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FOREWORD 

By 

John C. Hoyt 

The systematic collection of continuous records of river discharge 
was first undertal::en by the United States Geological Survey in 1888. 
In 1895 definit e Federal authority wasgi ven 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 hydr&llics in its relation 
to the economic development of the water resoureGS of the nation. 

Wh.en the work was started,. the need for inforIIk'1t ion in regard to 
surface streams in connection with economic and soci.al development 
had not become dofinitely established; l'i1.Gthods, instrur.1ents. and 
equipment for conducting the work had not beon developed; little if 
any scientific information in regard to the problem was available, 
and in the earlier years the approach to it was empirical. With the 
growth of the country, the demand for water increa.sed, and with this 
increase came the demand for more ac~~ratc information in regard to 
available supplies. As a result, more refined methods, instruments, 
and equipmont became necessary t and tho scientific basis of approach 
superseded the empirical methods of earlior da¥s. 

Prior to 1910, few water-stage recorders had boen used in tho 
COllection of continuous records of flow of stroans. At that time 
it became app arc:1t that on accou.nt of diurnal fluctuations of stage, 
due to regulation of streans for power and other usos, staff-gage 
readings wore notadoquate for computing accurate records of flow. 
In tho s~ner of 1910 C. C. Covert, then district engineer of the 
Geological Survey for New York, oquipped the river-measuroment station 
on the Sacandaga River (a power-regulated. stream) at Hadley, Now York, 
with a water-stage recorder protected by a concrete house and well. 
In addition to the recorder, a cable and car were installed, and the 
channel of tho stream was ir.~rovod to create more satisfactory 
conditions for measuring discl1aXgO. 

After the improv(m10nt of tho Sacandaga station, there gradually 
arose from various parts of the country a general demand for 'bettor 
equipment and facilities at riv.er-measurement sta.tions, and as a 
rasul t of r.any requests standard plans and sp ccifications for the 
essential structures were prepared. The first set of standard plans 
was prepared by C. C. Covert, G .• J. Lyon, and C. H. Pierce, and was 
published in paophlet form in 1.913 under tho title, "Plans and 
specifications for C1Xrrent meter gaging stations." These were revised 
and e:xpanded by G. J. Lyon in 1915 and published under the title, 
"Equipment for Ctlrrent oeter gaging stations" as U. S .. Geological 
Survey Water-Supply Paper 371,. 

Since that date numerous pamphlets have been issued '[)y the Geological 
Survey, each descriptive of particular instruments, equipment, or methods 
used in measurements of river discharge or of tho interpretation of the 
records. The present pamphlet relating to concrete house and well for 
water-stage recorders is a rovision of an earlier panphlet prepared by 
Mr. Lee in 1927. 



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

In t roduCt i on 

Continuous and accurate records of the fluctuations of water 
surfaces are importa::lt in connection with practically all prob­
lems having to do with water. Experience has shown that water­
stage recorders 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 causod by lack of complete rl?cord 
of fluctuat ions which may be too great to be defined 
by two or three ~ag' readings a day. 

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

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

iVater-stage recorders have been used most extensively in 
connection ITith 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 ~eneral 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~ 
disc11arge method. The exact locat ion of the well and house and 
other structures is governed by three main considerations: 

1. Conditions 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 insta11aticms are 
designed and constructed to riB et local conditions mill, in a large 
measure, determine the successful operation of the recorder. 

1. A stilling well connected by an intake pipe or other 
openings 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 lIecordet. 

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 n:a.intaining the d.a.tu.rA 
of the gage. 

Unless the water flowing past the gage is clear and free 
from silt a.t all times,a. flushing device for cleaning intake 
pipes is also es.sential and for streams ·with an Unusually high 
silt content a silt trap may be desirable. 

Out 0 f about ;a,900 gaging stations now oporatedby the 
Water Resources Branch (')f .the U. S. Geological Survey, more than 
2,000 are equipped with water-stage recorders. Among the varimls 
types of houses-and walls that have been used toshel terthese 
recorders, the reinforced concrete installation described herein 
has been found to be especially satisfactory for general use. 
The plans for this structure represent the c~mposite experience 
of the en~ineers 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. sta."ldard, both 
in efficiency and in appearance. 

It is expected that modificati~ns in the details IDalf be 
necessary in certain .localities. Before making such changes, 
however, the (!)ngine er in charge should be sur e that the changes 
are nElcessary to meet the local conditions and are for that 
parti~lar l~cality an improvement over the standard plans. 

The plans herein presented have to do only with the structures 
themselves. If necessary, additional 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. Thes~shou.ld include 

1. A grOtmd plan of the site, covering the area around the 
structures, on which the location (>f the house and 
well, auxiliary gages, bench marks, and other station. 
equipment rrny be indicated. 

2. Elevations and vertical sections perpen4icular to . 
the river showing the location andheig'4t of house and 
well, intakes, auxiliary gages, cross seotion of stream 
(partial at least), elevation of well door, and fOClt­
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, rie'ar 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 s.tandard plans. 

The object of these plans is twofold--(l) to ~lide the engi­
neer in the construction of th€ installation; (2) to give a 
permanent record for use in connection "lith work that may be 
required in the maintenance or modification of the installation 

Special :plans prepa.red ~n 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 carryon the work of construc­
tion economically and efficiently. 

As water,...stage recorder installations are uS1lal1y in a con­
spicuous place, frequently near bridges or other structures, 
specia.l care should be taken to insure that they will compare 
favorably in appearance and design with tho b est 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 ~eological 
Survey co nstruction. The site should be cleared of refuse and 
made to conform to the general s11rroundings. 

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 infor~tion 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, e.nd other information pertaining 
to the operation and maintenance of the st~cture. 

Photographs tru~en before, during, and after construction 
are very desirable. 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 construction experienc6 among the many 
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districts and the Wasnington office. Several districts now follow 
this -procedure. 

Constrnction Equipment 

lTIlen several reinforced-concrete houses and wells for recorders 
are to be built, it is advisablo to purcl1ase or rent adequate 
construction oqD.ipmont, including truck, concrete mixer, pump, etc. 

A half-ton truck with canopy express top and side curtains 
is very satisfactory for recorder construction and is also 
adapted to miscellaneous work of construction and routine stream 
gaging. A l~-ton truck may be preferred, however, wherever 
adequate transportation facilities are not available. As a ~lle 
the capacity of the t~Lck for moving the construction outfit from 
one job to another or to and from the railroad is the main 
consideration, as the construction materials are usually delivered 
by the dealer. The concrete mixer, forms, ruld 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 intru{e. 

The following miscellaneous tools and equ.ipment are usually 
required: SurveJTor I s level and rod; pick:; mattock; long-handled 
round-pointed shoveis; short-hruldled square shovel; one or two 

. crowbars made of 7/8-inch 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-pou.nd drill hammer and rock 
drills; 12-pound sledge; heavy ~vooden maul for driving shoring; 
ax; extension lad.der; wading boots; hip boots; ).]"-inch rope and 
blocks; pipe Ylrenches; monkey wrench; pliors; gasoline can; 
carpenter tools; 50-foot steol tape; thermalware water jug; seven 
14-quart buckets for measuring concrete material (if mlxer 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 job. 

Excavation. 

The excavation 98Y be very expensive unless it is well planned 
and every measure taJ..:en to "expedite it. 

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

Special consideration should be given to the nature af the 
soil encountered; the depth of excavation, and the height of the 
river to determine whether or not tho sides of the excavation 
i1ill stand nithout shoring during construction. Substantial 
shoring is a small part of the installation cost. In addition to 
insuring against injuries and fatalities it pays for itself in 
preventing lost time a.nd. duplication of VlOrk due to cave-ins. 

The position of tho structure should be staked out carefully 
with offset batter boards from which strings can be stretched' 
to mark the neat lines of excavation and to suspend a plumb 
line to insure vertical sides. This TIill save time and trouble 
later; 

M1ere shoring is not used a hole 8 by 8 feet is usually 
ample as this alloi1S a 6-inch clea.rance 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 ovor the hole and hoist 
the material in a bucket or a r;heelbarroi1 in a sling. 

In deep excavations i1here shoring is used a platform may be 
rested on the rfu~gers and the dirt shoveled onto the platform 
and then shoveled out. 

Shoring or sheet piling is sometimes used as the outside 
form for the ITell for the first 8 or 10 feet above the footing. 
This is accomplished by allowing enough space between shoring and 
inside forms to make the walls about 1 foot thick. This 
thickness leaves about 8 inches of r;all i1here the shoring rangers 
protrude into the ITall. The resulting extra cost of concrete 
may be more than offset by the convenience and time saved in the 
elimination of regular outside forms for this portion of the 
well. The intake pipe may be plaaed in the same manner under 
these conditions as men ordinary outside forms are used. 

Experience has shoun that the shoring indicated in these 
plans will take care of practically all conditions. In certain 
places, ~oi1ever, it has not been TIholly adequate to hold back 
considerable depths of I:I\.ld or quicksand. Under such conditions 
special shoring rllUst be designed. or the caisson method of 
construction used. (See discussion of sheet piling under "Founda.-
tions," pages .) 

Excavation in i7ater is best handled by using a 2-inch self­
priming centrifu~al pu~.. A sump should be dug in one corner 
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of the excavation for the pump strainer. Ordinarily the pUL~ can 
remove the i7at er faster than it see1=S 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 i7ho have had experience in handling explosives should 
be enployed if possible. If the i70rk mst 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 i7a11 shoul.d be used 
as the outside farlu. In excavating by blasting it is adva.."1tage.ous 
to place the holes so that free vertical faces will be developed 
for the easy shattering of the rock by ~he explosive. 

Blasting by mea~s of electric detonators is the safest and 
most'8conomica1 method, as dangers and delays incident to misfires 
are avoided. It is not necessary to obtain a blasting machine, as 
an ordinary tlhot-shot tl 6-volt dry";cell battery does the \10rk •. Two 
strands of ordinary 'tell i1ire or rv.bber-covered wire may be used 
to ma2:e the electric circuit. Dynamite of 40 per cent strength 
is sufficient to shatter a1cost any rock. 

For drilling holes use a Ii-inch star drill or a single-
bit drill at least 24 inches long. T'ne dynamite must oe at 
least 18 inches do\-m, I'lr it cannot be taoped sufficiently. The 
holes may be cleaned iVitha stick or spoon or by pouring in iJater 
and pushing a sledge handle forcibly into them. This squirts the 
uater out and carries\1ith it r.1ost of the stone dust. 

Keep battery or blasting machine disconnected entirely and 
auay from i7ires except i7hen ready to shoot. The man i7ho tamps 
the hole and strings the Ylire should be the one to get the battery 
or blasting machine and co~u~ect it up. ~e charge is ignited by 
touching the ti70 wires simultane~usly 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. 
Try to get tb,e tamping out and fire a stick on top of the other. 
This generates 6nO\lgh heat and c oncustion to explode the 
misfire. 

Cauti on should be used. in handling dynamite, to prevent 
severe headaches or m(!)re serious nitroglycerine poisoning. Avoid 
handling the dynamite with bare hands if possible, and. do not 
touch the face \1ith hands or gloves after handling dynamite. 
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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 be observed in order to produce 
the most durable job. Too much emphasis cannot be placed on the 
importance of durability in concrete construction. T'.ne following 
specifications are based upon the recolnmendations of the Portland 
Cement Association: 

Cement.--The cement used should be portla.'1d cement and should 
conform to tho rOQuirements of the standard specifications of the 
American Society for Testing Materials. It should be stored in 
a dry building or under waterproof coverings to protect it from 
hardening due to dampness. 

Fine aggregate.--Sand should be clean and free from lumps 
or particlos of shalo, firo clay, or loailllf matter. It should 
not contain clay, silt, or dust amounting to more than 5 percent 
by volume. It should be well graded in size. Not more than 
4 percent should pass tho lOO-mesh sieve, and not more than , 
10 percent should be retained on a sieve of t-inch square opening. 
Organic matter, sugar, or tannic acid (which may occur, especially 
in sand doposi ts taken from the vicinity 0 f oak, hemlock, tamarack 
or larch trees) is very objectionable if present in material 
quantities. To detect the presence of those substances place 
6! ounces of sa..'1d in a 12-ou.Ilce flask, fill t.he 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 
tho end of that period is darker than a yellowish straw-color, the 
sand should be tested in a laboratory before it is permitted to 
go into concrete. 

Coarse aggregate.--For the coarse aggregate in concrete it 
is desirable to use only clean, tmlgh cr~shed natural stone or 
gravel, preferably material \1hich is all retained on a ~ inch 
screen and none on a l!-inch screen. Bank-run matorials should 
be separated on tho i-inch screen and reassembled at the time 
of mi xing. 

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 cement and sufficient 
sand and stone to produce a workable concrete under the specific 
c.onditions of placement. In using this mothod it is necessary to 
know the amount of water, if any, in the sand and gravel at tho 

. time of measuring for the mix. 

Under ordinary conditions met in the field ,in this work it 
may be preferable to uso a ·straight 1:2:4 or 1:2:5 mix. For 
concrete to be poured under water a richer mix~ ll:2:4, is 
desirable. .An easy and accuratQ method of measuring the :material 

f J 
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for a 1:2:4 mix, especiall~r if a mixer is used, is by nea."1S of 
seven 14;"quart budkets~ One is filled nith cenent, tuo '."lith 
sand, and four uith stone. ~lis is approxi~ntelya 11alf-sack 
batch. iVhile one batch is being nixed, the buc:'::ets can be 
filled for the neAt batch. 

Q;g,ali t;)r of vrater~--Water for L1ixing concrete should be 
reasonably clear and entirely free fro:-_l oil, acid, alkali, sugar, 
organic ,-.latter, or other deleterious substances. 

Mixing;~--Mech~.tcal r:lixing should be used whenever possible. 
For ordinary purpo ses one full Dinute of nixing mIl suffice, 
but for uor'-: that !:lUst be rlater ... tight, a Dinir,1I,l.."1 of 1~ L1inutes 
should be required. If hydrated lil~le is used the nixing time 
should be lO:1ger. Mixing time is figured froLl the mOrlent that 
all naterials are in the drun of the r.l:lXer until du..'I:lping 
starts. . 

In using a 1:2:4 r.1ix the sand required for the batch should 
be placed. in the drun first, then the stone, the ce'::lent, and 
the water, 

B&"1d nixing is often necessary, It should be done on a 
tight platforLl. The r.lO st uniforD niJdng will be obtained if 
the fine aggregate is first spread out on the platforr.l; 
followed by the cer.1ent &"1d coarse aggregate and the whole nass 
turned over three Or four tines before \Tater is added, a little 
at a tine, in a crater in the center of the r.1ix. Hand nixing 
should continue until the L1a.SS is of uniforn color throughout 
and all stones are ~7ell coated with rJ.ortar. 

Qqantity of water.--There is never any excuse for Drucing a 
sloppy concrete. Not only does too ouch water weaken the 
concrete and :-:la:.ce it porous and of low resistance to weathering, 
but it results in a nix that cannot be placed '.7itho1..1.t segregation. 
An essential requirenent of good concrete is that it be 
hOL1ogeneous and ~"1iforn in all sections. This will not be 
acconplished where the heavi er aggregate particles can settle 
to the bottOD of tb.e layor, The best general-purpose nix is 
one that is just wor~:able and that does not show standing 
water in tl'le forD. A r.1ix that !"!ill heap up on a shovel and 
still lool: plastic is about rig!.lt for nost purposes. 

Rer.1oval of lai tal1.ce.--iThen concrete is placed to any 
considerable depth, spading conbi::led v!i th e;z:cess afwater will 
usually cause fine naterials, cUrt, and seup 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 \7ill disintegrate and leave a wea'~ spat in the 
str'llcture, Water goes tbrough laitance planes readily! 



.A thick layer of laitance is evidence of gross exce.ss of 
water, and theaccur.ulation of water at the top results in a 
porous concrete in the portions .rust below the laitance. The 
practice that results in this condi~ion should be avoided. 

Du.ring.--Proper curing during the first seven to ten days 
is necessary to obtain good concrete. Care in this inportant 
detail will often dOllble the strength and wearing qual! ties 
of the finished product. In oids'\ll':lOer a hot sun and drying 
wind r.la;y" renove SOrle of theooisture necessary to proper 
hardening unless the concrete is sprirutled frequentl~. When 
possible the new concrete if exposed to an extreoely hot sun 
or drying wind should be wet fre~ently or covered with wet 
sacks. In cold weather it is necessary to protect new concrete 
froo frost. To provide this protection and also to hasten curing 
a small kerosene oil stove nBf be placed inside the structure 
and a heavy tarpaulin over the top and around the outside. 

Concrete Forr.1s. 

Wooden panel forDs for out side and inside of house and 
well, as shown on plans, save tiDe and Doney. Three sets or 
lifts are desirable. With ordinary care they .nIl last for 
several jobs. If 2-inch is preferred to I-inch luober for panel 
forI:ls the oiddle walers nay be ooitted. Construction engineers 
who have used both the inside panel forns and rigid inside . 
box forns built up as the job progresses prefer the inside panel 
forI:ls, on account of easy access to the botton of the well to 
rer~ve the lowest forms while the job is progressing. ease 
of renoval, saving in tir,le even inth an ine:z:perienced crew, and 
saving in cost of lur.1ber. 

If panel forDs are not used, the studding of the inside and 
outside forns Should be cross-tied every 2 or 3 feet with 
No. 12 annealed iron wire. The' inside for.D boards should be 
nailed lightly to the studding to facilitate their rel:.1.oval. 
It is seldom desirable to buildup the forms nore than 4 feet in 
advance of the last pouring. The foros should be oiled before 
using and cleaned i~:.1.ediately after using. 

The foros for the roof Should be nade of steel, as shown 
on the plans. The corner-block forns should be nade of wood. 

Construction of house and well. 

Concrete should be placed in the foms b~fore it has stiffened. 
If there' is considerable delay in placing the concrete, it should , 
be well stirred at 15-I:linute intervals. Under ordinary conditions 
this will be necessary ",i thin one hour after nixing. 
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In p1acbg concrete, the surface should bo kept as l10arly 
horizontal as ")ossio10, bocause if it is heapod up in ono place 
honeyconbing or sand stroaJ:::s arc likely to occur. It should 
be carefully spaded to inst'1.rc a cor.1plote fillil"ig of the forn and 
tho elinination of inpounded air and exceSs water. A good tool 
for this purpose is a sidewall:: ice scrapor. A hoe bent out 
straight with the handle r.1ay bo used, ?rovidocUt is filed off 
dull enougl:.. not to cut the forns easily. A piece of 1 by 2-inc11 
scantling is also fairly effective. Har.:xr.1oring on the fom 
studding at tho point of placer:lent helps to col"J.,act tho fresh 
concrete. A wooden hanr1er is to be preferred. 

Pouring the footing Ull<ler water is reconr.1ended whore a 
gravel fornation perf.lits r.me::. water to enter the excavation. 
Wator can be kept from the excavation by punping until the 
reinforcing steel is in position. ~10re should be as little 
agitation or current in the water as possible when the concrete 
is poured, in orcler to :prevent washing tho cenent frOl':l tho 
aggregate. Concrete should not be dropped unprotected through 
wator. The best method of placing concrete under water is 
with a trenie pipo, usually called a tretUe. imothor Dathod 
of placing concrete is to use buckets to take it froD the 
surface to its position v..nder v/ater. Sooe washing out of the 
cer.1el1t takes place as the concrete is dunped frorJ the bucket. 

Tho trenie TJay be froD 6 to 14 inches in diareuter at the 
botton and rJUst be long enough to reach from the water surface 
dOl'ffi to the concrete. A trcDie sui table for DO st jobs nay be 
Dade of No. 20 gage ga1variizec. iron about 3-1/2 feet in height, 
about 8 inches in diaoeter at the bottOD, and 18 inches in 
dianeter at tho top, with rolled edges at top and bottoo. Two 
horizontal handles nade of strap iron should be riveted at the 
top, the harJd1es extending 2 inches above the top edge. When 
a sheet iron trenie cannot be obtained a woodon one m~ be 
constructed from 1 by 8-inch 1unoer as follows: Four pieces 
3-1/2 feet long are nailed together to forr:! a hollow chute. A 
funnel piece wide enough to acco~~odate 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 c}.mte at their bottOD ends, and boxed 
by nailing cross pieces of l-inch lu.:-Jber to their edges. The 
cross pieces are sawed off flush with the outside edges of 
the slanting piaces. SrJall wooden nandle grips are placed at 
tho sides of t:1e funnel near its top and perr.li t easy handling 
of this by one r.UU1. The sheet-iron treDie is ouch 1i&~ter 
and easier to operate than tho wooden one. 

The tronie is first filled with cone rote and lowered 
into the water until it reaches the bottop~ ~len as nore concrete 
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is added at the top, S01:le is pGrT.11 tted to flow out at tho botton. 
Once the opGration is sta.rted the 1)OttO~_1 of tho pipe is leapt 
bd. ow tho surface of tho soft concrete. With this nethod thore is 
practica.lly no washing out o£' tho cenent. Tho pOi..'l.ring shou1(l bo 
continurn~s tL~til tho job is done or until t~e concrete is above 
tho snrface of the wator. Tho concrete my be leveled off by 
the foot of the i:1a.'1 handling tho trenio, but ho shou.ld do as 
little walking as possible. ~le tror.ue nay be gra.dually noved 
around to deposit an oven t:licl:ncss of concrete. At the end of 
oach batc}l concrete should be left in tho trenio above the 
water level and the tremie forced deeper into the soft concrete 
~lst poured. After renoving the trenie it is easy to lovel tho 
concrete if reasonable caro is used, wi thout d ostroying tho 
strength of the nixture. T.he floor nay be sloped toward the 
niddle with a snaIl shallow SUl:llJ ther!;), so that tho well nay be 
bailed practically dry. If a float cylinder is to be installed 
it nay be proforred to leave the floor as level as T'ossiblc. 

After pouring the footing and bofore placing forns fa?' .tho 
well, tho nunoer of lifts of outsi~e panel forns required to 
reach the roof line should be cor.1Juted. .l;;n.y fractional part of 
an outside left shwlcl be taJr.el1 care of at the start by rings 
of 2-inch plank: starting on the footing, so that the outside 
panel forns will stop at the roof line. ~le adjustnont of the inside 
panel forus to COI:le at the ri~ht height for tho roof is nade at 
the level of the house floor. The 2 by 4-1nch ring at the floor 
of the hoose is nailoc1 to tl:co inside pa..'1el forr.1s at the proper 
height, regardless of the height of that panel fom. After tho 
concrete has beon poured nearly to tho top of the 2 by 4-inch ring 
at tho floor level and aftor it has set, the inside forns are 
rer.101 ed and a lift for the house we.ll set upon the 2 by 4-inc11 ring. 

The out or forn planJ:s, if used, need not be ronoved except 
as required for tho inta1:e. In order to renove easily any 
pla.'1k.rings on the inside of the well it is desirable to saw 
each plank in two in the nidQlo and nail cloats behind the butt 
joint boforo setting then. OPl1osite planks should then bo 
braced with 2 by 4 1s. For convenience in construction the inside 
panel forr:1El should be started about 6 inchos lower than the 
outside pa.~el forns. 

The inside dinension s of the house are greater than the inside 
dinGnsions of the well. Tb.o sane inside panel forns and inside 
looso braces na;1 be Llsed in the house, however, by using wider 
corner boards on the panels &~d extra wedges or spacing blocks on 
the loose braces. 

The forns should be left in place two days if possible. The 
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outside forms, hO',:rever, may usually be safely removed aft:)r one 
day. 'llie insid.e forms should be removed as soon as it is safe to 
do so. .Any holes or bad s'Jots shOt'tld be smoothed up with mortar 
coIll90 sed of 1 pe.rt of cement and 1-1/2 1?arts of san(jt in order 
tlw.t it will set to the same color as tb.e 1:2:4 concrete. ]~he 
mortar for pa.tching should preferably ".;Ie retempered mortar 
abOlJJ; 1 hOt1r old that has been stirred at l5-minute intervals. 
St:.C~l mortar has ta~(en it s initial shrinl:a.ge and \".0. 11 adhere 
better. Tlle green COllcrete may be smoothed up by wetting it 
aml rubbing with a carborundu.m brick. This should be dane 
immediately after removing the forms. 

Special care raust be t&ren to prevent unevenness in the 
O't1tsio.e wall at the joints I.)etween successive lifts of 1?anel 
:forms, due either to 1)1.1lging or to pitting. Some of the uneven­
ness can be nrevented by the use of '9aperbetween the forns and 
the concrete; ~hc paper shcrtlld l)e well oiled. Uneven joints 
s11Ot'1.1o. be rubbed clown as soon as possible after t.i.le forms are 
removed. 

Reinforcing.--Half-incll round deformed bars are s-(Jecified 
for t:le reinforcing, exce:Jt for t:he roof, for wl:ich 3/8-inc11 bars 
axe recom;tlendecl. Squ.are bars may be used for t:le roof or i:::1 
place of the round. The 'bars sl'lo'JJ.d be cut to the right 
length at the place of 9urc;~lase. The bending of the bars shoul (1 
be done at the ~)lace of l)1lrchase, alt}wngh tl-:.e7:T can be bent in 
'~he field when necessary. :rhe steel should be l:e};lt free from 
loose scale. rust, or oil. 

·rhe reinforcing in the footing consists of a larer of bars 
2 inches frol;'1 the top a.Dd another la.yer 2 inches from the bottom. 
Each layer cansists of nine bars in each directio:l.':he bars are 
hooked 4 inches from each end in order to develo:p the full strength 
of the bar. T.:.'1.e 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 llorizontal. 
The vertical reinforcing consists of twe17e bars, spliced as 
required, from footing to roof, bent to pass d.oors and window. 
'r:.' ere are two sets of hori zO::ltal bars. l'he 'Jrinci-oal set consists 
of four hooked bars and fourL-shaneo bars every 1:'1/2 feet in 
height from footing to floor of hO,"16e (exce~t as oDitted for well 
door) ElJ."1.d straight horizontal bars every 1-1/2 feet in heiGht in 
th.e hOt'_se. Four of t:,e L-sh.v;oec. bars are also T)laced in the 
h01..lse walls just belo'1 t:le ro;f. 1'l1e second set consists of four 
straight bars placed 2 inc~1.es fro'J the inside face of the mlls every 
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1-1/2 feet in heig:ilt from the footing to the grolll1c1. level to give 
strength to' counteract the presSlJ.re of 1,7et eartJ.1. 1J!:18se la~rers 
of reI'S shau11 be extendec1, higher ti12,n t:'le ground level if tilere 
is danger of drift striking the strl.'ct1.1re. 

'E.1G reinforcine in the r 00£ c011si at s of twelve straig!:lt 
~)ars '91aced 2 inc:':es from the bottom of the roof. 

In genere.1 t:0.c c enters of the barS s:'1OL'tlo, be "11aced 2 
inclles from the fOrl".:ls. T:.~ey should -oe overla'J:?ed 1 foot for "oond. 
';Vh,en overlao?ed., t:le bars s)1.ould be parallel and at least 1-1/2 
inches apart. The horizontal be,rs are usually 181(1 on top of tl:>.e 
fresh concrete at the proper elevatio,~ instead. of wiring then to 
the vertical bars~ 

Foundations.--In ruo st localities the footing Sl'lOYffi on the 
Ptans formB a su.itable foundation for the structure. 'rho 
rnininm.:n t"lc}::ness of :ootinf, is 9 inches, exce'ot t:lat w~.1ere the 
foundation is 'bedrock the t:lickrs ss of walls shOUld be iXlCreased 
at the bottom in oreler to safog'nord against defects t~lat may be 
caused "vy difficulty in fitting forms to the bedrocl:. T.he bottom 
of t}le Vle11 shoT1.1cl then be leveled .. off with ;\lortar. Where 
excavation is eaSy 2 or 3 i:uc}les more may TIell be aO.ded to the 
tJl.ic~;:l1ess of footing shown in tl:.e plans. If the stI"J .. cture is 
~91aced w21ere th ere is da:r.lger t')lC.t th.e soil will not bear the 
load, or whex'e tremOrS from n,aaroy railroucl or highway 'bridges 
mi0ht tend to cause settlinf,;, \"!2:..ero t:19 str .... 'tcture na.y be battered 
'by waves or orift, or e.t t~le edge of~he water, it is necessary 
either to increase tl1.e wict}~ r.Ir;' t::)ickaess of footing or to set 
t~le well on piles, one under eacll corner of tJ1e well \'lalls. 
One or two adc.itional 'oiles s?,ouU.:e -olaced uncleI' t}le s'creruffi'lard 
side of tJle W €lUi f t:lerei s dai1.:fer of Undercutting by the current. 
If 'piles a.re used, the footing ns eo' not extend i,)eyon<'l t>, e well 
wall s. 

Strai§;ht-grained 6 by Sind:. -pieces ofc.'lrable wooel. free frm:l 
l:nots will answer for ?iles if only a lig:.l't; (Ir~viug rig is 
available. 'l"'he excavatio,l for tIle well should be carrietl do~'ll 
nearly to t~:.e water S'l'.rface. UtaI' tile :oiles are driven e,t t:le 
prO?8r location, tJ!.e sheeti:1g s::~C)111d -De driven, ::'Ja:":ing a 
rectangle a ferl inches larger then the outside dimensions of t:le 
well. T:le ,iles may '0e used for l1racinp; and holdinr.:; the 
QJ.ides vlhile driving the sheetin,s. The sheeting shoul0 be "ointed 
on one sicl e only at a"oout a 600 a.:ap;le with the vertical, so that 
when a piece is dri van wi til the long side adjaco11t to t>.e last 
-piece (riven, it "rill (I_rive snue;ly to the h1.st piece. The top . 
of t~1.e sheeting shoul d "0 e "ocveled to -ryrevent s-oli Hili&; or brco'·Jing. 
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A heavy wooden maul is 1?referred for driving. A piece of a f.,-reen 
log 6 or 8 inches in diruneter with a 2 by 4-inch handle to use 
as a vertical ram is also goaC'. for <3ri ving sheeting. Sheet 
piling consisting of three 1 by8 t s or 2 by 8 1s nailed together 
to fa 1'::1 tong'J.e and groove units (sometiires called Wa:.:efield 
piling) ~.r be used under adverse conditions to exclude water. 
Additional excavation can be carried on wit~in the sheeting, and 
the to-os of' t~:le -o11es snOl1.lo. oe sawed off a few inches lower 
t'ha."l tile bottom of the well. .A centriii.1gal or diaphragm pump 
is usually needed to ;cee:9 rTater out of the excavation. 

Gage ulan;:::;s.-... It is convenient and economical to set the 
?lan~cs for inside and outside staff gages in the for!~'ls before the 
concrete is poured, instead of drilling holes in t:le ccncreije 
after the forms are reuoved a.."ld bolting them to the wall with 
raalleable lead ancllors. The sides should be beveled 1/8 inch 
so tha.t t}~e concrete will hole. them securely. If the outside 
gage plan~::: is placed near t~e corner of the well, some extra short 
:?ieces of reinforcing steel ohould be placed around the plan};: in 
suc}"). a V/B.V as to prevent the s·r,>littint; of the concrete next to 
the corner. 

Ladder.--Two tYges of ladder are in general 11se. If galvanized 
manhole steps are u.sed tlley lllltst be ::llaced in the forms before the 
concrete is noured. This adds to the exoense of form work e.nd 
delays the concrete \""1Ork to some e~~tent: Continuous galvanized.­
steel ladders bolted to the wall by means of malleable lead 
anchors soon after the forms are re:'-Joved are recoi(liJel1ded for 
econo~r and ease of re-placement in future years. There is less 
danger of a man I s. foot slipping off the continuous ladder. J. ma.u 
can keep his hands cleaner on a continuous ladd.er than on ma.n~.lole 
steps, enG. this is d.esirable when cllanging record sheets • 

.A convenient te.L.'1':lorary sU":?port when ilorking ill the well after 
the forms arc removed is o'btained by use of a planJ-= abOltt an 
inch longer thall t:le inside dimension of the well. One end of the 
pla."l"L?': may be set on top of a laider rung and the other end against 
the opposite wall a little higher than tile rung. 

Placing .d.oors and. window.--T:1e frC";:les for the doors a":ld window 
shoulcl be nlaced. in tile forms as soon as '1i>.0 concrete }.las been 
poured to the proper level. Care s;:O't'~d 'be ta::-:en to bra.ce the 
door fraT.1eS by mea...'1S of a stru.t across the middle to prevent t~1e 
nressure of t·;16 wet concrete bowing them. 

Placing ventilators .--Good j'tl(.'!g;·nent wst be used in deciding 
u-pon t:b.e arJOUnt of vent Hation ~.;1d t>e ty..,e of v6::ltilatQr reql1.ired. 
as cond.itions vaT'! ... v1delyin different localities. Three general 
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I"I)J.es are: (1) The well shoul d be ventileted at tlle tcro to re710ve 
va;slor risin[; from t>.9 water: (2) the ~':01J.se s:'lOuld "be ve;ltilated 
at the top and oottOIll to remove any va."9or tnat ma;,,' ari se tnrO"'.1.g11 
the floor; (3) t:1e floor, shelf, e.l1d 'r,lartition s:·\01.11(;~. be as ti&-t 
as !,ossible to prevent va'9or rising from t:'1,e rleU into t}1e llmlse, 
2.13 a.:'lY -~1len of venJ .. Hation will 1)1'0'1e iueffecti ve if thsjr are not 

. ti::;;ht. Ventilation of wells in. loce.Uties >,avl~,lg cold cli!'ilc'ltcs 
is a diffict1.lt problem. It is uSI;J.ally desirable to sml.t and seal 
t~le ventilators Gu.ring the winter. l!entilators s~lould be -s>laced 
on two opposite sides of t:'~e notise and well, as fax as 708si-ole. 
~O insnre a. smooth beveled concre'GO e0.ge arounC tile ventilator the 
Ot1.ter face :1B.y ~)e covored w4sl1. ,laced in tiJ.e forms, by a t~lin 
piece of 'boaro or plywood, th e inner face of the board to ;)e the 
exact ai ze of the ventilator and the edges to be beveled to raa2:;e 
th.:; op tIDing 1 arger. 

~.--:,;nen t~le concrete ill the hOll.se walls has been 'ocrtU'ed 
to t:le level of the roof line on the inside of the hO'llS2 (or an 
inch or tV{O '!:lelo17 that level),it s::l.01.1lci. be a.lloweo to set for 
a.t least 24 hO'llrs -oefore the roof is poureo.. T:..ce wooden corner 
form bloc~;:s rna:y be se (llred in 'Oosi t ion 'i:l~! nailinv thro'tl.,~". t::'le 
outsid.e panel for:ns fto.n the 011tside. If the ;ilaJ=~rs of the inside 
or lower steel rOof forms clio~)ed tbe ton corners (as is usually 
doue), t~!e sr:lal). hole should be cap'~ccl, before :"lacing concrete. 
i~lhen starting to place tli,e concrete for the l~ooft it rna.;;' be poured 
to the level of the outside roof line and S071e concrete 9iled 11,,? 

011 en. e 10Vier roof forn. '.I7:1e roof reinforcing rna" t:"en -:Je laic. 
in place and t~le top roof for;:.: set on t~10 wet Goncrete sad on tho 
COr!H~r blocks. It shoulc. be well braGe0. as s':'O'.7:1 on the 1?lans, 
to resist ti1e u~wa.rd t}1,1"l1.st due to ta;;'rrliniT. 'lihe concrete pOttred 
thrOLlgh the hole in the top of the form. -·1".o.e mix S1-lOilld' be rat:ler 
wet a..."1.d well tamped. When the forms are filleo., the small ca.? fOr:l 
made froY1 the steel 1Jieces sJ.leared from the outside roof for:,1 is 
filled m. th mortar a~d 9ressed dO':7'."l on the ~Jea~. A :lole about 
:la.lf an inch in diameter should be left in the ea.-:;> form tJ1rot,gJ. 
which the last bit of mortarca.n -:)e -placed to give a s:1ar, pea.:.-::. 

=.;:,;;;,:.:;; __ -=:=-.,;:;:::::.:::.;:.::;..:.;=.:·n~lo.::t:,.....::;su=~o:.;;'1);.:;:o:.;=r .... t.~-T'.:.'.'.e arra.nge:·,lent of she).f and 
vertical PE'xtitions ca.lled t21:,., C"\l.1)-~)oard.) nermita the float to rise 
to the Bllelf, tnereby increasing tl~e ranf;e'in sta;:e over 2 feet and 
reclu.cing the hei~~:lt of the str1'l.ctnre by tl1::l.t a. ,101.mt. i'!le instl"'Jment 
sl1pportsho"n on t~le -plans hol::s the reoorder several inches al)ove 
the ~~elf to p3rmit ~~y vapor that ~y rise from the well into 
the h011.se to be diffused. a:.t'J.Q. not -pass directly into it. This SU~1?ort 
consists of two 2 by 4' s on edt;e at the eno_s of tl:e, slle1f, two 
flat 2 by 4 t s Cl.t the front and Oac': edges. of t~",e s~'lelf, and two 
flat 2 "by 4' s placed parallel to tho fix-st 'oai!' to support the 
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instrilment. It may be :p 14ef,;rred, hO~76ver, to install a second solid 
shelf, using two 2 by 6 ' s on ed~e at the ends of the lower shelf 
to support it. Zle holes in tl1'3 shelf for the float and weight 
ca.-oles or t~es should 1>e no larger than necessary. They rnay 
need to be covered \'lith felt weatherstrij? 

At some stations extra. precat..l.t ions must "be ta.:::en to prevent 
mice from destroying the record pager. This dalr£:',.ge ~y be 
"9revented by attaching a stri'o 0 f tin 'undernea.t:l the in str".ment 
s}J.elf. It may also be necess'az,y to place a. strip of tin arou.nd the 
base of the recorder. 

Su.bmergencecover.--At a few stations it rill:)l/ be impracticable 
to build the stl"l1.ctt'l..re high encntgb. to take care of extremely high 
floods. In such floods the submergence cover for the recorder 
sl101;7n on the plans will prevent vlater touchin,<.?; the in stI"t'J'lent, even 
though the gal<;e house is submerged. The pea:.'~ of the flood will not 
be shown on the ga?:e-height chart and, I".!Ilst be det<:::rmined fl·om high­
water marks. T.he instrnment should function properly, how-ever, 
as soon as the stage has receded to the level at which the float 
was held by the instrwnent shelf. 

Trw door.--The trap door in the floor should be made of ton..~e 
and groove lumber in order to ~)e as va:",or proof as ?ossible. ',l."l;.e 
2 by 4 inch sills 'tlpO:1 rbic:1 it rests may need to ce covered \nth 
felt weatherstrip. An allowance of t:1I'ee quart.;rs of an inch for 
swelling 01 the lumber s~lou.ld be :-nade on the sides -parallel to 
the grain. A stri;') should be placed on the solid floor and ul1der­
neath to close the crack. 

Doors.--Astoc~-.: door may 'be used for the 11011se; 0:.01$ with five 
cross panels is stronger than one with vertical panels and is more 
suitable for covering witl! galva.nized. iron. If a stock door can 
not be obtained, a door should be rre-de of two-ply 1 'by 6 t s, thou..gh 
this will be heavier then is necessary. Care should 1)e taken 
in naking t21e two-ply a.oors that they will hold their sha-oe. ~ch 
piece in one 'Ply Sll01l1Cl. be nailed to every c:t"OSS piece in 'che other 
ply by' at least two nails. 'rhe door should be covered. on the 
out er side with No. 16 galvanized iron for greater protection from 
sb.ooting. The door should be lined. wi tIl felt weatherstri:,> if it 
is necessary to 1:ee'" insects out of the stn1.Ct'J.re. The door may 
be 10c1;:e0. by means 'Of a safety hasp and padlock, dead 1003,;: with 
cylinder taC;,:ing standard key. A bar lock and. pa:iloc::: for the 
h011se door as shown on t:le -olans for the well door may 'J e l'referred. 
Either D handles or ref:r.1geratO"r-door handles mav be t1.sed on the 
honse and well doors. The la.t er permi t cloSing the doors tig:ltly 
against the frames. 
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A door in t:'8 side of the well iJelo\'! the floor and. as near the 
£,TOtlnf. as ~R sai DIe is a gre2.t conveu.iel'lce in cleaning out ail t and 
in readin?;-rchec3:ing t:le inr.:lde gage. :L'.his a.oor n-ey be l'lade of two­
:oly l-inc:l boards nailed together, well De,inted or coated '1ith 
ot:.1Cr preservative, an(: covej.~od wi tl.1 No. 26 gage gal vani zed iron. 
The seams should be tif;.utly solCterod. Tlle door is locked by 
means of a steel bar,as sj~.own on t}~e plans. In so,ne d:i.stricts 
a. "oar for a -,adlock is fastoned directly to the door insteaO. of as 
sho-vm on Q-e plans. Tile ljar loc:!:;: has been fa:md necessary to 
-,revent e:lwessi ve s1..U'ge dlJ.ring higj'l water fro!n 'aurstin'" the door 
open and to keGT) t~H~ well door pus>.ed so tigl'.tly shut agai!lst its 
stop as to prevent silt from passing around the door into t~'l.e 
well. A sllbstanUal stop sl1cro.ld be placecl entirely ax O'lln t\ the 
weH-door frame, inchlding tlle bot to!.::!. in order to prevent entrl?l1ce 
of silt. R.t".)oer or felt strip~oing of S01:.1e !dnc1 m~y al so be placed 
ol1i;~~e face of' t:1e sto"O to rene.er the door Illore wa.ter-tight. If 
tJle well door is ,,1acLe ;.~iith enough cletU'ance so th;:~t it will not 
swell ti0::..t against t~.te cloor frar:le. and if it is eqni?ped with 
a strong handle fastened to tlle door by 'toUs L1stead of screws. 
there should selc..om 'be difficulty in opening it, even t~lOugh some 
ice &'10. snow !nay os frOZe11 alol1{~ the bOttOYfl of the door. 

In ::lakin.2: the c.oor fra.,K~s a;,1'01e allowance s:'.ool d be made :for 
swelling. In'heavily silt-laden strearns gree,t difficulty is 
experienced in keepL'1f,: th e gage well clear of ell t, Dnd for such 
strear..ls it ;'18.S been fOll.J.'1d advisable to install c, series of Iloors, 
one above a.~oLler, so t:l<.~t silt can "ue 'rearl ily removed at any level. 
In cold clbl:CJ:f:ies it rtJc.y 'Je necessary to r:Ja~:::e a close-fitting d.oor 
and. \1ea:l;~lerstrip it· to :::ee.0 01).t tile cold air. At soue stations 
a cloor in the well ",ley not 'be necessary or desire,i)le. 

Steel door fram:~s a~c doors for hOUG6 and well and steel 
~vindo\V fre:;les n",;ve 'been rnanufact1..1.red by cOT!lmercial firn'JS for 
recOrding-gage ins t all c"t iOllS. T> .. '3;jr add gree.tly to the a?nearance of 
t~le stl"'"lct-,lre a.:fJ.cl are reco;'-ll~ .. lenrlec as more (~l/.rable and economica.l 
in the long run. Pla;.lS for t~le several tY':~es of steel doors ~1.d 
winoot1s :la,ve not bee:l included in tf.'J.is l:m:,licD.tio:l. 1'"~le Columbus 
office will ref3r anyone d. esiring infor r '1atiol! regarding t:'l.em to 
t'le ma!!tlfact'.c.rcrs a:nd to the eli strict engine ers who have their own 
designs. 

Window.--One \"nndow uS11.ally gives sufficient U(,:l:t. For pleasing 
a~):)eara:lce its heit',,;l:t S110uld 'Je great8r tnan Hs \7idth. T:.1.e nlans 
show a two-ligi.lt sas;l slidinG nith shutter. A stock IO-inc:'l hook 
and e~Y'e may be used 'iiO ho16. the slmtter ooen "ihen ino,?ecting the 
recorder. An optioncl .:me :nore economical design is to omit the 
s21Utter and use instead a nl'otecting scree:::! of woven wire cloth 
of No. 9 wire 3 b;r 3 nesh (to the inch). In t:··!.is d.eeign a sliding 
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sash is unnecessary. Gines reinforced with wire IJ;lesh ma;y be used. 

Window and door frames should have no casing, as it is 
desirable to make the window 8.J.'"id doors inconspicuous. The appearance 
of the structure will be improved thereby. 

The window is usually placed Ol'l 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 
if 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, 
~o keep the recorder out of danger. The 3 by 3 No. 9 screen will . 
stop small rifle bullets. 

Subfloor.--In cold climates a s1.1.bfloor or frost barrier should 
be installed'to prevent the formation of ice in the well, if the 
well is not so exposed that there is little range in stage below 
the frost line of the surrounding ground. A sub floor also preve~ts 
vapor rising from the water surface into the house and forIJ;ling 
frost on the recorder. The position of the subfloor, to be 
mo st effective, dep ends on thre e factors: (1) It rust be bel ow 
frost line, (Z) it must be high enough to allow for normal winter 
fluctuations if possible, and (3) it must be below au~liary intake 
pipes unless the ends of the pipes are under water, are connected 
to riser pipes, or are capped~ dUring the winter to exclude cold 
air. 

The plans show a subfloor of tongue and groove floor~ng. 
Celotex and tempered Presdwood have also been used with success 
and m~ be. obtained at lumber yards. If boards are used, some are 
left loose so that they will rise with the water. If Celotex or 
;f?resdwood is used, a round hole maybe cut for the float and a 
"lid" of the same light-weig..1.t material or of light galvani zed 
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 lid. The four sills and the cross piece should be 
installed substantially so that they will safely bear a manls 
weight. At the end of the winter season the subfl~orma;y be 
removed and stored in the gage house if desired. The sills, of 
cOQrse, are not removed. That part of the subdoor which is away 
from the ladder may be permanently 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 wa:y as to 
exclude considerable moisture and yet permit the passage of the 
weight. It ni~ be desirable to fast~ the ep.d of the float cable 
to the under side of the shelf and sUspend a grooved shea.ve 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 th8.t :i.s next to t:.'le ladder loose boards 
(not necessarily ton~~e and groove boards) may be laid, each with 
a handle of some sort all top that wi 11 permit its easy removal 
each time a man goes below t:~1e subfloor to read the inside gage. 
This plan has prover1 to be definitely sa.tisfactory 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 
electric~tape 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 i'll.rther 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 v8,por will pass through these holes 
but not enoug2 to affect the recorder. 

Float cylinder.--If a subfloor does not prevent the formation 
of all ice in the well &ld if electric ~~rrent is not available 
to warm the air. 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 14-inch cylinder. The 
height of the cylinder depends upon the range in stage during the 
winter and upon the height of the wen 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 oil 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 
da.l1ger 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 iron, 
crimped with a tight seam and soldered. Both ends, of course, 
are open. T.hree. sharpened pieces of 1/4 by I-inch steel should be 
bolted or riveted to the bottom of the cylinder to hold it at the 
desired height above the footing--probab~y a few inches beloW the 
flow line of the intake. This support p,ermits 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 wi tIl exactly the same diameter.. The bottom of 
the intermecliate and top sections should be crimped but not swedged • 
.A blow torch, strt\ng sold.er, 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 cylinderw111 
require about 10 feet of string solder and a 2-o1111ce can of paste 
for each joint. 

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

For an inside staff gage the pla..ik should be of cypress or other 
&lrable wood, well painted or treated with other wood preservative •. 
It may be set inside the forms during c6nst~lction, in order that 
the gage scale may be flush with the concreto, 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 cm1crete i~nediately after the 
forms are removed for 1/2-inch bolts with two-unit malleable lead 
anchors, or bolts may be placed tr~ough the forms before the 
concreto is poured. Enameled gage scales should be used. 
Ttley may be cut to any desired length by means of a hacksaw. As 
slight errors may be found. in the gradu8,t~_on of the enameled scales, 
it 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 tho side of the well 0)1 which it can be 
most conveniently read and cnecked 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 convenient form of inside gage. It can be 
read instantly by roadingthe position of the pointer against a 
stainless-steel tape passing over a pulley on the instTIL~ent shelf 
or on a bracket securely fastened to the wall of the house. It 
can be used under all conditions where silfficient 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. T'.aegage is .hocked. for datum 
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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 wei~lt and read at 
the reference point. ~le 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. The 
reference point should be so loca.ted that it can be conveniently 
checked by levels from the outside. 

The sta!ldard U. S. G. S. float gage (obtainable through the 
Boston office) consists of a 10-inch float similar to a st~.dard 
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 ltnife-

edge pointer in front of the tape enables the observer to read 
the tape directly. T.'<1e pointer is adjustable 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. ~1e 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 recom~ended. 

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 
engineer's current-meter headset may be plugged in to the gage to 
furnish the electric curra~t. ~~en the weight touches the water 
the circuit is closed and the compass needle is deflected from the 
north and south position. ~1e tape is wound up when the gage is 
not being used. An insulated bracket is provided so that the 
gage may be rigidly and permanently 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 stTongly recommended. A I-inch hole 
through the shelf, floor, and. subfloor is necessary. The gage is 
easily checked for datum by sig...lJ.tints 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 gago is not reco~nended for deep wells where the rod would 
need to be spliced or for wells where a. scale above the floor would 
not be practicable. A simple form of hook gage consists of 
a movable rod graduated in feet from 0 do nT-ward , with a hook 
at the bottom, t~e rod being arranged to slide against a I-foot 
Now York level-rod scale, which is screwed to a back piece and 
is graduatod to hundredths of a foot from 0 upward. ~1e stage is 
determined by raising the rod until the point of the hook just pricks 
tho water surface, reading 011 the rod the foot mark tho,t is 
opposite the fixed scale, and roading tho tonths and hundredths 
on tho scale. Tho location of the hook gage in the well depends 
upon the amount of light and visibility at the wat~r surface. 
It should be placed whore it can be read by one standing on the 
floor of the house or on the ladder. The material rcqn.irod 
includes one 3/4 by 3-inch rod of white pine tapered at the bottom, 
its length equal to the di strulCO from the bottom of the woll to 
zero on the scalo, six or mo~e Z-lugs, l-1/4-inch No. 9 brass 
screws, one small wooden wedgo, ono hook with brass screws, one 
scale with screws ancl washDrs, one 2 by 6-i11ch bedpieco of 
durable wood 18 inches longer than tho rod, and 1/2 by 6-inch 
machine bolts. 

In concrote g~,;o wolls the anchor bolts for the hook-gage 
bedpiece should be sot in pairs 4-1/2 inches on centers horizontally 
and about 4 feet aport Vertically. In wells whore tho codpioce 
must be spliced additional bolts arc required at the joint • The 
thrGadod ends of the bolts should projoct 3 inches from the 
concrete. In wooden gago wells the bedpieco may be attached to the 
side of the woll or to horizontal crosspieces abuut 4 foot apart, 
with 1/2-1nch bolts or lag screws. ~10 bodpioce should be woll 
paintod or treatod with wood preservative bofore installing. 
Care should be t[~en to soe that it is sot plumb. ~lreo pairs of 
Z-lugs will usually bo sufficient for holding tho rod in placo 
against the bedpiece. One lug should bo sot opposite the levol-rod 
scale. The Z-lugs should. be sufficient in numlJor to secure the rod 
properly down to a level it0ar the bottom 0 f the woll. A wedgo 
is used in a cOl'llOniont pl~ce betweon a Z-lug and the rod below tho 
floor, so that the hook can bo set and tho rod clamped from below tho 
floor and th 0 roading taken on th 0 scale. Tho scale can be 
fastened at a convenient hoight above the floor, with its right-
hand edge 1-1/2 inches to tho loft of tho center lino of tho 
bedpiece. It is a convin ionco to havo tho zoro of tho scalo set 
by levels at sarno oven foot above the gago datum, thereby fixing 
the point of the hoo~ exactly 1 foot from the nearost graduation 
on the rod. The hook should bo set in the mi ddle of the face 
of the rod, with tho bottom of the hook e,t loast 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 wl th the steel ta.pe to set the IZoro gradua­
tion on the rod a distance oqQal to the height of the zero of the 
scale above the gage datum. If the bottom of the well is above the 
gage datum it is unnecessary to ha.ve the top of the rod extended 
to the zero graduation. The foot points on the rod should be 
narrowly saw-cut or scratched deep with &1 awl, and the proper 
figures inscribed. Provision mould be made for obtaining readings 
at a.:ny stage of the water. If not desirable to have a hole in the 
roof with a self-closing trap through which the end of rod may be 
projected, auxiliary hooks may bo placed on the rod at 5-foot 
intervals for use in making high-wator readings. 

Painting.--Door an.d window frames Dnd gage planks and posts 
should be given three well-brus~ed coats of paint and allowed to 
dry before they are placed in the forms. The third coat for tho 
exposed surfacos, howevor, IlU1Y bo applied after forms are removed. 
The doors and other woodwork ShO"llld 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 natch that of the concrete closely, in order to make 
the doors, etc. t I ess conspicuous. 

The paint for the first or priming coat only Should be mixed 
in the proportions of 1 qunrt ready-mixed. outside house pain,t, 
I pint raw linseed oil, and one fourth pint of turpentine. 
Turpentine should not be used for any but the priming coat, as it 
tends to remove the gloss. 

INTAKE 

.An adequate connection by an intake pipe must 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 t~c water 
within the well at the same lovel as that on tho outside. Although 
tho 8i ze of the inva1-;:e pipo noeded will vary somewhat with local 
condi tions, the gQV',erning factor in its selection and installation 
is to insure that it has adequate carrying capacity to admit 
water into and out of tho well at a sufficicnt rate to maintain 
this relation witboUt appreciable lag. Some lag is allowable 
during rapidly ri.s.lng stages, boca:l1se equilibrium will be roached 
as tho flow reach.a~·a peak and tho rate of ri se decreases • . . ' 

At stations whore high velocities may occur there may be a 
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Pitot tube effect. Frequently differences of as much as 0.2 foot 
between the outside and inside gages are found, which can be 
accounted for by tho high voloel ty of the water passing the outer 
end of the intli':eo pipe. 

The following tables will assist in selocting the si zo of 
pipo to be used 1.ll1der variou.s 00 nil tiona. The following tables 
sho"l1 the eompu tad or theoretical loss of head, or lag, duo to 
entrance and friction losses ill intake pipes of various sizes and 
lengths for difforent water-zurface aroas of wells. The area of 
tho Vlell shown on the standard plans is 13.7 squ.are feet. 

A.--Lag in feot due to loss of hoad in inta.l~o pipes of various sizes 
for well having 9 squaro feet of water Sllrfaco. 

Rate of ; 
rise (ft.:L = 0 
l2.9r hour) : 

1 t 0.000 
2 .COO 
5 .003 

10 .010 

1 .000 
2 .000 
5 .001 

19 .004 

.1 .000 
2 .000 
5 .001 

10 .002 

1 . .000 • 
2 .000 
5 .000 

10 .Q01 

For 2-inch pipe. 

L = 10: L = 20:L = 30 :L = 40 L = 60:L = 80 :L = 100 

0.001 0.001 0.002 
.003 .005 .007 
.017 .031 .046 
.067 .125 .183 

For 2~inch pipe. 

.000 .000 ~001 

.001 .001 .002 

.005 .010 .015 

.022 ~040 .058 

For 3-inc11 pipe. 

.000 .000 .000 

.000 .001 .001 

.002 .004 .006 

.009 .016 .022 

For 4-inch pipe 

.000 .000 .000 

.000 .000 .000 

.001 .001 .001 

.002 .Q01 . .• 005 . 

;L :: Length of pipe 

0.002 
.009 
.060 
~240 

0.001 
.003 
.019 
.076 

---:000 
.001 
.008 
.029 .. •. : 

.000 

.000 

.002 

.006 

in ;feot 

0.003 
0.014 

.089 

.355 

.001 

.004 

.028 

.111 

.000 

.002 

.011 

.043 

.000 

.000 

.002 

.010 

: . 

0.004 
.018 
.118 
.470· 

.001 

.006 

.037 

.147 

.000 

.002 

.014 

.056 : 

.000 

.000 

.003 

.013 

0.006 
.023 
.146 
.585 

.002 

.007 

.046 

.183 

.001 

.003 

.018 

.070 

.000 

.001 

.004 

.016 
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13.--Lag in foot duo to loss of head in intake pipes of various 
sizes for woll having 13.7 square foet of water surfa.ce. 

For 2-inch pipe 

Rate of · · rise (ft.:L = 0 L - 10: L = 20: L - 30: L = L'±O: L = 60: L = 80: L = 
per hour): 10Q\ 

1 0.000 0.001 0.002 0.004 0.005 0.007 0.009 ;. 0,012, 
2 .001 .006 .012 .017 .022 .033 .044 .. 054 
5 .006 .038 .070 .102 .135 .199 .264 ..8 

10 .024 .130 .236 .342 .449 .661 . .872 1.08 . , 

For 2t-inch pipe 

1 .000 .001 .001 .001 .002 .003: .004 .• oo4t 
2 .000 .002 .004 .006 .007 .Oll : .014 .018 ' 
5 .002 .013 . ' .023 .034 .044 .065: .086 .107 

10 .010 .049 .087 .126 .165 ., .243: .320 ,39i, " ·;'X . 
For 3-inch pipe 

, ~; 

1 · .000 .000 .000 .001 .001 .001: .002 .ooa 
" 

2 .000 .001 .002 .CX2 .003 .004: .006 : .007 
5 • .001 .005 ;010 .014 .018 .' .026: .035 .043 . 

10 .005 .021 .037 .053 .069 .101: .,134 ,.1&76 . ,~l 

For 4-inch pipe 

1 .000 .000 .000 .000 .000 .000: .000 .000 
2 .000 .000 .000 .000 .000 .001 : .001 ,~OOl 
5 .000 .001 .002 .003 .004 .006: .008 .010 

10 .002 .005 .009 .012 .016 .023: • oro .' ,OO~ . 
L = Length of pipe in feet. ' I 
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C .... -Lag in feet d~c to loss of head in intru:.c pipcs of various sizes 
for well havipg 20 square feet of water surface. 

For 2-inch pipe 

Rate of · : • 
rise (ft. : L ::: 0 :L = 10 :L = 20 :L = 30 :L = 40 :L = SO :L = 80 :L :1 100 
per hour): , 

"1
,

' ! 

~ 

1 0.001 0.004: 0.007 0.010 0.012 0,018 0.024 0~03(') 
2 .002 .013: .025 .036 ,047 .070 .092 .115 
5 .013 .081: .148 · .216 .284 .420 .556 .692 · 10 .050 .316: .582 : .8i18 1012 1.65 2.18 •• 2.71 .. , 

I I 

For 2-1/2-inch pipe 

1 '. .C)OO .001: .002 .003 .004 .005 .007 .008 · 2 .001 .004: .008 .011 .015 .022 .030 .037 
5 · .005 0026: .047 .068 .089 .131 .173 .215 ,. 

10 .02]. 6103: .185 .267 .349 .514 .678 .842 

For 3-inch pipe . 

1 • 00'0 .000: 
" 

.001 .001 .001 .002 .003 .004 
2 .000 .002: .003 .005 .006 .009 .012 .014 
5 .003 .011: .020 .028 .036 .053 .070 .087 

10 .010 .044: .077 .110 : I .145 .212 .279 : .346 

For 4-inch pipe 

1 .000 .000; .000 .000 .000 .001 ~OOl: .001 
2 .000 .001: .001 .001 .002 .002 .003: .004 
5 .001 .003: .005 · .007 .008 .012 .016: .020 · 10 .003 .010: .018 : .025 .033 .048 .063: .078 

L = Length of pipe in foetI 



,. 

-27-

After choosing oncof the above-listed sizes of pipe to fit 
the conditions at B.. proposed. gaging station,. the arbitrary increasing 
or decreasing of thisthcorotical size for actuG\l use will depend 
upon various other factors that affect the rate of passage of water 
through an inta...1{e pipe, among which are (1) clogging of the intake 
by silt, ice, or other material; (2) velocity of the wator in the 
stream; (3) need for dampening extreme surge and TIave 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 largerinteJ~es are used, there may be danger of 
wave action being transmitted to the well which may require reducing, 
a.nd if smaller intruces are used there is danger th:.?t water may 
not be taJ!:en in and out of the \leU fast enough to eliminate lag or 
that they my become clogged. At certain gaging stations2-1nch 
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 conditions. 

Local conditions 
:Lower 
:pipe 
: (inches) 

A. Clear water, small surge or 
wave act ion (r1 vel'S just 
belowpovrer plant or lake 
outlets, or small lakes pro-: 
tected from wind). Flushing 
system not needed. 3 or 4 

:B. Clear water., slow rises, but: 
heavy wave action (lakes and: 
large reservoirs). Flushing: 
system not needed. 2 or 2-1/2 

C. Clear water most of year. with 
silt for short periods, slow: 
rises, not mudl em.;r:ge, 
average condition. Use 
flushing systBm. 2~1/2 or 3 

D. Silty water most of the tim~: 
Use flushing system or a 
silt trap. 2 .... l!2or3 

Secondary 
pipe. 

.: (inches) 

None 

2 or 2-1/2, if any 

2-1/2 or 3 

2.-.1/2 or 3 
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The intalce should be perpendic'Ularto the,ourrent at higll water 
and should be low en0'1.1.gh to be well ceve,red in the lewes'll stage of 
water. The botton of the well should b,e 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 inta1:e 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. ~~ese will insure against loss of records on silt-laden 
streams if the 10'l"rerintake clogs. In celd climates the lower 
intake Day become clogged with ice,and the seconclaryintalce will 
come into action and eliminate loss ofre,eord during freshets. The 
secondary intake also provid.es increased inpake capacity, which will 
tend to eliminate lag for rapid.ly rising streams. If the secondary 
int82:e is out of the water it n~ adr:lit enough cold air to c~uSe 
freezing in the well, and in that event it will be necessary to 
provide protection. 

Extra openings through the \7'el1 should be provided and plugged 
so that additional intakes may be placed if needed or the position 
of the intake pipes nay be changed. Where ice forns to a considerable 
depth, it is diffiault to ascertain the best possible lecation of 
intakes until some experience has been gained. 

The well end or'the intake pipe should be threaded and protected 
by a union to perr.:lit the connection of the valve, etc. Ga-aphite 
or other heavy grease should be used in attaching the union so 'that 
it can be readily rer:10ve(i, and during construction, a netal plug 
should be inserted in the, union. It should be borne in r.:lind that 
the threads that have been cut o.n galvanized pipe are not galvanized 
and are subject to nst if not protected. If the connections are 
not to be installed in the m ar- future, the threaded ends r.:l8.y be 
coated as described a1;love and v7tapped with burlap_ If there is 
a possiblli ty that the intake r.J.a¥ need to be' extended farther 
outstream, the threads on the outer end nay be similarly protected. 
Pipe caps r;1ay be screwed on theendB to protect the threads for 
future use. 

A length of the intak'e pipe r."B.Y be set in the walls of the 
well when they are built, or a piece of pipe 1 inch larger in 
diameter than the intalce pipe r.J.a.y be s-et, in the forns as shown on 
the plans. Thi s prevent ~cutting holes in panel fo;rI:1B and permits easy 
adjustr.:lent of the intake pipe for vertical and horizontal direction. 
It requires care, however, to r.:laJre a tight seal to prevent leakage 
of water into or out of the well. When ~~ing the seal with 
nortar, rags should. be wrapped around the inta:!{e and :plugged into 
the crevice either on the outside or inside of the well, to prevent 
any enrrent washing ,the c,erent out of the mortar ''Thich is pl.e.ced 
froq the other side., .I\fter the mortar haS sot tlle rags r;uq be 
removed and mortar placed on that side.'I.f a tight seal cannot be 
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made in this r..a.nner, two or three buc~:ets of concrete nay be placed 
on the outside of the well W~lere the intaJee enters. 

Another oethod is to place between the fo~s an assoobly 
consisting of two couplings joined by a close nipple and ad~sted 
to be as long as the exact thicJ.mess of tho Wall. This should 
be filled with sand and eithor a1 oth or paper tied ovor each end to 
hold the sand, after the thread.s have been protocted by grease, 
1 cad, or a paste Dade by l:Jixing linseed oil and cenent. 

If plarJc forDs are used, a short section of pipe of tho sane 
size as tho intru~e pipo can be placed through the forns and set 
in the walls ·of tho well ~hon thoy are built. ~1e outside of the 
pipo should be roughened '7ith a chisel in order to r.1B.J:.:o a strong 
bond with tllO concrote and prevont tl1.e pipe froo turning in tho 
wall. FUrther bond can be obtainod by screwing two liZ-inch bolts 
about 2 inches long into tho pipe, with their ends flush with the 
inside wall s of the pipe. 

In the installation of intal~os, ground-joint railroad unions 
should be used. It is Luch easier to connoct the pipos in the 
trench with unions than with couplings. The -q,nions pornit correction 
of slight errors in direction MO. also poroi t rJaJdng changes and 
adjustr.1onts 'o7i t:'l tho t1inirIUI:.1 anount of trO'1.:Cole. 

All pipe and pipe fittings should bo galvanized. Although gal­
vanized wrought-iron pipe costs about twice as ":uch as galvanized 
steel pipoit should be specified, as it has a Luch longer lifo. 
Brass gate valvos arc recor:r.:lended up to tl~e 2-1/2-inch size. 
For larger sizes iron ... body valves with brass fittings arc satis­
factory and rJUcil noro econonical. In close quarters whore it i.s 
necossary to taJ<:;e the valve a-part to install it on the inta~;:o, 
an iron-body brass .... no1.l.."lted clip or cla..':lp-type gate valvo is Dore 
convenient, because of ease of dissscbling, than the all-brass gate 
val vet which is not rede in the clip type but which can bo taken 
apart by reuoving tho bonnet. 

If the well is in a dar.l, bridge pier, etc., mth a short intake, 
tho pipe should havo a dOYll'l.ward sl/lllt of about 300 fron tho vertical, 
in order that silt will not be deposited in it. 

In wells receiving considerable silt it r.k~ bo nocessary to 
install a 2-inch vertical pipe for tho float counterm~ight. This 
pipe should bo closed at the lowor·end. 

Occasionally it is necossary to install tho into.:,:o by jac!:::ing 
the pipe oit.her fror.1 the inside of the Vlellout to the s treEln 
or to an int~~e trench, fron an int~~e tronch out to the streao, 
or froo the stroan to the oxcava.tion for the wolle This r.lothod 
nay be ro~~ired whon a recording gage is to bo installed on tho 
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bank of a canal or on alovee. It can be used in clay or other 
soils, quicksand, aild gravel. It can be used in gravel intor­
oixod with boulders if the r.1aterial has first beon blasted to 
shatter and loosen the boulders. 

To jack the pipe fron tho woll toward the strean or intal-;:e 
trench it is necessary to havo the pipe cut into about 28-inCh 
lengths, a~d both e~ds carefully throaded with two or throo nore 
threads than a.re usually C'Q.t. It has been found that 3-inch pipe 
is the best for this purpose, as it possesses greater strength 
and rigidity than the snaller sizes. EXtra heavy recess or 
casing couplings should be used for connecting the pipe sections. 
The jack used should be of as cor.1pact 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 n8tY' be operated nore rapidly, 
is the track jack with a capaci ty of 20 tons. It has the disad­
vantage of being awkuard to handle in cra...'iped quarters. 

In jacking the pipe the outer end of the first section of 
pipe r.llst be closed, either uith a cap or with a pointed hard­
wood plug. An. eyebolt should be placed in the wooden plug for 
convenience in renoving it. It j.s essential that the first 
section of pipe be started at the desired slopa and direction. In 
clay and sandy soils the outer end of the pipe will tend to drop 
as it is jacked toward the strean. Through gravel it will tend 
to r.~ve upuard. ~lis tendency should be considered when lining 
up the first section of pipe. 

If the pipe is not to be jacked fron the inside of the well 
but fron the excavation to the st~ear.l or vice versa, longer sections 
r:.1:.'r3" be used, fron 8 feet up tq full lengths. Unions should be used 
for any connections to be !:lade 3.fter tho pipe is in position, as 
they are easier to install than couplings and they pernit sooe 
change in direction. 

If the pipe is jacl~ed fron the strem.'! to the well, this oust 
be done before the well is constructed. 

Flushing EQl?ipoent. 

The flushing equipnent shown on the attached pla..."'ls is recoo­
nendedas a standard for all stations where a noderate &Jaunt of 
silt is encountered. The use of one of the silt traps shown on 
the plans instead of a flushing systeo is optional where a 
considerable anount of silt is encountered a..."'ld where the strean is 
flasby enough to perni t the trap to be cleaned frequently. The 
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Characteristics of the stre8Ll rXlst be taken into consideration 
before deciding whether to use flushing equipnent or a silt trap. 
In the Southwest silt traps are in general use. In the Northwest, 
where the glacial streaos are high for nonths at a tine, three or 
nore intake pipes with risers to each one are necessary. Three 
or nore are needed because of the building up and washing out of 
bars over the lower pipes. For a flushing systen where considerable 
quantities of silt oay cause valve trouble with a lift p1L~, 
specially constructed buckets with valves in the botton, as used 
in the Tacona district, worl: very well. Details of this plan 
can be obtained fran the Tacor.a office. Whichever plan is used, 
it is inportant that the well door be IJade as watertight as 
possible; otherwise great quantities of silt ~ enter the well 
and hinder the clea.t).ing of the i-ntaJces either by the flushing 
equiprent or by the silt trap. 

The flushing equ.ipnent consists of a riser pipe connecting 
the intaJte to a flushing tari!.c, a lift punp to fill tlle tank, 
,and a gate valve" with key, -to prevent the flush;l.ng wa.ter fran 
discharging into the well. (More than one intaJte ooYI d," ' 5. 
be connected to the flushing tank by using separa.te risers, valves, 
and Conn~ctions to the tan1~. They should be f~ushed separately, 
however.l When the flushing systen is being installed it does 
not doub e the cost to connect it to two intcl~es, as the sa~ taruc, 
pUr.1p, and puop pipe are used for both. The work of keeping the 
second intal;:e open is thereby nade mch easier. (where silting 
is likely to be serious the riser pipe and the connection to the 
flush tank should preferably be of the Sar~ dianeter as the intake 
pipe. Riser pipes and flush-tank plugs half an inch les~ in 
dian9tel than the intake but not less than 2 inches nay otherwise 
be used fag",. 5 u. The plans show & lift puq> with a l-l/4-inch 
pipe an a 3 by lO ... inch brass-lined cylinder, which is the dze 
of pipe and cylinder usually carried in stoclc by' deal ers. A 
punp fitted for 1-1!2-inch pipe and with a 3-1/~inch brass-lined 
cylinder is recoonended if readily obtainable, except for very 
deep wells, as the capacity is MIlch greater. The putlp .. rod couplings 
should not be placed so close to the pipe couplings that they 
will catch on then. pitcher spout puops are not recoL~~ended. ~le 
weight of the PUI.1.P should. be supported by the pu.qp base resting 
on the floo;!;' 0 f the l'louse ~ The pur.:tp p;l.pe should be prevented 
from swinging "by oeans of a stock p:i.pe hanger and an adjustable 
netal stra.p bolted to '\;he side of the well. The cylinder ShOilld 
always be subl:lerged if P,OSaiOl e. A, srJal,l drap hole s, hould be 
drilled in the pipe ju.st above the cylinder. (.M least one ground­
joint ra.ilroad union is required for each riser pipe~ 

In a. snaIl well the placing of the gate valve behind the /4 
I 
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riser pipe and in line with the intaJ:ce J1aY interfere with the float 
or with working in the well. In such a case a side-outlet elbow 
Or a four-way tee na.y 'b e placed on the intal:ce. If the side­
outlet elbO~7 i.s us~d the siele outlet shou.ld be used for the close 
nippl e and valve and one of the end openings tu.rnod upfcr the 
riser pipe. If the four-nay tee is used one sid.e outlet should be 
u.sed for the nipple and valve, the other side outlet turned up 
for the riser, and the back end opon~ng closed with a plug. T1:..e 
elbow causes less disturbance in the water who:i1. flushing. The 
cross pernits cleaning tho inta2r.o frontho inside with cable or 
sewer rods. 

Silt tra.p. 

Th.e following description of silt traps and the attached plans 
were arr8..nged by C. E. 3l1s'l70rth. 

A ail t trap r.:lay be used to advantage at sone recording-gage 
installations where an intake pipe is necessary. Its prina.ry . 
ImI":',::>ose is to catch silt that would otheri"rise be dEQosited in the 
stilling well or inta}:e pipo; its secondary pur',Joso is to furnish 
an efficient Deans for cleaning tho intal:e. 

The accorJpanying draTIings show throe types of silt traps--
a circ1.l1or concr,ete trap, a rectangular concrete trap allda netal 
trap of corr:"fated pipe. Tl:.o use of the circular concrete trap 
wmld probabfY be restricted to districts having circular l:lotal 
forrJsr.md also probably to jobs where the forns were already on the 
ground for the construction of a circular stilling wo1l. The 
rectangular concr,ete trap Tony bo used at any location where 
stability is a noeded feature and Y/here w'ator trouble is not too 
serious and cofferdaIJ expense too groat, and. even t110n, of 
c01.l.rse, if stabi Ii ty is necessary regardless of expense. Th~. 
r.'.otal trap is popular becauso of its eConor.JY and eas,o of installation 
and is S'l1.itable to any location not s1.lbjecte,d to exceseivo 
ve.locities;. It can be installed at places \':'he1'e a concrete. 
trap would. not b,c feasible boco.use of difficulty in l,rovi ding a 
sui table foundation. 

The oss:cntial features of all types of traps are tho sane. 
The trap sl-;.ould be 10 cated a~ or very near the edge of J' low 
water in order to be sure ox' froe entrance of water to the trap 
at all tines. A short intake, not nore than 3 or 4 feet in iongth 
and not ,loss than 3 inc110s in dinr:1o\er, [jay be used between tho 
trap and the streru~ if necessary, and there will '00 snall 
probability of its cloggi:r..g unless the o~_ds bocone coverod. 

The required depth of tral' below tho intal::o pipe ~epends on 

'J' 'I 



the silt burden of the s trea.r:l, thodl;i.ration of flood periCl>ds, and 
tho froquencr with which the trap canbo cleanod., A a..foot 
suop is suffioient undor ordinaryconditiol1l1l. However" the 
deeper the su.op tho .groater tho nargin of safoty._ 

The top of tho tra.p should be a.taheight aonewhat above 
ordinary stage, as the tlrap cannot boclea,..'I'led when tho water 
is above the cover. On stroa.r.J.s s'L1bject to such long conUnuotts 
floods that the trap is likelY to fill with silt above. the intake 
level before tho flood recedes s1.'I.fficient1y to perrJi t cleaning, 
it may boadvisableto install an intake slightly below tho 
top of the trap ruJ.d 1'l9t connected with it. However, in that 
event the trap ",ould lose a large part of its effectiveness. 

Tho m:uioor of inta1?:e pi,?c,s used likewise depends on the 
characteristics of the strca,r;lo In sone localities it will be 
advisable to use threo intak:es ...... the uPr'or one just bolOw the top 
of the trap, tl"w intormediate one at orc1i nary low,...stage level, 
a'ld the lowost ono at tho lowost stage that !;lay be expected. The 
lowest intake f.1.8.Y be ~ept closed excGpt when a stage belOW the 
interr.1ediate intake is e;h.",]?ected. At t18.ny stations two intakes 
will be doSirable, and on sor,1e s.tlall streans and on larger 
ones with woll-kno'iVl'l habits ono intake r.ny be sufficient. 

Screw gate valves with stens extended arc u.sed on intakes 
wi thin the trap, in order that whenever the trap is a.ccessible 
the water may be' shttt off a.."ld the trap cleaned. After cleaning 
tho trap the valves on the il1takesto the well na.y be opened 
and permit tr..c water to flow fran tho well to the trap; the well 
may then be cleaned if necessary; then the valves fron the trap 
to the well rJaY be cl0 sed and the valves fron the trap to the 
river oponed. allowing the trap to fill with w£),tcr; tl'lon the 
valves fror.1 the tra.p to the well rJaY 'be reopened, allowing water 
to flow back into the well. ~'lis process L~y be ropeated ttntil 
the inta:k:es are positively clean. 

The baffle 11i3 advisable as an aid to the settler:ent of silt. 
It should extend fror.1 a level below' the lowest intaJce to one 
above the hig..'lest ip.talce. 

Staff gages should be attached to both t11e inside &"1d the 
outside of the trap. 

An irQl"l. ladder, a little shorter than the depth of trap, left 
standing in tho trap is convenient. 

A silt trap will not ordinarily catch all of the silt, but 
sooe will be deposited intlle well and th e intake. It is 
therefore also necessary to provide a generous sur.~ in the well. 

;.-~ 

,'1 
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A silt trap is probably not adaptable tosooe streaos of heavy 
silt burden and su.bjec"t to long-continued floods. 

The silt trap does away \-:ith the necessity of a low-water 
gage pier, which is expensive a.11.d difficul t to install with suffi­
cient securi t Jr to prevent ovarturning during flood time. The 
effective cost of the trap is therefore reduced by the ar.1QU...."'lt that 
it would cost to install a substantial pier. 

Ol'l.tside Gage 

There are several satisfactory types of ouhide or auxiliary 
gages. If the well extends above the grou.n<..i level, as mnch of 
the outside gage as possible shan.ldbe placed on the we·ll. ~If 
the well is situated on a steeply sloping b·ank, it is convenient. 
to place a sl'lort section of the outside gage on tho center of 
the stre~nward side and the upper sections on either the upstTeam 
or the cOi'mstrea.-n side, tho choice clepending mainly on the location 
of the well door. If the above-mentioned short section can be 
read without too much di fficulty it TJ.av save constructing one 
gage pier. The same nethod of setting the gage planl:: in the forms 
may be used as in setting a staff gage in the woll, as shown on 
the plans, or the plank ~ be 'be lted to the concrete after the 
forms are removed, using malleabl e lead anc~ors. At 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 sect ions shoul d notoverla:p in the range 
covered. 

A very satisfactory typo of outside gage consists of a post 
of oa}c or other durable wood set vertically in a substantial 
concrete pier, which is cast.arou.nc, three sides of the po st 
and flush with the side of the post 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 knocking it out of plu:'1b and to 
pr'8v~nt the swelling of the post from cracking the concrete. 
Its height will depe.n,d upon local conditions anet the nU:1:l er of 
piers to be installed. The post r:la\V extend above the top of the 
pie!'. T'ne gage scales on the side of the post toward midstream should 
extend slightly above the level 0 f the to::; of the concrete. Above 
that point they snm1.ld 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 bottoD of the gage piors should be below tr..efrct$t 
line. Tho low-wat er pier maY be s at in the downstream s~d(~,Q.f the· 
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inta1w trcmch but should not be cast around the intaJ~ef as it may 
be necessary to r~laco the int~~e at a later date. Wnere 
floating clrift, ico, or logs are apt to hit the gage piCl', it 
should be mMe shorter in h'3ight and larger in both horizontal 
dimensions than is usually neccsso.ry. Under such c andi tions the 
forms should be sloped in such a way as to stre~~ine the gage pier 
effectively and permit ice or debris to be warded off fr01:1 it 
'I7ithout dam3ge, and the post should not extend above the concreto. 
As a general rule, a 6 by 6 inch post should be '.lsed. The 
pier should be at loast 2 by tj, feet in plan at t::10 base, with 
the longer dimension parallel to the stro&u. It is better to 
crr in making a pier too la;:.~ge ;i.n plan than too small. 

In some d.istrich it is preforred to Mchor a piece of gal­
vanized-steel channel into the concrete pier instead of the 
post. Tho channel is allowed to extend above the concreto. The 
bedpiece is then fastened by' means of bolts to the channel. This 
provides a strong~r cl;l.ntileV'er ar;:). for the gage and eliminates 
any possible cracking of the concreto pi or due to swelling of the 
wood. 

Another satisfactory type of vertical staff gage consists of 
a section of 7-inc..~ steel channel set in a concrete footing in 
the intru~e trench. The channel isboltcd just below tho natural 
ground level to an 8 by 8-inch reinforced-concrete beam, which 
is made to span the intako tre:nch a.'1d is about 4 feot longer than 
the width of tho tronch. ~1C channol is placed with tho logs 
aW~1 from tho strean, so tl1at a 2 by 6-i1'1ch plank my be bolted 
in tho channel as a bodpioco for tho gage scales. Ifmoro than 
ono soction is required, they my all be placed in tho intaJ:o 
trench or, if nore practica.ble, the higher sect ionsoay be s.ct 
in holes at loast 5 feet de~J. Each holo should be filled 
with concrete after tho channel has boen plur;ibod. 

InClined gages with a bodpiece of heavy t~~ber or with an 
inclined bedpiece of reinforced concrete have been used. The tim­
ber bedpioce r.laY be mounted on substantial concrett3 piers or on 
7-inch galvanized-steel channels driven into the ground, or, if 
frost occurs, it may be set in concrete below the frost line. ~1e 
reinforced-concrete bedpiece nay' be S'u.pported at the uppor end 
by a concrete pior bonded to t:.Xl well. A.t tho contor and at the 
lower cnd it r.'Oy "00 supported by piers. This type of ga.ge is 
noro O:ApOllsive to install a:!.1d probably more likoly to becOL1c in­
accurate thrn the vertical staff set in substa...l1tialconcreto piers. 

Bench narks. 

Too DUch care cannot be tru:cn to insttre the pormal1ence of tho 
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relation between the zero of the gage and the sllpporting bench 
narks, as without this fixed relation it is difficult to use the 
record of stage for dotornining discharge. The first essential 
at a gaging station is that the bench r.1arl: be more pornanent and 
stable in position than the gage itself. The reverse of this 
has too afton been true. Two or throeindcpendont bench nar::s 
at each station are desirable. Wherever possible one should bo 
so placed that the inside and outsido gages tlay "Je chocked with a 
lovel using equal and short sights. .At least ono should be 
far enough back fran the strean to bo undi sturbod for all tine. 
Only one datun should be used at a gaging station--naJ.:1ely, the 
daturJ of the gagc .... -but the relation of this datun to noan sea 
level should be doternined if practicable. Bench mrks should not 
be placed on now or unstablo structures. At bridge stations 
at loastone bonch nark should be apart fran tho bridge. Groat 
care should be used in detornining the altitude of the bench 
narks and in sett ing the gages. Levels should not be run to 
bench narks or gages set on new concrete piers before the 
concrete has thoroughly set. The 1 evel rod shoul d be read to 
thousandths ofa foot. A separate run or circuit of check 
levels should be r1ade. 

The use of the standard gaging station reference-nark tablet 
is reCOr.1LlOnded. It nay be set on the abutnent of a bricige, on 
a rock ledge, or on a concrete pier na<..1.e for this purpose. If 
it is to be placed on a concrete pier a hole should be dug deep 
enO'tJ.gh to get well "be~0,\1 the frost line, if in a cold clirJate, 
and at least <1- feet deep. -The deeper it is the better. The 
bottorJ part of the hole Should be at least 1 foot in dianeter. 
It should be fillodfor atout 1 foot with concrete. Four 
vertical reinforcing bars hooked at the botton should be pushed 
into the concrete in the bottOD of the hole, and a piece of 
6-inch stovepipe long enough to extend 6 inches above the ground 
lowered into position over and a~ound t~Gn and pushed about 2 
inches into the concrete. The bars should reach within an inch 
of the top of the pipe. The pipe shoul d then bc' plur.1bed, held 
in position "Jy earth backfill,a.."ld filled wi th concrete. The 
tablet should be set in the top. Instead of using stovepipe 
sone engineers prefer to dig a larger hole, place concrete in 
the bottoD of it, and then place on the wet concrete a pyranidal 
wooden fom 2 feet square nt the base and 6 inches square at the 
top. Four reinforcing bars are used, one near each corner of 
the forn. The fOrI:1S are rCrJOved before backfilling. 

,;-.-; 



The fi eld engineer should keep the tine of tho crew and turn it 
in to the district office for tho pay roll, using a nothod which 
will oininize the possibility of dUplication or other error. See 
sanple forn A. 

The following nethod of cost-keeping on recorder construction 
work i s reconr~lend~d for the di strict 0 ffices of the U. S. Geological 
StJ.rvey. The sa!:le general method my be used on other construction 
work. 

1. In the district office: List on cost sheets, form 9-216, 
all pay rolls and vouchers that pay any iter:1s in connection with 
recorder construction work. The charges shou.ld be segregated 
under services, transportation, subsistence,. naterials, etc. 
Separate foros are nade 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 fJade out. .At the end of the season the totals of "Moving 
plant" and "Top cost and depreciation" s~ou1d be divided between 
and charged to the several installations. Equ.ipnent is usually 
depreciated at 25 percent a year. 

2. In the field: Keep daily record of tine spent and materials 
used in the following suDdi visions of the work: 

1. Excavation for well, backfill, clean-up. 
2. iVoll and house. 
3. Inta:.<::e, excavation, and r:.aterials. 
4. Auxiliary gat;OS, bench nark:-) etc. 
5. Recorder t installed. 
6. Moving p·lant. 
7. Top cost and depreciation. 

The field engineer I s entries under item 7 will be mainly for 
tools purchased in the field and for lost tir:-e on acco'l.l.nt of bad 
weather, etc. (if considerable). The field engineer should keep 
a daily ner~1OranduIJ of the nu,":1ber of hours spent by tho crew and 
hitlself and the cost or estinated cost of the r.laterials used in 
~11 the subdivisions of the work except r.1B.terials fOT iten 2, . 
It Well and house," which need not be listed by the field engineer. 
Afte~ entering the cost of oaterials charged Ito the lesser sub­
divisions, the bal~ce of naterials from the cost sheets in the 
district office is charged to "Well and house," which is. the large" 
it en. See satple fon~ E. 

3. In the district office: At the end of the season compute and 
.. list on charge sheets, forr.19-272 (one for each recorder installation), . "~" 
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the total, costs for the seven su:bdlvi..\Sions of the work. The costs 
for each of these seven subdivi!;!ions need not be segregated under 
services, transportation, etc., on the charge shoet. ':Che pro­
rated costs of "Moving plant" and "Top cost and depreciation" 
are shown in the totals colur.m oppC)'si to i tees 6 an.d 7 on the charge 
sheet for each installation. Onea,¢h charge sheet indicate the 
over-all height, dep~hof excavaticm, length of intal;:e, and tir:1e, 
including Sundays and holidays, but exclud1ng lost tiue (if 
considerable) and noving plant. l'J~ 10 stt1ne (if oonsiderable) 
should be charged to top cost for the l;Ieason and prorated. See 
saople forn F.. . 

A s~~tnry of costs for the season nay then be shown on a 
separate charge-sheet forn. A sioilar suxmary charge sheet for 
a construction prograo covering several y~ars l~ also be prepared. 
Sanple forrJ G shows the SUOl:lary of costs of 65 concrete installations 
in the Ohl0 district in 1923-31. These s~~~ry sheets show the 
total and the pean costs as divided anong the seven construction 
i tens obtained fron the individv.a.l chatge sheets, and also the 
total and nean costs as segregated BLl0ng the cost .... keeping i teps of 
services, transportation, subsistence, ?aterials, etc., obtained 
fran the cost 3heets. The sur.:lr.larychatge sheets should also show 
the five itens over-all height, depth of excavation, length of 
intaJ:e, tine, and cost of la"'Jor and should i;ncli cate the total cost 
per .foot of height, excluding pr,~ce of recorder. 
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UNITED STATES GEOLOGIClJ., SURVEY 

WATER RESOURCES BRlJlrCH 

Field engineer's weekly record of tir16 for 
payroll and report 0 f progress. 

Construction work on Cuyahoga River near Hiran. Ohio 

Sun. :MOll.:l\te. :We • :'llur. :l)1:'i.: Sat.:'lbta1: Lost · ...... . · ..... . 
Nane Pay :,8/7 :-L:J..!..J&..:,£lL:2-:.Jd...:_! 

"(date)' ., .". . • • · . . . . . . . . 
: : ·ars •. :&8, ;,Hrs .• :Hrs.:Hrs. ;Hrs. :,ljrs. :Hrs,: 
~$'1 per: . J: ' 

J.R.Bass day 0 8 e 9 e 8, 1- ' 46 : 

L.D. OurJr;1ings: II o 8 8 9 9 8 4 46: 

O.N.Essex " o 5 8 

M,e.Grogan " o 8 6 

Report of Progress: 

9 

9 

9 8 

9 8 

4 43: 

4 :- 44: . . 

(Signed) E. P. Coady 

ti:oe. 
over­
tine 
Hr~. 

-1 

o 

(Dat e) _~A=;u=g.::-. """1 ..... 4 .... , .... 1 ..... 9 .... 2..,;..7 __ 
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EXPENSfS ON ACCOUNT OF 
......!!!!!!!!!-!!!.'!!!!!I._ ........ 

V~D DATE NAME 

3 

~ 6/.U p_~n",l f'n,. ... 

-40-
DEPARTMENT OF THE INTERIOR 

UNITED STATES GEOLOGICAL SURVEY 
WATER RE80URCE8 BRANCH 

TOP COST AND DEPRECIATION,'--____ _ 

INVBSTIOAATJ~N:t~~~~l~6'IERATION. OONSTRUOTION 

Bente. ~·I-su-.... -..... -r----If--"'"""---;-::T::::.-: .. :=-l-.-u .. -""'-... -,-... -.-~-rl .. -1 

4 5 6 7 8 9 10 11 

. 62_51 

498_ 6/3> .PaY~ ......... Rol:1"""-1--+_-_+_-_+_--_+--p:9"'--"R"'lUf_nl-_+--+--­

_69_3_ 6/& Cornice forms 22.00 

14.82 

COST SHEET 

DURING THE FJSCAL YEAR 19..zl' • 

OFFICE 
WORK 

12 

TOP 
COST 

13 

NONEX. 
PEND· 
ABLE 
PROP· 
ERTY 

-14 

TOTAL 
CHARGES 

15 

69. .51 

9R",n 

IlIl.QO 

J5l.2~_ New.too1s etc 

~_ ~Al)_pllmn ho~p 

_ .. _._ D.mrec.on truck 

-.--r--t---r.--- -f--r---+.1 .... LS ....... -""'!-oc- -+--+ 
42.00 

14.82 

lB~no 

l42 00 

--

I ! 
1'1 .... 1ILl---~---+ 

-L-----'f----+--+---t-----t---t---

--+---+---+--1--- 1----+--

·etc. 

" "tools ____ -+ __ + __ + __ l7.50 

3ea.&;!.t--+I-·--1"'-6"-'-"-'7 .• 8~~--.- ---

~~ . .97:! =---.--·-T}------t-'"-'-27 .... J:l'l"-'-!--_-_-_. ___ r~-~~-_t-23-.-6-7+11--,-R. R-l 

. Totals 

__ Per lnstallatl0 - --+----!-.-.--T-. 

42.00 699.65 

---f---+---+-i~ -+--+--+---t----- -------f----

1 
! ._ .. _----

Form "C" 
DEPARTMENT OF THE INTERIOR 

UNITED STATES GEOLOGICAL SURVEY 
COST SHEET 

WATER RESOURCES BRANC.H 

EXPENSES ON ACCOUNT OF ___ ---.MQYINQJ'I"WL __ . I DURING THE FISCAL YEAR 1£7.. 

VOl'eBD DATE 
No. 

---
NAME 

CONSTRUOTION INVESTIOAlJ~r:rA~~~~~l~~llERATION. 

Services T~WtFnr. r::CBu:.cb,-.t-.. -oor-M-.~-"",,-I:--SonI-~--;--;;T:::\!::~rr-::u::-rB-u"-.-"-."-'-M-'-~-rl"-
4 . 5 6. 7 8 9 10 11 

Qi.·FICE 
WORK 

12 

NONE-X-
70P PEND. TOTAL ABLE COST PROP- CHARGES 

ERTY 

13 14 15 

.6 7/l:. p~ BQ11 _~ ____ ~ __ 1 _J.-b'''J..Lo..O.11.I.1, Olj-!I --i----t--- _ ------I--~-r--. ___ .. _.2l1...l"--u+u l ___ L__ Ilo 501,:<1 501 ~4.no 11. 7/ll) L. r. expenses .. ___ 

~5 7/lil' Pa~ Boll 

.18 7/:3l .Gascl:ine 
---~--~--~l~- 2:~:l~-5-0,1---~--+----- :~:~: 

t-=-.........,"""""~_t_-.-=--I-r----_. L-----fl_-~-_ . : __ :1 __ .-_--_-_
11 

_~~--l1_--+-!'Ia.._."""+4S1-_- ~~ ______ -~_4.05::5: ....3Z 9/15 Pnv Roll 

JIlL 14004 --
_--' ____ _ B/L 14007 I '" "', 

____ ..... JlI.IUL.LI""-4.,..110""01IB"--_-+_-+_---1i--_+ ____ .. _~_ 1 • .94___ ____ _~ 
"tc ____ ~ ___ l _J ___ +--+---1--

--

-----

-----i---_+ - + __ L __ ._+-_--I ___ +-_ 
-- --- I . 1l57.37L3.9~ ~3'l1J0..91.. 

_ fo..t~ ____ -+ ______ : ,__ [ ! 

hL·",·,,·,,"I~:_ .. +:.. , .... '" 
t------t-+ I 

-'-------+--+--f--l---t--+----t---J--­
i 

------ _I ---- 241L..a6. _ 

------. 1--._-

r--- ____ 3Q.J..L. 

._- _._- - _._--
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. DEPARTMEN'r OF THE INTERIOR 

UNITED STATES GEOLOGICAL SURVEY 
WATER REeOURCE8 BRANCH 

COST SHEET 

i!II'ENsI!s ON ACCOUNT OF C\1V4R1'1tU . RY'II'RR ftl..R··llTRl... RT • Q 0 DURING 11m JIISCAL YEAR 1~ • 

.V~ .... TB 
.......... G .. lil\!,"~Thcl'r"-'TIOH. OONSTBUCTIOK 

;c'rOP' 
NONBZ-

HAl'" o,.~a'f ""D- TOTAL ABU ...... ~ -- - ...... '1:r .- .......... .~ 08'l' prop • CBABO. 

1 2 3 4 6 
.. .... 

5 7 8 9 10 11 12 13 14' 15 

491! ~hc 
~Ll g.19 

!';nlll I8hLl Ilr>Ol'S II! f'pam.", IHI...9'l .ll.....9'l. 
518 8h.c EDamel 111&:1111 5.0. 5.04 

~ 71). . L"III1"l' "t: .. n" A...2( ...4...m. 
p. !l8· 7/5. l> ... 1I1n"k a.1!C 2 • .20 

11 "/5 L.L . AxnAn""" 1.18 4.as ~ 
14 "/5 'n 

2a'z....5.0 207~50 
_33 eLLs Pay Roll 1141.S: -.i.4l. ....5..0 -

511 B/31 1r..~ ... Yn .. n~.> .. ..A.il _15.0' B..!5C 27.71 
'4IL lAe Sarid II! ... ,."v .. l g~.!ll 23.75 r--
-BlL. pA.9 T.nmh." II! """'Ant M.41 54;.~!! 

--1--- F.t:" .... 

.- .. _-_. _To.tus 1Z14.!iIl 
\ 

....9....2.! ...27~1 illllllUll' ~c...50 794.01 

~ _.', 

.-

-I-

'01'111 "1£" 
UllITED STmS j}lIlOLOGICAL SlIRVU and OHIO COOPERATIVE TOPOGBAPHIC. SURVEY 

Recorder installation on .. ClTfAHOO .. liIVJi:R.lIEAB. BIlWI, .0mO ........................... . 
Field eD&ill8er's record of dist.ribution of time and .nater1als. 

S\1lId1 vi s1 on of t.ime of party 
1 2 3 .. 5 6 l llaterials for 

Dat.e kcav. W.ell Awt. p. lIoviDC 'l'op co.t items 1 and 3-7 only. 
Backfill and IR~ 11.11.'. Recorder plpt. and Jlote 1 tern number. 
Clean U}I house .,y, .w Etc. 10at tillll! :.and of material, 

llan Hr. • "'en Hrs. lien Hrs. lien Hr •• lien Hr •• lien Hr •. lien Hrs. 
and approz. cost. 

1~~2i~ l'I A .-f-- !!II Q 

11 l'I .a 2 . .9_ A ~~ shorinlr. -.8lo.. 
lf1 III A 1 8 ~ " 2 15 

13 5 .'-
1" 5 8 

16 1 8 2 B. 4- A L.u~ 

1'1 ·z Ii 2 .s LI3.. -.26.'...D.i...4.." nine !gg..7!l.. 
!) " 

"t:" 
....... 4-D' ),_ 112.l!. 'lillil IWI 11'1 4 l..46. 

: 
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DEPARTIIEHT OP' THE INTERIOR. 

UNITED STATES GEOLOGICAL SURVEY 
WATER RESOURCES BRANCH 

CHARGE SHEET 

CUYAHOGA RIVER ~o~IWI:=J' OR 0 Office at Columbus, Ohi'!) ______ , 19--.2!L. 
DWdbutioo. of voucher { dated _______ l 19_, In favor of' _____________ "lor $, ___ ~ 
, WublDtIton No. 

1:lharpable to'the appropriation for This voucher 1I to be oharged aga'inat the'hllotment for 

INVESTIG1~~~\f~I:I~oOIEB ... TION OONSTRUCTION NONEX· 
OFFICE TOP PEN~ TOTAL ABLE ITBMII J'Oa WHIOH OOSTS 

""=- ~~ 
WORK: COST PROP· OBABGBS ABB DB81BBD ...... "" Subilatenoe ... ....,. ..... - S._ ... - EBTY 

4 5 6 7 8 9 10 11 12 13 14 15 

1 Exoavation ~or w .. 11 b, lok~tl ,,1 'n_"n ~ RO.OO 

Po W .. ll and hous .. 4~~--M 

II Intake excavation and Imater als 41.70 

i. A.lIx:ll1!lJ:)!: ga"ea bench imarks etc. ~ 

5 Au .~ insta1~d 211...an 

"',,"'''nl-.nl 7!!4.01 

8, Vnv1n" n1ant 4Q 113, 

7. Ton cost and denreciat Ion llS...6l. 

'Pnt."l Q!\O.78 

Tota, time, 15 d 'va 

Ov .. ,.. ~a.11 bi a"''' 1 Q f'i Nn"" - A lotur o~ t: lis in 
sta :~!t;: I~ ~~p hown n 

Dent] ..or. ,nDWC" In.. ! f't, ""1 I f'i "" ,",on" 
19~ 7." 

........ """", ... , "'" POrll' RG" DEPARTMENT OF THE INTERIOR 

SUlDIARY OF COSTS OF 65 
UNITED STATES GEOLOGICAL SURV~Y CHARGE SHEET 

WATER RESOURCES BRANCH 
CONCRETE RECORDER INSTALLATIONS. 

{
Field No. -----l 

Dl.ytbutiOD of vouoher Waahington No.==I dated _______ , u»~, in favor 01' _____________ , for $ __ ~_ 

Office at Columbus, Ohio 1923-1931 , 19:. __ 

1wpabIO h e to t; e appropriation ·for Thfs voucher 18 to be charged against the allotment for 

INVESTIGr£,Wr:1?~::U~c01EB.A.TION CONSTRUCTION NONEX· 
~ TOP PENl).. TOTAL ITEMB 70B WHICH COSTS . ..lIE.'Ui.K.... COST ABLE CHARGES 

~ ...... ..:- PROP· ABB DEBIRED ........ S._ ... -.. ....... S.- M ........ (Mean EBTY 

4 5 6 7 8 9 10 11 12 13 14 15 

L1;'vnovoH , .. ~nT' w"ll b, 1"ld'i 1 ,,' m_un 1:It Hi::l 1:It 00<'." 

9 1/;",,' onN hnn~e 640 115>l>l 

3. Intake '''cW' Inn and ,at",.' lal " 75 4848 

4 Amci 11 a,.v gul1:es, bench marks etc 41 "''''0 

!'i Au ,...,,,nT'dpT' in"tall pd Pll 12'730 

I'luht'ltal 1120 71'791 

6, Mavin" n1ant :O;fl o,'''n 

7 Tnn "n,," and denreoiat Ion 1(\4 <'.,,<'., 

Total 11'fl2 A20(J2 

I'l .. a,."aa ti on' T.,tala ~~1';I1I1F 4::<1';A. 941';11 I 24fl>l>l 114fil.6. fl2(J02 

Segregat:lon: Vp~n 54!; 67 ~A :O;A. 225 .l2.BR 
,', 

(Jv",._al1 heis:ht '.tot. 179! ~t ." .. n ~A f'1- ITnt. .. l l"ORt ",,. ~c ,t oi' , uh 

npnth of' Inn I ~ " " In " 1" ..... 1u lin" T1 ir-1"" c reel Irder 1$'38. 

T..,,,al-h nf' intR.k .. t 186] " " ~Q " IAvera cos o~ 1 nbo,. 1:I!4.50 Iner daY --"~ 
~ 

"'~,"., I 177~ Nt> " ~.; " 
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Eill of oaterials 

Lumber.--

Pieces. 

As req. 

Description. 

No. 2 yellow pine lunber ffi1d oak 
wedges for panel forr.ls not itor.1i zed, 
as for:]s are usually oade by planing 

Usc. 

wi 11 ...................... It • • • • • • • .. • • • • • • • • • Forns. 

1 Corner blocks for foof forns, as shown 
on pla.ns ••.......................... !' ••••• Forns. 

As req. 111 x <1,11 :~ 14' or 16 r 1To. 2 Y. P ••••••••••• Miscellaneous 

As req. 111 x 1211 :;c 16' No. 2 Y. P ••••••••••••••.•• Mixing platforn. 
(unless nixer is used) 

As req. 2" x 111 X 1<1,' or 16 t No. 2 Y. P ••••••••••• Miscellaneous 

As req. 211 x 6" X 1<1,' or 16' No. 2 Y. P ••••••••••• Hi sccllaneous 

As req. 211 x 1011 X 10' or 1,1:' No. 2 Y. Po ••••••••• Shoring. 

As req. 4" x 411 X 10' No. 2 Y. P •••••••••••••••.•• Snoring. 

2 211 X 1211 x 12' No. 2 Y. """ J.~ •••••••••••••••••• Outside well 
forns (first foot) 

1 2" X 1211 X 141 No. Z Y. P ••••••••••••••••• Insicto well forns 
( first foot) 

2 211 x 4" X 3'8-3/8" cJ:~ress II ••••••••••••••• Floor ring. 

2 2" x 4" x 3'l1-5/S" cypres s ••••••••••••••• Floor ring. 

2 2" x 4" X 3'10i" cypro~s •••••••••••••••••• Floor ring. 

3 ?,,, 
'" x 6" T. & G. X 3 t ll-l/8" cypress ••••••• flOor. 

1 2" X 6 il T. & G. X 2'0" cypress (with 
groove only) ••••••••.•••••••.••. " .•.•• Floor 

5 2" x 611 T. & G. X 2'0" cypress (1 with 
groovo planed. off) ••.•••••••••••••••••• Trap door. 

2 211 x <111 X 2'0" cY'Prcs s •••••••••••••••••••• Trap door. 

4 211 x 411 x 1'10-5/811 c~rpross ••••••••••••••• Shelf supuort. 

2 211 x 4 11 X 1'8-3/811 cY'Pr as s •••••••••••••••• Shelf support. 
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.." ,I.'10ces. Description. 

5 2" X 6" T. & G. x 1 '8_3/8" cypress (1 with 
groove pl~~ed off) •••••••••••••••••••• 

10 2" X 6" T. & G. X 2 t 7" cypress (2 with 
groove planed off) •••••••••••••••••••• 

4 211 X 4" X 1'5" cjTress •••••••••••••••••••• 

Cupboard end. 

Cup"Joard front 
and. top. 

Instru..t1ont 
support. 

2" X 4" x 2 r 711 cy;;ros s ••••••••••• • '0 • • • • • • Instrur.Jent 
support. 

As rcq. 2" x 5" cyPress ••••• 0 • • • • • • • • • • • • • • • • • • • • • Gage p1anJcs 0 

As req. 611 x 6" oa..1c •• 0 0000 ••••••• 0. '0, o. ••••• ••• •• Gage posts. 

2 Door frFLTJes, as shown on plans. 

2 Doors, as shown on ~lans. 

1 Window franc, as shown onpla~s. 

1 Windol"!, as shown on plm s. 

1 Window s!nltter, as shorm on p1a~s. 

Notc.--ln localities where CyprOSS is not readily obtainable, 
substitute the nost durable wood availablo. 
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Roinforcipp.. stQ.Ql.--Half-inch round or square deforr.lcd bars 
throl.1.ghout. Specify intorDodiato grade, ~lew 1)illet stoel. Schedule 
of steel ShOffi1 on VIans. 

Concreto natorials.--Qua:l1titios: F00ting 1.0 cu. yd.; woll, 
O.~ C1J •• yd. pOI' foot, in hoight; houso, ~~.6 cu. yds. Quantities 
for gnge pi ..:rs, etc., as roquired. Order 6 sacks conont, 0.5 yd. 
s[md, anc1. 0.9 ;V'd. l-inch stone 01' gravel per ynrd of 1:2:4 concrete. 

As 

1 

As 

As 

As 

6 

As 

~~s 

As 

As 

1 

As 

1 

1 

As 

1 

As 

1 

Hardware and niscellaneous.--

req. 

req. 

req. 

req. 

req. 

req. 

req. 

req. 

req. 

raq. 

req. 

60. to ~10 d C01:11:10n nails. 

set of steol roof forns. 

Oil for forns. 

Pure lead and oil :mint; colo l' to natch concrete. 

Gal va.l1izecL pip e nipplos, not necessarily tllreaded (to 
be placed in forns for intake). 

Ventilators. 

Galvanized wrought-iron pipe for intake, risor, and 
pu.np • 

Galvanized tees, nipples, Ulliol'ls; etc. 

Brass gate valves. 

Gate valve keys. 

Roof bracket for rope block (option.al). 

Brackets for risor pi~o and valve key, two for each key. 

:Blushing tank. 

Lift pur;1p with brass-lined cylinder. 

Gal vani zed-steol laddor or na...'"1hole steps. 

til X 5" x 5" X 21 steel anglo for footwalk sl1pport. 

til bolts and nalleabl c load anchors for ladder. gage 
planks, footwal~: sup!,ort, etc. 

H~ld hold, to be placed above trap door. 



As rcq. 

3 pairs 

1 pair 

1 pair 

1 

1 

2 

2 

1 

As rcq. 

As roq. 

As roq • 

.. 
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Galvanized bax locks and bolts for doors as 
s:(101.711 on plans. 

411 brass or s:lerardi zed butt hinges, pin not 
rcrlOvablc. 

(71818) 

3-inch brass or shorDxdi zocl biJ.tt hingos, pin not 
renovable. 

5-inoh teo hingos, for trap door. 

Flush trap door ring, with stove bolts. 

6-incl1 galvanized safety hasp for house door (optional). 

Largo D handles or refrigerator-door handlos for house 
and well doors, with stove boJ.ts. 

Hooks and eyes, for trap door and sl~tter. 

10-inch hook and eye, to hol d shutter open. 

Bolts for footwalk. 

Padlocks. 

~~lvanizcd-iron wire. 
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II" well obor IS '::.'5!l!!'! bana'side reverse 
rlgh! O'na' lel"l arr~menl o/,plO'/l srown 
above ~ lila! riser-and ptlmp pipes will nol 
block M'/Idoar. 

~ 
\ 

\ 

Ikrlical bars about/of'/, long 
MIn /:a"lap /'arboncl. 
Bend verbi;QlborsM avry(/ 
oro--.I"ondlVl~ 

pOSIT/ON 01'" STEEL IN WALLS 
BELOW QROuNO l.EVEL 

/ 
I1rrt:m~menl when 2 In~ 
a.-x:I risers are u.recY. 

ISOMETRIC SKETCH OF 
RooF AND CORNICE O~SIGN 

NOTE 
(}uonl/"es.~rconl19/.o C"aye{. welltJ.4cayd,oerlOof 
oI"he'~1. Ilovse .?6cuyr:¥. Oraw 6sacks 0/"C'fJh1fi'Y'l,f 
o.scayr/.semafQ'/1Q' tJ..9 cu.yd. /ii7cl! sIonear9n:rvel 
per cv.yd. ol"l:P:4ro~. 
Screen bank-rvn raveI1hrot¢.:/"mesnscreeq 
and use j.'c:4mlK. 
/1.OOdwor/(:- Use mos/ dlln:rNe wood on marKef Ter 
doorlmmes, 9Q!je planks, /,loorln9. ek: Pain,' 
wl!1l ,j coafs of" pure lead and 0/1 pain/. Color 
to maleh ca.?cr~ 
Concrele:- 1:;::4 n;,;Y InrollghOll/. 
PIpe:- S!andora' . 9QlvaniJeo' wrou¢! Iron 
wa/erpipe orexirasTl'OI!9 ~!vanlJeClw~t 
Iron JivoIerplpe, Lcrlferl$~rea. 

SCHEDULE or REIN~/NO STEE£ 

LOCATION MK. 
I\oQ 

S«. UNG~ SHAPE 
~ 

nxmng @ J6 ~.¢ 6:4" t-- 5'8- ==:it .,. 
~I ("horfJonlal ® as 

Db 4 e1O· $roighl-belrJwgrouna' kwI) ~ 
JWII CI-'e/'/ical} I (C) do ab as,.. 00 
MYI(hariJJ ol7d 
IlseI@jolroal"/eVeI © lib lib 2~O' "h:! .~ J-'D~ 

-'- . 

We/lchoIiJOl!laI) @ 00 of:> ,,!or I=: 4 c7- =-:l¢ 
T 

lfollSe (wrnCt:1lj @ 12 lib S'-r ..#/'t:¥i~1 

at> charijonla!) I (F) 16 do 4'-10' do 

/?OOI" @ 12 ~"? 2!1O' aD 

Iniermediale groo'e,newIJillel re;nlbrcli79~ Ih/"llOU't 

l)£PARTMENTOFTIIE INrERIOR 
UNITL't?Sl:4TES GEOLOGICAl. SURVEY 

WAT£R R&!OURCES BRANCH 

PLAIVSA:'R 

REINFORCE!) CONCRETE II()UJ'EAIIIJWELL 
flJR 

WATER -$1:4C;£ I?£COI?f)£R 

/1rrongeo' by Lasley Lee, OIS/riei E"9I'nt!er 
IJ/"awniy ~ It Youngquisl /.9.'1.1 
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UNI7ED.rrATES GGOI.OC/CAL. SURVEY 
WAlEH RESOURCES B/a4NCH 

DE1)411.$ FOR 

~/N~&,EO CfJNCHETE HOVSEANOwELJ. 
FOR 

WATEH,-STAGE REt:aI?O£H .. 
, "' 

Ot;slrid EngIneer 
/!M,j .. 



.. 

t~ 
~ .~ 
~ ~ 

l "-
~ ~ ." 1 ~ 

I\j 

.~ ~ 'II} 
~ ~ 
!\j ~ §! 

.a ~ ~ . ~ 
~ 
.l( 

') 

~----------- 5~O"----------------~ 

OUTSIO£ PAlVEl ~ 

PLANOF~ 

01 o 

'0 
Q 

--.-.--.-~----

70nqYe 1/· plonedcff-··'··I----------

INSIDE MNELFO.'?M 

Oak .bIocK.s-

-- - .. _----- ------ --------

INSIDE LOOSE 81a4C£S 

7hree seIs of'lhese loose braces mr 
it;u'J!:vl;> ~hY'li/1 o/"/nsiQ'e rorms anc/ 
mo .refs IOr.rema/mn9 pITs. B~ 
suppor/ea' .6K /0!J!1/CJ9 on IOnns. Bn:xes 
nOIlbbe na/!edro 101ms, 1JuI1J1/ed 
li9hf/y wtlA weo'qes' orblock.S' 

3" . 
4" IriontJU/arlllle/ca~ 
wnl/nf.lOVS oboV8pt:m(?(ja'nrs. 

S~ I/I/el 01 bellom 
o/"corner blcrks ... ........ 

", ';.' 

:£:1:;., 

t:::!E~~;;Y J= ..... 0' 

::0:;: 
:0.:0· 
,,:,:. '" 

". " 

PIAN OF ~ FORM ASSEMBLY 

Ot/TSIOE & INSILJ£ ROOF FDI?M flSS£M8I..Y 

3 
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