , 

vll<1��·� , and ava i lable for ins ta ll at i on when the wall i s  
c onst ruc ted . 

As a we l l  i s  d ri l le d , o f  the ed should 
b e  c o l l e ct e d  at regular i nt e rval s  ( e ve ry 5 o r  10 feet and at each 

in format The should be in 

t o  i nd i c a t e  well of , and d at e ,  and 
a s  the fe e l s  i t  i s  

t o  subm i t  a 
fo rmat i o ns ed , thi ckne s s  

l o c a t i ons , and mi s c e l l aneous info rmati on rela-
o f  the we l l .  a ho l e  i s  d ri ll e d , 

data c an be c o l l e c t ed and on t o  s how 

;ve l l  

i on of fo rmat i on type s ,  wa t e r  re lat i ve 
Thi s c an be valuab l e  info rmation in 

co llected 
S e ve ra l  

d i scuss i on o f  

the driller ' s 

well sc reens and 
exist ; howe ve r a 

Resi s t i vi called e le c t ri c  ve a d e t a i led 

of the cha ra c t e r  and thi ckne s s  of the va ri ous s t rata at the 

we l l  s i t e  and an ind icat i on of the the 
res i s ti 
va lue s are 

a w e l l  s c re en c an b e  
Cutt ings c o l l e c t ed 

s i z e s  for the well s c re en 
o f fe rs s e ve ra l  
and b o t t om o f  each 

s and st rat a from s i  s and and from s and 

The s e  
s o  s 
by 

should be used to det e r� 

relati ve wat e r  Res i s t i  
d o ne i n  unc a s e d  b o reho l e s  that are fi lled wi th flui d .  

B L M  MANUAL Rel .  1 -15 91  
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are 
from 

between diffe rent of subsurface 
materials , and fluid and the formation in a bore-
hole . A probe is  lowered into an uncased boreho le filled with 

fluid , and another probe is grounded nea r  the 
well , in the mud The probes  are connected 
on a mil li vo lt met e r  that measures variations in 

ials as  the in the boreho le is lowered past d ifferent 
formations . These  measurements are depth to  
the SP  

The results of the SP and resist 
same graph since they both reflect When 
c omparing the two curves , accura t e  estimat es can be mad e on location 
and thickness of various formations , water , and 

of an aquife r .  

Gamma , Gamma-Gamma , and Neutron 
cased or uncased . They o r  int roduced 
radiation s ources  to measure various relative values in the formation 

rat ed a bo reho le , such as bulk densi , and 
moisture content . These of may be re are 
no records a'railable for a ·#e l l  or ','fe l l s  in an area whe re inf o rmat i on 

about subsurface is needed , or  if an t o  
be maintained o r  

we lls , 
subsurface 

informat ion. well  
d ri 
critical . 

red at a site are 

Well maint enance is an to restore a we ll to its most efficient 
c ondition various t reatments ,  reconstruction.  Well main-
t enance should be after that the decrease in water 

is not  a mechanical or 
Effective we ll maintenance a collection of all 
records for a well showing conditions , wate r  

pe rformance ,  and per unit of 
Wells should be pump tested , so  records of 

are available for when maintenance is 
needed . the records available for a well and 

informat ion with its , most 
and the method of maintenance If initial 

construction and we re poor ,  the s o luti on may be to drill a new 
well . 

BLM M ANUAL Rel . 1-15 91  
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we lls can vary with the of 
initial cons t ruction .  

o c cur in various 

and 

if proper 
we lls should be 

date information such as static 
wat e r  leve l ,  rate ,  total hours used per or  
week , maint enance and sand c ontent in wate r  

This information can be used t o  so lve 
when 

Rec o rds  of all wat e r  d eve should be maintained 
even when a dry hole is  d ri lled . Information that should be retained 

( Well  Site  or Examination ( Form , 
( Form Water  Well  Rec o rd ( Form 
Well  Site  Field ) , and 

ect  s A well-site fie ld card is available 
t o  rec o rd informat i on obtained from ranche r ' s on their  we lls o r  on 
wells visited a fie ld See  Illust ration fo r 

of these  fo rms . 

e s  of the we l l  rec o rd s  ( d ri l le r s  og 
should be sent to the S e rvice  Center  

B L M  M ANUAL 
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Table 4 - Most Preval ent Well  Problems in Various of 
and the Maintenance 

Aquifer Type 

Sandstone 

Basaltic lavas 

Interbedded 

Semiconsolidated 

and consolidated 

sedimentary 

Mosc Prnalent 'Well Problems'" 

clay. sand iron 

precipitation� incrustation of 

screens; biologic fouling; 
recharge; casin& failure 

fissure plugging; 

sand corrosion 

Fissure plugging silt. and 

carbonate sca!e 

Fissure and vesicle pluggin,; 

clay and silt; some scale 

deposition 

Low initial yields; plugging of 

fissures 

Fissure JJ• "'l>OJ'.Ul!> 

other 

initial 

Clay. silt. sand int:rusion; 

incrustatio n  of screens in sand 

and gravel wells; fissure plugging 

oflimestone aquifers in the 

interbedded sand, gravel. 

silt biologic 

"'E:u:ludinc, pumps ll.lld dedill.inc "''liter tables. 

Estimates of major ma.interw:l<:'e frequencies are based 011 the r�n.�...: .•• 

I. Wells are bein; pumped continuously at the hic,.llm sustained rate 

Major Maintenance 
Frequency Requirement 

(Municipal} 

yean 

6- 10  years 

6- 1 2  years 

years 

4-7 yean 

1 2-IS  years 

!. Major ma.inte!Wia: is rtquirecl when the sustained yield dec:reases to pm:ent 
1. Major ma.inlellll.lli:t is considered to represent a cost expenditure of approllimately 10 pm:ent of the total 

c:u1Te1n cost. Minor maintenana is exeluded.. 
4. are designed in accordalla: with c:urren1 pna.ic:n, not 11ecuurily i11 aa:orclana: with best available 

'!edulo!ocr. 

(After Gass et al.) 

VII-21 
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and 

production used 
consolidated formations where production 
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Chapter VII 

Air Rotary Method 

Kelly 
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Illustration 4 
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Chapter VII 

Mud Rotary Method 

Illustration 5 

ReL l -1591 

11/6/90 





BLM MANUAL 

H-1 741-2 - WATER DEVELOPMENTS 
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Reverse Rotary Method 

diameter suction nose 

disc: n orge 
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B R I DG E  SLOT 

M I LL SLOT 
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H-1 741-2 - WATER DEVELOPMENTS 

Wli:I:DLt� VII 

of In take Casing 

Considerable 
undisturbed area 

extensive 
undlslufbl!d area 

No 
undisturbed area 

No undislurtled area 
-highest enef9y 

concentration 
caused by II·SIOI$. 

Illustrat:i.on 7 
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Fiel d 

UNIT E D  STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 

WELL-SITE EVALUATION FIElD FORM 

Illustration 

Site Name------------ ' use ________ _ 

State --------- '-ou ------- District ______ _ 

Resource Area _______________________ _ 

Examined ur·------�------------�--------
location: T. s , R. ----

Description and topography: -------------

Inferred (s): 

Hydrogeology springs, strea ms, indicators, estimated 
etc. )  ______________________ _ 

Form 7 230-3 
(J une 1 9 8 2) 

1 
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Illustration 10 , Page 2 
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Form 

lf-1 741-2 - WATER DEVELOPMENTS 

gpm 

Estimated 

g m 
ump gpm 

flow 

Actual  

Recommendations: This  site (is not)  in- an area where the 
depth, thickness, and other characteristics of the aquifer ore accurately known 
and a well (is not) nn,ti.-;,,.,..,,,.,.d 

Evaluation:---------------------------
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Chapter VII 

Form 7230-l , Water Well Drilling Record 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 

WATER WEll.. D RILLING R ECOR D  

Type Diam. 

Type Diam. 

Type Slot Size 

Stale 

District 

Date 

Weight (lbJft.) 

Weight (lb./ft.) 

l7 Perforations/Well Screen Fonnatioo and Spacing 

BLM MANUAL 

County 

Depth ({t) 
Depth ({t) 

Cut Size 

Depth ({t) 

Illustration 12 

'4 

L.a.'ld surface 
Top of cuing 

to (ft) 
to (ft) 

to ({t) 

Rel. 1-15 9 1  
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- WATER DEVELOPMENTS 

VII I  

throughout the ELM to  Pipeline 
wate r  t o  be  made  of  severa l  materials and 
can vacy in 
Pipe lines c onnec t  sources of wate r ,  
use , such as wat e r  troughs . They are 
valves . 

Pipelines are long term so lutions t o  water  

and the 
facilities , and 
ed and cont ro lled 

of  

can be  the most  economical way to  move water over 
mode rat e to distance s  for more than 1 to 2 years . can 
be designed for automatic or manual operation and require minimal 
maintenance if d esigned and installed on what 
materials are used in construction,  last many decades .  
When buried , the line is If future 

The 

considered ·.vhen 
or extend the 

Considerations . 

� ��il.ou , it is  easy t o  
facilities . 

and should consider seve ral factors for the 
construction of Firs t ,  should consider how 

There are two basic of syst em is  driven 
the force of as wate r  flows to a lower elevation.  The other 

em uses pumps to force  the the add 
energy t o  the and to  
e levations . 

The route of the should be selected to minimize  int erference 
with other facilities , terrain obstacles such as cliffs or marshes ,  
rock out crop s , and ext remes in elevat i on that may cause 
pressures in the The route should minimize  the 

whi le interferences  wi th the above 

BLM MANUAL Rel .  1-15 9 1  
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VIII 

function wat er from 
to another energy . a water  moves  

a of energy to a point of lower 
energy. The difference energy be��een the two 
the energy available t o  friction in the pipe and 
p ressure at the out le t .  Each 2 .  feet of elevation is t o  
one of p ressure . As the water  moves the , i t s  
s lowed friction with the walls S ince this frictional force i s  
p roport i onal to  the of the :-rater , the fas t e r  the ·..rater  flows 

the , the more energy that is to  the wate r  
the Also , the the , the more frictional 

force that i s  gene rated . Therefo re , it  takes to move 
vo lume of water  a smaller , 

short e r  A 
may deli ve r  wat e r  
energy is not available t o  move the water  

In  a pumped syst em , the pump adds the energy. The added energy 
increases  the p ressure at the pump . This additional p ressure the 
form of kinet ic energy. As the wat er flows the 
energy is  used to  o vercome friction energy losses for 
runs , and to  allow the wat e r  to  flow t o  e levations , 
kinetic  energy into energy . 

In any wat e r  em , excessive wat e r  velocities o r  pressures must be 
avoided . These can lead to  bursted and 
The factor  may accommodate occasi onal  
ove rp ressure s ,  but to avoid these  
situations in all 

BLM MANUAL Rel .  1-1591  
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The wil l  burst if 
will cause the wat e r  to  freeze and 
the wate r  is allowed to  become too  hot in 

, if 
may burst the 

Therefore , the planner and 
situations in designing the pipeline . The most common way t o  protect  
the from extremes it it in the In 
climates that 
be buried deep ly to  avo id the cold . An alte rnat i ve t o  
burial is : 

and inst al led t o  the 
drain to the 

water  and if the ope rating 
freezes . 

of the line ful l  
line before it 

used to  eithe r move water from a source into a 
to  add energy to  the so  the water  can move 

elevations or  move distances . In either case , a 
pump transforms mechanical energy to  an inc rease in p res sure in the 

em . This pressure allows the water  t o  flow further and in 
vo lumes .  The mechanical energy comes from di rect conversion such as 
from a windmill  o r  from elec trical powe r whe re a mot or  converts the 
power to mechanical motion. 

The maintenance and 
should be determined and 

wi th the ove rall  cost of the ect . The cost of any 
syst em should be the figure used in evaluating competing designs of  

of  

After the planned life of the ect i s  determined , 

a .  

and maintenance costs  can be  calculated a s  well as 
These  cost s  can be factored back to 

between 

should be selected that minimiz e  maintenance and have standard , 
available  c omponents ,  such as mot o rs or  

A pump which has an or series of 
and force water  into a smaller spac e ,  

BLM MANUAL Rel .  1-15 91  
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The table of well pumps • 

tvr Ca�mll l'raclital . lillll. l'ratlicil I Usual Dis:"atga 
Suetloll Ull• !'lllllplag Oetllll l'rttl$111'8 .� 

- Typa ol 1'1111111 l�s l'w lliWI !Ftecl !ft�CI � Re-a 
Shallow Well Jel 200- 1500 20-25 25 20-40 1. Simple In construction 
(Jet on Pump) 3()..50 2. Easy lo Mn'ice 

3. Can be uS«! with 1 � l larger wells 
4. Lns elllclent hydraulics 

j Piston or 200-600 20-25 25 20-40 1. �table to low �aeity & high 
Reciprocating 3()..50 head 

J 40-«1 2. Handles air without losing prime 0 I 'ii 3. No longer widely u S«!  
� 4. c.rt be used with 1 "  & !traer wells 

, �raigl'lt Centrifugal 500-2()00 15-20 20 20-40 1 .  luitable lor high eapaeil!es 
& Multi Stage 3()..50 2. Elfic:lent llyaraullea 

3. Can bill UMd with 1 •  & larger wells 
4. Simple l .uy lo aerviea 

Deep Well Jet 200-600 15-20 Feet 200 20-40 1. Simple In construction & operation 
(Single & Multi Stage Below Jet :l0-50 2. No !OO'flng l)artlll In well 
(Jel ln Well) 40-&0 3. Less sfflclen! hydraulics 

4. Can be lnslalled In 2" l 3" wells 
5. Can be located aw.., 1rom wen 

Submersible 200-3000 tp�mp & Motor 600 30-50 1. Suitable lor deep settings 

� 40...00 2. �!able to !rosl proof . ... 
50-70 installatlonll 

l 3. Efficient h)'draullcll 
4. AV!Illable In wide range of heeds 

& capaeltklli 
5. Only I!VIIIllable lor 3" or larger wells I 

Piston or 200-800 20-25 150 I 20-40 1. Suitlllble lor 
_
d��

�
s:�P' 

Ree!procal!ng 30-00 2. ..... 

I 40-al.l ..... uau ....... 
3. Ellic:lent hyorauilcs 

Praet�<:al suction at sea level. Reduce 1 toot tor each 1000 feet above sea level. 

b .  An 
wi th a 

the pump are one uni t . 
This is a vecy 

dri ven cent pump that is 
sealed mot o r ,  in the wat e r .  The motor  and 
Powe r is ed wi res to the mot or .  

pump . 

c .  An o r  int ernal combusti on d riven 

d .  

pump whe re the pump i s  in the wate r  and i s  
shaft from the powe r s ourc e . This i s  used for 

also pumps 

pump is on the 
p ressure wate r  to lift water  

the water  into the 

surface and uses 
back to the pump which 

e .  In this pump , a o r  gear 
o a smaller spac e ,  its 

p ressure . This pump is  used in windmills o r  in situations where 
pressure to vo lume ratios  are 

BLM MANUAL Rel .  1 -15 91  
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These pumps function 
a set inside the 

to the top of the well . This method 
a we ll to dete rmine its or  

water would be harmful to  a pump , such as  a 
to  sand out of the casing . Air is  
c omp ressor  d ri ven by an  inte rna l  c ombustion 
mot or ,  or  a windmil l .  

air 
can be  use d  for test 

for we lls  where the 
well that is not able 

ed by an air 
engine , an elec t ri c  

all pumps 
seve ral sources . 

mechanical  energy , the energy 

Windmills conve rt wind int o mechanical o r  
the mechanical conve rsion is more 

can also comp re s s  air for the air 
lift pump . a high first cost but a l ow ope 
c o st . Annual maint enance is and the windmil l s  are 
susc eptible to storm damage and vandalism. Windmills  use 
displacement pump s . The capac ity is  d epend e nt on the size of the 
windmill , the pressure , the available wind , and the 

of the windmill . Windmills can pump wat e r  t o  a 
box on the rod , and 

when the windmill has t o  pump to the 
e l ev·ati on . 

b .  st reams can rams which use 

BLM MANUAL 

a pump . The 
low to  mod e rate heads at low vo lumes .  The 
pumps have a moderate fi rst cost and low annual c o st s . 

Rel .  1-15 91  
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2 , 000 
3 , 000 
4 , 000 
5 , 000  
6 , 000 
7 , 000 
8 ,  
9 ,  

10 , 000 
1 2 , 000 

000 
, 000 

- \'lATER DEVELOPMENTS 

VII I  

Int ernal combustion 
gas , or natural gas , 

Turbine pumps and 
d ri ven from the a d ri ve 

mot i on t o  vertical  
displacement pump . 

t o  

TABLE VI I I  -2 

for cont inuous s e rvic e  to 
also be  derated for  altitud e s  

0 .  
0 . 935  
o .  
o .  
0 . 820 
o .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  

ambi ent 

o .  
o .  
o .  
0 . 882 
o .  
0 . 820  
0 

s may be mechanical or  exhaust d ri ven . 

TABLE VI 

Ambient or Intake 

100 

110  

120  

Correction 

1 .000 
o .  
o .  
o .  
0 .  
o .  
o .  
o .  
o .  

ReL 1-15 9 1  
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Therefore , a rated a 10 BHP at  sea leve l ,  
in 105oF air 

would be rated at : 10 
5 . 5  hp . 

in continuous 
( 0 .  = 5 .  

The power transmitted from the i s  further reduc ed the 
type of d ri ve train used . Chain d ri ves or st d rive shafts 
can transmit of the power while geared 
d ri ves  may of the powe r .  The of 
d rive must rat ed for the power and loads it must 
transmit .  

Internal c ombustion are commonly used to  d rive 
current or  dire c t  current ( DC ) The 

power output of the generator is  to  of  
the If the must  be derated , then the genera t o r  
must also b e  derat ed . Care must  b e  taken not t o  
generator since this wil l  short en the life of the 

of are t o  
current or  dire c t  current ( DC 

of the gene ra t or i s  ional t o  
I f  the must  be derat ed , then the 

must also be derat ed . Care must  be taken not to  overl oad the 
gene rator  since this  wi ll shorten the life of the elect rical 

of the or as we ll as the driven mot o r .  
Furthermore , the must  c onsider the size and duration of 

loads on or  that exceed the 
load s .  The set  must have sufficient short-term 

loads . capac 

The size and features required of the engine and d ri ve t rain o r  
engine-generator s e t  determine the ini tial cost o f  the power 

Operating costs would c onsi st of maintenance 
and fuel and lubricants 

BLM MANUAL Rel .  1-15 9 1  
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converted to  direc t 
power pump mot o rs . First c o sts are 

uni t which can be moved to  seve ra l  loca t i ons 

em 
of time , when 

the pump , needs bat teri es or 
s ource .  Bat will 
cost and the 
also be  

but annua l  

another 
increase 

the level of maintenance rec eive . 
available and the solar 

powe r 
the ini tial  

mus t  
and 

Direc t current may be converted  t o  current wi th 
if the situation . 

s ource may 
l ower annual 

c o st s . i s  not the 
wi re , and 

Interna l  c ombustion 
p ower mus t  be in 
formers , at considerable c o s t . 

ors can the powe r but have relat i ve 
Generato rs can be  installed at the sit e  or  be 

the pump si te  when 

Elec t rical power runs mot o rs which are very c ommon pump d rivers . 
e on DC and ei ther 

meet mo tor 
direc t current and AC mot ors 
c ontrols . Motor should be wri tten for the 

cies  
S ome 
wi th 

rements of the installati on .  In the mot o r ,  
cost s ,  and motor  pump efficien­

be c onsidered t o  choose  the most economical mot o r .  
moto rs offer features which offer 
o ther brands of motors and long service  lives . These  

should be selected whe re the cost  of  is  far 
than the cost  of the mot o r .  

i on of pumps and are used 
C ontrols  may c onsist  of 

pressure sensors , electrical swi tches and re , wat e r  level  
sensors , timers , automatic , 
and low wa ter  

ope rat ed or manual valves , 
The controls should e 

indicators t o  show what the status of 
The 

cost  
of c ontrols when 

the cost  of manual 
or malfunction ,  and the cost  

i on of the em . 

BLM MANUAL Rel . 1-15 9 1  
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Since many BLM pro j ects have low volume 
of thes e  fact o rs should be c onsidered . 

for wat e r ,  all 

Specific requirements for great wel l  o r  wat er pressures 
for high or long pipeline sys t em will mandate  the use of 

pump s ,  as the o ther pump delive r  ad equate 
p re s sures from deep wells for 

a .  

b .  locat i on ( 
roads ) . 

( chemicals , sand , 

t o  vandalism , to  power or  

c .  The envi ronment ( subject  t o  extremes of heat o r  cold and 
fre e zing) . 

d .  versus continuous o r  ic use . wi ll  
determine what kinds of c ontrols wil l  be 

as a 
water are 

and wi ldlife in tank trucks may be used 
s ource of or  may be 

where no other sources  of 

If an adequate road system exi st s , large tanker trucks may be  used 
t o  fill storage tanks so pip elines can c ontinue to  operate during an 
eme rgency .  Wat e r  may also be hauled t o  wat er 
periods of low rainfall for wildlife and livestock i s  
acces s . 

Wat e r  may a 
and wild li fe in seldom-used 

a water  s ourc e . 

Water  may be 
well , etc .  
owner of the wate r  source . 

source of  wat er for live s tock 
o r  where it is not feasib l e  t o  

sources f o r  emergency fire c ontro l ,  
should be  made  in advance with the 

BLM M ANUAL Rel .  1 -15 9 1  
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IX 

S t o rage fac i lities as used herein t o  refer  to those  
facilities that p ro vide storage between the s ource and use . 
S t o rage faci li ties genera l ly c onsist of tanks , bags , 

a re cons t ruct ed from stee l , c oncre t e , , sho t- c re t e , 
, and wood . 

S t o rage faci li ties can b e  a maj o r  expense c omponent of any wat e r  
distribut i on system .  D e sign o r  selec tion of  the type of  s t o rage 
should be considered as a c ri tical any wat e r  

system. The most  cost-effective alternative select ed wil l  
d iffer from one locali ty t o  another because o f  availabi lity o f  mat e rial ,  
cons t ruction skills , remoteness , and access t o  the cons t ruction sit e . 

manufactured tanks o r  containers secu red  from other 
s ources have been successfully used  for wate r  storage 
can be  categori z ed as vertical , horizontal , ski d  mount ed , open t op ,  closed 
t o p ,  or bottomless  ( needing a bottom ) , and can be galvanized , , o r  

ected . 

S tanks l end themse lves t o  a wide range of Low leve , 
terminal st o rage tanks a re favo red where the s ource is 

feed , such as a , and level tanks are favored whe re the 
water  is  lifted t o  the of storage , such as from a windmill o r  
o the r pump . Tanks are no const ructed on flat terrain , but 
can be cons t ructed on with proper site work . Tanks 
should not be located on unconso lidat ed fi ll  or soil  that may c ompact  and 
settle  with time . Tanks are normal ly located at a elevation than 
the of use to all ow for gravi ty flow . S ome specific applications of 
tanks are as follows : 

1 .  as back-up and st orage t o  handl e  usage o r  even out 
int e rmittent flow from the s ourc e .  

2 .  as  a in case of  failure or  

3 . 

s ource .  Unless  there a re other wate r  facilities 
located t o  serve the area or  the s ource is d epend able , such as a 
st ream, it is  advisable t o  have an intermediate holding as a 
back-up until  the source can be repaired o r  rest o red . 

method of 

acti ves  and 

better 
meet  management 

of use . 
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IX-2 

B .  

- WATER 

IX 

4 . Used to serve seve ra l  fac ilities  from a cent ral location .  

5 .  Provides the and 

6 .  a pressure break t o  
on 

tank is used where there is  a need for a 
of use . Closed tanks he lp main-

the of , and 
small  animals , bird s , and dirt out . 

As  a rul e  of thumb , the recommended 
supp ly in case of p ower or pump 
minimum of 3 Wildli fe and 
may be  in exces s  this 
methods of tank 

for emergency 
failure should be a 

needs 
I llust ration X�lO for  

1 .  

a .  S t e e l .  

B L M  M ANUAL 

The most c ommon mat e rial for tanks is stee l .  The dif fe rent 
and types  of steel tanks available are too  numerous to 

ment ion here , but some of the most common tanks are cons t ruc ted 
from steel with or without a bot tom or t op ( a 
bottom Other and of steel tanks are oil  

( 

( 
cost  can be 

st orage options . Tanks 
time to ensure water 

cars , horizontal skid mount , and 
smaller tanks are mounted on 

easy mat erial  t o  work wi th and 
Low maintenance and under most 

, minimum site 

assembled from 
Preas sembl ed 

take s ome 
and skid 

mounted tanks may be difficult 
locations . Vandalism m�y be a 

t o  t o  some 

Rel .  1-15 9 1  
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b .  

c .  

d .  

e .  

- WATER DEVELOPMENTS 

IX 

S everal types  of  steel tanks used in c ombination with other 
mat e rials t o  form the bott om have proven successful .  The 
are usual� ordered as unassembl ed steel  p lates  that , when  
assembled , form a circular The plates a re b o lt ed t ogethe r 
along vert ical seams . A wat er seam i s  made a 

gasket a long the b o lt The are gene ra l ly 
made out of heavy gage flat sheet or c orrugated metal 
add ed Steel be o rdered t o  form t anks of  any 
reasonable storage capacity,  2 to 12-fo o t  
Grain bin type rings with vertical and horiz onta l  seam s  i s  anothe r 
common� used type of 

Concre t e  can be placed to form an excellent bottom with  
and disadvantages di scuss ed unde r  c oncre te  tank section.  

access  to  the construct i on site  is  a 
t o  use c oncrete as a cons t ruction material . Every effo rt should be 
made to avoided having a j oint in the Joints can be  
avoid ed of c oncrete  t o  make a mono-
lithi c I f  a j oint i s  nec essary, a neoprene wat e r  stop 
should be installed of the concre t e . 

- Plast ic 

Plastic  line rs ( PVC ) have been used with steel  
tanks are bui lt the same used in above 

ground swimming wi ll deteri orat e  in a few 
yea rs if For it is rec ommended 
that these tanks be protected from sunlight with a roof cove r  that 
also will  res t ri ct e vaporation los s . Special p re cautions must  be 
taken to pro t ec t  the liner from punctures o r  ho les that may result 
from rodents o r  burrowing animal I f  
const ruc ted , the liner st eel  tank should last  ove r  20 
years . 

Artificial rubber has been used recently as a 
bottom for is  a very durable 
rubber with nylon reinforcement . I t  is t o  deteri o ration 

and most based chemicals . I t  is 

years . 

p rocedures ( see  
be acted from 
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f .  

g .  

- WATE R  

IX 

access  i s  

bot t oms have the 
at remote  sites  
Mat e rial econo mic s  

of  storage 
by inc reased labor  cost  of 

good , but this cou ld be 

A c ommon tank ed ion as a wat er 
purposes . Most wooden tanks c on-

s t ruc ted for wat e r  purp oses  are cons t ructed 
from redwoo d , and a re round vertical , with either low or 

le . tanks have been used by the Bureau in the 
but are not recommended , in situations 

( 

( 

of visual 

Durable mat erial , 

init ial 
To  ensure the maximum 
site  work and a go od 

installed wooden tanks a re not 

life , low 

Concret e is a construction mat erial ,  available in most communities . 
C oncrete ( for the cons t ruction of tanks ) is  to  
many different construc ti on and methods of 
C oncrete  can be above , as shot-cre t e  
and used a s  conc re t e  for steel tank ,  conc re t e  
lined , e t c .  

( C oncre t e  is  durable , life , low 

( 
minimum of 

to many 
unskilled a 

and difficult t errain may make c oncret e 
C oncre t e  cons t ruction 

conditions can 
be  labo r  intensive . 

struc ture . 
line r .  have an 

which results in losses .  

BLM MANUAL Rel. 1-15 91  
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h .  

- WATER 

IX: 

Sho t -c re t e  is  •• e .  ( The o r  
placement t echnique give s  this method i t s  nam e . ) The mortar  o r  
concrete i s  proj ec ted a t  high ve locity onto a surfac e .  
the mat e rial by this method give s  a high d ensity mass  that is  

to  many different o r  forms , 
adheres t o  most surfac e s , and is wate rp ro of when coated with a 
sealant after curing. 

Shot-cre t e  may be applied in thicknesses  ranging from 
inche s . Shot-c re t e  is readily adaptab le  to use as a 
memb e r  o r  as a d ec o rative c o at ove r  other 
o ve r  2 inches , an admixture is recommended  t o  
a n  immediat e  initial s e t  of  the conc rete .  Sho t-cret e ,  when 
p roperly applied , may b e  more economical than p re ca s t , forming , o r  
other methods  o f  p lacing conc ret e .  Sho t-cret e facilities 
b lend in with the environment . 

There are two gene ra l  mixing method s  used . The mix p rocess  
t ranspo rt s  the  c ement-sand mixture air pressure to a 
noz zle  whe re wat e r  is introduced und er pressure and the 
are j etted from the nozzle at onto the surface to be 
shot-cret ed . The wet mix p rocess  mixes all the 

similar to 
to the nozzle and j etted with p ressure air ont o the surface to 
be shot-crated . 

( 1 ) A minimum amount fo ; and with 
mix ratio , the material can on verti cal 

reinforcement may be d esi rable , many 
a re j us t  as successful without the use of rein­

forcement . If reinforcement is d esired , steel  fib e rs ( inch 
long " threads of steel"  mixed with the c oncrete ) the mix 
greatly inc reases the st and reduce s  the 

thickness . The continuous the shot-
of construction j oints and 

in cons t ruc ti on ,  which is  a for the 
Bureau j ob .  The mat erial  can be  around 

obj ec t s  or actions cons t ruction that make 
of c onst ruc tion blend very well  with the 

The final coat can be colorized to blend in with 
the surroundings . Most sho t- crete facili ti es are 
vandal  p ro o f .  
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( 

- WAT E R  

IX 

is 
situations : 

t o  the fo 

( 
( b ) 

( c ) 

and resto rat ion of  o ld conc rete .  

The or  
tanks o r  wat e r  
the o ld tank serve 
t o . 

of  dete  
ties  whe re the  side  walls  of  

as a form for the to  adhere 

where i t  i s  desired 
to imitate rock and natural landscape forma t i ons . 

For  other 
catchments .  

of  shot-cre t e ,  see Chap t e r  VI on 

access  is  
and mate ri al . 

ski ll and 
for the 

reinforced ic is a re lative new mat erial as 
to  steel  and wood . tanks are 

for storage The term fibe 

er 
to  store roleum 

t o  but the c o st may b e  
other alternatives . Another alternative 

that  has proven  successful is  the use of 
septic tanks . alternative s  include 
s ome other mat erial and protected wi th a 

( of  

tanks are 
with soils . 

lifed , low maintenance facili  
resistant t o  deteriorat ion 

tanks are 
is  not t o o  extensi ve . 

BLM M ANUAL Rel . 1-15 9 1  
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- WATER DEVELOPMENTS 

IX 

( 2)  tanks a;re not cons t ruc ted 
, the tank size  and logistics of  getting the 

to the site mus t  be considered . Fibe rglass tanks a re 
t o  due t o  vandalism and S ome 

glass tanks a re subj ect to det e rioration from sunlight and 
should be  p ro tected ; whe reas other tanks c ontinue to p erform 
satisfactori ly after l ong exp osure t o  sunli ght . I t  is  not 
recommended that a fiberglass  tank be  used  as a p o rtable tank . 
Portable fib e rglass tanks used as pumpers o n  fire 
shed the fiberglass  aft e r  s ome peri od of  use and 
scre ens . Depending upo n  the c onfiguration o f  the tank, 
tank may not be  designed t o  withstand the soil  weight of  being 

buried . Insta llation of  tanks 
good bedding and c ompaction.  

j .  Polyethylene Tanks . 

k .  

Polyethylene tanks made from a mol ecular weight mat erial have 
proven satisfactory for water storage . Typically thes e  a re 
installed at the base of  a rock ledge o r  cliff. Installat i on at 
these  sites p ro vides for p ro tection from the direct  sunlight and 

( 

the tank t o  mat ch the visual ts are 
The manufacturer should be consulted on 

the se tar.ks . 

cub e ,  which makes them 
The sidewalls are 
installation.  

a re in smal l  sizes  and are 
are construct ed like a 

to ro ll into 

( Disad vantages .  Adherence of to the surface t o  pro t ec t  
from sunlight and t o  lessen visual impact s  is  a p roblem .  
Storage capac i ty may not be  adequat e for the need . 

( 1 ) 

st o rage tanks , c ommonly 
whe re a low 

bags have been 

, are often used at 
is 

for s t o rage ,  
with catchment 

, see Chapter VI 
aprons . For further di scussion 
on catchments .  

Although the material is  
and o ther 

has not p reformed well o ver time . 

t o  
p rocesses ,  it 
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2 .  

1 .  

- WAT E R  

I :X: 

( Disadvanta�es . if 
p o s s ib l e ,  p referably by a roo f .  

the st o rage 
b ag from as d e signe d . A 
a ccumulat i on o f  s now , and other d eb ri s  
Butyl mat e rials are very t o  
rod ent s ,  ravena , ' and o t he r  sma l l  anima l s . 
mat e rials a re not rec ommended for u s e  unle s s  
p ro t ec ted . 

bases often have ava il ab l e  a s  surplus i t em ,  
c o nt aine rs that c an b e  f o r  o r  

Military base s usual ly have a c o nt inuing 
c ontainers that c an be used for sma l l  

a l l  

ant s ,  

can b e  

c o nt ainers have b e en u s e d  suc c e s s-
for numerous app l i cations . use wi l l  have t o  be 

eva luat ed 

m .  

Th e  use of oil fi e ld tanks , like mi 
c ontai n e rs , mus t  be evaluat ed on a c a s e  ca s e  b a si s . 

b e  as 
s hould be as 
include s  an open t op s t o rage 

o ve r  s t o rage tanks are a c ommon t o  c o nt ro l  
The roo f  can b e  extended o ve r  the sides and buil t  with 

lem on 
can 

l o s s es 

t o  a c t  as part of the cat chment apron are a .  can be c o ns t ruc ted 
o f  and from the 

c o ve rs of 
means 

fac i li ti e s . 
the wind . c o ve rs a re 

that exp o s e s  the 
c o ve rs a l s o  d e te ri o ra t e  in and ravens are 

ho les in the foam ��bbe r .  increase d et e ri orat ion 

an 
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- WATER DEVELOPMENTS 

IX 

O ther measures , such as 
float , and wood fl oat s ,  have been 
used To be effective and t o  o�.UA�u.� , a wood 
cove r  should be support ed by s ome kind of float devi c e . Float cove rs 
also  allow birds safe access  t o  water in the tanks . 

Considerat i on for  
alterna tives of  

the  mos t  p rac tical and economical  
storage should include the 

l .  

2 .  

3 .  

4 .  

5 .  

Terrain features and the 
at the need . 

of the 

requirements and cons t raints in the s t o rage 

Freezing the st orage 
where there is a d e si re 

Visual imp ac t  of a st orage 
a hill It may 
wat 

valves and 
year a round wate r .  

next t o  a wat e r  or  s e t  on 
desirable to  draw attention to the 

Consideration of how close t o  the road the wi ll be locat ed 
o r  within distance of other road s .  

6 .  ts and reservoirs , consider if it  would be undesi rable t o  have 

8 .  

9 .  

1 0 . 

others use the water out of the ( i . e . , 
energy d eve 

Avoid tanks where they refle c t  in the sun because 
att rac t att ent ion and enc ourage vandalism. Paint may be  the so lu-
t i on t o  this However ,  maintenance of the can bec ome 
a 

If at all 
close  use . 

tanks , , etc . , 

tanks ) . 

ladders , e tc . , open hat ch cove rs , and othe r  
that can lead to  fal l  in or  go ( For  

and reservoi rs , consider the need for  the side  
t o  the  wat e r .  Avoid steep banks as  they may become 

for live st ock , game animals , and humans . 

11 . On open t op installations , ways for birds and small  mammals 
to escape the wat ers . 

1 2 . The site  must  have 
maintenance .  

cal access for c onst rue , and 
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A .  

B .  

X-1 

- WATER DEVELOPMENTS 

X 

Troughs , as  used in Handbook , are man-mad e shallow rec used to  
dist ribute wate r  t o  grazing animals . Troughs a re used for  wat e r  s t orage 
and There are many of 
t roughs in use throughout BLM t od ay . have been made with steel , 

, concrete ,  wood , po 
) , and c ombinations of the above . The size , and 

t rough are very impo rtant c onsiderati ons  a wat e r  d e ve lopment . 
imp o rt ant is  the kind ( s ) of  and the o f  

u s e  within the p ro j ec t  are a .  

To b e  effec tive and require minimum maint enance ,  wate r  t roughs should be  
c onst ructed of  strong mat e rials , be well  reinforced , and have 
support s . should be located on leve l ,  
anchored t o  the ground , and s ealed against l eakage . 

e ve ry  wat er deve lopment can be 
s t o rage and presentation of the wate r  

l .  Steel . 

St eel  t are the most  
available from seve ral c ommercial out let s .  

after  cons t ruct i on .  

be to meet 
that the 

used t 

for the 

all 

larly if lighte r  gauge metal i s  used . Popular steel and a luminum 

2 .  

3 .  

t roughs that  have been used in the past are surplus 
c ontaine rs . S ome of these  have been in the ground for o ve r  20  years 
and s t i ll appear to be in 

seem to stand up well  if 
and a requi re 

and can moved into remo t e  areas easi ly .  
i s  for a 

Galvaniz ed bott omless  
c oncre t e  for  the b ot t om .  a re 

Use 
life . 

whi ch 

not t o o  far from a concrete source ,  othe rwis e  the coat i s  

B L M  MANUAL Rel . 1-15 
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X-2 

c .  

4 .  

- \'lATER  DEVELOPMENTS 

X 

may be reformed and hauled t o  the e c t  o r  formed 
at the ect  site .  There a re not many of t hi s  

can withstand p re s sure 
animals , i . e . , buffalo . 

Wood should be  used 
This is  nec es sa ry  to  prevent 

d one , the of a wood 

of wate r  is  c onstant . 
and If  this 

as  the average meta l  

does  little  o r  n o  damag e  t o  wood t roughs . Wood  troughs may b e  
used  when visual res ource o r  other aesthetic considerations a re 

lde rne s s  areas ) . 

The re are three imp ortant size  of  
Illust ration X-10 . ) spac e ,  volume , and 

space should be sufficient to  the animals  
while wate considerations should al low fo r the size and 
behavi or of  the animals  the 

The dimensions of the t 
reach the wat er in the 

should allow an animal to be abl e  to  
even when the wat e r  leve l  is  low . Thi s is  

when a t at tached di to a 
tank.  This situat ion occurs with .. 
with s ome tin apron where the re is a leve l  

attache d , that works o n  
when a low wate r  leve l  i n  the 

with the storage tank and 
tank cause s  the wate r  level  in the 

trough to also be low .  

The volume i s  c onsideration in 
many wate r  

windmills , the may be the 
There mus t  be sufficient stored  wate r  

the need . the many of these  
will  not  be fast demand , a 

time , st orage must  

that water  on demand o r  
amount o f  wat er  sto red in the 

is not 

BLM M ANUAL Rel . 1�15 9 1  
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D .  

E .  

- WATE R DEVELOPMENTS 

X 

T roughs s hould b e  i n  a s t a b l e/flat area wi t h  suffic ient s p a c e fo r 
the animal s  t o  mo ve a ro und them . I t  i s  g o o d  p ra ct i c e  t o  keep t hem away 

f rom the fo areas : 

3 .  Ripari an z o ne s .  

4 .  Ero s i on haz a rd s . 

5 .  Fenc e c o rne rs . 

6 .  Fence line s . 

7 .  Areas tha t  would create res o urc e c o nfli c ts . 

8 .  Animal t rap s . 

9 .  Pot ent i a l  wi ld life ambush s i t e s . 

I t  that wat e r  b e  ava i lab le f o r  wi ld l i f e . F o r  

should b e  locat ed away from obsta c l e s  such a s  fenc e s  whe re 
the animal may b e  t rs o r  whe re sud d en behavi o r  may 
cause ury if the anima l runs int o the o b s t a c l e . S ome o rs , such as 
b o b c at s , learn to hunt at wat e rs whe re p rey The refo re , t 

sho u ld b e  l o c a t ed away from ent i a l  ambush s i t e s  such as c l i ffs o r  ro c k  

out c rop s . This i s  p a rt i cu larly t rue fo r b igho rn sheep wat e rs . 

M o s t  lines are a , the re f o re ,  float va lve s  o r  wat e r  met ers 

are need e d . F l o a t s  can e i ther be in the the at 

p rop e r  l e ve l .  mus t  b e  e c t e d  t o  
They a re usua l ly hous ed i n  a 

s e rve a s  an escape ramp fo r wi ld life . 
and the re a re many d i f f e re nt typ e s . 

inte rc ept a 
used in many 
b e  need e d . 

met a l  ramp that t o  the rim o f  the 

b i rd or mammal from any d i re c t i on 

BLM D i s t ri c t s . c i rcular 

i s  
s e ve ra l  o f  the s e  may 

BLM MANUAL 
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- WATER  DEVELOPMENTS 

some t imes becomes a 
c ommercial may be  
o r  

X 

In winte r  use areas , the fo wi ll  he 

1 .  S olar 

2 .  

3 .  

4 .  the black . 

5 .  Locating on southwest expo sure s . 

6 .  Wave act i on c reated from wate r  

frames  a round t roughs a re very 
the animals  out . 

If  there is a 
its label . 

wate r  

int o from inlet 

to  stabilize  the t 

in the 

water  safe ava ilable  to wi ld life and 
discussed in 2 of this Handbo ok .  

�e The i s a wry It  should 
installed 
in 

match of animals it . 
that did not take int o c onsiderat ion smaller animals ; 
additional exp ense to  them after inches above 

Cement 

Where 
should 

is considered sat on 

grave around the may be t o  
the p roper height o f  the Trampling and soil  c ompaction 

animals  as  well as wate r  and wind ero s i on may cause the 
" Geotexti le fab ri c  designed for soil  

und e r  the grave l t o  hold it in 

are for wildlife , the 
with a built -in,  walk-in ramp . 

The dimensions o f  should be  suffic ient t o  allow f o r  the horns o r  
mule d ee r  t o  clear the sides o f  the ant lers of  

t 

See  Illustrat ions X-1 X�l O  for vari ous 
modifications for wildlife , ins t ructions for the calculation of wate r  tank 
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Chapter X 

Walk-In 

- i N  UGH  
(Gro n d  ve l )  

p Vi e w  

Bui lt- In  Lodde,- Rungs 

Illustration 2 
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X 

Metal Flume 

o l  Metal Exaggerated to 
Show End Assembly More Clea rly 

Illustration 3 
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Water Level 
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H- 1 741-2 - WATER DEVELOPMENTS 

Chapter X 

Round Water 

View 

Side 

with Float Board 

Spacers to Hold 
Floatboard Away 

From Sides 

16 Gauge 
Metal 

to 
Within 2 Inches of Tank Top 

Illustration 4 

Windmill and Watering Tank 
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Float Box 

Illustration 5 

H-1 741-2 WATER DEITELOPMENTS 

Chapter X 

Livestock !rough and Wildlife !rough 

� 

EJev. of Too 
snell be 

lower Then Top 
of Floot Box 

L1vestock Trough 

C!omps on Each Fitting 

Bury box >.)eiow •,.ost 1 1r11e. 

f;nished Elev, 
ShoU be Top of 

Float Box 

Pipe C!omP$ Each C"ittlng 
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X 

Design Modifications Beneficial to Wildlife 

A. When trough height is 20 in or less wildlife h ave batter access to water 

'- -

SIDE VIEW 

c. 
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Illustration 6 
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Wildlife Ladder Modifications 
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H- 1 741-2 - WAIER DEVELOPMENTS 

Chapter X 

Water Trough Bird Ladders 

Concrete bird ramp 

Concrete trough 

Metal !rough 

_..-- Floating ramp 1/2" hardware cloth 
across the top of ramps, folded 
and fastened permanently on the 
underside.  

Illustration 8 
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Illustration 9 

H-1 741-2 - WATER DEVELOPMEh�S 

Chapter X 

Floating Wildlife Platform 

TOP VIEW 

1 12 hardware 

Floating platform 

pipe 2 foot 

2"X 6"X 48" Lumber 
I 

Nylon rope 

Cap secured by cementing 
Concrete Anchor 

wildlife platform recommended lor large open water storage tanks (Wilson and Hannans 1 977). 

Rel .  l-15 9 1  
l l / 6 / 9 0  





BLM MANUAL 

Round or Circular 
Tank 

Rectangular Tank 
or Trough 

Slanting Sides 
Trough 

V Sides Trough 

H-1 741-2 - WATER DEVELOPMENTS 

Chapter X 

How to Figure the Capacity of Water Tanks 

To find gal. capacity: 
Width (meas. at 112 of 
depth) X depth X 
length X 7.46 • gals. 

Illustration 10 
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