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FOREWORD
By
John C. Hoyt

The systematic collection of continuous records of river discharge
was first undertairen by the United States Geological Survey in 1888.
In 1895 definite Federal authority was given for the work and it was
placed on a nation-wide basis. Since that time it has been continued
and enlarged to meet growing needs. This activity has been an important
factor in crystallizing the science of river hydraulics in its relation
to the economic development of the water resources of the nation.

When the work was started, the need for information in regard to
surface streams in connection with cconomic and social devclopment
had not become definitely cstablished; methods, instruments, and
equipment for conducting the work had not been developed; little if
any scientific information in regard to the problom was available,
and in the carlior years thc approach to it was cmpirical. With the
growth of the country, the domand for water increasecd, and with this
increase came the demand for morc accurate information in regard to
availablc supplics. As a rosult, more refined methods, instruments,
and cquipmont became nocessary, and the scientific basis of approach
supcrseded the empirical mothods of earlicr days.

Prior to 1910, fow wator-stage recorders had been used in the
collection of continuous records of flow of streams. At that time
it became apparent that on account of diurnal fluctuations of stage,
duc to regulation of streams for power and other uscs, staff-gage
rcadings were not adequate for cerputing accurate rccords of flows
In the summer of 1910 C. C. Covert, then district cngincer of the
Geological Survey for New York, ecquipped the river-measurement station
on the Sacandaga River (a power-rcgulatcd‘streanﬂ at Hadley, Now York,
with a water-stage recorder protected by a concrete housc and wolle
In addition to the recordor, a cable and car were installed, and the
channel of the stream was irproved to crcate more satisfactory
conditions for measuring dischargc.

Aftor the improvement of the Sacandaga station, thore gradually
arosc from various parts of the country a general domand for better
equipment and facilities at river-measuremcnt stations, and as a
result of many requests standard plans and spocifications for the
essential structures were preparcd. The first sct of standard plans
was prepared by C. C. Covert, G. J. Lyon, and C. H. Picrcc, and was
published in pamphlet form in 1913 under the title, "Plans and
specifications for current meter gaging stations."  These were revised
and expanded by G. J. Lyon in 1915 and published under the title,
"Equipment for current meter gaging stations" as U. S. Geological
Survey Water-Supply Paper 371,

Since that date numerocus parphlets have been issued by the Geological
Survey, cach descriptive of particular instruments, equipment, or methods
uscd in measurements of river discharge or of tho interpreotation of the
rocords, The present pamphlet relating to concrete house and well for
water-stage recorders is a rovision of an carlicr pamphlet proparcd by
Mr, Lee in 1927,



PLANS AND SPECIFICATIONS FOR REINFORCED-CONCRETE HOUSE AND
WELL FOR WATER-STAGE RECORDERS.

Introduction

Continuous and accurate records of the fluctuations of water
surfaces are important in connection with practically all prob-
lems having to do with water., Experience has shown that water-
stage recordsrs are essential in the collection of such records,
their use being required for the following reasons:

1. To eliminate errors due to inaccurate gage readings
by observers.

2. To eliminate errors caused by lack of complete record
of fluctuations which may be too great to be defined
by two or three gagd readings a day.

3. To give the records a high standing in connection with
their use for legal purposes.

4, To make it possible to obtain a record at a site too
inaccessible for sufficiently frequent reading of a non-
recording gage.

Water-stage recorders have been used most extensively in
connection with the measurement of river discharge. A discussion
of the conditions relative to such use as given by Charles H, Pierce
at the conference of district engineers, December 8, 1914, is
published in Water—supply paper 375-F.

The general location of a water-stage recorder installation
is determined by the availability of the conditions that are
necessary in order to obtain accurate records of flow by the stage-
discharge method. The exact location of the well and house and
other structures is governed by three main considerations:

1. Conditiens affecting accuracy of the record to be
obtained by the recorder.

2. Conditions affecting construction and operation with
special reference to cost and stability.

3. Property rights.

The essential features of a water-stage recorder installation
are listed below. The care with which the installations are
designed and constructed to meet local conditions will, in a large
measure, determine the successful operation of the recorder.

1. A stilling well connected by an intalice pipe or cther
ovenings with the body of water whose stage is to be
recorded.
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2. A house over the stilling well to protect the recorder.

3. Staff or other nonrecording gages outside and inside
the house and well for comparing the stage in the
well with that outside and for use in setting and
checking the recorder.

"4, Permanent bench marks for use in malntalnlng the datum
of the gage.

Unless the water flowing past the gage is clear and free
from silt at all times, & flushing device for cleaning intake
pipes is also essential and for streams with an uwmsually high
silt content a silt trap may be desirable.

Out of about 2,900 gaging stations now operated by the
Water Resources Branch of the U, S. Geological Survey, more than
2,000 are equipped with water-stage recorders. Among the various
types of houses and wells that have been used to shelter these
recorders, the reinforced concrete installation described herein
has been found to be especially satisfactory for general use.
The plans for this structure represent the composite experience
of the engineers of the Branch over a period of years, and
acknowledgment is due to this group for bringing water-stage
recorder installations to their present high standard, both
in efficiency and in appearance,

It is expected that modificatiens in the details may be
necessary in certain localities. Before making such changes,
however, the engineer in charge should be sure that the changes
are necessary to meet the local conditions and are for that
particular lacality an improvement over the standard plans.

The plans herein presented have to do only with the structures
themselves. If necessary, additiomnal plans drawn to scale may
be prepared for each installation to show the details of the
station and the relation of the structure to the specific
location. Theses should include

1. A ground plan of the site, covering the area around the
structures, on vhich the location ef the house and
well, auxiliary gages, bench marks, and other station
equlpment may. be indicated.

2. Elevations and vertical sections perpendicular to
the river showing the location and height of house and
well, intakes, auxiliary gages, cross section of stream
(partial at least), elevation of well door, and foot-
walk or concrete steps.

3. Supplementary plans showing any structures in detail
for which plans are not given in the standard plans,
also the proposed arrangement of house and well with
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respect to position of intakes, riger pipes, flush
tank or silt trap, pump, recorder, ladder, inside gage,
and well door,

In addition to the detail plans above listed any other changes
that should be made to meet local conditions may be indicated on
the standard plans.

The object of these plans is twofold--(1) to guide the engi-
neer in the construction of the installation; (2) to give a
permanent record for use in connection with work that may be
required in the maintenance or modification of the installation

Special plans prepared in advance may not be necessary for
many installations, however, if an experienced engineer is in
charge of the construction.

Every effort should be made to carry on the work of construc-
tion economically and efficiently.

As water-stage recorder installations are usually in a con-
spicuous place, frequently near bridges or other structures,
svecial care should be taken to insure that they will compare
favorably in appearance and design with the best standards for
structures in highway, railroad, and other classes of construction.
The work necessary to accomplish this result does not add sub-
stantially to the cost of a job and should be regarded as
essential and necessary. There is little excuse for anything
other than the best quality of design and finish in CGeological
Survey construction. The site should be cleared of refuse and
made to conform to the general surroundings.

When the installation is completed, a report should be pre-
pared and filed in the district office covering the essential
details in connection with the work., This report will furnish
for future reference exact and complete information concerning
the structure, A statement should be furnished covering the
cost, the length of time required to do the work or a brief log
of the actual operations, any unusual conditions that were
encountered during construction, and other information pertaining
to the operation and maintenance of the structure.

Photographs taken before, during, and after construction
are very desireble., If time and money are available for it a
special illustrated report on a construction job, typed and bound
with cardboard cover, may be made by the engineer who supervises

the construction., Such a report offers about the only available
means of dissemination of constructlon experienco among the many
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districts and the Washington office., Several districts now follow
this procedure,

Construction Equipment

When several reinforced-concrete houses and wells for recorders
are to be built, it is advisable to purchase or rent adequate
construction cquipment, including truck, concrete mixer, wpump, etc.

A half-ton truck with canopy express top and side curtains
is very satisfactory for recorder construction and is also
adepted to miscellaneous work of construction and rout ine stream
gaging. A 1¥-ton truck may be preferred, however, wherever
adequate transportation facilities are not available. As a rule
the capacity of the truck for moving the construction outfit from
one job to another or to and from the railroad 1is the main
consideration, as the construction materials are usually delivered
by the dealer. The concrete mixer, forms, and other heavy
equipment are usually shipped by freight.

Trailer concrete mixers, mounted on two rubber-tired wheels,
have been used with success in recorder construction. A 2-inch
self-priming centrifugal pump or a 3-inch diaphragm pump is
desirable for use in excavating for the well and intalce.

The following miscellaneous tools and equipment are usuvally
required: Surveyor's level and rod; pick; mattock; long-handled
round-pointed shovels; short-handled square shovel; one or two

" crowbars made of 7/8—1ndh octagon steel 6 or 7 feet long, pointed
at one end, flattened and slightly turned up at the other; 6-foot
digging bar with 3-inch blade; 8-pound drill hammer and rock
drills; 12-pound sledge; heavy wooden maul for driving shoring;
ax; extension ladder; wading boots; hip boots; %-inch rope and
blocks; pipe wrenches; monkey wrench; plicrs; gasoline can;
carpenter tools; 50-foot stecl tape; thermalware water Jjug; seven
l4-quart buckets for measuring concrete material (if mixer is
used); one bucket for water for mixer; one large reinforced
bucket for handling concrete; sidewalk scraper or straightened
garden hoe for spading concrete; carborundum bricks; and trowels.
A water barrel for the mixer is a convenience and can usually be
obtained locally for each jobe

The excavation may be very expensive unless it is well planned
and every measure talken to gxpedite it.

It is desirable to use a suitable posthole digger whenever .
possible to make borings to determine the nature of the soil,
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particularly to determine the presence of quicksand. A good
posthole digger can be used to bore a 4-inch hole to a depth of
about 35 feet. It cannot, of course, be used in gravel, The
borings will influence the selection of the gage site and may
effect a considerable saving.

Special consideration should be given to the naturec of the
soil encountered; the depth of excavation, and the height of the
river to determinc whether or not the sides of the excavation
will stand without shoring during construction., Substantial
shoring is a small part of the installation cost. In addition to
insuring against injuries and fatalitics it pays for itself in
proventing lost time and duplication of work due to cave-ins.

The position of the structure should be staked out carefully
with offset batter boards from which strings can be stretched’
to mark the neat lincs of excavation and to suspend a plumb
line to insure vertical sides. This will save timc and trouble
later, : ‘

Where shoring is not used a hole 8 by 8 feet is usually
ample as this allows a 6-inch clearance at each end of the forms,
Depths as great as 9 or 10 feet can usually be excavated without
any hoisting arrangement, but for much greater depths it is
necessary to erect a gin pole or tripod over the hole and hoist

e material in a bucket or a wheelbarrow in a sling.

In decp excavations where shoring is used a platform may be
rested on the rangers and the dirt shoveled onto the platform
and then shoveled out.

Shoring or sheet piling is sometimes used as the outside
form for the well for the first 8 or 10 feet above the footing.
This is accomplished by allowing enough space between shoring and
inside forms to malke the walls about 1 foot thick. This
thickmess leaves about 8 inches of wall vhere the shoring rangers
protrude into the wall., The resulting extra cost of concrete
may be more than offset by the comvenience and time saved in the
elimination of regular outside forms for this portion of the
well, The intake pipe may be placed in the same manner under
these conditions as vhen ordinary outside forms are used.

Ixperience has shown that the shoring indicated in these
plans will take care of practically all conditions. In certain
places, however, it has not been vholly adequate to hold back
considerable depths of rmud or quicksand. Under such conditions
special shoring mst be designed or the caisson method of
construction used. (See discussion of sheet piling under "Founda~
tions," pages )

Excavation in water is best handled by using a 2-inch self-
oriming centrifugal pump. A sump should be dug in one cormer
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of the excavation for the pump strainer. Ordinarily the purp can
remove the water faster than it seers in,

Blasting.~~If the site chosen is in rock it is necessary to
resort to blasting. On account of the danger incident to
blasting, men who have had experience in handling explosives should
be employed if possible., If the work rust be done by inexperienced
men a blaster!s handbook should be consulted for details.

The excavation should be made slightly larger than the
dimensions of the house, and the rough rock wall should be used
as the outside form. In excavating by blasting it is advantageous
to place the holes so that free vertical faces will be developed
for the easy shattering of the rock by the explosive,

Blasting by means of electric detonators is thesafest and
most-economical method, as dangers and delays incident to misfires
are avoided. It is not necessary to obtain a blasting machine, as
an ordinary "hot-shot" 6~volt dry-cell battery does the work. - Two
strands of ordinary ®ell wire or rubber~covered wire may be used
to male the electric circuit. Dynamite of 40 per cent strength
is sufficient to shatter almost any rock,

For drilling holes use a l-inch star drill or a single-
bit drill at least 24 inches long., The dynamite rmust be at
least 18 inches dowm, ar it cannot be tamped sufficiently. The
holes may be cleaned with a stick or spoon or by pouring in water
and pushing a sledge handle forcibly into them. This squirts the
water out and carries with it most of the stone dust.

Keep battery or blasting machine disconnected entirely and
away from wires except vhen ready to shoot. The man vho tamps
the hole and strings the wire should be the one to get the battery
or blasting machine and connect it upe. The charge is ignited by
touching the two wires sirmltaneously to the terminals of the
battery. -

In case of misfire it is safe to investigate immediately, if
electric detonators are used., It is not safe to dig out the
charge of dynamite; in some States there are laws against it.
Iry to get the tamping out and fire a stick on top of the other.
This generates enough heat and concusfion to explode the
nisfire, ‘

Caution should be used in handling dynamite, to prevent
severe headaches or more serious nitroglycerine poisoning., Avoid
handling the dynamite with bare hands if posgible, and do not
touch the face with hands or gloves after handling dynamites



SRy

‘e

-

e

Concrete

Regardless of who does the work, there are certain funda-~
mental requirements for the selection of materials and the mixing
and placing of concrete that should bte observed in order to produce
the most durable job. Too much emphasis cannot be placed on the
importance of durability in concrete construction. The following
specifications are based upon the recommendations of the Portland
Cement Association: '

Cement.--The cement used should be portland cement and should
conform to the rcouirements of the standard spccifications of the
American Socicty for Testing Matorials. It should be stored in
a dry building or under watcrproof coverings to protect it from
hardening due to dampncsse

Fine ageregate.-—-Sand should be clean and free from lumps
or particles of shale, fire clay, or loamy matter. It should
not contain clay, silt, or dust amounting to morc than 5 percent
by volume, It should be well graded in size. Not more than
4 percent should pass the 100-mesh sieve, and not more than
10 percent should be retained on a sieve of 4—inch squarc opening.
Organic matter, sugar, or tannic acid (which may occur, especially
in sand deposits talren from the vicinity of oak, hemlock, tamarack
or larch trees) is very objectionable if presont in material
quantitics., To detecct the presence of these substances place
6% ounces of sand in a 1l2-ounce flask, fill thc flask to the
8~ounce mark with a 3 percent solution of sodium hydroxide, shake
well, and let stand for 24 hours. If the liquid above the sand at
the end of that period is darker than a ycllowish straw-color, the
sand should be tested in a laboratory beforc it is permitted to
go into concrecte.

Coarsc aggregate.--For the coarsc aggregatc in concretc it
is desirable to usc only clecan, tough crushed natural stone or
gravel, preferably matcrial which is all retained on a %—-1nch
screcen and none on a li-inch screen. Bank-run matcrials should
be separated on the %—inch screcn and reassembled at the time

of mixing.

Proportions.-—Probably the best method of proportioning the
materials for the strength and weather resistance required in
this work is to use equal parts of water and coment and sufficient
sand and stone to produce a workable concrete under the specific
conditions of placement. In using this method it is necessary to
lmow the amount of water, if any, in the sand and gravel at the

- time of measuring for the mix.

Under ordinary conditions met in the field in this work it
may be preferable to usec a straight 1:2:4 or 1: 2: 5 mix., For
concrete to be poured under water a richer mix, 12.2 4, is
desirable. An casy and accurate method of measuring the material

.——-
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for a 1:2:4 nix, especially if a mixer is used, is by nmeans of
seven l4-quart budkets. One is filled with cement, two with
sand, and four with stone. This is approzirately a half-sack
batch., While one batch is being mixed, the buckets can be
filled for the next batch.

Quality of water,--Water for nixing concrete should be
reasonavly clear and entirely free froz oil, acid, alkali, sugar,
organic matter, or other deleterious substances,

Mixing.--Mechantcal nizing should be used whenever possible.
For ordinary purposes one full ninute of nixing will suffice,
but for worlkz that rmst be water~tight, a ninirun of 1% ninutes
siould be required. If hydrated lime is used the nixing time
should ve loanger. Mixing time is figured from the moment that
all materials are in the drum of the mixer until dumping
startse.

In using a 1:2:4 nix the sand required for the batch should
be placed in the drun first, then the stone, the cement, and
the water, ' '

Hand mixing is often necessary, It should be done on a
tight platforn. The nost uniforn mixing will be obtained if
the fine aggregate is first spread out on the platform,
followed by the cement and coarse aggregate and the whole mass
turned over three or four times before water is added, a little
at a time, in a crater in thé center of the nix, Hand nixing
should continue until the mass is of uniform color throughout
and all stones are well coated with nortar.

Quantity of water.--There is never any excuse for naking a
sloopy concrete. Not only does too rmch water weaken the
concrete and nake it porous and of low resistance to weathering,
but it results in a nix that cannot be placed without segregation.
An essential requirement of good concrete is that it be
homogeneous and uniforn in all sections. This will not be
accorplished where the heavier aggregate particles can settle
to the bottom of the layer, The best general-purpose nix is
one that is just wor'-able and that does not show standing
water in the form. A mix that will heap up on a shovel and
still loo¥z plastic is about right for most purposes,

Removal of laitance.,--When concrete is placed to any
considerable depth,; spading corbined with excess of water will
usually ceuse fine naterials, dirt, and scup to rise to the
surface, This solidifies in a soapy layer and is called
laitance. It has very little if any strength and should be
scraped off as soon as the concrete has stiffened, If left in
place it will disintegrate and leave a wea': spot in the
structure, Water goes through laitance planes readily,
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A thick layer of laitance is evidence of gross excess of
water, and the accurmlation of water at the top results in a
porous concrete in the portions just below the laitance. The
practice that results in this condition should be avoided.

Buring.--Proper curing during the first seven to ten days
is necessary to obtain good concrete., Care in this important
detail will often double the strength and wearing qualities
of the finished product. In midsurmer a hot sun and drying
wind may remove sorie of the rwoisture necessary to proper
hardening unless the concrete is sprinkled frequently. When
possible the new concrete if exposed to an extremely hot sun
or drying wind should be wet freqently or covered with wet
sacks. In cold weather it is necessary to protect new concrete
from frost. To provide this protection and also to hasten curing
a small kerosene oil stove may be placed inside the structure
and a heavy tarpaulin over the top and around the outside.

Concrete Forns.

Wooden panel forms for outside and inside of house and
well, as shown on plans, save time and money. Three sets or
1lifts are desirable, With ordinary care they will last for
several jobs, If 2-inch is preferred to l-inch lumber for panel
forms the middle walers may be omitted. Construction engineers
who have used both the inside panel forms and rigid inside
box forms built up as the job progresses prefer the inside panel
forms, on account of easy access to the bottom of the well to
rerove the lowest forms while the job is progressing, ease
of removal, saving in time even with an inexzperienced crew, and
saving in cost of lwiber.

If panel forms are not used, the studding of the inside and
outside forms should be cross—tied every 2 or 3 feet with
No. 12 annealed iron wire. The inside form boards should be
nailed lightly to the studding to facilitate their removale
It is seldom desirable to build uvp the forms more than 4 feet in
advance of the last pouring. The forms should be oiled before
using and cleaned imnediately after using.

The forms for the roof should be made of steel, as showm
on the plans, The corner-block forms should be nade of wood,

Construction of house and well.

Concrete should be placed in the forms before it has stiffened.
If there is considerable delay in placing the concrete, it should |
be well stirred at 15-minute intervals. Under ordinary conditions
this will be necessary within one hour after nixing. ’
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In placing concrete, the surface should be kept as nearly
horizontal as mossible, because if it is hcaped up in one place
honcycorbing or sand strealks arc likely to occur. It should

be carefully spaded to insurc a corplete filling of the form and

the elimination of irmpounded air and excess water. A good tool
for this purmnose is a sidewallr ice scraper. A hoe beant out
straight with the handle may be used, providedit is filed off
dull enough not to cut the forms casily. A piece of 1 by 2-inch
scantling is also fairly effective. Harmering on the forn
studding at tiic point of placement helps to cormact the fresh
concrete. A wooden hermer is to be preferrod,

Pouring the footing under water is recormended where a
gravel formation perrnits rmch water to enter the excavation.
Water can be kept from the excavation by pumping until the
reinforcing steel is in position. Therc should be as little
agitation or current in the water as possible when the concrete
is poured, in order to prevent washing the cement from the
aggregate., Concrete should not be dropped unprotected through
water. The best method of placing concrete under water is
with a tremie pipe, usually called a tremie. Another method
of placing concrete is to uwse buckets to take it from the
surface to its position under water. Some washing out of the
cenent taltes place as the concrete is durped from the bucket.

The tremie may be from 6 to 14 inches in diarcter at the
bottom and rmst be long enough to reach from the water surface
down to the concrete. A tremie suitable for most jobs may be
rade of No., 20 gage galvanized iron about 3-1/2 feet in height,
about 8 inches in diamecter at the bottor, and 18 inches in
diameter at the top, with rolled cdges at top and bottom. Two
horizontal handles made of strap iron should be riveted at the
top, the handles extending 2 inches above the top edge. Then
a sheet iron tremie cannot be obtained a wooden one may be
constructed from 1 by 8-inch lumber as follows: Four pieces
3-1/2 feet long are nailed togethor to form a hollow cimte. A
funncl piece wide enough to accorriodate a shovel blade
is attached to the top of this chute. The funnel consists of
two pieces about 16 inches long spread outward at the top,
nailed to the top of the chute at their bottom ends, and boxed
by nailing cross pieces of 1l-inch lunber to their edges. The
cross pieces are sawed off flush with the outside edges of
the slanting pieces. Small wooden handle grips arc placed at
the sides of the funnel near its top and permit easy handling
of this by one man. The sheet-iron tremie is rmch lighter
and easier to operate than the wooden one,

The tromie is first fillcd with concrete and lowered

into the water until it reaches the bottom, Then as more concrete
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is added at the top, some is pernmitted to flow out at the bottori.
Once the operation is started the hotton of the pipe is kent
bd ow the surface of the soft concrete. With this rothod there is
practically no washing out of the coment. The pouring should bo
continuous until the job is dome or until the concrete is above
the surface of the water. The concrete ray be leveled off by
the feet of the man handling the tremie, but he should do as
little walking as possible, The tremie may be gradually moved
around to deposit an even thiclmess of concrete. At the end of
cach batch cencrete should be left in the tremie above the

water level and the tremie forced decper into the soft concrote
Just poured. After removing the tremie it is oasy to level the
concrete if reasonable caroc is used, without destroying the
strength of the nixture, The floor may be sloped toward the
rmiddle with a small shallow swyp there, so that the well may be
bailed practically dry. If a float cylinder is to be installed
it may be preferred to lcave the floor as level as nossible,

After pouring the footing and beforc placing forms for the
well, the mumber of lifts of outside panel forms required to
reach the roof line should be corputed. Any fractional part of
an outside left should be taken care of at the start by rings
of 2-inch plank starting on the footing, so that the outside
panel forms will stop at the roof line. The adjustment of the inside
panel forms to come at the right height for thc roof is nade at
the level of the house floor. The 2 by 4-inch ring at the floor
of the house is nailed to the inside panel forms at the proper
height, rcgardless of the height of that panel form. After the
concrete has been poured nearly to the top of the 2 by 4-inch ring
at the floor level and aftor it has set, the inside forms are
renored and a 1lift for the house wall set upon the 2 by 4-inch ring.

The outer fornm planks, if used, need not be removed except
as required for the intalze. In order to rorove casily any
plank. rings on the inside of the well it is desirable to saw
each plank in two in the middlc and nail cleats behind the butt
joint before setting them. Opnosite planks should then be
braced with 2 by 4!'s. For convenience in construction the inside
pancl forms should be started about 6 inches lower than the
outside panecl forms.

The insidec dimensions of the housec are grecater than the inside
dinensions of the well, The same inside panel forms and inside
locse braces nay be used in the house, however, by using wider
corner boards on the panels and extra wedges or spacing blocks on
the loose braces.

The forms should be 1l¢ft in place two days if possible. The
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outside forms, hovever, may usually be safely removed aftar one
day. The inside forms should be removed as soon as it is safe to
¢o so. JAny holes or bad soots should be smoothed up with mortar
composed of 1 part of cement and 1-1/2 varts of sand, in order
that it will set to the same color &s the 1:2:4 concrete. The
mortar for patching should preferavly ve retempered mortar

about 1 hour old that has been stirred at 15-minute intervals.
Such mortar has tazen its initial shrinizage and vill adhere
better. The green concrete may be smootlied up by wetting it

and rubbing with a cerborundum brick., This should be done
immediately after removing the forms.

Special care muct te talzen to prevent unevemness in the
ontside wall at the 901n»s vetween successive lifts of nanel
forms, due either to mlging or to pitting. Some of the uneven-
ness can be vrevented by the use of paper between the forns and
the concrete; thc paper should be well oiled. Uneven joints
should be ruobeé down as soon as possible after tae forms are
removed,

Reinforcing.--Half-inch round deformed bars are snecified
for the reinforcing, excent for the roof, for which 3/8-incn bars
are recomuended. Square bars may be used for the roof or in
place of the round. Tne bars should be cut to the right
length at the place of vurchase., The bending of the bars should
e done at the nlace of nurchase, although ther can be bent in
the field when necessary. The steel should be lrept free from
loose scale, rust, or oil.

The reinforcing in the footing consists of a laver of bars
2 inches from the top and another layer 2 inches from the bottom.
Fach layer consists of nine bars in each direction. The bars are
hooked 4 inches from each end in order to develoo the full strength
of the bar. The vertical bars for the well walls are set in the
footing as soon as the footing is poured.

The reinforcing in the walls is both vertical and norizontal,
The vertical reinforcing consists of twelve bars, spliced as
required, from footiang to roof, bent to nass doors and window.
Tiere are two sets of horizontal bars, The princival set consists
of four hooked bars and four L-shaved bars every 1-1/2 feet in
height from footing to floor of homse (excent as omitted for well
door) and straight horizontal bars every 1-1/: feet in height in
the house. Four of the L-shuped bars are also nlaced in the
house walls just below the roof. The second set consists of four
straight bars nlaced 2 inches frou the inside face of the mlls every

[FESTE RPN Y
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1-1/2 feet in height from the footing to the ground level to give
strengtl to counteract the pressure of wet earth. Taese lavers
of bters should be extended higher then the ground level if there
is danger of drift striking the strcture.

The reiaforecing in the roof consists of twelve straight
vars olaced 2 inches from the bottom of the roof,

In generzl the centers of the bars should be nlaced 2
inches from the forms. T:ey should ve overlasmed 1 foot for bond.
When overlaoped, the bars should be parallel and at least 1-1/2
inches apart. The horizontal bars are usually laid on top of the
fresh concrete at the proper elevation instead of wiring then to
the vertical bars, ' ‘

medatlong.—-ln most localities the footing shown on the
plans forms a suitable foundation for the stmctvre. The
minimia thicimess of footing is 9 inches, exceot that where the
foundation is bedrock the tlicke ss of walls should be increased
at the bottom in order to safeguerd against defects that may be
caused by difficulty in fitting forms to the bedrock. The bottom
oi the well shonld then be leveled off with mortar. Where
excavation is easy 2 or 3 inches more mav well be added to the
thickness of footing shown in the plans. If the structure is
olaced where there is danger thaet the soil will not bear the
load, or where tremors from nearbv railrouzd or highway bridges
micht tend to cause settling, vherc the structure may be battered
by waves or drift, or zt the edge of vhe water, it is necessary
elther to increase the width rmithiclmess of footing or to set
thie well on piles, one under eacih coraer of the well walls,
One or two additional piles should ‘e vlaced under the sireamvard
side of thewell if thereis danger of undercutting by the current.
If »iles are used, the footing need not extead bLeyond the well
walls.

Straight-grained 6 by & inch nieces of {urable wood free fron
Imots will answer for niles if only a light driving rig is ,
available, the excavation for the well should be carried down
nearly to the water surface. tor the niles are driven at tae
prorer location, the sheeting s:ould be driven, wma'ing a
rectangle a few inches larger than the outside dimensions of the
well, The niles mav be used for bracing and holding the \
guides while driving the sheeting, The sheeting should be vointed
on one side only at about a 60° engle with the vertical, so that
when a plece is driven with the long side adjacent to the last
plece driven, it will drive smugly to the last piece. The top
of the sheeting should bs beveled to nrevent solitting or brooming.
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A heavy wooden maul is nreferred for drivinz., A piece of a green
log 6 or 8 inches in diameter with a 2 by 4-inch hendle to use

as a vertical ram is also good for driving sheeting. Sheet
piling consisting of tiree 1 by 8's or 2 by 8's nailed together
to forn tongue and groove units (sometimes called Wazefield
piling) mav be used under adverse conditions to exclude water,
Adcitional excavation can be carried on within the sheeting, and
the tops of the piles shonuld ve sawed off a few inches lower

than the bottom of the well. A centrifugal or diaphragm pump

is usvally needed to keen water out of the excavation.

Gege vlants,~~It is convenient and economical to set the
planics for inside and outside staff gases in the foras before the
concrete is poured, instead of drilling holes in t:e coacrete
after the forms are reuoved and bolting them to the well with
malleable lead anchors. The sides should be beveled 1/8 inch
80 that the concrete will hold them securely. If the outside
gaze planik is placed near tae cornor of the well, some extra short
pieces of reinforcing steel chould be placed around the plank in
such a way as to prevent the solitting of the concrete next to
the corner.

Ladier.-~Two tynes of ladder are in general use. If galvanized
manhole steps are used they imst be nlaced in the forms before the
conerete is poured. This adds to the expense of form work and
delays the concrete work to some exteant. Contimuovs galvani zed-
steel ladders bolted to the wall by means of mallesble lead
anchors soon after the forms are removed are recowiended for
econony and ease of renlacement in future vears. There is less
danger of a man's foot slinping off the continuous ladder. A men
can keep his hands cleaner on a continuous ladder than on manhole
steps, aal this is desircble when changing record sheets.

A convenient temporary susport when working in the well after
the forms are removed is obvtained by use of a nlank about an
inch longer than tihe inside dimension of the well. One end of the
planiz may be set on top of a ldider rung and the other end against
the opposite wall a little higher than the rung.

Placing doors and window.--Thre frames for the doors and window
should be placed in the foris as soon &s t.e concrete has been
poured to the proper level, Care should be taizen to brace the
door frames by means of a strut across the middle to orevent tie
oressure of tlie wet concrete bowiag them.

Placing ventilators.--Good judgnent met ve vsed in deciding
upon the anount of ventilation and te tywe of veatilator reqired,
as conditions vary widely in different localities, ree general
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riles aret (1) The well should be ventilated at the top to remove
vapor rising from the water; (2) the house should be ventilated

at the too and bottom to remove any vapor that me arise through
the floor; (3) tae floor, shelf, and nartition should be as tight
as vossible to orevent vavor rising from the well into the house,
es any »lan of veniilation will w»rove ineffective if they are not
tight. Ventilation of wells ia localities having cold climatces

is a difficult provlem. It is usuelly desirable to shut and seal
tae ventilators during the wviater, Ventilators should be vlaced
on two opposite sides of tiie house and well, as far as nossivle.
To insure a smooth beveled concretc edige around the ventilator the
outer face may ‘ie covered when vplaced in the forms, by a thin
plece of board or plvwood, the inmer face of the board to e the
exact size of the ventilator and the edges to be beveled to malze
tho opening larger.

Roof.~-"hen the concrete in the house walls has been pounred
to thie level of tae roof line on tic inside of the housz (or an
inch or two Vvelow that level), it sionld be allowed to set for
at least 24 hours defore the roof is poured. T.e woodea coraer
form Dloclks may be secred in position by nailing through the
outside panel forms from the outside., If the :akers of the inside
or lower steel roof forms clioned the ton corners (as is usuvally
done), tie small hole should be camod vefore nlacing concrete.
lien starting to place the concrete for the roof, it may be poured
to the level of the outside roof line and sone concrete niled un
on the lower roof forn, (e roof reinforecing ma then de laid
in place and the top roof for: set on the webt concrete and on the
corner blocks. It shoul? be well braced as stowm on the nlans,
to resist the woward thrust éue to taming the concrete poured
through the hole in the top of the form. The mix should be rather
wet and well tamped, ‘hen the forms are filled, the small cap fora
made from the steel pieces sheared from the outside roof form is
filled with mortar and oressed down on the pea™. A hole aboutb
2alf an inch in dlameter saould e left in the cao form through
vialich the last bit of mortar can he nlaced to give a sharp peals

Shelf and instrument suooort.--Tie arrangenent of sielf and
vertical pertitions (called th: cuphoard) permits the float to rise
to the shelf, thereby increasiang the range in staze over 2 feet and
reducing the heizat of the structure bv that aount. The instrument
support sihwown on the plans hol’s the recorder several iaches above
the shelf to peormit eny vapor that may rise from the well into
e hovse to be diffused and not pass directly into it. This sunport
congists of two 2 by 4's on edge at the ends of the suelfl, two
flat 2 by 4's at tie front and bac': edges of the shelf, and two
flat 2 by 4's placed parallel to the first oair to support the



-] O

instrument. It may be pref-rred, however, to install a second solid
shelf, using two 2 by 6's on edze at the ends of the lower shelf

to support it. The holes in tho shelf for the float and weight
cables or teves shovld be no larger than necessary. They may

need to be covered with felt weatherstrin.

At some stations extra precamtions must be tazen to prevent
mice from destroying the record paner, This damzge may be
orevented by attaching a striv of tin underneatl the instrument
snelf., It may also be necessary to vlace a strio of tin around the
base of the recorder.

Submergence cover.--At a few stations it iy be impracticable
to bvild the structure high enough to take care of extremely high
floods. In such floods the submergence cover for the recorder
shown on the plans will prevent water touching the instrument, even
though the gage house is submerged. The pea: of the flood will not
be shown on the gave-height chart and mmst be determined from high-
water marks. The instrument should function properly, however,
as soon as the stage has receded to the level at wiich the float
was held by the instruwvcent shelf.

Irop door.--The trap door in the floor should be made of tongue
and groove lumber in order to “e as vanor proo? as vossible. The
2 by 4 inch sills upo: which it rests may need to be covered with
felt weatharstrip. 4n allowance of tliree quartsrs of an inch for
swelling of the lumber siould be made on the sides parallel to
the grain. A stris should be placed on the solid floor and under-
neath to close the craci.

Doors.--A stock: door may be used for the house. One with five
cross panels is stronger than one with vertical panels and is more
suitable for covering with galvanized iron. If a stoclz door can
not be obtained, a door should be made of two-ply 1 by 8's, though
this will be heavier then is necessary. Care should be talzen
in neking the two-ply doors that they will hold their shame. Xach
piece in one vply should be nailed to every cross piece in ithe other
ply by at least two nails., The door should be covered on the
outer side with No. 16 gelvanized iron for greater protection from
shooting. The door should be lined with felt weatherstrin if it
is necessary to kzeen insects out of the structure. The door may
be locked by means of a safety hasp and padlock, dead lock with
cylinder taiing stendard key. A bar lock and padloc’: for the
house door as shown on tie plans for tihe well door may se vreferred.
Either D handles or refrigerator-dcor handles may be nsed on the
house and well doors. The later permit closing the doors tightly
against the frames.



A door in the side of thewell below the floor and as near the
grount as_vossible is a great convenience in cleaning out silt and
in raadin%; hecizing the inside gage. This door may be made of two-
2ly l-inch boards nailed together, well vaianted or coated with
otihrer preservative, anc¢ covered with No., 26 gege galvanized iron.
The seams should be tightly soldercd. Tae door is locked by
means of a steel bar, as shown on the plans., In soire districts
a var for a vadlock is fastened directly to the door instead of as

novn on tre plans, Tie bar lock has been found necessary to
nrevent excessive surge dvuring high water fro:m burstin~ the door
oven and to ieen tihe well door pus-ed so tightly shut against its
stop as to prevent silt from vassing around the door into the
well, A substantial stop should be placed entirely around the
well-door frame, including the bottow, in order to prevent entrance
of silt. Rubber or felt stripoing of soume kind may also be placed
on the face of the stoo to reafer the door more water-bight. If
the well door is made with enough clecrance so thet it will not
swell tight against the door frame, and if it is eguivped with

a strong handle fastened to the door by bolts iastead of screws,
there shonld seldéom be difficulty in opening it, even though some
ice and snow may Le frozen along the botton of the door.

In meking the door fra.ues ample allowance stould be made for
swelling., In heavily silt-laden streams great difficulty is
experienced in keeping the gage well clear of silt, and For such
streans it 1a2s been found advisable to install & series of doors,
one above anotier, so that silt cam ve 'readily removed at any level,
In cold climutes it may e necessary to maize a close-fitting door
and weathersirip it to lzeep out tie cold air. At sone stations
a door in tlie well may not te necessary or desirable.

Steel door framss and doors for house and well and steel
window frames heve been mamifactured by commercial firms for
recording~gage installoations. Triey add greatly to the apoearance of
the structure and are recoumienied as more durable and economical
in the lonz run. Plaas for the several tyoes of steel doors and
windows have not been included in this publication. The Columbus
office will refer anyone d esiring information regarding them to
the mamfacturers and to the district engineers who have their own
designs.

Window.--One window usnally gives sufficient lisht. For oleasing
anpnearance its height should be greater than its width., The pnlaas
show a two-ligit sasi sliding with smtter. A stock 10-inch 00k
and eve may be used v0 hold the smtter onen when insnecting the
recorder. An optional and more economical design is to omit the
shutter and use instead a protecting screen of woven wire cloth

of No, @ wire 3 by 3 nesh (to the inch). In this design a sliding



sash is unnecessary. OClnss reinforced with wire mesh may be used.

Window and door frames should have no casing, as it is
desirable to male the window and doors inconspicuous. The appearance
of the structure will be improved thereby.

The window is usually placed on the same side as the recorder
shelf. In placing the window it is advisable to consider the
possibility of damage to the recorder by rifle shooting, especially
1f there is a bridge or high bank on which the marksman can stand.
If necessary the shelf may be placed lower than shown on the plans,
To keep the recorder out of danger. The 3 by 3 No. 9 screen will
stop small rifle bullets, .

Subfloor.--In cold climates a subfloor or frost barrier should
be installed to prevent the formation of ice in the well, if the
well 1s not so exposed that there is little range in stage below
the frost line of the surrounding ground. A subfloor also prevents
vapor rising from the water surface into the house and forming
frost on the recorder. The position of the subfloor, to be
most effective, depends on three factors: (1) It must be bel ow
frost line, (2) it must be high enough to allow for normal winter
fluctvations if possible, and (3) it must be below avxiliary intake
pipes unless the ends of the pipes are under water, are comnected
to riser pipes, or are capped during the winter to exclude cold
air,.

The plans show a subfloor of tongue and groove flooring.
Celotex and tempered Presdwood have also been used with success
and may be obtained at lumber yards. If boards are used, some are
left loose so that they will rise with the water. If Celotex or
Presdwood is used, a round hole may be cut for the float and a
"11d" of the same light-weight material or of light galvanized
iron placed over the float to rise with the float above the stage
of the subfloor. The float cable may be threaded through a small
hole in the 1id. The four sills and the cross piece should be
installed substantially so that they will safely bear a man's
weight. At the end of the winter season the subfloor may be
removed and stored in the gage house if desired. The sills, of
course, are not removed, That part of the subfloor which is away
from the ladder may be permeanently placed in the well with the
proper holes through it for the recorder float and weights to
operate. Usually it will not be necessary to provide a place for
the clock weight to go through, A small hole should be left for
the float counter weight; it can be felted in such a way as to
exclude considerable moisture and yet permit the passage of the
weight. It may be desirable to fasten the end of the float cable
to the under side of the shelf and suspend a grooved sheave and double
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counterweight unit on the float cable, to reduce the fall of the
counterweight in order that it can not reach the subfloor. On
the side of the well that is next to the ladder loose boards

(not necessarily tongue and groove boards) may be laid, each with
a handle of some sort on top that will permit its easy removal
each time a man goes below the subfloor to read the inside gage.,
This plan has prove’ to be definitely satisfactory and does not
exclude the use of the lower part of the well when a subfloor

is in place,

Where subfloors are installed it is advisable to use an
electricetape gage or a float gage in the well instead of a
staff or hook gage, as it is desirable not to disturb the subfloor
during the winter,

To further diminish the effect of frost, if necessary, a
barrier may be placed anywhere under the table, the most convenient
place being in the cupboard at the floor level, A strip of heavy
tar paper can be used for this. Small holes are cut in the paper
Just large enough to allow easy passage of the instrument cables
and tapes., A small amount of vapor will pass through these holes
but not enough to affect the recorder.

oat i «~=If & subfloor does not prevent the formation
of all ice in the well and if electric current is not available
to warm the ai# in the well, it may be necessary to install a
float cylinder. In deep wells where the clock weight may not
be stopped by ice, a cylinder 14 inches in diameter may be used.
Otherwise the diameter should be 20 inches. A covering of oil
at least 3 inches more than the probable thickness of the ice
around the cylinder is necessary. Five gallons of oil will make
a covering of about 7-1/2 inches in a l4-inch cylinder. The
height of the cylinder depends upon the range in stage during the
winter and upon the height of the well door. It is desirable
to have the top of the cylinder higher than the sill of the well
door, so that when a rising stage allows the 0il to escape from
the cylinder it may also escape over the sill of the well door,
and not coat the ladder and lower well walls. On account of some
danger of fire if oil in the well should be lighted by a match
and also to prevent loss of oil by overflow, it may be preferred
to erect the float cylinder to a height within a few feet of the
house floor,

The cylinders should be made of No. 22 galvanized ingot ironm,
crimped with a tight seam and soldered., Both ends, of course,
are open. Three. sharpened pieces of 1/4 by 1-inch steel should be
bolted or riveted to the bottom of the cylinder to hold it at the
desired height above the footing--probably a few inches below the
flow line of the inteke, This support permits the easy removal
of silt from under the cylinder. The float cylinder may be built
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up in the well in 10-foot lengths and soldered in place. All the
lengths should be made with exactly the same diameter, The bottom of
the intermediate and top sections should be crimped but not swedged.
A blow torch, strdng solder, and noncorrosive soldering paste should
be used to seal the joints after erecting the cylinder in the well,
It is usually more practicable in soldering the joints to go :
around the cylinder twice, as it is difficult to solder all

crevices completely the first time around. A l4-inch cylinder will
require about 10 feet of string solder and a 2-ounce can of paste

for each joint,

Inside gage.--The gage inside the well is the gage that is
rated. It may be a staff, float, electric-tape, or hook gage. The
outside staff gage is used mainly as a check on the inside gage
and to determine whether or not the intake is functioning properly.

For an inside staff gage the plank should be of cypress or other
durable wood, well painted or treated with other wood preservative..
It may Ve set inside the forms during construction, in order that
the gage scale may be flush with the concrete, or it may be bolted to
the wall after the forms are removed., If the latter method is pre-
ferred,holes may be drilled in the concrete immediately after the
forms are removed for 1/2~inch bolts with two—unit malleable lead
anchors, or bolts may be placed through the forms before the
concrete is poured. Enameled gage scales should be used.

They may be cut to any desired length by means of a hacksaw. As
slight errors may be found in the graduation of the enameled scales,
1t is necessary in installing them to use a steel tape stretched
the full length of the gage, make a pencil mark clear across the
gage plank at every foot of gage height, using a square, and then
adjust each scale so that its foot marks fall as nearly as
possible at the horizontal pencil marks., Measurements should be
made to the center and not the top of the graduations on the
enameled scale. Round-head brass screws, 3/4-inch, No. 8 are used
to attach the scale to the plank. The screws should not be too
tight or the enamel will chip off, If a staff gage is installed,
it should be set on the side of the well on which it can be

most conveniently read and checked with a level from the outside.
The possible installation of a float cylinder should be considered
in placing the gage.

The float gage is a comvenient form of inside gage. It can be
read instantly by reading the position of the pointer against a
stainless~steel tape passing over a pulley on the instrument shelf
or on a bracket securely fastened to the wall of the house. It
can be used under all conditions where sufficient space is
available for the pulley and for the float directly beneath the
pulley on the water surface, and where temperatures do not go
sufficiently low to form ice on the water surface or where ice
is prevented by use of a subfloor. The gage is ehocked for datum



—21~

by measuring to the water surface from a permanent reference point
located in the frame of the trap door in the house, using a steel
tape, either hooked over the reference point and read at the
water surface or weighted with a chain-gage weight and read at
the reference point. The height of the reference point minus
this measured distance to the water surface must equal the

height of the water surface and also the tape-gage reading. Tae
reference point should be so located that it can be conveniently
checked by levels from the outside,

The standard U. S. G. S. float gage (obtainable throuch the
Boston office) consists of a 10-inch float similar to a standard
water-stage recorder float, a stainless-steel tape graduated to
hundredths of a foot, a counterweight, and a 6-inch flenged cast-
aluminum bronze-bushed pulley mounted on a standard that may be
rigidly fastened to the instrument shelf or a bracket. A lmife-
&dge pointer in front of the tape enables the observer to read
the tape directly. The pointer is ad justable to facilitate the
original setting of the gage and the making of any small corrections
that may be occasionally necessary, The tape may be adjusted at
the clamp that fastens it to the float., The use of one float
for both the recorder and the float gage is not recommended. For
the maximum degree of accuracy or for an installation in an
extremely high well requiring a long tape, a float with a
diameter of 15 or 20 inches is recommended.

The U. S. Geological Survey electric~tape gage contains a
stainless-steel tape graduated to hundredths of a foot with a
cylindrical brass weight fastened to the lower end., Adjustment is
provided where the tape enters the weight. The tape is fastened to
a sheave fitted with a crank. A pocket compass is mounted inside
of a galvanometer coil, which is adjusted to a north and south
position on the gage bracket., A small dry cell is used, or the
engineerts current-meter headset may be plugeged in to the gage to
furnish the electric current. Waen the weight touches the water
the circuit is closed and the compass needle is deflected from the
north and south position. The tape is wound up when the gage is
not being used. An insulated bracket is provided so that the
gage may be rigidly and permenently fastened to the side wall of
the house at any convenient location and absolutely independent
of any wooden gage shelf., The permanent installation of the bracket
on the wall of the house is strongly recommended., A l~inch hole
through the shelf, floor, and subfleor is necessary. The gage is
easily checked for datum by sighting into the gage house with a
level, lowering the weight to the height of the instrument, and
reading the tape at the index line,

A hook gage may be preferred if the well is not deep and if
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unusual accuracy is required, Although this type is not considered
a standard gage in many districts, it seems desirable to include

a detailed description in this publication for use when needed.

A hook gage is not recommended for deep wells where the rod would
need to be spliced or for wells where a scalc apbove the floor would
not be practicable, A simple form of hook gage consists of

a movable rod graduated in feet from O dowmward, with a hook

at the bottom, the rod being arranged to slidc against a 1-foot

New York level-rod scale, which is scrowed to a back piece and

is graduated to hundredths of a foot from O upward. The stage is
determined by raising the rod until the point of the hook just pricks
the water surface, reading on the rod the foot mark that is
opposite the fixed scale, and reading the tenths and hundredths

on the scale. The location of the hook gage in the well depends
upon the amount of light and visibility at thc water surfacc,

It should be placed where it can be read by one standing on the
floor of the house or on the ladder. The material required
includes one 3/4 by 3-inch rod of white pine tapercd at the bottom,
its length equal to the distance from the bottom of the well to
zero on the scale, six or more Z-lugs, 1—1/4—inch No, 2 brass
screws, onc small wooden wedge, onc hook with brass screws, one
scale with screws and washors, one 2 by 6-inch bedpicce of

durable wood 18 inches longer than the rod, and 1/2 by 6-inch
machine bolts,

In concrete gage wells the anchor bolts for the hook-gage
bedpiece should be sot in pairs 4—1/2 inches on centers horigzontally
and about 4 feet apart vertically, In wells whore the vedpicce
mst be spliced additional bolts arc rcquired at the joint. The
threaded cnds of the bolts should project 3 inches from the
concrete. In wooden gage wells the bedpicce may be attached to the
side of the well or to horizontal crosspieccs about 4 feet apart,
with 1/2-inch bolts or lag screws. The bedpicce should be well
painted or treated with wood preservative before installing.

Care should be taken to scc that it is sot plumb, Three pairs of
Z~lvgs will usually be sufficient for holding the rod in place
against the bedpiece. Onc lug should be sct opposite the level-rod
scale. The Z~lugs should be sufficient in number to secure the rod
properly down to a level Hear the bottom of the well., A wedge

is used in a comcnient place between a Z-lug and the rod below the
floor, so that the hook ean be sct and the rod clamped from below the
floor and the roading taken on the scale. The scale can be
fastened at a convenient height above the floor, with its right-
hand edge 1-1/2 inches to the left of the center linc of the
bedpiece. It is a convanience to have the zero of the scale setb

by levels at some even foot above the gage datum, thereby fixing
the point of the hook exactly 1 foot from the necarcest graduation

on the rod. The hook should be set in the middle of the face

of the rod, with the bottom of the hook 2t lcast 1 inch up from

the end of the rod for protection. In graduating the rod, square
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off from the point of the hook to the face of the rod and from this
point on the rod measure with the steel tape to set the zero gradua~
tion on the rod a distance equal to the height of the zero of the
scale above the gage datum, If the bottom of the well is above the
gage datum 1t is unnecessary to have the top of the rod extended

to the zero graduation., The foot points on the rod should be
narrowly saw~cut or scratched deesp with an awl, and the proper
figures inscribed., Provision should be made for obtaining readings
at any stage of the water, If not desirable to have a hole in the
roof with a self-closing trap through which the ond of rod may be
projected, auxiliary hooks may bec placed on thc rod at 5-foot
intervals for use in making high-water rcadings.

Painting.--Door and window framecs and gage planks and posts
should be given thrce well-brushed coats of paint and allowed to
dry before thoy arc placed in the forms. The third coat for the
cxposcd surfaces, however, may be applicd after forms arc romoved.
The doors and other woodwork should be given three well-~brushed
coats, If possible the tongue and groove planks for the floor
and cupboards should be painted before assembling, as decay starts
where the surfaces are in contact.

A pure lead and oil outside house paint should be used. The
color should match that of the concrete closely, in order to make
the doors, etc., less conspicuous.

The paint for the first or priming coat only should be mixed
in the proportions of 1 quort ready-mixed outside house paint,
1 pint raw linseed oil, and one fourth piant of turpentinec,
Turpentine should not be used for any but the priming coat, as it
tends to remove the gloss,

INTAKE

An adequate comnection by an intake pipe mst be made betwem
the gage well and the stream or other body of water for which the
fluctuations are to be recorded, to insure maintaining the water
within the well at the same lovel as that on the outside. Although
the sizo of the intake pipe needed will vary somewhat with local
conditions, the governing factor in its selection and installation
is to insure that it has adequatc carrying capacity to admit
water into and out of the well at a sufficient rate to maintain
this relation without apprcciable lag. Some lag is allowable
during rapidly rising stages, becausc cquilibrium will be reached
as the flow rcaches a peak and the rate of risc decrcases.

At stations where high velocities may occur there may be a
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Pitot tubc cffect. Frequently differcnces of as much as 0.2 foot
betwoen the outside and inside gages are found, which can be
accounted for by thc high velocity of the water passing the outor
cnd of the intake pipec.

The following tables will assist in sclecting the size of
pipc to be used under various conditions. The following tables
gshow the computod or theorctical loss of head, or lag, duc to
entrance and friction losses in intake pipes of various sizes and
lengths for difforcont water-surface arcas of wells. The arca of
the well shown on the standard plans is 13.7 squarc feet.

A.--Lag in foot duc to loss of head in intake pipes of various sizes
for well having 9 sguare fecot of water surface.

For Z2-inch pipc.,

Rate of T :
risoc (ft.:L = O

per hour):

oo
e
.o

L =10: 1 = 20:L =230 :L =40 : L = 60:L = 80 :L = 100

.

.
.o
ve

0.003 : 0,004 : 0,006

ee oo oo j0e ea o

1 t 0,000 : 0.001 : 0,001 : 0,002 : 0,002 :
2 ¢ L0009 .003 : ,005 : ,0O7 : ,009 : 0.014 : .08 : ,023
5 ¢ L0083 ¢ 017 : JO3L: .0O46 : .060 : .089 : .118 : .146
10 010+ LO67 i L1265 : 183 : .240 : .355 : .470-: ,585
For 24~inch pipe.
13 : .000 ¢+ LO0O0 : LOOO : ,LOO1 : 0.0OL : .OOL : ,OO1L : ,002
2 ¢ 000+ ,001: ,001L: ,002: ,O03 : ,004 : .0OO6 : .0O7
5 : .00l : 005 : ,010 : ,015 : 019 : .028 : ,037 : .046
10 004 : .022 : .040 : .058 : .O76 : .111 : 147 : .183
For 3-inch pipe.,

1 ¢ .000 ¢ L,0CO : .000 : .OOO : .0OOO : .OOO : LOOO : .OOL
2 : L000 : .000 : .00l : ,OOL ; .0O01 : .0O2 : .OO2 : .003
5 ¢ .0Q01 : ,002 : ,004 : .0OO0B : ,008 : ,011 : .014 : .Cl8

10 i L0002 ¢ L0092 : L0163 .022 : 029 : .043 : L0656 : .00

For 4-ixrch pipe
1 : 000 : .000 : ,000 : .O0O : .OOO : .0OO : .OOO : .0O0O
2 ¢+ .,000 : ,000 : .OOC : LOOO : LOOO : ,OOO : ,OOO : .OOl1
5 : .000 : .001: ,O01 : LOO1 : .0O2 : .002 : .003 : ,004
10 001 : 002 : .004 : .005 : LO06 : .010 : .013 : .O16

L = Longth of pipe in fect
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B,-~Lag in fecet duc to loss of hecad in intake pipes of various
sizcs for well having 13,7 square feet of water surfacc.

For 2-inch pipe

: o
.—g-%—.- :
L

Ratec of : : H : : : :
risc (fto:L =0 ¢ L =10: L =20t L =230:tL=40:1=600Lx=280:TL =
per hour): : : ; : : t : 100
1 : 0,000 : 0,001 : 0.002 : 0,004 ; 0.005 : 0,007 : 0.009. 3 0,012
2 ¢ .001 : .006 : ,012.: L,O17 : .022 : .033 : ,044 : .0B64
5 ¢ 006 : .038 : ,070 : ,102 : .135 : .199 : .264 : ,B288
10 i 024 ¢ ,130 : L2336 : .342 : L4490 i L.661 3 .872 : 1.08
For 2i-inch pipe
1 : 000 : 001 : LOOL : .OO1l : .0OZ2 : .003: .004 :l.004
2 : 000 : 002 ¢ ,004 : ,006 : LOO7 : .011: .014 : .018 .
5 ¢ 002 ¢+ 013 : 023 ¢ 034 : 044 : .065: ,086 : .10?
For 3-inch pipe
1 & .000 : .000 : .000 : .OOL : .OOL : .0OL: .002 : .008
2 ¢ L,000 : .00l ¢ LO02 : LOU2 : ,LOO03 : .004: .006 : 007
5 : 001 : ,005: ,010 : .Ol4 : .018 : .026: .035 : ,043
10 005 :  .021 : .037 : .053 : .069 : «101:  L,134 }xﬁﬁ»
For 4-inch pipe
1 ¢ L0000 : ,000 : LOOO : LOOO : .00O : .000: .000 : OO0
2 ¢ 000 : 000 : .,0OOO : ,OOO : .OOO : ,OOl: .OO1l : ,OOL
5 ¢ J000 ¢ 001 ¢ LOO2 : 003 : .004 : L006:  ,008 ¢ 010
10 ¢ .002: .005 : ,009 : .012 : .O16 : .023: .O30 : .038
L = Length of pipe in feet. &
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Co—-Lag in fect due to loss of head in intake pipes of various sizes
for well having 20 squarc feet of water surface.

For 2-inch pipe

Rate of ': : : : : : s
rise (fte! L = 0 :L = 10 :L = 20 :L = 30 :L = 40 :L = 60 L = 80 :L = 100
per hour): ot : : : : : L
. . . . « ’ .f
1 : 0,001 : 0,004: 0,007 : 0,010 : 0.012 : 0,018 : 0.024 ¢ 0,030
2 t L0002 013: 025 ¢+ ,03%6 : ,047 ¢+ ,070 : ,092 ¢ 115
5 ¢ J013: ,08l: .148 : .216 : .284 : ,420 : 556 : .692
10 !t .050 +316:  .,582 0848 : 1o.12 : 1,65 : 2,18 :i: 2.71
For 2-1/2-inch pipe
1t .000 : L00i: .002 : .08 r .004 : 006 : 4007 : .008
2 : LW001 .004: .,008 : ,011 : .015 : ,022 : .0O30 ¢ ,O37
5 : L0055 ¢ .026: 047 : .068 : ,089 : 131 : ,L,173 : ,215
- lo : 0{)2] : 0103: 0185 : 026’? : 0349 : 0514 : '678 : 0842
For 3-inch pipe.
1 : 000 @ 000 001 : .00l : LO00L : .002 : L0003 : .004
2 ¢ 000 ¢ 002: 003 ¢ L,005 : .COB6 : LO09 : LO12 : .014
5 L0038 011: .020 : L,028 ¢ .C36 : .0B53 : .070 ¢ ,087
10 L010 ¢ 044 '077,‘ 110 3 G145 ¢ L212 @ 279 . .346
For 4-inch pipe
1 : L0000 : L,000: .0OO : .ODO : .000 : .OOL :  .OOl: .OO1
2 : 000 .00L: L001 ¢ ,001 : .0Q02 : LOCR : .003: 004
5 : L0001 ¢ L003: L,005 ¢« 007 ¢ L0008 3 .012 : ,016: 020
10 003 010:  ,018 ¢+ L,025 ¢+ L0333 ¢ ,048 : .063: L,078
L = Length of pipe in feet,
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After choosing one of the above-listed sizes of pipe to fit
the conditions at a proposed gaging station, the arbitrary increasing
or decreasing of this theorctical size for actual use will depend
upon various other factors that affect the rate of passage of water
through an intake pipe, among which are (1) clogging of the intake
by silt, ice, or other material; (2) velocity of the water in the
stream; (3) need for dampening extreme surge and wave action in
the stream or other body of water.

For most installations, particularly those that are equipped
with flushing apparatus, either 2-1/2-inch or 3-inch intake pipes
are adequate. If larger intakes are used, there mey be danger of
wave action being tramsmitted to the well which may require reducing,
and if smaller intakes are used there is danger that water may
not be taken in and out of the well fast enough to eliminate lag or
that they may become clogged. At certain gaging stations 2-inch
pipesware not strong enough to prevent being bent downstream during
severe floods. Four~inch pipes can not always be flushed satis-
factorily. The following table may be used as a guide in determining
the size of pipe. ‘ =

Size of intake pipe for various local conditionse.

:Lower + Secondary
Local conditions ipipe : pipe
: (inches) +_ (inches)
A, Clear water, small surge or : :
wave action (rivers just :
below power plant or lake : :
outlets, or small lakes pro-: :
tected from wind). Flushing : . :
system not needed. : 3or 4 : None

Be Clear water, slow rises, but:
heavy wave action (lakes and:
large reservoirs). Flushing:
system not needed.

oo oo ve oo

2 or 2-1/2 : 2 or 2—1/2, if any

. .
.

Ce Clear water most of year with
silt for short periods, slow:
rises, not much surge,
average condition. Use

® oo oo e
ee o8 se oo

flushing system, 2-1/2 or 3 2-1/2 or 3
- De Silty water most of the tines e

Use flushing system or a : :

silt trap. : 2-1/2 0or 3 2-1/2 or 3




The intalke should be perpendicular to the current at high water
and should bs low enough to be well covered in the lowest stage of
water. The bottom of the well should be far enough below the intake
to provide for the collection of silt and to enable the intake to
be readily accessible from the inside of the well, In-cold climates
the intalze should be below the frost line,

It is often desirable to provide one or more secondary intakes
at different levels, especially on streams having a wide variation
of stage., These will insure agalnst loss of records on silt-laden
streams if the lower intake clogs. In cold climates the lower
intalte may become clogged with ice, and the secondary intake will
come into action and eliminate loss of record during freshets. The
secondary intale also provides increased intake capacity, which will
tend to eliminate lag for rapidly rising streams, If the secondary
intalze is out of the water it may adrmit enough cold air to cause
freezing in the well, and in that event it will be necessary to
provide protection. . :

Extra openings through the well should be provided and plugged
so that additional intales may be placed if needed or the position
of the intake pipes may be changed. Where ice forms to a considerable
depth, it is difficult to ascertain the bést possible location of
intakes until some experience has been gained

The well end of the intale pipe shou,ld be threaded and protected
by a union to permit the connection of the valve, etc. Graphite
or other heavy grease should be used in attaching the union so that
it can be readily removed, and during construction, a metal plug
should be inserted in the union, It should be borne in mind that
the threads that have been cut on galvanized pipe are not galvanized
and are subject to rust if not protected., If the connections are
not to be installed in the rear future, the threaded ends may be
coated as described ahove and wrapped with burlap. If there is
a possibllity that the intake may need to be extended farther
outstream, the threads on the outer end may be similarly protected,
Pipe caps may be screwed on the ends to protect the threads for
future use.

A length of the intalte pipe may be set in the walls of the
well when they are built, or a piece of pipe 1 inch larger in
diameter than the intalke pipe may be set in the forms &asshown on
the plans, This prevent cuttlng holes in panel forms and permits easy
adjustrment of the intake pipe for vertical and horizontal directione.
It requires care, however, to malke a tight seal to prevent leakage
of water into or out of the well. When making the seal with
nortar, rags should be wrapped around the intake and plugged into
thecrevice either on the outside or inside of the well, to prevent
any current washing the cerent out of the mortar which is placed
fror the other side. After the mortar has sot the rags may be }
removed and mortar placed on that side. .If a tight seal cannot be
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rnade in this manner, two or three buczets of concrete may be placed
on the outside of the well waere the intake enters,

Another method is to place between the forms an assorbly
consisting of two couplings joinecd by a closc nipple and adjusted
to be as long as the exact thickmess of the wall, This should
be filled with sand and either cloth or paper tied over each end to
hold the sand, after the threads have been protected by greasc,
lead, or a paste made by mixing linseed oil and cenente.

If plan’z forms are uscd, a short scction of pipe of the sanmc
sizc as the intake pipe can be placed through the forms and set
in the walls of the well when they are built., The outside of the
pipe should be roughensed with a chisel in order to rake a strong
bond with the concreote and prevent the pipe from turning in the
walle Furthor bond can be obtained by screwing two 1/2-inch bolts
about 2 inches long into the pipc, with their cends flush with the
insidc walls of the pipc.

In the installation of intakes, ground-joint railroad unions
should be uscd. It is rmch easier to comnect the pipes in the
trench with unions than with couplings. The uynions permit correcction
of slight errors in direction and also pormit malking changes and
adjustnents with the ninirmm anount of trouble,

All pipe and pipe fittings should be galvanizgeds Although gal-
vanized wrought-iron pipe costs about twice as imch as galvanized
steel pipe it should be speocificd, as it has a rmch longer lifc.
Brass gatc valves arc recorriended up to the 2-1/2-inch size.

For larger sizes iron-body valves with brass fittings are satis-
factory and rmch more economicale In close gquartors wheore it is
nccessary to talke the valve apart to install it on the intale,

an iron-body brass-nounted clip or clamp-type gatc valve is rore
convenicnt, bocause of ease of dissertbling, than the all-brass gate
valve, vhich is not made in tho clip typc but which can be taken
apart by recmoving the bonnet.

If the well is in a dan, bridec pier, ctec., with a short intale,
the pipc should have a dowaward slant of about 30° from the veortical,
in order that silt will not be deposited in it,.

In wells receoiving considerable silt it may be nccessary to
install a 2-inch vertical pipc for thc float countcrweighte. This
pipe should be closcd at the lower ende

Occasionally it is nccessary to install the intalzc by Jjacking
the pipec either from the inside of the well out to the strean
or to an intakec trench, from an intalze tronch out to the strcan,
or from the strean to the excavation for the woll. This rnicthod
may be required whon a recording gage is to be installed on the
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bank of a canal or on a lovee, It can be used in clay or other
soils, gquicksand, and gravcle It can bc used in gravel inter-
mixed with boulders if the material has first been blasted to
shatter and looscn the boulders.

To Jjaclz the pipe from the well toward the strcam or intalke
trench it is necessary to have the pipe cut into about 28-inch
lengths, and both ends carefully threaded with two or throe more
threads than are usually cut. It has been found that 3-inch pipe
is the best for this purpose, as it possesses greater strength
and rigidity than the smaller sizes. Xxtra heavy recess or
casing couplings should be used for connecting the pipe sections.
The jack used should be of as corpact a design as can be pro-
cured, A hydraulic jack with a rated capacity of 25 tons is
about 9 inches in length and is operated by a hand lever 1 foot
long., Another type of jack, which may be operated more rapidly,
is the traclr jack with a cepacity of 20 tons. It has the disad-
vantage of being awkward to handle in crarped gquarters.

In jacking the pipe the outer end of the first section of
pipe rmust be closed, either with a cap or with a pointed hard-
wood pluge An eyebolt should be placed in the wooden plug for
convenience in rerioving it. It is essential that the first
section of pipe be started at the desired slope and direction. In
clay and sandy soils the outer end of the pipe will tend to drop
as it is jacked toward the stream. Through gravel it will tend
to move upward. This tendency should be considered vhen lining
up the first section of pipe.

If the pipe is not to be jacked from the inside of the well
but fron the excavation to the strean or vice versa, longer sections
nay be used, from 8 feet up to full lengths. Unions should be used
for any connections to be made after the pipe is in position, as
they are easier to install than couplings and they pernit sone
change in direction.

If the pipe is jaclred from the strean to the well, this rmst
be done before the well is constructed.

Flughine Baripnent.

The flushing equipment shown on the attached plans is recor-
nended as a standard for all stations where a moderate amount of
silt is encountered. The use of one of the silt traps shown on
the plans instead of a flushing system is optional where a
considerable amount of silt is encountered and where the strean is
flashy enough to permit the trap to be cleaned frequently. The
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characteristics of the stream rmst be taken into consideration
before deciding whether to use flushing equipnient or a silt trap.
. In the Southwest silt traps are in general use. In the Northwest,
where the glacial streams are high for ronths at a time, three or
nore intake pipes with risers to each one are necessary. Three
or riore are needed because of the building up and washing out of
bars over the lower pipese. For a flushing system where considerable
quantities of silt may cause valve trouble with a 1ift purp,
specially constructed buckets with valves in the bottom, as used
in the Tacora district, worl: very well. Details of this plan
can be obtained from the Tacorw office, Whichever plan is used,
it is irportant that the well door be made as watertight as
possible; otherwise great quantities of silt may enter the well
and hinder the cleaning of the intakes elther by the flushing
equiprent or by the silt trap.

The flushing equipment consists of a riser pipe connecting
the intake to a flushing tark, a 1lift purp to fill the tank,
and a gate valve, with key, to prevent the flushing water fron
discharging into the well. {More than one intake nayy Qsmenrenge,
be connected to the flushing tank by using separate risers, valves,
and connections to the tank. They should be flushed separately,
however, J Waen the flushing system is being installed it does
not double the cost to connect it to two intakes, as the same tank,
purp, and purp pipe are used for both. The work of keeping the
second intalte open is thereby made rmch easier. (Where silting
is likely to be serious the riser pipe and the comnection to the
flush tank should preferably be of the same diameter as the intake
pipe. Riser pipes and flush-tank plugs half an inch less in
dianeter than the intake but not less than 2 inches may otherwise
be used) kowewer, The plans show g lift purp with a 1-1/4-inch
pipe and a 3 by 10-inch brass-lined cylinder, which 1s the size
of pipe and cylinder usually carried in stock by dealers. A
purp fitted for 1-1/2-inch pipe and with a 3~1/2-inch brass-lined
cylinder is recormended if readily obtainable, except for very
deep wells, as the capacity is rmch greater. The purp-rod couplings
should not be placed so close to the pipe couplings that they
will catch on them, Pitcher spout purps are not recommended. The
weight of the purp should be supported by the purp base resting
on the floor of the house., The pwp pipe should be prevented
from swinging by means of a stock pipe hanger and an adjustable
rietal strap bolted to the side of the wells, The cylinder should
always be submerged if possible. A small drajn hole should be
» ' drilled in the pipe just above the cylinder. {At least one ground-
: Joint railrcad union is required for each riser pipe.i

T In a small well the placing of the gate valve behind the
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riser pipe and in line with the intake may interfere with the float
or with working in the well, In such a case a side-outlet elbow
r a four-way tee rimy be placed on the intake, If the side-
outlet elbow is used the side outlet should be used for the close
nipple and valve and one of the end openings turncd up for the
riser pipe. If the four-way tee is used one side outlet should be
vsed for the nipple and valve, the other side outlet turned up
for the riser, and the back end opening closed with a plug. The
clbow canses less disturbance in the water whon flushing. The
cross pernits cleamng the intal’e fror the inside with cable or
sewer rods.

Silt trep.

The following des criptlon of silt traps and the attached pla..ls
were arr:—mgea by Ce E. Ellsworth.

A silt trap nay be used to advantage at sone recording-gage
installations where an intalze pipe is necessary. Its primary
purpose is to catch silt that would otherwise be deposited in the
stilling well or intalze pipc; its secondary purposec is to furnish
an cfficicnt means for cleaning the intalze,

The accorpanying drawings show threc types of silt traps——
a circular concrete tra.p, a rectangular concrcte trap and a netal
trap of corrugated pipes The use of the circular coucrete trap
woald probab}é be restricted to districts having circular metal
forms and al'so probably to jobs where the forns were already on the
ground for the construction of a circular stilling well. The
rectangular concrete trap may be used at any location where
stability is a needed foaturc and where wator trouble is not too
- serious and cofferdan expense too great, and even then, of
course, if stability is necossary regardless of oxpense. The
retal trap is popular because of its econory and easg of mstallatlon
and is suitable to any location not subjected to excessive :
velocities, It can be installed at places vhere a concrete .
trap would not be feasible bocause of difficulty in providing a
suitable foundation,

The essential features of all types of traps are tho same.
The trap should be locatcd at or very ncar the cdge of °° low
water in order to be sure of free ¢atrance of water to the trap
at all times. A short intake, not more than 3 or 4 feet in longth
and not less than 3 inches in dianefer, may be used between the
trap and the stream if necessary, and there will be small
. probability of its cloggirg unless the e.ds bocome covered.

The required depth of trap below the intalte pipe Q._ep_énds. on
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the silt burden of the streanm, the durationr of flood perieds, and
the frequency with which the trap can be cleaned. A 2=foot

surp is sufficient undcr ordinary conditions. However, the

deeper the surp the groater the margin of safcty.

The top of the trap should be at a height somewhat above
ordinary stage, as the irap cannot be cleaned when the water
is above the covers On stroams subjoct to such long continuous
floods that the trap is likely to fill with silt above the intake
level before the flood recedes sufficiently to perrit cleaning,
it may be advisable to install an intalke slightly below the
top of the tfap and not connected with it. However, in that
event the trap would lose a large part of its effectivencss.

The nuricer of intale pipes used lilzowise depecnds on the
characteristics of the strecam. In some localities it will be
advisable to usc threc intakes--the upner one just bolow the top
of the trap, the intormediate one at ordinary low~stage level,
and the lowcst onc at the lowest stage that may be expecteds The
lowest intake may be kept closed excont when a stage below the
intermediate intake is expected. At many stations two intakes
will be desirable, and on soric small streans and on larger
ones with well-known habits one intake may be sufficient.

Scrow gate valves with stoms extended are used on Intakes
within the trap, in order that whencver the trap is accessible
the wator may be shut off and the trap cleaned. After cleaning
the trap the valves on the intakes to the well may be opened
and permit the water to flow fronm the well to the trap; the well
may then be clcancd if necessary; then the valves from the trap
to the well may be closed and the valves from the trap to the
river opcned, allowing the trap to fill with water; then the
valves from the trap to the well may be reopened, allowing water
to flow back into the well. This process may be repeated until
the intaktes are positively clean,

The baffle is advisable as an aid to the settlerent of silt.
It should extend from a level below the lowest intalke to one
above the highest intake,

Staff gages should be attached to both the inside and the
outside of the trap.

An iron ladder, a little shorter than the depth of trap, left
standing in the trap is convenient,

A silt trap will not ordinarily catch all of the silt, but
some will be deposited in the well and the intale. It is
therefore also necessary to provide a gencrous swip in the well.

;
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A silt trap is probably not adaptable to sorme streams of heavy
silt burden and subject to long-continued floods. '

The silt trap does away with the necessity of a low-water
gage plier, which is expensive and difficult to install with suffi-
cient security to prevent overturning during flood times, The
effective cost of the trap is therefore reduced by the amount that
it would cost to install a substantial pier.

Cutside Gage

There are several satisfactory types of outside or auxiliary
gages. If the well extends above the ground level, as mch of
the outside gage as possible should be placed on the well. «If
the well is situated on a steeply sloping bank, it is convenlent.
to place a short section of the outside gage on the center of .
the streamward side and the upper sections on either the upstreanm
or the downstrean side, the choice depending mainly on the location
of the well door. If the above-mentioned short section can be
read without too mmch difficulty it mey save constructing one
gage pier. The same method of setting the gage planiz in the forms
may be used as in setting a staff gage in the well, as shown on
the plans, or the plank may be bolted to the concrete after the
forms are removed, using malleable lead anchors. 4t some sites
the outside gage may be fastened to a suitable tree. If a silt
trap is installed the lowest section of the outside gage should -
~be placed on it. Gage sections should noi overlap in the range
covered,

A very satisfactory type of outside gage consists of a post
of oak or other durable wood set verticelly in a substantial
concrete pier, which is cast around three sides of the post
and flush with the side of the pust toward midstream. Lag bolts
should be placed in the post before the concrete is poured, to
fasten it securely to the concrete. The pier should be large
enough to prevent ice or debris kmocking it out of plumb and to
prevent the swelling of the post from cracking the concrete.

Its height will depend upon local conditions and the nudber of
piers to be installed. Theé post may extend above the top of the

pier. The gage scales on the side of the post toward midstream should

extend slightly above the level of the tor of the concrete. Above
that point they should be placed on the back of the post. The

top of the post should be beveled and capped with galvanized

iron. The post should be well painted or treated with preservative
to prevent rapid swelling before the concrete has set. In cold
climates the bottom of the gage picrs should be below the frost
line. Tho low-water pier may be set in the downstream side of the
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intake trench but should not be cast around the intake, as it may
be necessary to replace the intake at a later date. Waecre
floating drift, ice, or logs are apt to hit the gage pier, it
should be made shorter in height and larger in both horizontal
dimensions than is usually neccssary. Under such conditions the
forms should be sloped in such a way as to streamline the gage pier
effectively and permit ice or debris to be warded off from it
without damage, and the post should not extend above the concretc.
As a gencral rule, a 6 by 6 inch post should be used. The

pier should be at least 2 by 4 feet in plan at the base, with

the longer dimension parallel to the stream. It is better to

err in making a pier too large in plan than too smal 1.

In some districts it is preferred to anchor a piece of gal-
vanized-steel channel into the concretc pier instead of the
post. The channel is allowed to extend above the concrete. The
bedpiece is then fastcned by means of bolts to the cheanncl. This
provides a strongeor cantilever arm for the gage and eliminates
any possible cracking of the concrete pier due to swelling of the
wood.y

Another satisfactory type of vertical staff gage consists of
a section of 7-inch steel channel set in a concrete footing in
the intale trench. The channel is bolted just below the natural
ground level to an 8 by 8-inch reinforced-concrete beam, which
is made to span the intalke trench and is about 4 feet longer than
the width of the tronch. The channecl is placed with the legs
away from the stream, so that a 2 by 6-inch plank may be bolted
in the chonncl as a bedpiccc for the gage scalcs. If more than
one section is required, thoy may all be placed in the intale
trench or, if more practicable, the higher scctions may be set
in holes at lcast 5 feet deep. Each hole should be filled
with comcrete after the channel has been plumbed.

Inclined gages with a bedpiece of heavy timber or with an
inclined bedpiece of reinforced concrete have been used. The tim-
ber bedpiece may be mountod on substantial concrete plers or on
7-inch galvanized-steel channels driven into the ground, or, if
frost occurs, it may be sct in concrete below the frost line. The
reinforced-concrote bedpicce rmay be supported at the upper end
by a concrete pier bonded to tim well. At the center and at the
lower cnd it rmay be supported by piers. This type of gage is
rnorc expousive to install and probably more likcly to becene in-
accurate then the vertical staff set in substantial concrete plerse

Bench marks.

Too rmch care cannot be takcn to insure the pormanence of the

:
i
3
;
b
i
s



dB

rclation between the zero of the gage and the supporting bench
marks, as without this fixed relation it is difficult to use the
record of stage for determining discharge. The first essential
at a gaging station is that the bench marlt be more pernanent and
stable in position than the gage itself, The reverse of this
has too ofton been true. Iwo or thrce independent bench narlzs
at each station are desirable. TVherever possible one should be
so placed that the inside and outsidec gages may be choecked with a
lovel using equal and short sights. At least one should be

far enough back from the stream to be undisturbed for all timec.
Only one datum should be used at a gaging station--namely, the
datur of the gage--but the relation of this datun to mecan sea
level should be determined if practicable. Bench marks should not
be placed on new or unstable structures. At bridge stations

at lcast one bench mark should be apart from the bridge. Great
care should be used in determining the altitude of the bench
marks and in setting the gages. Levels should not be run to
bench mariks or gages set on new concrete piers before the
concrete has thoroughly set. The level rod should be read to
thousandths of a foot. A separate run or circuit of check
levels should be mads. '

The use of the standard gaging station reference-mark tablet
is recormended. It may be set on the abutment of a bridge, on
a rock ledge, or on a concrete pier made for this purpose. If
it is to he placed on a concrete pier a hole should be dug deep
enough to get well below the frost line, if in a cold climate,
and at least 4 feet decp. The deeper it is the better. The
bottom part of the hole should be at least 1 foot in diameter.
It should be filled for alout 1 foot with concrete. Four
vertical reinforcing bars hooked at the botton should be pushed
into the concrete in the bottors of the hole, and a piece of
6-inch stovepipe long enough to extend 6 inches above the ground
lowered into position over and arcund them and pushed about 2
inches into the concrete. The bars should recach within an inch
of the top of the pipe. The pipc should then be plumbed, held
in position by earth backfill, and filled with concrete. The
tablet should be sct in the top. Instead of using stovepipe
sorie engineers prefer to dig a larger hole, place concrete in
the botton of it, and then place on the wet concrete a pyranmidal
wooden form 2 feet square at the base and 6 inches square at the
tope Four reinforcing bars are used, one near each corner of
the form. The forms are reroved before backfilling.
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The field engineer should keep the time of the crew and turn it
in to the district office for the pay roll, using a method which
will minimize the possibility of duplication or other error. See
sariple form A. :

The following method of cost-keeping on recorder comstruction
work is recormended for the district offices of the Ue. S. Geological
Survey. The same general method may be used on other comstruction
worke ,

1, In the district office: List on cost sheets, form 9~216,
all pay rolls and vouchers that pay any items in connection with
recorder construction work. The charges should be segregated
under services, transportation, subsistence, materials, etc.
Separate forms are made for each recorder installation and for
"Moving plant" and "Top cost and depreciation" for the season.
This list should be brought up to date when pay roll and vouchers
are made out, At the end of the season the totals of "Moving
plant" and "Top cost and depreciation' should be divided between
and charged to the several installations, Equipment is usually
depreciated at 25 percent a year.

2, In the field: Keep daily record of time spent and materials
used in the following subdivisions of the work: :

1., Excavation for well, backfill, clean-up.
2. Well and house.

3., Intaks, excavation, and materials.

4, JMuxiliary gagss, bench mark-; etc.

5« Recorder, installed.

Ge MOViﬂg p’lant.

7. Top cost and depreciation.

The field engineer's entries under item 7 will be mainly for
tools purchased in the field and for lost time on account of bad
weather, etc. (if considerable). The field engineer should keep
a daily memorandur of the nuriber of hours spent by the crew and
hinself and the cost or estimated cost of the materials used in
all the subdivisions of the work except materials for item 2,
"Well and house," which need not be listed by the field engineer.
After entering the cost of materials charged‘to the lesser sub-
divisions, the balance of materials from the cost sheets in the
district office is charged to "Well and house," which is the large
~items See sample form E. : :

2. In the district office: At the end of the season compute and
list on charge sheets, form 9-272 (one for each recorder installation),

\
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the total costs for the seven subdivisions of the workz, The costs
for each -of these seven subdivisions need not be segregated under
services, transportation, etc., on the charge shecet. The pro-
rated costs of "Moving plant" and "Top cost and depreciation"

are shown in the totals colwm opposite items 6 and 7 on the charge
sheet for each installation. On egch charge sheet indicate the
over-all height, depth of excavation, length of intake, and time,
including Sundays and holidays, but excluding lost time (if

considerable) and moving plant. T lost time (if considerable)

should be charged to top cost for the season and prorated. See
sarple form Fe.

A surrary of costs for the season may tﬁen be shown on a
separate charge~sheet form, A sinilar surrary charge sheet for

‘a construction program covering several years may also be prepared.

Sarple form G shows the surmary of costs of 65 concrete installations
in the Ohio district in 1923-31. These swamary sheets show the

total and the mean costs as divided among the seven construction
items obtained from the individual charge sheets, and also the

total and mean costs as segregated arong the cost-keeping items of
services, transportation, subsistence, naterials, etc., obtained

from the cost sheets. The surmary charge sheets should also show

the five items over-all height, depth of excavation, length of

intalke, time, and cost of labor and should ind cate the total cost
per.foot of height, excluding price of recorder.
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Forn A. UNITED STATES GEOLOGICAL SURVEY
WATER RESOURCES BRANCH

Field engineer's weekly record of time for
payroll and report of progress.

Construction work on Cuyahoga River near Hiram, Ohio

Sunj” ] ;” Tue..WeE ..Frl..Sat.fﬂxal Tost CI

H : : : : ¢ time, -
Narie t Pay :8/7 : 8: 9 : 10 ::1; : 12 1 13 ! over—

: s (date): : : : : : : : tinme

: : Hrs, :Hrs,:Hrs,:Hrs.:Hrs.3Hrs,:Hrs.trs.: Hrs,

H : : E : : I A
J.H.Bass 1 day O : 8: 8: 9: 8: @: 4.1 46: {2
LeD.Curmings: " : O : 8: 8: 9: 9: 8:4 : 46: 42 -
ON.Essex H s O : 5 : 81 93 9: 8:4 : 43 ~1
M.CuGrogpan : " : 0 : 8: 6t 9 9 8:4 3 44: 0

: : : : : : : : : :

Report of .Pz;ogress:

(Signed) E. P. Coady

(Date)  Aug. 14, 1927
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O-s16~Decaouber, 1021 DEPARTMENT OF THE INTERIOR COST SHEET

Form "B" UNITED STATES GEOLOGICAL SURVEY
WATER RESOURCES BRANCH
EXPENSES ON ACCOUNT OF _______TOP COST AND DEPRECIATION ~ DURING THE FISCAL YEAR 19_27.
oS reoTmn s 68804 -
INVESTIGATIONS, SURVEYS, OPERATION, . NONEX-
vogEn| mas waue 1 T W | % | BE | ok
Bervices | TTCHEYT | Bubsistence| Matertals | Services | TTATSPO™ | gubsistence| Materials il
1 2 3 4 5 6 7 8 9 10 11 12 13 -14 15
494 |6/18 Panel farms ’ 162,51 ~ go. 51
498_|6/X| Pay Roll 28.50] 28,50
503_|6/30 Cornice forms : 22,00 . 22.00
512 840! New tools, ete. 14,82 14.82
42 BAS| Pump hose 18,00 18.00
—— 1. | Deprec.on truck 142.00 | 142.00
n " tools i : 17, 17.50
ete,
. lTotals |\ 4o 369,81 167,84 42.00| 699,65 _
e Per installatioh 64,97  lened 22.67| 116.61
e ngn DEPARTMENT OF THE INTERIOR cosT SHEET
Form "C UNITED STATES GEOLOGICAL SURVEY
N WATER RESOURCES BRANCH
EXPENSES ON ACCOUNT OF ______ MOVING PLANT ! DURING THE FISCAL YEAR 1227,
—Sormwme: puprrne o G—0304
INVESTIGATIONS, SURVEYS, OPERATION, CONSTRUCTION . NONEX-
Vovcaza| " AND MAINTENANCE 0LFICE ~OP. PEND- TOTAL
No| PATE A Bervices | TIOSDO™ | gubgistenco| Materials | Services | TIAISPO™ | gubsistence| Materials WORK cost ‘3‘};‘%‘,}‘ CHARGES
1 2 3 4 5 6 7 8 9 10 11 12 13 14 ! 15
6 /18 Pay Roll | i 20,10 _20.10
11 f7/15| L.L.expenses | . _ | I I - 110.501 13,50 b 24.00
15 [7/8L; Pay Roll | _{2a.10! . 20,10
.18 /2| Gasaline 124,50 : 1. 114,50
_2% B/18 Pay Roll | - ... |40.00. e .} 40,00
.| B/L 14004 I e z.42 . 2.42
. -—|.__|.B/L 14007 . 5.55 . o .}._5.55
.| B/L 14008 ) 1.94 R 4] _1.94
1. _ |l ete. + . e b
ool _lmotals - ' 157,37.39.81(38.87 11005 | | | ___|240.96_
. IR DR b
N mum.nmm# | | 26.04 6.55| 5.56| 1.82] ] 4006
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8-216—Docember, 1827 - -DEPARTMENT OF THE INTERIOR . COST SHEET

Form "D" UNITED STATES GEOLOGICAL SURVEY
WATER RESOURCES BRANCH
NSES ON ACCOUNT OF A RIVER NEAR HIRAM, OHIO DURING THE FISCAL YEAR 1927,
. ! INVESTIGATIONS, SURVEY! 3 |
Vo s o TIONG ATRRT, SFRATION consTRTOTION N N T B,
Toaoepar- T Tomor | oo | WK | woosr pBLE CHARGES
. ERTY
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
492 |6/60 Hardware ' 2 : 2.19
zj?._nom_&;_mms 19,97 ; 19,97
X _Enamel gages . : 5.0 5.04
1 /1] Ladder steps S i 4. 4,20
F_96-7/5| Padlock 2 2,20
11 p/5| L.L.expenses 1.18! 4.28 ' 5.42
.14 /5| Recorder v le07.50] 207.50
23 BAS5| Pay Roll 141 : 141.50
59 B/2l| E.P.C.expenses - | 4.15/15.08 8 27.71
“_70 BAQ| Sand & gravel 1 23.7 22,75
85 PA9| Lumber & cement: : §4.4 54,46
Ete .
| Totals : £14.50 27.10 23566 - |eo7. s0| 794.01
\ ‘ ’ i
Form "E"
) UNITED STATES GEOLOGICAL SURVEY and OHIO COOPERATIVE TOPOGRAPHIC SURVEY
Recorder installation on..CUYAHQGA. RLVER NEAR. HIRAM, OHIO .......cocovnevmnrrennssons
Field engineer's record of distribution of time and materials.
Subdivision of time of party .
. 1 2 3 - 1 5 6 1 Materials for
Date Excav. Well Aux. ga. Moving |Top cost items 1 and 3-7 only.
Backfill and int B.M.'s Recorder plant and Fote item number,
Clean uy | house ncl. Etc. lost time) ind of material,

and approx. cost.

exqav
Men |EHrs.| Men |Hrs.|Men |Hrs.|Men |Hrs.|Men | Bre.|Men | Hrs.jMen | Hrs.

1927,
Aung.10 2 8 2 a9 -

11 21 8 219 #1, Lumber for shoring, $10.

12 321 8 118 2 5

‘H 21 3 i

13 514

15 b 8

16 1 2 8 4 4

17 zlal2lz #3, 26' of 4" pipe $20,70.

2l 5 :

ete

Totalhrsg | 22 20 18 4| |48
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Form "FM UNITED
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DEPARTMENT OF THE INTERIOR.

STATES GEOLOGICAL SURVEY CHARGE SHEET
WATER RESOURCES BRANCH .
CUYAHOGA RIVER %o‘ﬂlm, OHIO Office at__Columbus, Ohio : 19.27.
Distribution of vouehor{ dated. » 19, in favor of. for $.
. ‘Washington No..
h ble to the for. This voucher is to be charged against the® for.
INVESTIGATIONS, SURVEYS, OPERATION CONSTRUOTION NONEX-
AND MATN IR AN R PEND-
ITEMS JOR WEIOH 008TS Trupets [, Mataclas | Goriow | TtBe | o N WoRE | oSk i‘:§§ oRSEGEs
4 5 -6 7 8 9 ~ 10 11 12 13 14 15
l. Excavation for well, backfil]l, clesn-up $¢ 80.00
2. Well and house : 433,21
av. n and materials 41.70
4. _Auxiliary g bench marksy ete. 28.00
. Au recorder, installed 211,00
Subtotal . 794,01
6, Moving plant i 40.16
7. Top cost and depreciation 118,61
Total i 950.78
Total timey 15 days.
Over+4all height,[19 fi, Notei- A cturg of this in
. stallatiagn is ghown {n
Depth of excavatjion, ft. "Pllans and Spe¢ifications
' 1937."

9973 Deosmber, 17 FOTm - "GN

SUMMARY OF COSTS OF 65
CONCRETE RECORDER INSTALLATIONS.

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
WATER RESOURCES BRANCH

Office at_Columbus, Ohlo ~~ ~  1923-1031  #3%

CHARGE SHEET

Distribution of voucher [ Field N°":] dated , 19___, in favor of. for §.
. Washington No.
h to the 1 : This voucher is to be charged against the al for.
INVESTIGATIONS, SURVEYS, OPERATION OONSTRUCTION . NONEX-
ITEMS ROR WHIGH 00STS — ‘:‘.;.:::’"::;:‘:: s | oo [ oo oo aﬁg‘i 3o8r %i:%g oRARAES
4 5 6 7 8 9 10 11 12 13 14 15
mefil »—clean-up ' i $ 153 $ 9065
2. ¥ell and house 640 41599
rials 75 4848
a arksq ete, 41 2649
5. Au recorder, installed ‘ 211 12720
' Subtotal . ~1120 72791
6. Moving plant » 3y 28 ‘ 2450
n ' | 1 6761
Total - 1262 82002
Segregation: Totals . - p35668 4258 | 2456 124899 14616 | 82002
Segregation: Mean 5 _67 38 383 225 _1262
H ft i Total [cast per fobt of (heigh
Depth of excavation 1 n n Q" : excluding pirice of recqrder, 128,
—Length of intake m _1ee1l " n n : verage cq:_r of lpbor, [$#4.50 |per day.
o Timesaaeeieiiiiinas 17'74:13 ;| on gy g ‘ '
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Bill of materials

Iumber,--
Pieces. Description.
As req. No. 2 yellow pine lunber and oak

As

As

As

As

As

[N

req.

rede

rege
rede
rege

rege

wedges for panel forms not itemnized,
as forms are usually made by planing

mill.o-.ucoanitolol‘lcl..u.uoc.'uononuuooo

Corner blocks for foof forms, as shown
On plans....'l.!.'.‘.l.'l....l..'0..!.001.

R X/L" x 14! or 186! Noe 2 Yo Peossescecns

1" x 12" x 16" Moo 2 Yo Peveoovraasecennna
(unless mixer is used)

2" x 4" x 14" or 167 Noe 2 Yo Pecoecesoons
2" x 6" x 14 or 16" Noe 2 Yo Povvecvasnns
2" x 10" x 10! or 14! NOe @2 Yo Povescssses
4" x 4" x 10" NOs 2 Yo Poceecsossoncncsnne

2" X 12" X 12' NO. 2 Yo P.noo-ocoo-noocon-o
2“ Xlz" Xl‘}' NO.ZY. P.O'Q..-..n'c"o'c

2" x 4" x 3'8-3/8" CYPIreSSecacerecscceconns
2" x 4" x Z111-5/8" CYpresS.iseessececcscee
21 x 4" X 31103 CYPrCSSesseseescsssecases
2" x 6" T, & G. x 3'11-1/8" cypresseeee...

2" x 6" T, & G. x 2'0" cypress (with
groove Only)..........‘.........l..'.‘

2" x 6" T, & G. x 210" cypress (1 with
groove planed OFf) eeeesesesesnnsansones

2" x 4" x 210" CYpPrOSSeesseesessesscecccne
2“ X4:" X1'10"5/8" CyprGSS.-...--...un.

2" X4" Xl’8~3/8" CypI‘GSS..-.-.....o...--

Forms.

Forms.
Miscellancous

Mixing platform.

Miscellaneous
Miscellaneous
Shoring.
Shoring.

Outside well
forms (first foot)

Inside well forms
(first foot)

Floor ring.
Floor ring.
Floor ring.

Floor,.

Floor

Trap door,.
Trap door.
Shelf supvorte.

Shelf support.
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rieces. Description.
5 2" x 8" T, & G. x 1'8-3/8" cypress (1 with

groove planed Off)eeeseeeercsecsaccnns
10 2" x 6" T, & G, x 2! cypress (2 with

gI‘OOVG planed- off)tonocoll-a-'.nooooot
4 2" x 4 x1'5" CYPIrCSSesscsessesssccvcssnnee

2 B x 4" x 21 CYDIrOSSesesesescssvsasseses

AS rer 2" XS" cypresstoiolﬂtotoulioo'Il.tn'.o-.o

As req. 6" X6“ Oak..l.'l.‘..ll.........'.C..l.!..

2 Door frames, as shown on plans,

2 Doors, as shown on plans,

1 Window frame, as shown on plans.

1 Window, as shown on plans,

1 Window shutter, as shown on plans.

Usec.

- Cupboard end.

Cuphoard front
and top. :

Instrunment
support.

Instrurent
support.

Gage planks,

Gage posts.

Notce—-In localities wherc cypress is not readily obtainable,

substitute the most durable wood availablc.
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Reinforcing stecl.-~Holf-inch round or squarc deformed bars
throughout, Specify internediatce grade, now billet stcel. Schedule
of stecl shown on plans.

Conercte naterislg,--Quantitics: Footing 1.0 cu. yd.; well,
0.4 cue ydo por foot in height; housc, 2.6 cu. ydse Quantities
for gage piwxrs, ctec., as rcouired. Order 6 sacks cement, 0.5 yd.
sand, and 0.9 yd. l-inch stonc or gravel per yard of 1:2:4 concrete,

Hardware and niscellaneouse—-

As rege 8d to 40 & cormon nails.

1 ' sct of steel roof forms.

As req. 0il for forms.

As rcq. Purc lead and oil paint; color to match concrete.

As reqe Galvanized pipe nipples, not nccessarily threaded (to

be placed in forms for intake).

6 Ventilators.
As req. Galvanized wrought-iron pipe for intake, riser, and
purp .

As roqg. Galvenized tces, nipples, unions, etc.

As req. Brass gate valves,

As req. Gatec valve kcys.
1 Roof bracket for rope block (optional).

As req. Brackets for riscr pinc and valve koy, two for each key.
1 Flushing tanl:.

1 Lift purp with brass-lined cylinder.

As recg. Galvanized-stcel ladder or manhole steps.

1 in z 5" z 5" x 2' stecl angle for footwalk support.

As regq. 2% bolts and malleable lead anchors for ladder, gage
planks, footwalk support, ctc.

1 Hand hold, to be placed above trap door.



As req.
3 pairs
1 pair
1 pair
1
1
2
2
1

. As req.
As reqe
As Teqe

-46- (71818)
Galvanizcd bar locks and bolts for doors as
shown on plans,

4" brass or sherardized butt hinges, pin not
ronovablac.

3-inch brass or sherardized butt hinges, pin not
renovable,

B~inch tec hinges, for trap door.
Flush trap door ring, with stove bolts.
6-inch galvanized safety hasp for housc door (optional).

Large D handles or refrigerator-door handles for house
and well doors, with stove bolts.

Hooks and eyes, for trap door and siuttoer.
10-inch hook and eye, to hold shutter opecn.
Bolts for footwalk.

Padlocks,

Galvanized-iron wire.
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