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relief systems and of seepage cutoffs for deep excava-
tions for structures. It presents: description of various
methods of dewatering and pressure relief; techniques
for determining groundwater conditions, characteris-
tics of pervious aquifers, and aewatermg require-

smrnmndtar amtidanna Far onanifearing mantiinantands fawe Aa
Nients; guiaance 10r SpecCilyilig requirements ior ae-
watering and seenage control measures: cuidance for
watering and seepage control measures; gul e 10r

determining the adequacy of designs and plans p
pared by contractors; procedures for desxgmng install-
ing, operating, and checking the performance of de-
watering systems for various types of excavations; and
descriptions and design of various types of cutoffs for
controlling groundwater.

1-2. General.

a. It will generally be the responsibility of the con-
tractor to design, install, and operate dewatering and
groundwater control systems. The principal usefulness
of this manual to design personnel will be those por-
tions devoted to electmg and spec1tymg dewatermg
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manual f r zroundwater flow are for “steadv state”
flow and not for “unsteady-state” flow, which occurs
during the initial phase of dewatering.

¢. Some subsurface construction may require de-
watering and groundwater control procedures that are
not commonly encountered by construction contract-
ors, or the dewatering may be suf’f’icientiy critical as to
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surface structures founded in, or underlain by, per-

and preventing the loss of material from the slopes or
bottom of the excavation.

(3) Reducing lateral loads on cofferdams.

4) Eliminating the need for, or reducing, air pres-

sure in tunnenng

Uncontrolled or 1mnronerlv controlled groundwater
can, by hydrostatic pressure and seepage, cause piping,
heave, or reduce the stability of excavation slopes or
foundation soils so as to make them unsuitable for sup-
porting the structure. For these reasons, subsurface

h ]

construction should not be attemptea or permlttea
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open cut, shaft, or tunnel, and the type of 5011 to be
excavated are important consxderatlons in the selec-
tion and design of a dewatering system. For most
granular soils, the groundwater table during construc-
tion should be maintained at least 2 to 3 feet below the
slopes and bottom of an excavation in order to ensure
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the slopes have been dewatered. Factor of safety con-
siderations with regard to artesian pressure are dis-
cussed in paragraph 4-8.

2) Special measures may be required for excava-
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RIVER STAGE PIEZOMETERS
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HYDROSTATIC PRESSURE FROM A

~
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_i i WATER TABLE FROM B /;-——/

iCIMPERV|OUS
BACKFILL

7/S4

CLAY OR ROCK

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book C ompany.)

Figure 1-1. Installation of piezometers for determining water table and artesian hydrostatic pressure.

or significant hydrostatic pressures within the rock or
shale deposit, rock anchors, tiebacks, and lagging or
bracing may be required to prevent heave or to support
exposed excavation slopes.

(3) An important facet of dewatering an excava-
tion is the relative risk of damage that may occur to
the excavation, cofferdam, or foundation for a struc-
ture in event of failure of the dewatering system. The
method of excavation and reuse of the excavated soil
may also have a bearing on the need for dewatering.
These factors, as well as the construction schedule,
must be determined and evaluated before proceeding
with the design of a dewatering system.

¢. Groundwater control methods. Methods for con-
trolling groundwater may be divided into three cate-
gories:

(1) Interception and removal of groundwater from
the site by pumping from sumps, wells, wellpoints, or
drains. This type of control must include consideration
of a filter to prevent migration of fines and possible
development of piping in the soil being drained.

(2) Reduction of artesian pressure beneath the
bottom of an excavation.

(3) Isolation of the excavation from the inflow of
groundwater by a sheet-pile cutoff, grout curtain,
slurry cutoff wall, or by freezing.

1-2

1-4. Permanent groundwater control.
Many factors relating to the design of a temporary de-
watering or pressure relief system are equally applica-
ble to the design of permanent groundwater control
systems. The principal differences are the require-
ments for permanency and the need for continuous
operation. The requirements for permanent drainage
systems depend largely on the structural design and
operational requirements of the facility. Since perma-
nent groundwater control systems must operate con-
tinuously without interruption, they should be con-
servatively designed and mechanically simple to avoid
the need for complicated control equipment subject to
failure and the need for operating personnel. Perma-
nent drainage systems should include provisions for
inspection, maintenance, and monitoring the behavior
of the system in more detail than is usually required
for construction dewatering systems. Permanent sys-
tems should be conservatively designed so that satis-
factory results are achieved even if there is a rise in
the groundwater level in the surrounding area, which
may occur if water supply wells are shut down or if the
efficiency of the dewatering system decreases, as may
happen if bacteria growth develops in the filter sys-
tem. An example of a permanent groundwater control
system is shown in figure 1-2.
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2

METHODS FOR DEWATERING, PRESSURE RELIEF,
AND SEEPAGE CUTOFF

2-1. General.

a. Temporary dewatering systems. Dewaterin

2

o an
B Kas

control of groundwater during construction may be ac-
complished by one or a combination of methods de-
scribed in the following paragraphs. The applicability
of different methods to various types of excavations,
groundwater lowering, and soil conditions is also dis-

sote mam el Al e

A ~0 A
y§iS ana ucesigii O1 Ge-

Lubbb‘u lIl bllebt: paragr; dpllb t‘u d

llyofﬁmr\l‘r nraggure rn]lof and arniindu
ALlig i QiU girvUsia

tems are described in chapter 4.

ator contral gug-
¢onire: sys

tion projects. A method often used for permanent
groundwater control consists of relief wells (to be dis-
cussed subsequently in detail) instalied beneath and
adjacent to the structure, with drainage blankets be-

atwintiira ot lanatinneg halaur
u. v

surralindin
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nth and +tha
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the water table as shown previously in figure 1-2. The
water entering the wells and drainage blanket is
carried through collector pipes to sumps, pits, or man-
holes, from which it is pumped or drained. Permanent
groundwater control may include a combination of
wells, cutoffs, and vertical sand drains. Additional in-
formation on the design of permanent drainage sys-
tems for buildings may be found in TM 5-818-1/AFM
88-3, Chapter 7; TM 5-818-4/AFM 88-5, Chapter 5;
and TM 5-818-6/AFM 88-32. (See app. A for ref-

erences.)

2_2. Types and source of seepage.
n Marmae A enomagn Flars Munae of coaraoe flawe awa
a. 1_ypca Of Seepage juoWw. 1ypeES O1 SEeEpage 110w are
tabulated below:
Type of fiow Flow characteristics
Artesian Seepage through the previous aquifer is confined
hetween two or more impervious strata, and
the piezometric head within the previous
aquifer is above the top of the pervious aqui-
Famfin 1_ON
LET1ig. 1-4).
Gravity The surface of the water table is below the top of

the pervious aquifer (fig. 1-2).

For some soil configurations and drawdowns, the flow
may be artesian in some areas and gravity in other
areas, such as near wells or sumps where drawdown
occurs. The type of seepage flow to a dewatering sys-
tem can be determined from a study of the ground-

water table and soil formations in the area and the
drawdown required to dewater the excavation.

b. Source of seepage flow. The source and distance
L* to the source of seepage or radius of influence R
must be estimated or determined prior to designing or
evaluating a dewatering or drainage system.

£1\ mL PR PR oy
The source of seepage uep

sand formatlon, recharge, amount of drawdown, and
duration of pumping. The source of seepage may be a
nearby stream or lake, the aquifer being drained, or
both an adjacent body of water and storage in the
aquifer.

(2) Where the site is not adjacent to a river or

lake, the source of seepage will be from storage in the

formatlon being dramed and recharged from rainfall
over the area. Where this condition exists, flow to the
area being dewatered can be computed on the assump-
tion that the source of seepage is circular and at a dis-
tance K. The radius of influence R is defined as the

adiaa Arwnla hawvand wrhinkh ;missaete s AF An

- ~f thao
radius of the circle beyond whicn pumping of a de-
watering system has no significant effect on the origi-

nal groundwater level or piezometric surface (see para
4-2a(3)).

(3) Where an excavation is located close to a river
or shoreline in contact with the aquifer to be de-
watered, the distance to the effective source of seepage
L, if less than R/2, may be considered as being approxi-

mnfn]v the near hank of the rlvnr if the distance to the

nverbank or shoreline is equal to about R/2, or greater,
the source of seepage can be considered a circle with a
radius somewhat less than R.

(4) Where a line or two parallel lines of wells are
instalied in an area not close to a river, the source of

alie e dhn 1oae

cnnmnmn maner lha anmotdawad ana llena mawnall a
SCCPAgL illdy UC CUIISIUCICU ad a L1l palialiclilg b.l“‘: 1111

of wellg
or 118,

2-3. Sumps and ditches.

a. Open excavations. An elementary dewatering
procedure involves installation of ditches, French
drains, and sumps within an excavation, from which
water entering the excavation can be pumped (fig.
‘) 1\ ’T“-pn mafhnr‘ nf r‘nu}nfnr-lng gnnorn"v dnnn]d nnf

AS 11T us

*For convenience, symbols and unusual abbreviations are listed
in the Notation {app BJ.

2-1
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SUMP PUMP
SN —
DITCH
AN

SUMP

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hiil Book
ission 0 nf McGraw-Hill Book f'nmnnnL ]

vseaq 1. pern 10 euU! DOOK LD

Campany Used with pe

be considered where the groundwater head must be
lowered more than a few feet, as seepage into the ex-
cavation may impair the stability of excavation slopes
or have a detrimental effect on the integ'rity of the

foundation soils. Filter blankets or drains may be in-

cluded in a sump and ditch system to overcome minor
raveling and facilitate collection of seepage. Dis-

AR VTaaisg Gl AGUALILAVC VAT el = Y

advantages of a sump dewatering system are slowness
in drainage of the slopes; potentially wet conditions
during excavation and backfilling, which may impede
construction and adversely affect the subgrade soxl
space required in the bottom of
drains, ditches, sumps, and pump
lack of workmen who are skilled in the

LA Ui VW UL AaiiaTas aitT SAll

struction or operation of sumps.
b. Cofferdams.

b, Cofferda;
below the groundwater table in confined areas is to
drive wood or steel sheet piling below subgrade ele-
vation, install bracing, excavate the earth, and pump
out any seepage that enters the cofferdammed area.

(1) Dewatering a sheeted excavation with sumps
and ditches is subject to the same limitations and seri-
ous disadvantages as for open excavations. However,
the danger of hydraulic heave in the bottom of an ex-
cavation in sand may be reduced where the sheeting
can be driven into an underlying impermeable stra-
tum, thereby reducing the seepage into the bottom of
the excavation.

IO\ Dernnsrntinma halaw,
(&) nXCavauoiis ucluw the

times be successfullv made nmnc sheeting

VALAATDS v WD iy S20TiilB

pumping. However, the sheeting and bracing must be
designed for hydrostatic pressures and reduced toe
support caused by upward seepage forces. Covering
the bottom of the excavation with an inverted sand
and g'ravel filter blanket will facilitate construction

P Y Wy

and pumping out seepage water.

A common method of excavating

COIAIINIVAL AA20AV08 L1 TAlZAY 2l5
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2-4. Wnllnoln vste

a commonly used dewatem

s. Wellpoint systems are
method as they are appli-

cable to a wide range of excavations and groundwater
conditions.

a. Conventional wellpoint systems. A conventional
wellpoint system consists of one or more stages of
wellpoints having 1%- or 2-inch-diameter riser pipes,
installed in a line or rmg at spacings between about 3

and 1N £ cxredl 2l o Ll eie aiasean ad 44~ o AnmaTmA
and 10 feet, with the risers connected to a common
header pum“ed with one or more wellpoint pumps.

small well screens composed of either
brass or stamless steel mesh, slotted brass or plastic
pipe, or trapezoidal-shaped wire wrapped on rods to
form a screen. They generally range in size from 2 to 4
inches in diameter and 2 to 5 feet in length and are
constructed with either closed ends or self-jetting tips
as shown in figure 2-2. They may or may not be sur-
rounded with a filter depending upon the type of soil
drained. Wellpoint screens and riser pipes may be as
large as 6 inches and as long as 25 feet in certain situa-
tions. A wellpoint pump uses a combined vacuum and
a centrifugal pump connected to the header to produce

e Assssevn e AL o

vacuum in the system and to
at dr
auv Ul

emzmamn an  aacd wmrad e

to pump out the water

oints. One or more sup-

wallnnints
WEiiD

aing tn
Qs W

- o
&=

the
plementary vacuum pumps may be added to the main
pumps where additional air handling capacity is re-
quired or desirable. Generally, a stage of wellpoints
(wellpoints connected to a header at a common eleva-
tion) is capable of lowering the groundwater table
about 15 feet; lowenng the groundwater more than 15

ge installation of

ts as sho f -3 and 2-4. A well-
pomt svstem\s usuall the most practical method for
dewatering where the site is accessible and where the
excavation and water-bearing strata to be drained are
not too deep. For large or deep excavations where the
depth of excavation is more than 30 or 40 feet, or

R IPN
where artesian pressure ina dcvp nqulfcl. must be re-

duced, it may be more practical to use eductor-type
wellpoints or deep wells (discussed subsequently) with
turbine or submersible pumps, using wellpoints as a
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Figure 2-2. Self-jetting wellpoint.
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Figure 2-3. Use of wellpoints where submergence is small.

supplementary method of dewatering if needed. Well-
pomts are more suitable than deep wells where the

submergence available for the well screens is small
(fic. 2-3) and close spacing is required to interceot
\i1 S r4 U’ aliu viudco Dyﬂblll 10 Lcliulxcu wo lubclbcyu

2
('b
3
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g

D

(Dm < 0. 05 mllhmetre) w1th a low coefflclent of per-
meability (k = 0.1 x 107* to 10 x 10~* centimetres
per second) cannot be drained successfully by gravity
methods, but such soils can often be stabilized by a

A < [ Y

vacuum weupomt sysr,em A vacuuim weil p()i

partial vacuum
the wellpoint an g

increase the hydraulic gradlent producmg flow to the
wellpoints and will improve drainage and stabilization

of the surrounding soil For a wellpoint system the net
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necessary to provxde additional vacuum pumps to en-
sure maintaining the maximum vacuum in the filter
column. The required capacity of the water pump is, of
course, smail.

c. Jet-eductor wellpoint systems. Another type of
ewatering system is the Jet-educto ellpomt system
g‘ ] L3 &

o 8

2 Q o bl PO Pve a
1g. 4-90), wnicCn COnsis da
amall diamatar wall ar a wallnaint gaoraan attachad +4 a
Siilaii UilailiCi€l woi U1l a wCupuliy SCITTCLL duvualiitu W a
jet-eductor installed at the end of double riser pipes, a

pressure pipe t
pipe for the dlscharge from the eductor pump. Eductor
wellpoints may also be pumped with a pressure pipe
within a larger return pipe. This type of system has
the aavantage over a conventional wellpoint system of

| "R JURR 1 PRI D, b cerdaee dall o eni L L 1NN L4
Vel dDIE L0 IUWUI Le der Ldule ds I11UCIl a5 1UV 1eel
from the ton of tho aveavation Jat-aduotar wallnaints

Jili viiv IIUP Vi viiU vauva vy vuuv vl CLAPUAAAW

are installed in the same ma - we
points, generally with a fllte equlred by the foun-
dation soils. The two riser pipes are connected to sep-
arate headers, one to supply water under pressure to
the eductors and the other for return of ﬁow f'rom the

wellpoints and eductors (fig. 2-6). Jde

N

P wa et aduontooan .J. ...._,‘.1 tn Anesra
PULLIL DYD ALl 1T 1IIUdL auvdalitagtuudl SCU LW uctwa-
ter deep excavations where the volume of water to be
pumped is relatively small because of the low permea-

a. Deep wells can be used to dewater pervious sand

or rock formations or to relieve artesian pressure be-

\r\\ fOnginal water table

B2 AN T2 XSS LIS LN TS TGS LS

EANVAEN

Impervious stratum

sils Mechanics in l.ng"u'ruug Practice, uy‘ K. lerzagm and R. B. Peck, 1948,

Wiley & Sons, Inc. Used with permission of Wiley & Sons. Inc.)

Figure 2-4. Drainage of an open deep cut by means of a multistage wellpoint system.
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Note: Vacuum in header =25 ft; vacuum
in filter and soil in vicinity of well-
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ion Engineering,” G. A. Leonards, ed.,
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neath an excavation. They are particularly suited for
dewatering large excavations requiring high rates of
pumping, and for dewatering deep excavations for
dams, tunnels, locks, powerhouses, and shafts. Excava-

tions and shafts as deep as 300 feet can be dewatered
by pumping from aeep wells with turbine or submersi-
hla

3
;-3
3

a
excavatlon a
cumbered by dewatering equipment, as shown in fig-
ure 2-7, and the excavation can be predrained for its
full depth.

b. Deep wells for dewatering are similar in type and
construction to comrmercial water wells. They com-
monly have a screen with a diameter of 6 to 24 inches

] , ¢ .

with lengths up to 300 feet and are generally installed
with a filter around the screen to prevent the infiltra-
tion of foundation materials into the well and to im-
prove the yield of the well

¢. Deep wells may be used in conjunction with a vac-

o dewater small, deep excavations for
tunnels, shafts, or caissons sunk in relatively fine-
grained or stratified pervious soils or rock below the
groundwater table. The addition of a vacuum to the
well screen and filter will increase the hydrauhc grad-

1 h 11

ient to the well and wi 11 create a vacuum Wltﬂlﬂ the
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vacuum capacity to ensure efficient operations of the
system.

2-6. Vertical sand drains. Where a stratified
semipervious stratum with a low vertical permeabxht_y
overlies a pervious stratum and the groundwater table
has to be lowered in both strata, the water table in the
upper stratum can be lowered by means of sand drains

as shown in figures A—v I properly des1gned and in-
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placed in a cased hole, either driven or drilled through
the soil, with the casing subsequently removed. The ca-
pacity of sand drains can be significantly increased by
mstauatlon of a slotted 1%- or 2-inch p1pe inside the

2-7. Electro-osmosis. Some soils, such as silts,
clayey silts, and cIayey silty sands, at times cannot be

dewatered by pumping from wellpoints or wells. How-
Vg aan he drained by welle or ;

avnr annh an Ps wrallnainta
T©vCl, dSUull dULLd vall vo ul Clll..lUu Uy Yy cua Ul Al ClApUlll w
combined wi tb a flow of direct ﬁlnﬂfﬂc current

draulic gradient by pumping from the wells or well-
points with the passage of direct electrical current
through the soil causes the water contained in the soil
voids to migrate from the positive electrode (anode) to

il . S P s fAaadil I T o 1 4l . il
e negative lectrode (catnodae). py making une catn-
ade a wellngint tha wator that mioratag to the cathad
uuc WCTLIPULL1IL, LT Waltl ullau lEglaltd LU LT vauviivu

2-8. Cutoffs. Cutoff curtains can be used to stop or
3 @ v d

minimize seepage into an exca
can be installed down to an imperviou
Such cutoffs can be constructed by driving steel sheet
piling, grouting existing soil with cement or chemical
grout, excavating by means of a slurry trench and

backfilling with a plastic mix of bentonite and soil in-
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pumped out with a well or wellpoint system as shown
in figue 2-11.

a. Cement and chemical grout curtains. A cutoff
around an excavation in coarse sand and gravel or por-
ous rock can be created by injecting cement or chem-
ical grout into the voids of the soil. For grouting to be
effective, the voids in the rock or soil must be large
enough to accept the grout, and I

Q
o
a®
=]
(=)
e
[q7]
w
=]
=
@
@
e
Q
@
¢

anntigh tngathawr an that a0 nantintinng ornnt snrtain 1g
<. xuusu bUstllcl DU uliav ﬂ LuUiluiliiuvud AUULV LUl vaill 1o
obtained. The type of grout that can be used depends
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Figure 2-6. Jet-eductor wellpoint system for dewatering a shaft.
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Figure 2-7. Deep-well system for dewatering an excavation in sand.

be grouted. Grouts commonly used for this purpose are
portland cement and water; cement, bentonite, an ad-
mixture to reduce surface tension, and water; silica
gels; or a commercial product. Generally, grouting of
fine or medium sand is not very effective for blocking
seepage. Single lines of grout holes are also generally
ineffective as seepage cutoffs; three or more lines are
generally required Detailed information on chemical

ovniting and ovanting mathada ia santainad in TAS
grouling anGa grouving meunsas 1S COhnvainea il 1

5-818-6/AFM 88-32 and NAVFACDM 7.3,

b. Slurry walls. A cutoff to prevent or minimize
seepage into an excavation can also he formed by dig-
ging a narrow trench around the area to be excavated
and backfilling it with an impervious soil. Such a
trench can be constructed in almost any soil, either
above or below the water table, by keeping the trench
filled with a bentonite mud slurry and backfilling it

unth a anitahla imnarviang anil lonarally tha $eanah
wiud & Sultaoic LIIPTL VIUUD OVULL, UTLITLAlly, LT uTlull

is backfilled with a well-graded clayev sand gravel
mixed with bentonite slurry. Details regardlng desngn
and construction of a slurry cutoff wall are given in

paragraphs 4-9g(2) and 5-5b.

c¢. Concrete walls. Techniques have been developed
for constructing concrete cutoff walls by overlapping
cylinders and also as continuous walls excavated and

mnmmnmandad im santinme Mhaca wmralle nom ha wainfamand
CULILICLCU 111 dSTULIVILYS, 111TDT wdlld Ldall VT I1Tllllulilcu
and are sometimes incorporated as a permanent part
of a structure.

d. Stoel cheot nlhng The effectiveness of sheet nil-

AJvTTv Urvi T (24242 4220 TaaTUVAVVAITUDD Va DaalTv pra

ing driven around an excavation to reduce seepage de-
pends upon the perviousness of the soil, the tightness
of the interlocks, and the length of the seepage path.
Some seepage through the interlocks should be expect-
ed. 'v'v"nen constructing smail structures in open water,

l.b llldy W dcauub}.t: W dllV!: BWU}. ahccu puuxs tuuuud
the structure, excavate the soil underwater, and then
tremie in a concrete seal. The concrete tremie seal
must withstand uplift pressures, or pressure relief
measures must be used. In restricted areas, it may be
necessary to use a combination of sheeting and bracing
with wells or wellpoints installed just inside or outside

~Af dhn Shn QL affn
of the sheeting. Sheet piling is not very effective in
blocking seepage where bhoulders or other hard ob-

AU aiidn aviv] 92284 vVailaA T UMALTIT UL VLAl &t e

structions may be encountered because of driving out
of interlock.

e. Freezing. Seepage into a excavation or shaft can
be prevented by freezing the surrounding soil. How-
ever, freezing is expensive and requires expert design,
installation, and operation. If the soil around the exca-
vation is not completely frozen, seepage can cause rap-
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quent serious trouble, which is difficult to remedy.

-9, Summaeary of groundwater control

methods. A brief summary of groundwater control
methods discussed in this section is given in table 2-1.

l\'i

2-8

a. General. The method most sultable for dewater-

ing an avoauvatinn danande 1inan tha lanatin
Alls dall Tavavauiulli ucycllub UpULL uio l\l\.rau.lu.ll’ UJPC,

size, and depth of the excavation; thickness, stratifica-

tion, and permeability of the foundation soils below
the water table into which the excavation extends or is
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Figure 2-9. Sand drains for dewatering a slope.

underlain; potential damage resulting from failure of (3) Labor requirements.
the dewatering system; and the cost of installation and (4) Duration of required pumping.
operation of the system. The cost of a dewatering The rapid development of slurry cutoff walls has made
method or system wili depend upon: this method of groundwater control, combined with a
(1Y Tyna ciza and numning ramtivamantae af nrail rartain amaniint Af nuamning o nwantinal and annsn
\i) 1)YPMT, S14T, aliu Pulllipilig 1THYUullTuITluw Vi Y1V LTlalll aillvuily vl pulipilg, a piaciualdil di ia econom-
ect. ical alternative for some projects, especially those
(2) Type and availability of power. where pumping costs would otherwise be great.
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Figure 2-10. Electro-osmotic wellpoint system for stabilizing an excavation slope.
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%

cavation by means of a deep-well o
rather than trenching and sump pumpmg Dewatermg
is usually essential to prevent damage to foundation
soils caused by equlpment operations and sloughing or
sliding in of the side slopes Lonventlonal deep well
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dewatermg requlrements must be achieved, the eng1
neer should make detailed analyses and specify the de-
watering system or detailed results to be achieved in

A $ 941

the contract documents. Where unusuai equxpmenc

P Airsenc awra ramil swad + 1h: waciléa
1iG proceqaures are requirea u

Ve
they should be described in detail in the contract docu-
ments. The user of this manual is referred to
paragraphs 6b, 14b, and 2f of Appendix III, TM
5-818-4/AFM 88-5, Chapter 5, for additional discus-
sions of dewatering requirements and contract speci-

fications. Major factors attectmg selection of dewater-
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U
-

lng and grounawater COl’ll',I‘Ol Systéms are (liS(‘:u Sed in
+tha fallaag 1nnr Daragr gvranha
i€ 10LOWINE paragrapns.

(1) Type of excavation anlln en excavations, or

excavations where the depth of water table lowering is
small, can generally be dewatering most economically
and safely by means of a conventional wellpoint sys-
tem. If the excavation requires that the water table or
artesmn pressure be lowered more tha ZU or 30 feet, a

tered with either a deep-well system (with or w1thout
an auxiliary vacuum) or a jet-eductor wellpoint system
depending on the soil formation and required rate of
pumpmg, but slurry cutoff walls and freezing should

Mot

be evaluated as alternative proceaures Other factors

ating t5 qalectisn of 3 dewstering svstem are inter
reiating to seiection of a aewatering system are inter-
ference nf the svstem with construction onerations
eren I the syste vith construction operations,

the system, sequence of construc-
tlon operations, duratlons of dewatering, and cost of
the installation and its operation. Where groundwater
lowering is expensive and where cofferdams are re-
qulred caisson construction may be more economical.

more frequently,

even for

_______ OO P T . |
Uﬂlbbull are Uell g usea
tnrag
v .
C

emall etrictura
DJAdiiiil OuL UL u

(2) Geo

=y

and soil conditions. The geologic and
soil formatlon ata may dictate the type of dewa-
tering or drainage system. If the soil below the water
table is a deep, more or less homogeneous, free-drain-
ing sand, it can be effectively dewatered with either a
conventional well or wellpoint system. If, on the other

.\_

hand +ha fanvemntinm 1o hicolhley cdrndafind A dlin cmdsssead
lialiu, LT 101 alluIl IS HIEILILY Suldullitd, UL UIe Ssalturduv-
ed soil to be dewatered is underlain bv an imnervious
ed soul e 1 y an impervious

stratum of clay, shale, or rock, wellpoints or wells on
relatively close centers may be reqmred Where soil
and groundwater conditions require only the relief of
artesian pressure beneath an excavation, this pressure
relief can be accomplished by means of relatively few
deep wells or jet-eductor welipoints instalied around

and at thatan aftha avonuatian
allu av uiic bUp Ul Lulit catavauivll

(@) If an aquifer is thick so that the penetration
of a system of wellpoints is small, the small ratio of

(
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screen length to aquifer thickness may result in rela-

tively little drawaown within the excavation, even

tnougn i€ wa
line of wellpoints. For deep aquifers, a deep-well sys-
tem will generally be more applicable, or the length of

the wellpoints should be mcreased and the wellpomts
set deep and surrounded with a high-capacity filter.
On the other hand, if the aquifer is relatively thin or
stratified wellpoints may be best suited to the situa-
tion.

of a dewatering system related to the grain size of soils
is presented in figure 2-12. Some gravels and rock for-
mations may be so permeable that a barrier to flow
such as a slurry tren , grout curtain, sheet pile cut
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and silts will usually requlre the apphcatlon of addi-
tional vacuum to well or wellpoint dewatering sys-
tems, or possibly the use of the electroosmotic method
of o.ewaterlng where soils are silty or clayey. nowever,

whare dhim cosmd locans o mmocamd  armanial snmiaian
where thin sand layers ar resernt, speciai rcquuc-
!hﬂl’\f mav }m 1IMnMnnacoagcaary F‘.lnnfrnncmnnla ahnnlr] nnv-
nent ssary. Liectiroosmaosis shoulia nev

tional system of well-
et-eductor wellpoints
has been attempted.
(3) Depth of groundwater lowering. The magni-
tude of the drawdown required is an important con-
sideration in selecmng a uewatermg sysnem If the

e manitivad 3o lawga Aanrn wal
arawaown Ieyuircu 1d large, uccp wr:u
e th e

Q
=t

ot o
T jev-e

heir a
achieve larqe drawdowns from the top of an excava-
tion, whereas many stages of wellpoints would be re-
quired to accomplish the same drawdown. Deep wells
can be used for a wide range of flows by selecting

eowva wAt oo DYool Qe 24 .4 (OO [
are not as I1iexioie. oince Jel; qucCtor pumps are reia-
tivaly inaffinriant thav ara maet annlirahla whars wal
uively 1NCi1iCICy, uiCy aic liUSuy appilaviC wiiciT wiiu
flows are small as in siltv to fine sand formations.

223 21

(4) Reliability requirements. The reliability of
groundwater control required for a project will have a
significant bearing on the design of the dewatering
pumps, power supply, and standby power and equxp—
ment. If the aewatermg problem lS one mvolvmg the

ound, in event of failure of the system, ma
tremely rapid. Such a situation may influence the type
of pressure relief system selected and require inclusion
of standby equipment with automatic power transfer
and starting equipment.

(5) Required rate of pumping. The rate of pump-

2-12

ing required to dewater an excavation may vary from
Eai_ENANN 1Y oA om M i

© 10 OVU,UVV galions per minut Y IMnore. 1nus, 1iow to a
Arainaga auatam will have an imnartant offaont an tha
WiaiiagtT SyouLTiil ywill 1lavo all llll}lul Lallyv T11TULL Vil ulic
design and selection of the wells, pumps. and nining
“eEinl LLas waIC YOS, puilips, UL pipillp

system. Turbine or submersible pumps for pumping
deep wells are available in sizes from 3 to 14 inches
with capacities ranging from 5 to 5000 gallons per
minute at heads up to 500 feet. Wellpomt pumps are

¢

available in sizes from 6 to 12 inches with capacities
atmam i e L ENN L ENNN WY a1 ___ 1
ranging 1roi ouu to ouuu gaiions per IIllIlul'/e aepena-
ing nnan varmum and dierharcoa nada Tat_adnctar
Alla upvUrL VAULUUULLIL Qiilu uioduviiail 5\, 11vaun. v vuuvuvul
pumps are available that will pump from 3 to 20 gal-
lons per minute for lifts up to 100 feet. Where soil con-

ditions dictate the use of vacuum or electroosmotic
wellpoint systems, the rate of pumpage will be very
small The rate of ‘pumpage will depend largely on the

mamuzrd memran  mae s cmcmzzats wsm bl i aalolo A ,._..‘I Toon o
urawuowil or pressure reiiel requlreu, dana Lﬂ CKIIESS
and nerviougness of the aanifer throuoch whicrh tha
Laria H\dl VAUWILILVOO VUil ViicT (A\iull‘l viii Vus‘l VY ilivik viic
flow is occurring.

occasionally be materlally reduced by pumping a dewa-
tering system only one or two shifts per day. While
this operation is not generally possible nor advan-
tageous it can be economical where the dewatered

avan 1a lawvca: githanila halaar anthguada alavatine ama
area 1S 18rge; SuO0SOLIS 0eiOW Suograae eievation are
deen, pervious, and homogeneous: and the pumbing
deep, pervious, and homogeneous; and the pumping

plant is oversize. Where these conditions exist, the
pumping system can be operated to produce an abnor-
mally large drawdown during one or two shifts. The
recovery during nonpumping shifts raises the ground-
water level, but not sumclently to approach subgrade

& my : PR Fa

of pumpmg planr operation

structures and wells. Lowering the groundwater table
increases the load on foundation soils below the ori-
ginal groundwater table. As most soils consolidate
upon application of addltlona structures located

LY RENER TR, LIS S I

a8

investigated before a dewatering system is de-
sumed Estabhshmz reference hubs on adjacent struc-
tures prior to the start of dewatering operations will
permit measuring any settlement that occurs during
dewatering, and provides a warning of possible dis-
tress or failure of a structure that might be affected.

Al nscsrs AF dhn s dezrndan oo 1liacdandad S £
nebuulgc U1l uIE giouliuwder, S iiustravea l 1 llgurﬁ
9_13 mav he nacecearv tn rediice nr eliminata dictroace

y AAGRY WU ATLUOOGL Y VW iTUulT Ul Clliliiliauvs UiduviTon
to adjacent structures, or it may be necessary to use

positive cutoffs to avoid lowermg the groundwater
level outside of an excavation. Positive cutoffs include
soil freezing and slurry cutoff techniques. Observa-
tions should be made of the water level in nearby wells
before and during dewatering to determine any effect

(
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of dewatering. This information will provide a basis
for evaluating any claims that may be made.
(8) Dewatering versus cutoffs and other proce-
. While dewatering is generally the most ex-
nd economical procedure for controlling
metimes possible to excavate

PUSSIVIT W CALA

b

W more eco-
noxmcallv in the wet inside of a cofferdam or caisson
and then seal the bottom of the excavation with a
tremie seal, or use a combination of slurry wall or
other type of cutoff and dewatering. Where subsurface
construction extends to a considerable depth or where
high uplift pressures or large flows are anticipated, it
may annmnnn“v be advantageous to: substitute a

p0LV7o 2102 8 1.5 3 QLValldgtiolis 0. 2LV

caisson for a conventional foundation and sink it to the

2-14

LOOSE

) B / / ((GR0uNDWATER TABLE WITH RECHARGE

\—GROUNDWATER TABLE WITHOUT RECHARGE

. .
¢ . .

SILTY SAND

design elevation without lowering the groundwater
level; use a combination of concrete cutoff walls con-
structed in slurry-supported trenches, and a tremied
concrete foundation slab, in which case the cutoff

wralla mmawr aawera an aa nart aamnlatad gtmin,

waus may serve also as part of the compietea struc-
ture; use lnrcm rotary d dnlhno‘ machines for excavati ng

purposes, w1thout lowering the groundwater level; or
use freezing techniques. Cofferdams, caissons, and cut-
off walls may have difficulty penetrating formations
containing numerous boulders. Foundation designs re-
quiring compressed air will rarely be needed, although
compressed air may be economical or necessary for
some tunnel construction work.

.
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CHAPTER 3

GEOLOGIC, SOIL, AND GROUNDWATER INVESTIGATIONS

3-1. Gsneral. Before selecting or designing a sys-
tem fgr dewat Arim:r an excavation, if iS necessarv to

, groundwater
conditions, power availability, and other factors as
listed in table 3-1. The extent and detail of these in-
vestigations will depend on the effect groundwater
and hydrostatic pressure will have on the construction
of the project and the complexity of the dewatering

nrnh] em

pa Ve,

a A S _ _01___¢o_ ____ 8§ __o0 _ _ 20 a9
J-2. Geologic and soil conditions. An un-
derstanding of the geology of the area is necessary to

plan any investigation of subsurface soil conditions.
Information obtained from the geologic and soil in-
vestigations as outlined in TM 5-818-1/AFM 88-3,
Chapter 7 or NAVFAC DM?7.1, should be used in
evaluating a dewatering or groundwater control prob-
lem. Depending on the completeness of information

available, it may be possible to postulate the general

Table 3-1. Preliminary Investigations

Investigate

Reference

Type,

dewatering

Criticality

stratification, and
thickness of soil involved
in excavation and

Para 3-2; TM 5-818-1/
AFM 88-3, Chapter 7
NAVFAC DM7.1

Reliability of power system,

damage to excavation or
foundation in event of

failure,
P o)

L= 8 O

Groundwater or
plezometric
pressure
characteristics

its source.
river stage,
etc,

Groundwater table or hydro-
static pressure in area and
Variation with
season of year,
Type of seepage (arte-

rate of rebound,

Para 2-3 and 3-3

sian, gravity, combined).

Chemical

characterictics

VHTIUALGL LIHGLAGULU LTI 10 0LAaAlLD

and temperature of

groundwater.

Permeability
visual,

Power Availability,

Determine permeability from

Para 3-4; Appendix C

field

or labora-

reliability,

and capacity of power at

site.

Degree of possible

€£landdns

a

~L P - P X

LLUUU.LIB LlldebLCLLDLLL
levels 1

bodies of

water

Para 3-5

Para 3-6



characteristics and stratification of the soil and rock
L cdinme tm dhn nnan Witk 4hic infammntinn and tha
10III1d L10OI11S 111 UIE dIea. YViull uilid H11uL1lauiull aliu uie
size of and depth of the excavation to be dewatered,
the remainder of the geologic and soil investigations

can be planned. Seismic or resistivity surveys (as well
as logged core and soil borings) may be useful in deline-
ating the thickness and boundaries of major geologic
and soil formations and will often show irregularities
in the geologic profile that might otherwise go unde-

. Borings

1Y A dlnci bl Lamacssladvn ~AF dhhn Awvdanmdé +hinls

{1) A tnorougn Knowieage: oI i€ €Xieft, Lnick-
ness. stratification, and seenage characteristics of the
1ess, stratification, and seepage characteristics of the
subsurface soil or rock adjacent to and beneath an ex-

ing system. These factors are generally determined
during the normal field exploration that is required for
most structures. Samples of the soil or rock formation

11 i 11O

obtained from these borings should be suitable for
ﬂ' a

Alacoifuing and tacting Far ovain aira and narmanhilide
bluabllyllls allu bcabllls 10Ul Sldlll D1LCT 11U Pcllll aUluoy,
if the complexitv of the project warrants. All of the in-

viiT LOIILPACALYY vale Iyl

formation gathered in the investigation should be pre-
sented on soil or geologic profiles of the site. For large,
complex dewatering or drainage projects, it may be de-
sirable to construct a three-dimensional model of col-
ored pegs or transparent plastic to depict the different

P, DLl Y SIS U R BT R
g£e010g1C OTr SO1l 10rmations dat tne site.
{OY Tha Aant and cnanina af haringe fand cam.
\&; 108 Gepul anG spacilig 01 OOrigs aliG Salil
ples) depend on the character of the materials and o

the type and configuration of the formations or depos-
its as discussed in TM 5-818-1/AFM 88-3, Chapter 7.
Care must be taken that the borings accomplish the
following:

pil
m

STRUCTU

1 g a ssures.
(b) Identify (and sample) all soils or rocks that
would affect or be affected by seepage or hydrostatic
pressure.

(c) Delineate the soil stratification.

sidered satisfactory for dewatering exploration as the
fines tend to be washed out, thereby changing the
character of the soil.

b. Rock coring. Rock samples, to be meaningful for
groundwater studies, should be intact samples ob-
tained by core drilling. Although identification of
[ le from drill cuttings, the determina-

ns, such as fre-

The percent of core recovery and any voids or loss of
drill water encountered while core drilling should be
recorded. The approximate permeability of rock strata
can be measured by making pressure or pumping tests

YR} Xy,

of the various strata encountered. Without pressure or

1nstance,

ling. For instan 1 channe nts in
a rock formation can have a significant influence on
the permeability of the formation, yet core samples
may not clearly indicate these features where the core

recovery is less than 100 percent.

7 /HIVER

2o

U.S. Army Corps of Engineers

'ALLUV|PMMIIRWR\'W\. V .

R O C K

Figure 3-1. Geologic profile developed from geophysical explorations.
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c. Soil testing.

(1) All soil and rock samples should be carefully
classified, noting particularly those characteristics
that have a bearing on the perv1ousness and stratifica-
tion of the formation. Soil samples snouia oe cmssmed

tion should be c,iven he ex1stence and amount of
fines (material passing the No. 200 sieve) in sand sam-
ples, as such have a pronounced effect on the perme-
ability of the sand. Sieve analyses should be made on

representative samples of' the aquifer sands to deter-

.’S

oy ha igad o es atimata
TOU lllabc

o
C.
. The oradation is pmn' ed to design

AT piaRG AUl IS ITYHwaiTle W

wells, wellpoints, or permanent drainage
\f tems to be installed in the formation. Correlations

between k and D,, are presented in paragraph 3-4.
(2) Laboratory tests depicted in figure 3 2 can be

. <Y L
pel’mea[)ulty of a SO or OC sampie; nowever, perme-
ahilitine nhtainad fram ciinh tacte mav hava littla ralal
anoiilitlies ootalnea irom sulil 1e8ts May nave 11t r'dia
tion to field nmrmeablhtv even though conducted

distributed and repacked, the porosity and orientation
of the grains are significantly changed, with resulting
modification of the permeability. Also, any air en-
trapped in the sand sample during testing will signifi-

- .L, [N, 5 O (Y S e

cantly reduce its permeability. Laboratory tests

o)
=

supply

Constant

1star —
water level ~

¥

< Lontinuous

Horizantal area [ [ mALY
of sample, A ) E:-;-:-

samples of sand that have been segregated or con-
taminated with drilling mud during sampling opera-
tions do not give reliable results. In addition, the
permeability of remolded samples of sand is usually
consmeramy less than the norlzontal permeability k,

AL n P ndinem we-lad ia ramaa e e miore significa
Ulatl l‘llldblull, 11l ll lb Belicrdll y IIIOIE S g[llllca[lt
k factor nertaining to seenace flow to a drainage sve-

VA P\/l wlllll‘a v 0\/\/’1“6‘4 ALAUYY LU QA UL ﬂ..l.l.l.(lél: DJD
tem

(3) Where a nonequilibrium type of pumping test
(described in app C) is to be conducted, it is necessary
to estimate the specific yield S, of the formation,
which is the volume of water that is free to drain out
of a material under natural conamons, in percentage

aftatal valiirma T aan ha Aataveninad 3 }. ~ g

Aalahaund y
wudl vululiig, 1L vall v ucwuuulcu lll UIE lapulawory

(@) Saturating the sample and allowing it to
drain. Care must be taken to assure that capillary
stresses on the surface of the sample do not cause an
incorrect conclusion regarding the drainage.

b) bstlmatlng S, from the soil type and D, size

the soil and empirical correlamons based on field
1

y = volume of water drained from sample
V= gross volume of sample
e ield can be estimated from the soil type

]
3
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g

o
Head falls from
hgto hin time t

(From “Ground Water Hydrology”by D. K. Todd, 1959, Wiley & Sons,
Inc. Used with permission of Wiley & Sons, Inc.)

Figure 3-2

. Permeameters: (a)constant head and (b) falling head.
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(or D,,) and the relation given in figure 3-3 or table
3-2.
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a. An investigati of groundwater at a site should
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ter wells. Groundwa’oer and artesian pressure levels at
a construction site are best determined from piezom-
eters installed in the stratum that may require dewa-

21 PRy

terlng rlezomevers in perkus 8011s may be commer-
it

aial wallnainta ingtallad with aor withont a filter (mara
vial wc POLITS, 1IStaneh Wil O WIUIOUL a 1.1 (paia
4-6¢) ag the g'radation of foundation material requires

Piezometers in fine-grained soils with a low perme-
ability, such as silt, generally consist of porous plastic
or ceramic tips installed within a filter and attached to
a relatively small diameter riser pipe.

b. The groundwater regime should be observed for
an extended period of time to establish variations in
level likely to occur during the construction or opera-

. L LR 5. P 1 lamfnseins ndinem wencen e lie +h o
tion of a project. uenerai INiOrMation regaraing uie
ovanndwator tabhla and river or tide staces in the area

AUVUULIU YW ALTL vaAliv Qiiu 21y A VAL DUERU 342 viiy Qavia

1 bu
asa ba81s of estabhshl ng ge eneral water levels. Spec1f1c
conditions at a site can then be predicted by correlat-
ing the long-term recorded observations in the area

6/NAVFACP-418

crustations in the wells or filters and, with time, cause
clogging and reduced efficiency of the dewatering or
drainage system. Indicators of corrosive and incrust-
ing waters are given in table 3-3. (Standard methods
for determining the chemical compositions of ground-

water are available from the American Public Health

Association, Washington, DC

d., Changes in the temnerature o of t

We  \JIIQRIIFTD 113 VMU WAMPULIGUVMAT

gr wa
will result in minor variations of the quantitv of water
flowing to a dewatering system. The change in viscosi-
ty associated with temperature changes will result in a
change in flow of about 1.5 percent for each 1°
Fahrenheit of temperature change in the water. Only

1arge variations in t,emperature need be consmered in

Aacion hanatas tha ancinany ~f dodommeiniee
UTDIELIl tlaudt Liic attuliacl Ul ucwr lllllllllg U ult:r
narameters ﬂnon nnt wa an n\maqnivn {2 lnnmnnf
parameters does not warrant excessive refinement.
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Methods that can be used to estlmabe or determme the
permeability of a pervious aquifer are presented in the
following paragraphs.

a. Visual classification. The simplest approximate
method for estimating the permeability of sand is by
visual examination and classification, and companson

with more detailed short-term observations at the site. with sands of known permeability. An approximation
iwater is of tha narmeahility of clean candg can ha ghtainad
c lne Cnemlcal Composltlon OI tne grou a r l va ViAT PULiilivAiviliyy Vi Livdil DAlivge vail ol vvvaiacu
.................. T dwratare arne L,,.m.. e, from table 3-4.
1 counceril, vpecause dullie gluuuuw LD diT [1Elily LUl
rogive to mnfn] screens, nines and DpumDns, Or mav con- b Emnirical relation betiween D. and b The nar.
AVUDAV O y PAPYVY TRaAAlA prRRllApVY Ve ol Ve ZAITLPIUT VLML T T RAVLVUTY UTLWWTTIY 4719 Wivwe L. P eia ycl
tain dissolved metals or carbonates that will form in- mes b!llty of a clean sand can be estimated from em-
a1 10 W0 100
50 V. i .V v LA
1 T | T
45|~ ° N

38— .
30— \“ \
< \
$ 25/ N\ /N seecificyield TS A |
®
Y 20—
4 \ _~Specific retention
15— J/

<)
-
c

E ffective grain size

{(Dyqn) in mm
AL

(From “Ground Water Hydrology”by D. K. Todd, 1959, Wiley & Sons,

Inc. Used with nprmn‘unn nf Wiley

23

........... ey

Figure 3-3. Specific yield of water-bearing sands versus D,,, South Coastal Basin, California.
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Table 3-2. Specific Yield of Water-Bearing Deposits in Sacramento Valley, California

Specific
Yield
Material percent
Gravel . 25
Sand, including sand and gravel, and gravel and sand 20
Fine sand, hard sand, tight sand, sandstone, and related
deposits 10
Clay and gravel, gravel and clay, cemented gravel, and
related deposits 5
Clay, silt, sandy clay, lava rock, and related fine-
grained deposits 3

(From “Ground Water Hydrology by D. K. Todd, 1959, Wiley & Sons,
Inc. Used with permission of Wiley & Sons, Inc.)

Table 3-3. Indicators of Corrosive and Incrusting Waters

Indicators of Indicators of
Corrosive Water Incrusting Water
1. A pH less than 7 1. A pH greater than 7

2. Dissolved oxygen in excess of 2 ppm 2. Total iron (Fe) in excess
of 2 ppm

3. Hydrogen sulfide (HZS) in excess of 3. Total manganese (Mn) in
excess of 1 ppm in con-
junction with a high pH
and the presence of
oxygen

1 ppm, detected by a rotten egg
odor

4. Total dissolved solids in excess of 4. Total carbonate hardness
1,000 ppm indicates an ability to in excess of 300 ppm
conduct electric current great
enough to cause serious electro-
lytic corrosion

5. Carbon dioxide (COZ) in excess of
50 ppm

6. Chlorides (C1) in excess of 500 ppm

(Courtesy of UOP Johnson Division)
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m

able 3-4.

A 3 s raj L£Lr a LT _ L1 L1y _ e I
Approximate Coefficient of Permeabiiity for Various Sands

Type of Sand (Unified
Soil Classification System)

Sandy silt
Silty sand
Very fine sand
Fine sand

Coefficient of Permeability k
A A
X 10 * cm/sec X 10 ~ ft/min
5-20 10-40
20-50 40-100
50-200 100-400
200-500 400-1,000
500-1,000 1,06060-2,000
1 NNON_1 €nn 2 NDNnN_2 NnNnn
J.,UU\I J.’JUU L’U\IU J,UUU
1,500-2,000 3,000-4,000
2,000-5,000 4,000-10,000

pirical relations between D,, and k (fig. 3-4), which
were developed from laboratory and field pumping
tests for sands in the MlSSlSSlppl and Arkansas mver

valle yS. Al inv stlg tion of the permea iht{y o) er
sands revealed that the permeability of clean, rela—
tively uniform, rem01ded sand could be estimated from
the empirical relation
k =C (Dlo)z (3-2)

where

k = coefficient of permeability, centimetres per

second
C= 100 (may vary from 40 to 150)
D,, = effective grain size, centimetres

4710 TAITVUIVE piall

Empirical relations between D,y and k are only approx-
imate and should be used with reservation until a cor-
relation based on local experience is available.

c. Field pumping tests. Field pumping tests are the
most reliable procedure for determining the in situ
permeability of a water-bearing formation. For large
dewatering jobs, a pumping test on a well that f'uily
penetrates the sand stratum to be uewaterea 1s w

- -
=
=
2
j= 7
@
£
&
=0
=

]

and will be available for b dders However, for small
dewatering jobs, it may be more economical to select a
more conservative value of k based on empirical rela-
tions than to make a field pumping test. Pumping tests

are discussed in detail in appendix C.

d. Simple field tests in wells or piezometers. The
permeability of a water-bearing formation can be esti-
mated Irom constant or falling head tests made in

s mbnnn S o mmannar aivnila ~la
meters in a manner similar to 1abG ator

‘<<

igure 3-5 presents formulas for

W 4 i\ Ui iiivaa

ermining the permeability using various types and
mstallatlons of well screens. As these tests are sensi-
tive to details of the installation and execution of the
test, exact dimensions of the well screen, casing, and

3-0

filter surrounding the well screen, and the rate of in-
flow or fall in water 1eve1 must be accura'oely meas-

LIS o P |

hanahala nsesiies A+l

the borehole around the u‘iSii’ig, C
emoval of the fine-grained particles of
aquifer, or the accumulation of gas bubbles in or
around the well screen can make the test completely
unreliable. Data from such tests must be evaluated

Q
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: ° 971
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g /4 NOTE: k, BASED ON FIELD PUMPING
Q ! TESTS.
& 59 ' 1 1 1 1 1 e |
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(8]

EFFECTIVE GRAIN SIZE (D,,} OF STRATUM, MM

Figure 3-4. D,, versus in situ coefficient of horizontal permeability—
Mississippi River valley and Arkansas River valley.
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;// ;
2 o
7 o
2 P
7, ~N
7 T
/ t, —
7/ NOTATION
% D = DIAM, INTAKE, SAMPLE, CM
Z d = DiAM, STANDPIPE, CM
7 L =LENGTH, INTAKE, SAMPLE, CM
= H_= CONSTANT PIEZ HEAD, CM
7
//A H,=PIEZ HEAD FOR t=t ,CM
Z :
Zid. Hz = PIEZ HEAD FOR t=t,, CM
: qQ = FLOW OF WATER, CM3/sEC
t = TIME, SEC
k; = VERT PERM CASING, CM/SEC
k, = VERT PERM GROUND, CM/SEC
h k, =HORIZ PERM GROUND, Ci/sEL
: km = MEAN COEFF PERM, CM/SEC
WELLPOINT | WELLPOINT m = TRANSFORMATION RATIO
FILTER AT | FILTER IN
IMPERVIOUS | UNIFORM k., = Vky, k, m = ykyk,
BOUNDARY soIL .
In=logq. =2.3loa._
A B e vi0
CASE CONSTANT HEAD VARIABLE HEAD
2
2mL / 2mL
d2 | l——+ 1+ (—) H
— _ k D v \ D J 1
= n—-—
o eme [ famL)? h 8L (1, -t H
glal—+4/1 + | == 2 2
A L V' \o/ |
k, =
n 27LH &2 (4mL)
2mL
ky=—7—"In— FOR —/—>
B W, =i 2
-~ 2
mL mL
d2in|— +4/1 + (——) H
—— k ° In —
. = — —
rmL ’n“u.‘ﬂ h 8L (i, -1, H
aln[=+/1+ () | 2 2
B . D D
k - — v \ s
h 2mLH ey {2mL\
\ o] H: mL
h e (r In FOR — >
2 2 D

ASSUMPTIONS

SOIL AT INTAKE, INFINITE DEPTH AND DIRECTIONAL ISOTROPY (kv AND I‘h CONSTANT) - NO
DISTURBANCE, SEGREGATION, SWELLING, OR CONSOL IDATION OF SOIL - NO SEDIMENTATION OR
LEAKAGE ~ NO AIR OR GAS IN SOIL, WELLPOINT, OR PIPE - HYDRAULIC LOSSES IN PIPES, WELL-
POINT, OR FILTER NEGLIGIBLE.

orns of Engineers

Figure 3-5. Formulas for determining permeability from field falling head tests.
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carefully before being used in the design of a major de- lications of the U.S. Weather Bureau or other refer-
aze guatam ence data. Maps showing amounts of rainfall that can

wnwx ""5 or dl aulasc A 15222
o o be expected once every 2, 5, and 10 years in 10-, 30-,
3-5. Power. The availability, reliability, and and 60-minute duration of rainfall are shown in figure

capacity of power at a site should be investigated prior 3-6. The coefficient of runoff ¢ within the excavation
to selecting or designing the pumping units for a dewa- will depend on the characber of soils present or the
tering system. Types of power used for dewatering sys- treatment, if any, of the slopes. Except for excavations
tems include eleCt!'lC natural gas, but&ﬂe d.lesel and in clean nnnrle the coafficient of runoff ¢ is oenerauv
gasoline engines. Electric motors and diesel engines from 0.8 to 150, The rate of runoff can be determined
are most commonly used to power dewatering equip- as follows:
ment.

Q=ciA {3-3)
2_4, Surface water, Investigations for the con- where
trol of surface water at a site should include a study of
precipitation data for the locality of the project and de- = rate of runoff, cubic feet per second
termination of runoff conditions that will exist within = coefficient of runoff
the excavation. Precipitation data for various localities i = intensity of rainfali, inches per hour
and the frequency of occurrence are availabie in pub- A = drainage area, acres

>
/
[
>

ALY LIy YRR

ONCE [N 2 YEARS ONCE IN 5 YEARS ONCE IN 1O YEARS 125

10-MIN RAINFALL

< -
550
ONCE IN 10 /el N
>
‘ ‘(}&
- 1287

Il~-'

RSNV Z o\ mmmwﬁff@”‘%

1-HR RAINFALL

(U. S Department of Azrtculmre Mzscellaneous Publication No. 204)
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Dﬂl QVGT:MC

I I RIVID

4-1. Analysis of groundwater fiow.

a. Design of a dewatering and pressure relief or
groundwater control system first requires determina-
tion of the type of groundwater flow (artesian, grav1ty,

~ _ i IR, L NI P kY 1 Lol oa_ o L 4

Oor compoinea) to oe expecteda ana oI tne ype syswm
that will be required. Also, a complete picture of the
groundwater and the subsurface condition is neces-

sary. Then the number, size, spacing, and penetration
of wellpoints or wells and the rate at which the water
must be removed to achieve the required groundwater
lowering or pressure relief must be determined.

b. In the analysis of any dewatering system, the
source of seepage must be deterrnmed and the bounda-

ter flow condltlons can be generahzed 1nto rather sim-
ple configurations. For example, the source of seepage
can be reduced to a line or circle; the aquifer to a homo-
geneous, isotropic formation of uniform thickness; and
the dewaterlng system to one or two parallel lines or
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flg'uratlons of wells sources of seepage and
tions can, in most cases, be solved or at least approxi-
mated by means of flow nets, electrical analogy mod-
els, mathematical formulas, numerical techniques, or a
combination of these methods.

¢. Any analysis, either mathematlcal ﬂow net, or
electrical analogy, is not better th

Loiaann mdtman Loon Jocl i oam A Al nuwnntamicting 1iand a
10ruldbl()l poulnudr lUb dllu Clidardiieriduitd Uudtcu 1ii uiie
nalysis. The solution obtained, regardless of the rigor

si representative of
actual behav1or only 1f the problem situation and
boundary conditions are adequately represented. An
approximate solution to the right problem is far more
desirable than a precxse solution to the wrong problem.

. P P R
The importance of formulating correct groundwater
flow and boundary conditions, as presented in chapter
3, cannot be emphasized too strongly
pu AN+l T £nsn Arrrantaring an mwacory wa walinf an
a vl t[lUUb 101 d att:x llg a ld piessuice xclu:f a ld
tuerr sultablhtv for various types of excavatlons and

tigation of factors relating to groundwater flow and to

design of dewatering systems has been discussed in
chapter 3 Mathematical graphical, and electroanalo-

face-water control systems are considered in this chap-
ter.

f. The formulas and flow net procedures presented
in paragraphs 4-2, 4-3, and 4-4 and figures 4-1
through 4-23 are for a steady state of groundwater
flow. Durlng initial stages of dewatering an excava-
tion, water is removed Irom storage nd the rate of

L

f ore. initial
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ViT, iiuiu

ercent larger t
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4-2. Mathematical and model analyses.

a. General.
(1) Design. Design of a dewatering system re-
quires the determmatlon of the number, size, spacing,

ana penetratlo of wells or welipoints and the rate at

tors also de p nd the req

down. The fundamental relatlons between well and
wellpoint discharge and corresponding drawdown are
presented in paragraphs 4-2, 4-3, and 4-4. The equa-

tions presented assume that the flow is laminar, the

pe‘"‘f'ﬁus stratum 1is thOge"ieO"S and isﬁtr"pic, the
water draining into the system is pumped out at a con-
ater draining into the system 1s pumped out at a con

stant rate, and flow conditions have stabilized. Proce-
dures for transferring an anisotropic aquifer, with re-
spect to permeability, to an isotropic section are pre-
sented in appendix E.
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Fiezometic surface

Ongmal prezometric dx‘mng pumpIng
curface (no flow)  >° a
FLOW DRAWDOWN
KDx AT ANY DISTANCE y FROM SLOT
L e
hea (L @
H ~ kDx Y
L
==Y (H-h) (20)
B
[SU S
ARTESIAN FLOW
Groundwater level FLOW DRAWOOWN
Origina! ground- , duting pumping
water level { - L
. (no flow) - k2 2 AT ANY DISTANCE y FROM SLOT
c\o/ e~ g SIS S Q—zL (1 'ho) @
. L-
I HY = h? = =T (W -12) (4
H e )
WHERE h'__=h°+ hs AND hs IS OBTAINED
FROM FiG. 4-2
GRAVITY FLOW
FLOW DRAWDOWN
Piezometric surface  kx(D® -h2)(2DH -D" -h2) AT ANY DISTANCE y FROM SLOT
Onginal pizzometric duning pumping Q — - )
_surface (no “ow) P % o 2L (D% - he) |3 /1 v\
Y6~
oot ‘__‘o\)‘d- 'gl-!f!}' FOR y =L H-h= -1/302 -( J[D -(h +h )2](
o i WHERE h_=h +h, AND h, e\ e/
IS OBTAINED FROM r, H-D !
>
FIG. 4-2 FOR y 2L H-h:H-l oL )(y-LG)+D (7)
[ s 4
WHERE Lg 1S THE DISTANCE FROM THE SLOT TO THE POINT
AT WHICH THE FLOW CHANGES FROM ARTESIAN TO
GRAVITY, AND IS COMPUTED FROM
Llo® - (h ¢ n )]
T Y ®
20H = 0% =(h_+h )
o s
COMBINED ARTESIAN-GRAVITY FLOW

( M;Zﬁed frrojn#“Fd;naézrian Eng;;lée;ing, " G. A. Leonards, ed., 1962, McGraw- Hill Book“Cor‘n;a—njr.
Used with permission of McGraw-Hill Book Company.)

Figure 4-1. Flow and head for fully penetrating line slot; single-line source; artesian, gravity, and combined flows.

flow to trenches, French drains, and similar drainage
systems. They may also be used where the drainage
system consists of closely spaced wells or wellpoints.
Assummg a well sysbem equivalent to a slot usually
simplifies me analysis; nowever correct 3

cussed in ¢ below. When the well system cannot be
simulated with a slot, well equations must be used.
The figures in which equations for flow to slots and
wells appear are indexed in table 4-1. The equations

for slots and wells do not consider the effects of hy-
draulic head losses H,, in wells or wellpoints; proce-
dures for accounting for these effects are presented
separately

mfluence that is defmed as the radius of a circle be-
yond which pumping of a dewatering system has no
significant effect on the original groundwater level or
piezometric surface. The value of R can be estimated

(
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FLOW MAX RESIDUAL HEAD DOWNSTREAM OF SLOT
) =t " WDx(H - h,) E, (H-h,)
; L £ % ToE, o ot TTvE, M @
” g o_ . .
M w T
4 Mo he U T -, [¢0 WHERE E, IS AN ADDITIONAL LENGTH FACTOR OBTAINED FROM THE FIGURE BELOW
)
S N (@
0 . —— T .
L/D =0.5 %L/D s
02 LA
04
o /
: /
06 v
J/
08
L//
10 a ol 1411 1 Lidd —
0.005 001 0.05 01 05 10 L]
E,/O (b)
ARTESIAN FLOW
<lr:e':|°(|"g'::;::;)" FLOW MAX RESIDUAL HEAD DOWNSTREAM OF SLOT
Q H-h
b NF— L — = oY kx , .2 1.48
- __:\____ < nps(o.n+o.z; m )E(H -hZ) (@) hnsho[T(H-ho)o|] (4)
b H fg
by H 2
L s 2 u WHERE L Z3H
+] h 2
| o - ;_L
h’ IS OBTAINED FROM FIG, 4-2 (C) GRAVITY FLO'
FLOW MAX RESIDUAL HEAD DOWNSTREAM OF SLOTt
kDx(H ~ D) 1.48
Q,\}_.__ L— x Q= t-c, (s) hD=h°[LG(D-h°)t|j| )
Pu]| <
w PROVIDED h £0; L _Z 3D
{L q.% L‘Z/&’_T . 0-h, o G
IIYIYIII9 | 77973 T LLLLLLLLLLdLl, 3 H L(Dz 'ho)(o'n +0.27 ") )
AT WHERE L_= )
N TE‘L g ) G , D- ho
e Tho z 20(H - D) +(0? - W) 073 v 0.7 -
h, 1S OBTAINED FROM FIG. 42 (d)

COMBINED ARTESIAN AND GRAVITY FLOWS

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-3. Flow and head for partially penetrating line slot; single-line source; artesian, gravity, and combined flows.
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LIKEWISE, THE

FULLY PENETRATING SLOT
ARTESIAN FLOW

PARALLEL), IS THE SUM OF THE FLOW FROM EACH SOURCE, WITH REGARD TO THE APPROPRIATE FLOW

BOUNDARY CONDITIONS, AS DETERMINED FROM THE FLOW EQUATIONS IN FIG. 4-1.

ONLY ONE SOURCE EXISTED.
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APPROXIMATELY THAT COMPUTED FROM A SINGLE SOURCE,

Book Company. Used with permission of McGraw-

(c)
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Figure 4-4. Flow and head for fully and partially penetrating line slot; two-line source; artesian and gravity flows.
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A FREQUENTLY ENCOUNTERED DEWATERING SYSTEM IS ONE WITH TWO LINES OF PARTIALLY
PENETRATING WELLPOINTS ALONG EACH SIDE OF A LONG EXCAVATION, WHERE THE FLOW
CAN BE ASSUMED TO ORIGINATE FROM TWO EQUIDISTANT LINE SOURCES.

FLOW

"_L——oT-—l—-!-—l—-To—L——j x

FLOW FOR EACH SLOT CAN BE ESTIMATED AS

.-'_"—,‘—1 ————— ?x"_'r' FOR ONE SLOT WITH ONE LINE SOURCE, EQ 1.
8 g | FIG. 4-3.
§ §-T H ht
gt @ ‘ o
5t 5D |
L

VALUE OF hD CAN BE ESTIMATED AS FOR ONE
SLOT AND ONE LINE SOURCE, EQ 2, FIG. 4-3.

ARTESIAN FLOW

12

A PR

2 08

i 15 T

L

10 AN

C, 06

T

04 0.5

Line source
Line source °

0.2

i 0 i
o 2 4 6 8 10 [ 0.05 0.10 0.15
I/he b/n

(b) (c) (d)

FLOW

FLOW TO EACH SLOT APPROXIMATELY THAT ONE SLOT WITH ONE LINE SOURCE, EQ 3, FIG. 4-3.

h t
[)

c,C
172
h

o=hy (H=hg)+ 1 ()

WHERE C' AND C2 ARE OBTAINED FROM FIG. (¢} AND (d) ABOVE..

GRAVITY FLOW

t MAXIMUM RESIDUAL HEAD MIDWAY BETWEEN THE TWO SLOTS.

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-5. Flow and head (midway) for two partially penetrating slots; two-line source; artesian and gravity flows.
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/T_\ ¢
PR AL T
{ CAJ ix } e
~c
\ )
s ’ //
(o) —
INITIAL PIEZOMETRIC //
/ SURF ACE “h —
WGt el ' d | e
R A _———
H—+ T o / —
YL by 7 ] -
Ir_._Rl‘_A:J, / /
AL e
y
FLOW Q,_ OR DRAWDOWN (H-h)
CAN BE ESTIMATED FROM ¢ //
Qw=(H-he)kD$ (1
WHERE
£ = SHAPE FACTOR FOR ARTESIAN %y 0 20 30 20 S0 &0 50 80 30 100

FLOW OBTAINED FROM (c)

hc CAN BE OBTAINED FROM
PLOTS iN FIG. 4-7

\

(b)

U.S. Army Corps of Engineers

W/D, PERCENT

t IF R ISOBTAINED FROMFIG. 4-23, SUBSTITUTE h, FOR h_.

o

Figure 4-6. Flow and head for fully and partially penetrating circular slots; circular source; artesian flow.

from the equation and plots in figure 4-23. Where
there is little or no recharge to an aquifer, the radius of
influence will become greater with pumpmg time and

S R . P Jh IR U AP M., | PR |
wiln lncre Sed arawdaowll 111 tie area oelng ewawwu.
Nonarally R araatar far nnarca varv narvinneg gand
uclicials auvcl L vairoc, vor MT1VIUUS Sailiv

mation of R will serve adequately for de51g because
flow and drawdown for such a condition are not espe-
cially sensitive to the actual value of R. As it is usually
impossibie to determine R accurately, the vaiue should

be selected conservatively from pumping test data or,
if necessary, from figure 4-23.

(4) Wetted screen. There should always be suffi-
cient well and screen length below the required draw-
Anvn in a wall in tha farmatinn haing dawr {-nmnrl an
WUuvlill 111 A vwTil 141 v 1 illauvivil Wllls uc

(s
=
(4]

nterface of the formatxon and the
well filter (or screen) or at the screen and filter that
starts to cause the flow to become turbulent. There-
fore, the design of a dewatering system should always
be checked to see that the well or welipoints have ade-
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U.S. Army Corps of Engineers

Figure 4-7. Head at center of fully and partially penetrating circular slots; circular source; artesian flow.
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SECTION A-A

(b)

FLOW, Q,, OR DRAWDOWN, H - h,. CAN BE ESTI-

MATED FROM
Q,=(H-h ko § m

wHERE §
AN

BTAINED FROM PLOTS SHOWN BELCOW
X

1S 0BT/ delh
D PERCENT PENETRATION = W

NOTE: HEAD ALONG LINE A-A WITHIN THE ARRAY,

hp, IS OBTAINED FROM FIG. 4-9.

SHAPE FACTOR §

100 ” PENETRATION ‘

IR ittt SR S
‘ [50° PENETRATION] '
I i .

0 -

¥ - R e
\IIO" PENETRATION

i 25 PENETRATION| !

ol - 0

o 0.04 008 0.12 0.16 0.20 0.24 0

b'Rt
(g)
c)
' R IS OBTAINED FROM FIG. 423,

0.08 0.08 0.12 0.16 0.20 0.24
b/Rt

Ny
\a/

o N
0 0.04 008 0.12 0.6 0.20 0.24
b/R*

0.08 012 0.16 0.20 0.24
b'Rt

o) 0.04

(e) H

Figure 4-8. Flow and drawdown at slot for fully and partially penetrating rectangular slots; circular source; artesian flow.

U.S. Army Corps of Engineers
quate “wetted screen length h..” or submergence to
pass the maximum computed flow. The limiting flow
q. into a filter or well screen is approximately equal to
2nr.Vk 7.48 gallons per minute a1
= =T per foot of filter (4-1)
' or screen

where

r« = radius of filter or screen

k = coefficient of permeability of filter or aquifer

sand, feet per minute

(5) Hydraulic head loss H,. The equations in fig-

ures 4-1 through 4-22 do not consider hydraulic head
losses that occur in the filter, screen, collector pipes,
etc. These losses cannot be neglected, however, and

separately. The hydraulic head
loss through a filter and screen will depend upon the
diameter of the screen, slot width, and opening per
foot of screen, permeability and thickness of the filter;
any clogging of the filter or screen by incrustation,
drilling fluid, or bacteria; migration of soil or sand par-

ticles into the filter: and rate of flow ner foot of screen

........ VU VAT 233004y QAR AGUT Vi 22UV PUL AUUUL Ul SUA T,

Graphs for estimating hydraulic head losses in pipes,
wells, and screens are shown in figures 4-24 and 4-25.
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NOTE: HEAD, hp, ALONG LINE A-A IN FIG. 4=80 CAN BE OBTAINED FROM CURVES ABOVE.

hp:heﬂhp-he)

U.S. Army Corps of Engineers

Figure 4-9. Head within a partially penetrating rectangular slot; circular source; artesian flow.
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i : |
b— 7—‘—v~ Note' Curves are for r, =1 ft
i and R=1.000 ft
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Ratio of flow from partially penetrating well
to that from fully penetrating well - (;

FROM FIG. 4-24

RADIUS OF INFLUENCE, R, IS OBTAINED
FROM FiG. 4-23

(a)

FLOW, Qw . L 2rkD{H - h )

Q - 2mkD(H - h) TN T W

DRAWDOWN, K = h
H-h, R
|n(R/r )

PARTIALLY PENETRATING WELL

FLOW, Q
P 2nko(H - h )G
T TTalm ) 9w - 1002 © @
In{r/r )
WHERE G IS EQUAL TO THE RATIO OF FLOW FROM A PARTIALLY PENETRATING WELL, Q,,. TO THAT FOR A
FULLY PENETRATING WELL FOR THE SAME DRAWDOWN, H - h, AT THE PERIPHERY OF THE WELLS.

APPROXIMATE VALUES OF G CAN BE COMPUTED FROM THE FORMULA:

w mw’'D
G:E(l +7Q/rw/2WCOS—2—) (s)

MORE EXACT VALUES CAN BE COMPUTED FROM THE FORMUL A:

in ﬁ/r
2 - 0.875 W/ D) o.125 w/D) I . aD {6
n22 _in o2
|_ It - 0.87sw/0) 11 ~0.125 w/Dy R

WHERE [" 1S THE GAMMA FUNCTION; W = WELL PENETRATION.

VALUES OF G FOR A TYPICAL LARGE-DIAMETER WELL (r_ = 1.0 FTI WITH A RADIUS OF INFLUENCE OF
1,000 FT ARE SHOWN IN (b) ABOVE.

w
5 —)
D

DRAWDOWN, H = h

w
paly
]

2
-

THE SHAPE OF THE DRAWDOWN
CURVE N THE VICINITY OF A
PARTIALLY PENETRATING WELL
CANNOT BE DETERMINED DIREC-
TLY FROM EQ 4 BUT CAN BE
APPROXIMATED BY ASSUMING THE
EFFECT OF WELL PENETRATION,
W, IS INSIGNIFICANT BEYOND A
DISTANCE, r, THAT IS GREATER
THAN D. THE DRAWDOWN IS AP- {Log) Distance trom wall~ ¢, ft
PROXIMATED AS FOLLOWS: (¢)

Fo-on

Toar2s

o)
w

1 =-0.87% -=)
o

w

10.875 ==}

Drawdown, ht

~h_ for partally peretrating well) FOR

< b, for fully penerratng well E?gQL

r

¢)°

in
I
o
~
0
—~z*
]
8
o
b4
b

1. COMPUTE Q_ . FROM EQ 4 FOR A GIVEN DRAWDOWN
OF 1 On {¢).
2. COMPUTE H-h_ FrROMEQ 2 FOR A FULLY PENE-

JRATING WELL FOR A DISCHARGE OF Q wp (2 ON (q)).

3. PLOT DRAWDOWN FOR FULLY PENETRATING WELL VS
{LOG) r AS SHOWN BY LINE AC IN {cC).

4. DRAW A CURVED LINE FROM THE POINT (hw"w) ~ POINT B IN ILLUSTRATION - FOR THE PARTIALLY PENE-.
TRATING WELL TO POINT A,

THE COMBINED CURVE, BAC, REPRESENTS AN APPROXIMATION OF THE DRAWDOWN CURVE FOR A PARTIALLY
PENETRATING ARTESIAN WELL.

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill Book Company.
Used with permission of McGraw-Hill Book Company.)

Figure 4-10. Flow and drawdown for fully and partially penetrating single welis; circular source; artesian fiow.



TM 5-818-5/AFM 88-5, Chap 6

»

NAVFACP-418

'\

Phreatic suriace

/ during pumpmg

- . Phrealic sur{ace
Initial phreatic surfa«:ex !/Q"'/dunng pumpmg

s
I,
v 7
[ N .
1 N |( L o r
] - " ] F1
H (LR 1
' Chber '
I RN U R "y
[ s | (IR ) 1
e o e e e
e e
(SEE FIG. 4-23 FOR DETERMINING R.) o R .I
(b)
FULLY PENETRATING WELL
FLOW, Q , OR DRAWDOWN, H? -~ h%, NEGLECTING HEIGHT OF FREE DISCHARGE, h' (CONDITION (a)).
2 _ 2
7 k(H? - h?) nk (H hw)
Q = m OR Q= (2)
w Tn Z‘R/r,i w In (R/f,'.'.;
FLOW Q. , TAKING a) CAN BE ESTIMATED ACCURATELY FROM EQ 2 USING
e » u . . =

u E
$ =0 FOR FULLY PENETRATING WELL), FOR THE TERM hw

FULLY OR PARTIALLY PENETRATING WELL

FLOW, Q , FOR ANY GRAVITY WELL WITH A CIRCULAR SOURCE

. - / e
3 w =3
= . —] SIN — (3)
QW In IR/rwi I_‘ + ko 30+ H H

ORAWOOWN, H - h OR n? - k% wHERE k' IS ACCOUNTED FOR (CBTAIN Q FROM EQ 3)
Q

WHERE r> 1.5H, H2 - h? =—: Ini @
WHERE r < 1.5H,

FOR r/h>1.s, USE EQ 4

Q_ P In (10R/H)
w
For /h< 1S, H-h= (s)
akn [1 - o.8(s/m) %)

FOR 0.3<rh<1s, nR/r ]
FOR i/h<¢5.3, +Ac 7
— . .. R
WHERE C_=0.13 In—-0.0123 In°* — (8)

x r 10r
s 1 R S 2.4H R
AND Ac== |[[—In—) [1.2==-0.48) +0.113 In In — (9)
h I:(z.a 10r H R 3ar

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hiii
Bock Company. Used with nermjcn'nn of MeGraw-Hill Rook f'omnnnv )

CORK LOmpany. SSION O FACUToW-ITnr DO0OK

Figure 4-11. Flow and drawdown for fully and partially penetrating single wells; circular source; gravity flow.
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‘ _ Piezometric surface
Initial piezometric surface ,Qw/ durmg pumping
/ g pumping

\ § |
T 77 VAT 277
W77z 47728 ViAZ2777277 .

4

R T
! {
N
_
e o —

e-——

—_—t A A1)
PR/ //V//K/Z//,’, QL7 /1

CAN BE COMPUTED FROM

FLOW, Q

mk (20m - D% - h?)
\ w/

Q =
w In (R/r.) m
w

DRAWDOWN, H - h, CAN BE COMPUTED AT ANY DISTANCE FROM
02 -h

[ . / T h?
H-D r ‘w R
H~h:H—l——-——|n—+\/02-—-|n—] (2)
1n (o372 ) . nle/e ) .
\IAR/T ) T v \RIT ) L

R. DISTANCE FROM WELL AT WHICH FLOW CHANGES FROM GRAVITY TO ARTESIAN CAN BE COMPUTED
FROM
2

{ L2\ 1 e e fi: Y Lo o
\D°-n,) inR+20(H-Djinr
- hud had (3)

5
ot

2DH - D? - h?
w

THE SAME ELEVATION AS THE WATER SURFACE IN THE WELL. THIS WILL NOT BE TRUE WHERE THE

DRAWDOWN 1S RELATIVELY LARGE. IN THE LATTER CASE, THE HEAD AT AND IN THE CLOSE VICINITY OF
THE WELL CAN BE COMPUTED FROM EQ 4 THROUGH 9 (FIG. 4-11). IN THESE EQUATIONS THE VALUE OF Qw

USED 1S THAT COMPUTED FROM EQ 1. ASSUMING h  EQUAL TO THE HEIGHT OF WATER IN THE WELL,
AND THE VALUE OF R COMPUTED FROM EQ 3 !S USED IN LIEU OF R

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)
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Pont P34 O

H,
~— e had

IS OBTAINED FROM FIG.4-24

) {b) ARTESIAN FLOW (c) GRAVITY FLOW

ARTESIAN FLOW

DRAWDOWN (H = h)) AT ANY POINT P

Hoh o= — (1
P~ 2mkD
i=n /R
WHERE Ft = L |n\ ) (2)
i=1 \ i
AND Q. =FLOW FROM WELL i R; = RADIUS OF INFLUENCE FOR WELL it
T, = DISTANCE FROM WELL i TO POINT P n = NUMBER OF WELLS IN THE ARRAY
GRAVITY FLOW
mmawneawsy (02 _h2) am 20w maine o
wrAwUvYTYTN \l'l IIPI AT ANY FUIMNE L ad
F
H2 - h2 = (3)
he =2k
WHERE F IS COMPUTED FROM EQ 2
ARTESIAN OR GRAVITY FLOW
DRAWDOWN AT ANY WELL, i, FOR ARTESIAN OR GRAVITY FLOW CAN BE COMPUTED FROMEQ 1 OR 3
RESPECTIVELY, SUBSTITUTING F_ FOR F

[Ty

ne . \'"""A (ri\
wRore F = ‘_

’J

wj = FLOW FROM WELL Jj fwj = EFFECTIVE WELL RADIUS OF WELL J
R = RADIUS OF INFLUENCE FOR WELL J ; i

DRAWDOWN FACTORS, F, FOR SEVERAL COMMON WELL ARRAYS ARE GIVEN IN FIG.4-14
%

FOR RELATIVELY SMALL DEWATERING SYSTEMS AND WHERE NO UNUSUAL BOUNDARY C
.

EXIST, THE RADIUS OF INFLUENCE FOR ALL WELLS CAN BE ASSUMED CONSTANT AS IN

NDITIONS
SEE FIG. 4-23 FOR DETERMINING THE VALUE OF R

(a) ABOVE.

(Modiﬁedfrom “Foundation Enginee,'in5. "G A Leonards, ed., 1962, McGraw-Hill
....... 24

Al
DUUR LU’"PU"}’

Used with permiission u_/ McGraw-Hill Book b(‘)iﬁﬁﬁiﬂ" J

Figure 4-13. Flow and drawdown for fully penetrating multiple wells; circular source; artesian and gravity flows
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Well system
/ T\ symme'nco| W\

AN S O\ e
2L P N R A S50+ S S K
\\I?o/#\ ! : © o‘; 5\‘\’?

ARRAY 1 ARRAY 2

ALL WELLS ARE FULLY PENETRATING WITH A CIRCULAR SOURCE. THE FLOW, Q'w" FROM ALL WELLS IS EQUAL.

F - DRAWDOWN FACTOR FOR ANY WELL IN THE ARRAY, F -~ DRAWDOWN FACTOR FOR CENTER OF THE ARRAY.
w < -
F_ = DRAWDOWN FACTOR AT POINT M IN ARRAY 3. n, R, Q_.h  h ,r .r. r . r  AREDEFINED IN FIG 4-13.
ARRAY 1, CIRCULAR ARRAY OF EQUALLY SPACED WELLS
Rn
Fw =q, | (n=1) (1 Fe =nQ, In R/A 2
nr A
WHERE A = DIMENSION SHOWN IN ARRAY 1 ABOVE.
DRAWDOWN AT POINTS P AND C FOR ARTESIAN FLOW CAN BE COMPUTED FROM
izn \
(H-h)ninrR Y Inr , G e
N w , '/ H="h_)nin (R/A)
i=1 w
DRAWDOWN =(H = h ) = (2 DRAWDOWN = (H~h )= —— O — (a)
L4 RrR" A A RN )
In - In
ar atn-iyJ ne AlOTHI
DRAWDOWN AT C FOR GRAVITY FLOW CAN BE COMPUTED FROM
) / . n(H? - h2)In (R/A)
Heh)zH=-JHE s —-—ono
S . R" ©!
in ———
V nr A(n-!!
ARRAY 2. RECTANGULAR ARRAY OF EQUALLY SPACED WELLS
Fw AND Fc MAY BE APPROXIMATED FROM EQ i AND 2, RESPECTIVELY, iF »"«e 1S SUBSTITUTED
FOR A AND

4
Ae Vb b, (6)

Fw AND FC CAN BE COMPUTED MORE EXACTLY FROM

R iy
Fw:len —v* Z len'— (7) Fc" L len 8
w i1 ] 1=1 i
ADDANV 2 TWMN DADAL L £ tINDES N ENIIAL LT WV CODACEN WEL L ©
ARRAT O. TV FARALLLOLE LiiNeo ur CWUALL T Jr vy ey
i=n/ 4 i=n/ 2
R R
Fg = 40!._, Z In —_— (9) Fm = ZQW z In - (10)
izt 172 Na?2i - n2 4+ g2 =1 1/24/0%(2i ~ 3) + B

WHERE i = WELL NUMBER AS SHOWN IN THE ARRAY ABOVE.

NOTE THAT THE LOCATION OF M IS MIDWAY BETWEEN THE TWO LINES OF WELLS AND CENTERED BETWEEN
THE END TWO WELLS OF THE LINE. THIS POINT CORRESPONDS TO THE LOCATION OF THE MINIMUM DRAW-

DOWN WITHIN THE ARRAY.

VALUES DETERMINED FOR F_, F_, AND F_ ARE SUBSTITUTED FOR F IN EQ ' AND 3 (FIG. 4-13) TO COMPUTE
DRAWDOWN AT THE RESPECTIVE POINTS.

Modified

{ #2704l

from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill

g7 1.ec

Book Company. Used with permission of McGraw-Hill Book Company.)

porras or e (s mmbnormes meed
7 i 7

4-15



TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

T
\\ l/ Coss

LOss, H l

DRAWDOWN, H - he

AN EQUIVALENT SLOT ISCOMPUTED FROM EQ 1 (FIG. 4-6 OR 4-10) (Q; = nQ,)
n = NUMBER OF WELLS; Qw = FLOW FROM A WELL)

. PRODUCED BY PUMPING A FLOW OF O‘T' FROM

! HEAD LOSS DUE TO CONVERGING FLOW AT WELL

o H-h)$ a

—r =————n (1
=] Zz'rr 2nn 2nr

TOTAL DRAWDOWN AT WELL (NEGLECTING HYDRAULIC HEAD

IR —+=—Iln — (21
{a) w ko \§ 2m " am / e
HEAD INCREASE MIDWAY BETWEEN WELLS
INITIAL Q a HohJS a
PIEZOMETRIC (P1EZOMETRIC Ab =—peln— = —— In — (3)
OREACE g SURFACE 27k0 @, amr, ar,,
~N /) DURING
PUMPING DRAWDOWN MIDWAY BETWEEN WELLS
rd R ——————
4 7 - }Q‘
B y ifow—Qr/n‘:/ a——-{ N N Ah er-. G‘-io-l
I3 L—‘ h _] H - =H-h - = - = (4
T gh:;\\;L‘\,.“.'w 18 hp 1 40m b 4 -m w ™~ ko s no |
i -
I e | waby —T—n{T T a MR AL
M | T\, vl TR HEAD INCREASE IN CENTER OF A RING OF WELLS, Ah_, 1S EQUAL
2 hoh, B Y o7 ghe 'md To Ah_ AND CAN BE COMPUTED FROM EQ 1. DRAWDOWN AT THE
A | w
I | %‘l . T | | CENTER OF THE RING OF WELLS, H-h_, 1SEQUAL TOH - h_ - Ah
.LL, M_Lm_ﬁw_l 1 [w t_m ! _— OR H -h, AND, CONSEQUENTLY. CAN BE COMPUTED FROM EQ 1 (FIG. 4-6).

A-A B-B

(b) ()

FOR EQ ' THROUGH 4:
FLOWS FROM ALL WELLS ARE EQUAL

SHAPE FACTOR § IS OBTAINED FROM FiG 4-6c.

HYDRAULIC HEAD LOSS iN WELL (H,) 1s
OBTAINED FROM FIG. 4-24.

U.S. Army Corps of Engineers

k = COEFFICIENT OF PERMEABILITY
ALL OTHER TERMS ARE EXPLAINED IN g, b, AND ¢

Figure 4-15. Fiow and drawdown for fully penetrating circular weii arrays; circular source; artesian fiow.

Well o tion W/D.

(@) Most of the equations and graphs presented
in this manual for flow and drawdown to slots or well
systems were basically derived for fully penetrating
drainage slots or wells. Equations and graphs for par-
tially penetrating slots or weu are generauy Dasea on

(6) Well or screen nenetra
\v7 yrv

V)
derivations. The

tion required for ffectlv pressure reductxo nter-
ception of seepage depends upon many factors, such as

4-16

thickness of the aquifer, distance to the effective
source of seepage, well or wellpoint radius, stratifica-
tion, required “wetted screen length,” type and size of
excavation, and whether or not the excavation pene-
trates alternating pervious and impervious strata or

il 1 i i o N b N 3 __ i1 1

excavation or tun
stratum of sand and w
the well screens should penetrabe at least 25 percent of
the thickness of the aquifer to be dewatered below the
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SEE FIG. 415, 0, b, AND ¢ FOR EXPLANATION OF TERMS NOT DEFINED IN THIS FIGURE.

, FROM AN EQUIVALENT SLOT, IS COMPUTED

HEAD LOSS DUE TO CONVERGING FLOW AT WELL

Qwoa (- ha) ; 9°
ko n

-

Ahw=

TOTAL DRAWDOWN AT WELL (NEGLECTING Hw)

/1 8\
M-h =H-h +Ah, =— (&+—=) @
- - L \¥ /

HEAD INCREASE MIDWAY BETWEEN WELLS

DRAWDOWN MIDWAY BETWEEN WELLS

—

= [
H”hm=H-hw-A |?

ko
w

0

6,-96,) (a)

m

L

HEAD INCREASE IN CENTER OF A RING OF WELLS, Ah_, IS EQUAL TO Ah, AND CAN BE COMPUTED

FROM EQ 1.

DRAWDOWN AT THE CENTER OF A RING OF WELLS, H -h_, IS EQUAL TO H - h,-Ah_ OR H - h, AND,

CONSEQUENTLY, CAN BE COMPUTED FROM EQ 1 (FIG, L-EI

w

60 AND Gm ARE DRAWDOWN FACTORS OBTAINED FROM FI1G. 4-21 (a AND b, RESPECTIVELY).

£ FROM FIG. 4-6 AND 4-8.

Figure 4-16. Flow and drawdown for partially penetrating circular and rectangular well arrays; circular source; artesian flow.

bottom of the excavation and more preferabiy 50 to abie 1s Iimited, the dr amage ench or well screen
TN memman 4 YETL neem dlin nmcrifaida) da bha doeerndnsend io P TR Ik [N SR W R ) I ISR S IO, PV, (ST, R
11UV perbenb. VVIIEIE LUIE auliens) W e uewaleicu is [10ULU pe leurdie bIlb‘ p 01 tie unae 1YL1E IeSS per-
stra‘j ind tha r]rnl'nncrn e]n‘l’e ny mn] Qoroong qhnn]ﬂ ‘n.nnu atratiim 'T‘ o Uﬂrnn“n nnr‘ ‘nnn }\rn“n var.

ified, the drainage slots or well screens should vicus stratum. The hydraulic head loss through vari
fully penetrate all the strata to be dewatered. If the ous sizes and types of header or discharge pipe, and for
bottom of an excavation in a pervious formation is certain well screens and (clean) filters, as determined

underlain at a shallow depth by an impervious forma-
tion and the amount of “wetted screen length” avail-

from laboratory and field tests, are given in figures
4-24 and 4-25.
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Line source,
N Real well
L Imagewel TN Rearel ARTESIAN FLOW
A J i “_/ 4
t ‘v N/ o
— ?———- FLOW, Q
l - PR PPN [ AY
F'“‘L***L—‘-Lm*! o _2mxDiH -h,) o
W
in(2L/r)
- DRAWDOWN AT ANY POINT, P, LOCATED A DISTANCE, T,
(a) FROM THE WELL. .
>Q.
3{ i i Q'v‘v’ i e
IR e H-h=z——=n -) (2)
L T At S A DUy 8 2rkD r
AN | B
- [} SN~ L AN
— :w =~ L 774574 ' }lﬁ(l//
v Y s\
H | zy ez
1 H P {1 71
il | bp LW AT D
N i 11 1 GRAVITY FLOW
X R
—_ bl XL L, X 1.
AN LONLLANYEN LKL
FLOW, Q
(b) ARTESIAN FLOW
mk (2 - h2)
w,
W T (3)
/-Qu ,vow In ‘ZL/rW)
I L - orllaory
AN I
1l 2>~ IR
— r“:;',-'—:“k“*-f»r—-‘-'* DRAWDOWN AT ANY POINT, P, LOCATED A DISTANCE, T,
1 | b TSNJ e FROM THE WELL.
1 HY o  $}!'_"?}1 '
Nl e "i" ' ME - hE o I
' - A Ty - == in—
— .LL_.._L_A_ ! | m r t
FNSN77AS 8 ]
Hw IS OBTAINED FROM FIG. 4-24.
(¢) GRAVITY FLOW
IN THE EQUATIONS ABOVE, THE DISTANCE TO THE LINE SOURCE MUST BE COMPARED TO THE
CIRCULAR RADIUS OF INFLUENCE, R, FOR THE WELL. IF 2L IS GREATER THAN R, THE WELL
WILL PERFORM AS |F SUPPLIED BY A CIRCULAR SOURCE OF SEEPAGE, AND SOLUTIONS FOR A LINE

SOURCE OF SEEPAGE ARE NOT APPLICABLE.
SEE FIG. 4-23 FOR DETERMINING THE VALUE OF R.

SEE FIG. 4-24 FOR DETERMINING THE VALUE OF Hoe

(Modified from “Foundation Engineering,” G. A, Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)
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Line source oo Real wells.
Image wells \ |

?‘:'—/-A‘SZJ - —-::I_‘l 1/ rz'l l/ _—_
| [
2678 1S, QL 2 ] | 5
e " ¢ 1 H 2
A B W =
3% - ) \%3 A -

\“” Sa ‘l\’/
\

ARTESIAN FLOW

DRAWDOWN (H - h)) AT ANY POINT P

F'
)
H=h =——
p-27kD o
i=n Sl
WHERE FitzY — 2]
REDNECIY L (2
i=1 i
AND Q,,; = FLOW FROM WELL i S, = DISTANCE FROM IMAGE WELL i TO POINT P
r. = DISTANCE FROM WELL | TO POINT P n = NUMBER OF REAL WELLS
GRAVITY FLOW
DRAWDOWN (H? - h;) AT ANY POINT P
Fl
H2-h2=_P (3
P nk

ARTESIAN OR GRAVITY FLOW

DRAWDOWN AT ANY WELL, J, FOR ARTESIAN OR GRAVITY FLOW CAN BE COMPUTED FROM EQ 1 OR
3, RESPECTIVELY, SUBSTITUTING Fv;l FOR F">

ZL_j iz=n sij
' - —— —
WHERE Fuw=9%; Ih—=+ z Q; In— (a)
wj =2 ij
AND QWJ- = FLOW FROM WELL j Qi SFLOW FROM WELL i
L.i = DISTANCE FROM LINE SOURCE TO WELL J SiJ. = DISTANCE FROM IMAGE WELL | TO WELL J
fv = RADIUS OF WELL n = NUMBER OF REAL WELLS

rij = DISTANCE FROM EACH WELL TO WELL __|

t DRAWDOWN FACTORS, F', FOR SEVERAL COMMON WELL ARRAYS ARE GIVEN IN FIG. 4-19

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-18. Flow and drawdown for fully penetrating multiple wells; line source; artesian and gravity flows.

4-19



TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

©g
I
+=hy
| Well system we §L‘—L“'i 2l f‘ ""—L——"
I symmetricai * ws  © 009
R about € o I s , ¢ 1e
Jo Vi T - R TR N L
8 1\‘ ] R — T wo "o -3 — - N T ¢
v Es ~e o o T & 1
% \M‘h. 5 =e—— ;‘,’lé: ~ o s b | | i-‘,’-
5 a 2ER ! RIRWEE
L 1 ZEw b1
| \ N1 >0 Dzr-‘
PR G
L] +—L—=
—~q
L
ARRAY 1 ARRAY 2 ARRAY 3 ARRAY &
F. = DRAWDOWN FACTOR FOR CENTER OF ARRAY. 1 SEE EQ 1 AND 3 (FIG. 4-13)
F, = DRAWDOWN FACTOR FOR ANY WELL OF ARRAY. ( FOR DEFINITION OF F
F' - DRAWDOWN FACTOR FOR MIDWAY BETWEEN LAST TWO WELLS (ARRAY 2.
8
VALUES DETERMINED FOR DRAWDOWN FACTORS ARE SUBSTITUTED INTO EQ | OR 3 (FIG. 4-18),
ALL WELLS ARE FULLY PENETRATING. FLOWS FROM ALL WELLS ARE EQUAL.
SEE FIG. 4-18 FOR EXPLANATION OF TERMS NOT DEFINED IN THIS FIGURE.
ARRAY 1 - CIRCULAR ARRAY OF EQUALLY SPACED WELLS
n izn — PR PR -
Yw T 2 L . 2n
F' = — In [1+4|{—) -a{=]cos (i-1n— )
o 2 A n
2 L \ \a/ nJ
L 2L
IF =2 F' = nln— (2)
ac<? Aw A
2L
F!=Q /7 =ﬁ w#lﬁ———A \ (3)
w w \ A nr )
w
ARRAY 2 - SINGLE LINE OF EQUALLY SPACED WELLS
i=n/2 /' 2 2
Fl=zq, J. Inyfi+ [—— =1 (&
¢ v = V L(o 2(n + 1 -2y
=1
i=n 2
F'=Qq Zh‘/i#r——v’ N S— (s
- ¢ | -
v 2 V Lia2i-»l
WHERE N = o USE EQUATIONS GIVEN IN FIG. 4-20. 4-21. AND 4-22.
ARRAY 3 - TWO PARALLEL LINES OF EQUALLY SPACED WELLS
Y r r S r ‘-\
i 2L +! 2 2L + 3! 2
Fu=2q, ). }nifr+ +Ingf1+ (6)
c w 1o/ A In 2 - Al (a/AV(n + 2 = 4j)
| Lis/aiin + 2- 80 Lte/atn+2-an] )

AND F' FROME ND 3 v . 1E
[ e

4
A = —;\/b hz (7)

EXACT METHOD. COMPUTE F;—, AND F;' FROM EQ 2 AND 4 (FIG. 4-18). RESPECTIVELY.

APPROXIMATE METHOD. COMPUTE F
SUBSTITUTED FOR A AND

0
w

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-19. Drawdown factors for fully penetrating circular, line, two-line, and rectangular well arrays; line source; artesian and gravity
flows.
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DRAWDOWN

Line source [ A

/ Piezometric surface during pumping

—~ Inttial prezometric surface — \
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1 1 " | ¥ T {4 "
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HYDRAULIC HEAD LOSS, Hw’ IS OBTAINED FROM FIG. 4-24

A-A 8-8
(b {c)

s H- !!E. PRODUCED 8Y PUMPING Qw FROM AN EQUIVALENT CONTINUOUS SLOT IS COMPUTED FROM -Qk;—'-‘
a

HEAD LOSS DUE TO CONVERGING FLOW AT WELL

Ah 2m kD n 2mre m
‘w
TOTAL ORAWOOWN AT WELL (NEGLECTING HYDRAULIC HEAD LOSS, H_)
QwL Qw ]
H-h =H-h +Ah_ = + —— In—— (2
e w pa 2nkD ' 2nr
HEAD INCREASE MIDWAY BETWEEN WELLS
Q
AL % . 9 (2)
on - m LE-1]
m~2nko  ar
DRAWDOWN MIDWAY BETWEEN WELLS
QwL Qw
R~ ) (@)

HEAD INCREASE Ahﬁ DOWNSTREAM OF WELLS IS EQUAL TO Ahw, EQ 1,

DRAWDOWN H - h

o DOWNSTREAM OF WELLS IS EQUAL TO H - h,, - AhW OR H - h. AND, CONSEQUENTLY, CAN BE

COMPUTED FROM EQ 1 (FIG. 4-1}), WHERE x =0, AND Q =Qw' H - hu CAN ALSO BE COMPUTED FROM

(s)

A Y L e A et Dl mndae T AT o an e P Y e
(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill

Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-20. Flow and drawdown for fully penetrating infinite line of wells; line source; artesian flow.
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W FOR DEFINITIONS OF TERMS

IN EQUATIONS.
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(4)

HEAD INCREASE Aho DOWNSTREAM OF WELL

DRAWDOWN H - hD DOWNSTREAM OF WELLS IS EQUAL TO H-h - Ahw OR H - he

AND, CONSEQUENTLY, CAN BE COMPUTED FROM EQ 1 (F1G. 4-3).
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(b)

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill

Book Company. Used with permissior of McGraw-Hili Book Company.)

Figure 4-21. Flow and drawdown for fully and partially penetrating infinite line of wells; line source; artesian flow.
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SECTION A-A

(b)

FROM AN EQUIVALENT CONTINUOUS SLOT IS COM-

Q. a
h2-h? 2 — In— 1)
e w }T{ anr
w
TOTAL DRAWDOWN AT WELL
2Q L Q
HZ - h2 =HZ - h? = LA w.'n a (2
w e ka mk 2nr
w
HEAD INCREASE MIDWAY BETWEEN WELLS
h2 _ K2 = ﬁln_—g (3
w
" mkar,
DRAWDOWN MIDWAY BETWEEN WELLS
Q.
2L In2
HZ - h2 =H2_h? - (h2 - h2 =_|.!(_-—) (@
m K \@ T J
HEAD INCREASE Ah_  DOWNSTREAM OF WELLS IS EQUAL TO Ahw (EQ 1.
DRAWDOWN HZ2 - h; DOWNSTREAM OF WELLS IS EQUAL TO
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HZ = h2 = o2 o (%)
© —p
2n.  2nr
w

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill

Figure 4-22. Flow and drawdown for fully penetrating infinite line of wells; line source; gravity flow.
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RADIUS OF INFLUENCE R IN FEET FOR
DRAWDOWN (H - h ) 10 FT
0 100 1,000 5,000
10.000’_1' TTTT T T 7 VAREE
- "//r,/ﬁ 1/ i
5,000 N ;/7 //;/ ?‘, B
___.__._-..El..___ﬁ:é __%. _7 i
/1
2,000 A S /e,
Y A
Vi 1 3
% R
1,000 } ,1/
i

TI1 17
™SS
\,
(’({
4101

500 4
/ £/

/ . % P
/ K N R H =N 4K
200 Qo Q?' - i
N O R, H, AND hy, ARE
oY Q 4 IN FT; k 151N
& ; 1 ..‘ IS IN
100 A ﬁ_\ A'— 1074 CM/SEC

T
1

A1)

LI
e, =

2 yZ A | |

#1+—/NOTE: CURVE RELATING k

COEFFICIENT OF PERMEABILITY OF STRATUM (k), x 1074 cm/sec

Vi AND D1op FROM PUMPING
TESTS, CE, U.S. ARMY
ol A L [ CE US ARMY
0.03 0.1 0.2 0.5 1 2 5
EFFECTIVE GRAIN SIiZE fﬁ'oi. M

1. R DETERMINED WHEN ONLY D . IS KNOWN.
2, R DETERMINED WHEN k 1S KNOWN.

RADIUS OF INFLLUENCE, R, CAN BE ESTIMATED FOR
BOTH ARTESIAN AND GRAVITY FLOWS BY
R=C(H"hw)ﬂ (1
WHERE R, H, AND h"v ARE DEFINED PREVIOUSLY
AND EXPRESSED IN FEET. COEFFICIENT
OF PERMEABILITY, k, 1S EXPRESSED IN
10”% cm/seC.
AND C =3 FOR ARTESIAN AND GRAVITY FLOWS
TO A WELL.
C =1.5 TO 2.0 FOR A SINGLE LINE OF
WELLPOINTS.
THE VALUE OF R FOR (H - h ) =10 FT CAN BE DE-
TERMINED FROM THE PLOT HEREIN WHEN EITHER

THE D,, SIZE OR PERMEABILITY OF THE MATERIAL
IS KNOWN. THE VALUE OF R WHEN (H=-h ) # 10

CAN BE DETERMINED BY MULTIPLYING THE R
VALUE OBTAINED FROM THE PLOT BY THE RATIO

OF THE ACTUAL VALUE OF (H=-h_) TO 10 FT.

A DISCUSSION ON THE DETERMINATION OF R FROM
EQ 1t AND PUMPING TESTS IS CONTAINED IN

PARAGRAPH 4-2a(3) OF THE TEXT.

m “Foundaiion Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-23. Approximate radius of influence R.

(b) Head losses in the screened section of a well
H, are calculated from figure 4-24b. This head loss is
based on equal 1nflow per unit of screen surface and

rell and is nqnnm]nnf to the

+
entire well flow passing through one-half the screen
length. Other head losses can be determined directly
from figure 4-24. Hydraulic head loss within a well-
point system can be estimated from figure 4-25. As
stated in a(4) above, flow into a well can be impeded b
the lack of “wetted screen length,” in addition to hy-

draulic head losses in the filter or through th

and/or chemical or mechanical clogging of the aquifer
and filter.

|r'~ <

b. Flow toadrainage slot.

4-24

(1) Lin mage slots. bquatlons presented in
figures 4- 1 rough 4-5 can be used to compute flow
and head produced by pumping either a single or a
double continuous slot of infinite length. These equa-
tions assume that the source of seepage and the drain-
age slot are infinite in length and parallel and that
seepage enters the pervious stratum from a vertical

hne source. In actuahty, the slot w1ll be of fmlte

1'1
=
cy
D:
j=%
jarnd
w
E»
:x
@
(o]

v ea 1e drawdown will be less
than for the central portlo of the slot. Flow to the
ends of a fully penetrating slot can be estimated, if
necessary, from flow-net analyses subsequently pre-
sented.
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Table 4-1. Index to Figures for Flow, Head, or Drawdown Equations for Given Corrections
Index Assumed Source ' Drainsge Svstem Type of Penetration Figure
e of Seepage TomeTTeT meEEEE Flow ©
Flow to a
slot Line Line slot A, G, C F Lol, k-2
Line Line slot A, G, C P L-2, 423
Two-line Line slot A, G P, F Loy
Two-line Two-line slots A, G P L-s
Circular Circular slots A P, F L6, L-T7
Circular Rectangular
slots A P, F L8, L-9
Flow to
wells Circular Single well A P, F L
Circular Single well G P, F ko1
Circular Single well (o] F Lho12
Circular Multiple wells A, G F L-13
Circular Circular, rec-
tangular,
and two-line
arrays A, G F L1k
Circular Circular array A F L-15
Circular Circular and
rectangular
array A P L-16
Single line Single well A, G F Lba17
Single line Multiple wells A, G F L-18
Single line Circular, 1line,
two-line, and
rectangular
arrays A, G F 4-19
Single line Infinite line A F L-20
Single line Infinite line A P, F .21
Single line Infinite line G F Loo2
Other Approximate radius of influence L-23
Hydraulic head loss in a well L-24
Hydraulic head loss in various wellpoints k.25
Equivalent length of straight pipe for various fittings L-26
Shape factors for wells of various penetrations centered
inside a circular source L-27
Flow and drawdown for slots from flow-net analyses L-28
Flow and drawdown for wells from flow-net analyses k-29
Diagrammatic layout of electrical analogy model 4-30

Note: A = artesian flow; G = gravity flow; C = combined artesian-gravity flow; F = fully
penetrating; P = partially penetrating.

U. S. Army Corps of En
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g hrough 4 9 Equations for
flow from a circular seepage source assume that the
slot is located in the center of an island of radius R.
For many dewatering projects, R is the radius of influ-
ence rather than the raalus of an island, ana proce-

And )
aures l ut:bcuuuuug u SCUdDdEU lll

al2) ahove nnurnforin(r

WUy apove., e VWAQAUTL iig

length are considered to have a cu‘cular source where
the_y are far removed from a line source such as a river
or shoreline.

(3) Use of slots for designing well systems. Wells
can be substituted for a slot; and the flow Qw, draw-

down at the wel (l-l—h ) neglectmg nydrau C hea

Qf relativ nzlv short
a2t

S1iUL U

@
3
3
- 3
ER-R-R

e) lme source for artesxan and g’raVIty
flow for both “fully” and “partially” penetrating wells
where the well spacing a is substituted for the length
of slot x.

I i
(1) Flow to wells frnm a circular source.
(1) Flow to well !

w 7o W Lel Lulld SUW

(a) Equations for flow and drawdown produced
by a single well supplied by a circular source are given
in figures 4-10 through 4-12. It is apparent from fig-
ure 4-11 that considerable computation is required to
determine the height of the phreatic surf'ace and re-

us"ally is not of special interest in dewatering syste
and seldom needs to be computed. However, it is al-
ways necessary to compute the water level in the well
for the selection and design of the pumping equip-

ment

nd draw-
down produced s supplied
by a circ se
equatI.. s at

t
that pomt by each well in the system. The drawdown
factors F to be substituted into the general equations
in figure 4- 13 appear in the equations for both arte-

by first conSidering the well system to be a slot, as
shown in figure 4-15 or 4-16. However, the piezo-
metric head in the vicinity of the wells (or wellpoints)

A o
—49

nvergoe 7
metric head the 1c1n1tv of the ell is a functio of
well flow Q. ; well spacing a; well penetration W, effec-
tive well radius r,.; aquifer thickness D, or gravity head
H; and aquifer permeability k. The equations given in
ngures 4 15 and 4-16 consider these variables.
ells from a lin

3
2y
]
.
:

from an infinite line source were developed usmg the
method of image wells. The image well (a recharge
well) is located as the mirror image of the real well
with respect to the line source and suppiies the per-

vious 1€ same water as that
hoinga niimnoad fram tho roal wall
Wllls yulllycu AALVUL11 UilU LUl YYL i

(b) The m_atig__s gwen_ in flg'm'ps 4-18 and

source are based on the fact that the drawdown at any
point is the summation of drawdowns produced at that
pomt by each well m the system Lonsequently, the

g
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B
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£
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4-22 for flo d d
infinite line at wells supplied by a (single) line source.
The equations are based on the equivalent slot assump-
tion. Where twice the distance to a single line source

or 2L is greater tnan the radius of influence R, the
caliua nf D Antavming d Frnmm o nitmning fact nv Frmme
aijuc vuiL 1 UUI.; luuut:u 11Ul a l) 11 .I.lls LEdL Ul 11Vl

vation is ou1t l arge or the tunnel islong, in which case
equations for a line source or a flow-net analysis
should be used.

(d) Equations for computing the head midway
between wells above that in the wells Ahy, are not
given in this manual for iwo line sources adjacent to a

ainala linag ~nf walle Hawgravar atinh nanm ha wandiley Aa
singie iine o1 weus. riowever, sucin can oe reaauy ae-
termined from (plan) flow-net analvses
termined irom {(pian)ilow-net analyses,

(3) Limitations on flow to a partially penetrating
well. Theoretical boundaries for a partially penetrat-
ing well (for artesian flow) are approximate relations

intended to present in a simple form the results of

_ e d — P PR RS W A L AN ___ 1
computa El()nb were madae 10r rauos oI NU = 4.V dnia
A7 and a vatin Rlv = 100N Ac a nancamnanna anvu
Ul ailu a 1auviv 1vilty =— FOVAVAV ) 43D A \,UIIDC\.‘ uClle, ail

agreement between experimental and ngmpntpd

these particular boundary conditions. In model studies
at the U.S. Army Engineer Waterways Experiment
Station (WES), Vicksburg, Mississippi, the flow from a
partially penetrating well was based on the formula:

Qu = 2nkD(H - h.)G

dw (4-2)
InR/rv)




or
Qwp = kD(H - h.)$ (4-2a)
with
2nG3
§= In(R/rs)
where

G = quantity shown in equation (6), figure 4-10
$ = geometric shape factor
Figure 4-26 shows some of the results obtained at the

WES for } for wells of various penetramons centered

inside a circular source. Also presented in figure 4-26
are houndary curves computed for well-screen penetra-

tions of 2 and 50 percent. Comparison of § computed
from WES model data with § computed from the
boundary formulas indicates fairly good agreement for
well penetrations > 25 percent and values of R/D be-

tween about 5 and 15 where Rirv > 200 to 1000.

Ntk nsw amasisminnl Lhrmrsilas faw flawssr Funmr 2 nawdialle,
vutner empirical iormuias Ior IlOW Iroim a partiaii
nenetrating well suffer from the same limitations
penetrating well suffer from the same limitations.

(4) Partially penetrating wells. The equations for
gravity flow to partially penetrating wells are only
considered valid for relatively high-percent penetra-
tions.

a. Flow nets are valuable where irregular configura-
tions of the source of seepage or of the dewatering sys-

tem make mathematlcal analyses complex or impossi-
ble. However, considerable practice in drawing and
studying good flow nets is required before accurate
flow nets can be constructed.

b. A flow net is a graphical representation of flow of
water through an aquifer and defines paths of seepage
(flow llnes) and contours of equal piezometric head

A et may be constructed ¢
represent either a p]ap or a section view of a seepage
pattern. Before a sectional flow net can be con-
structed, boundary conditions affecting the flow pat-
tern must be delineated and the pervious formation
transformed into one where k, = k, (app E). In draw-
ing a flow net, the following general rules must be ob-

aavrved-

DTL VoU.

(1) Flow lines and equipotential lines intersect at
right angles and form curvilinear squares or rec-
tangles.

(2) The flow between any two adjacent flow lines
and the head loss between any two adjacent equipoten-
tial lines are equal, except where the plan or section

Aividad +1 + 1an in whinh
cannot be divided CO'iVG'iieﬂuxfy iato sguares, in wnicn
case a row of rec‘rangles wﬂ] remain with the ratio of

3 A dramage surface exposed to air is neither an
equipotential nor flow line, and the squares at this sur-
face are incomplete; the flow and equipotential lines
need not intersect such a boundary at right angles.

M 88-5, Chap 6/NAVFAC P-418

) For gravity flow, equipotential lines intersect
the phreatic surface at equal intervals of elevation,
interval being a constant fraction of the total net

Qi UTiilp & LU VERAAY LAQLUAVAL UL uiaT vWuai 1aTvu

sions; the third dimension in each case is assumed in-
finite in extent. An example of a sectional flow net
showing artesian flow from two line sources to a par-
tially penetrating drainage slot is given in figure
4-27a. An example of a plan flow net showing artesian
flow from a river to a line of relief wells is shown in

A MLy Floacer vinas c2anl ) PRSIV I Y SRR S U I i [ U |
d. The flow per unit length (for sectional flow nets)
or depth (for plan flow nets) can be computed by

ipu
means of equations (1) and (2), and (5) and (6), respec-
tively (fig. 4-27). Drawdowns from either sectional or
plan flow nets can be computed from equations (3) and
(4) (fig. 4-27). In plan flow nets for artesian flow, the
equipotential lines correspond to various values of H—
h, whereas for grav1ty flow, they correspond to H2 h2.

Since section eq 19
SINCE SECUIon equipotientla
rv ths

large drawdowns and should always be used with cau-
tion.

e. Plan flow nets give erroneous results if used to
analyze partially penetrating drainage systems, the er-
ror being inversely proportional to the percentage of
penetration. They give fairly accurate results if the

penetration of the drainage system exceeds 80 percent
and if the heads are adjusted as described in the fol-
lowing paragraph

f. In previous analyses of well systems by means of
flow nets, it was assumed that dewatering or drainage
wells were spaced sufficiently close to be simulated by
a continuous drainage slot and that the drawdown
(H—hp) required to dewater an area equaled the aver-
age drawdown at the drainage slot or in the lines of

o + Af A1
give tne amount o1 110W

wells reqmred to produce H—hD downstream or within
a ring of wells can be computed (approximately) for ar-

tesian flow from plan flow nets by the equatlons
L

o~ — R L - M 4 .

shown in figure 4-28 if the wells have been spaced
nronartional ta tha oW lineg ace chown in ficnra A_97

PAUPpULLIVILIGL LU VILL 11UY 410100 AO 11U VY L 1L llsu‘c TTLT.

The drawdown at fully penetrating grav1ty wells can
also be computed from equations given in figure 4-28.

4-4. Electrical analogy seepage models.

a. The laws governing flow of fluids through porous
media and flow of electricity through pure resistance
are mathematically similar. Thus, it is feasible to use
electrical models to study seepage flows and pressure
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{1, €. INSULATED IN MODEL).

. Army Corps of Engineers

Figure 4-26. Shape factors for wells of various penetrations centered inside a circular source.
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SECTIONAL FLOW NET (ARTESIAN)

PLAN FLOW NET

(a) (b)

SECTIONAL FLOW NET

FLOW

ARTESIAN q=kH'$ o GRAVITY q=ku'§$

(2)

DRAWDOWN AT ANY POINT

n n
e 2 2 hd 2 2
H=h=zH'— - = | _
ARTESIAN h =H (3) GRAVITY H h? = H (ho + hs)

(4)
e

PLAN FLOW NET

FLOW
kw" §
ARTESIAN Q_=koH'§ (s) GRAVITY Q =—= (
DRAWDOWN AT ANY POINT
USE EQ '3 AND 4. FOR ARTESIAN AND GRAVITY FLOW CONDITIONS, RESPECTIVELY.
2 N
H'z=H=-h Y= 2 - h2 $ = SHAPE FACTOR = — N¢ = NUMBER OF FLOW CHANNELS IN NET
e

N. = TOTAL NUMBER OF EQUIPOTENTIAL DROPS BETWEEN FULL HEAD, H, AND HEAD AT EXIT, he

ne = NUMBER OF EQUIPOTENTIAL DROPS FROM EXIT TO POINT AT WHICH HEAD, h. IS DESIRED

hOIS SHOWN IN FIG. 4-1

SEE FIG. 4-29 FOR HEAD CORRECTION FACTORS.

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure 4-27. Flow and drawdown to slots computed from flow nets.

distribution for various seepage conditions. Both two- (previously identified as equation (1) in fig. 4-27)
and three-dimensional models can be used to solve through soil can be expressed for unit length of soil
seepage problems. formations as follows:

b. Darcy’s law for two-dimensional flow of water q=kH'§ 4-3)
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CONSTRUCT PLAN FLOW NET. SPACE WELLS PROPORTIONAL TO FLOW LINES. COMPUTE TOTAL FLOW
TO SYSTEM FROM EQ S FOR ARTESIAN FLOW OR EQ 6 FOR GRAVITY FLOW (FIG. 4-28). ASSUME INEQ S
H'=H = hD' SEE FIG. 4-20, b, ¢; 4-22, b; AND 4-26 FOR EXPLANATION OF TERMS.

ARTESIAN FLOW

FLOW TO EACH WELL

Q,=— (n

WHERE n = NUMBER OF WELLS IN THE SYSTEM

DRAWDOWN AT WELLS

FULLY PENETRATING

Q
Heh =2(0, 1|2 ()
w ok 2am 2rrrw

PARTIALLY PENETRATING
Q
w n
H_hw:_o(?+00) (3)
WHERE 00 IS OBTAINED FROM FIG. 4-211

HEAD INCREASES MIDWAY BETWEEN AND DOWNSTREAM OF WELLS MAY BE COMPUTED FROM EQUATIONS
GIVEN IN FIG. 4-20 AND 4-21.

GRAVITY FLOW

FLOW TO EACH WELL

USE EQ 1
DRAWDOWN AT FULLY PENETRATING WELL
Q
wi(n 1 at
H2-h? = — | = +—Iln—
w k \§ n nr (@
w

HEAD INCREASES MIDWAY BETWEEN AND DOWNSTREAM OF WELLS MAY BE COMPUTED FROM EQUATIONS
GIVEN IN FIG. 4-22.

t THE AVERAGE WELL SPACING MAY BE USED TO COMPUTE 60 , om , AND THE DRAWDOWN AT AND
BETWEEN WELLS.

U.S. Army Corps of Engineers

Figure 4-28. Flow and drawdown to wells computed from flow-net analyses.

where sistance as follows:
= rate of flow E
k = coefficient of permeability [= — (4-4)
H’ = differential head P

= shape factor dependent on the geometry of where

the system I = rate of flow of electricity
c. Ohm’s law expresses the analogous condition for E = potential di'fference or voltage
steady flow of electricity through a medium of pure re- p = specific resistance of electrolyte

4-32



Since the permeability in fluid flow is analogous to the
reciprocal of the specific resistance for geometrically
similar mediums, the shape factors for Darcy’s law and
Ohm’s law are the same.

d. A two-dimensional flow net can be constructed
using a scale model of the flow and drainage system
made of a conductive material representing the porous
media (graphite-treated paper or an electrolytic solu-
tion), copper or siiver strips for source of seepage and
drainage, and nonconductive material representing
impervious flow boundaries. The electrical circuit con-
sists of a potential applied across the model and a
Wheatstone bridge to control intermediate potentials
on the model {fig. 4-29). The flow net is constructed by
tracing lines of constant potential on the model, thus
establishing the flow-net equipotential lines after
which the flow lines are easily added graphically. A

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

flow net constructed using an electrical analogy model
may be analyzed in the same manner as one con-
structed as in paragraph 4-3.

e. Equipment for conducting three-dimensional
electrical analogy model studies is available at the
WES. The equipment consists basically of a large
plexiglass tank filled with diluted copper sulfate solu-
tion and having a calibrated, elevated carrier assembly
for the accurate positioning of a point electrode probe
anywhere in the fluid medium. A prototype is simu-
lated by fabricating appropriately shaped and sealed
source and sink configurations and applying an elec-
trical potential across them. The model is particularly
useful for analyzing complex boundary conditions that
cannot be readily analyzed by two-dimensional tech-
niques.

(COPPER STRIiP) —

- - ]
SOURCE OF pd \ 15
SEEPAGE \ ,\, —
o - -~

| o«— DEWATERING

(COPPER STRIP) /\

. /
/ / N\ /
XX 0\
P \ //‘\
-
SLOT 1
5 ’

>/'
PRQBING/ N
Q=ku'$ NEEDLE
- _E &
I1==
o >
SEE PARAGRAPH 4-3
FOR EXPLANATION OF TERMS
AND PROCEDURE FOR
DETERMININ

N
[ \/\

Velk 3
7 LA AN N\
/\/\/\AAA/\A'/\/\/\—

vvvvv VVVvVYY

} i

TO D.C. POWER SUPPLY

U.S. Army Corps of Engineers

Figure 4-29. Diagrammatic layout of electrical analogy model.
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the WES and the NAVFAC program library to handle
a variety of two- and three-dimensional seepage prob-
lems. The codes can handle most cases of nonhomoge-
neous and anisotropic media.

b. A general computer code for analyzing partially
penetratmg random well arrays has been developed
based on resuits of three-dimensional el v

geometnc con-
figuration can be varied to determme quantities of
seepage and head distributions. Wells of different
radii and penetrations can be considered in the analy-
sis.

4-6. Wellpoints, wells, and filters. Wells
and wpl_lpoi_ntq should beof a type that w1ll prevent in-

little resxstance to the inflow of water, and re31st cor-
rosion by water and soil. Wellpoints must also have
sufficient penetration of the principal waber-carrying

head between the wells or within the dewatered area.
a. Welipoints. Where large flows are anticipated, a

high-capacity type of wellpoint should be selected. The

inner suction pipe of self-jetting wellpoints should per-
it inflow of water with a minimum hydraulic head

m

loss. Self-jetting wellpomts should be designed so that
most of the jet water will go out the tip of the point,
with some backflow to keep the screen flushed clean
while jetting the wellpoint in place

X7 11 o

(1) Wellpoint screens. Generall

covered with 30- to 60-mesh screen or have an equiva-
lepf slot opening (0.010 to 0.025 inch). The mesh

5011 to be drained is silty or fine sand, the yxeld of the
wellpoint and its efficiency can be greatly improved by
placing a relatively uniform, medium sand filter

around t ellpomt The filter shouid be designed in
accordance vvit criteria subsequently set forth in ¢ be-
low. A filter will permit the use of screens or slots with
larger openings and provide a more perviovs naterial
around the wellpoint, thereby increasing its effective
radius (d below).

(2) Wellpoint hydraulics. The hydraulic head
losses in a wellpoint system must be considered in de-
signing a dewatering system. These losses can be esti-

b. Wells. Wells for temporary dewatering and
manent drainage systems may have diameters r

4-34

from 4 to 18 inches with a screen 20 to 75 feet long de-
pending on the flow and pump size requirements.

(1) Well screens. Screens generally used for de-
watering wells are slotted (or perforated) steel pipe,
perforated steel pipe wrapped with gaivanized wire,

..........

galvanized wire wrapped and welded to 1uuguuuma1

rods, and slotted polyvinyl chloride (PVC) pipe. Riser
mpes for most dewatering wells consist of steel or PVC
pipe. Screens and riser for permanent wells are usually
made of stainless steel or PVC. Good practice dictates
the use of a filter around dewatering wells, which per-
mits the use of fairly large slots or perforations usual-
iy 0.025 to 0.100 inch in size. The siots in well screens

L as unda ac nncaihla ket olaslld widnwia

Py B, % | o
S10UIQ DE ad wWiue as pUbBlUlC Uub Snouia ulcco Criveria

(2) Open screen area. The open area of a well
screen should be sufficient to keep the entrance veloc-
ity for the design flow low to reduce head losses and to
minimize incrustation of the well screen in certain
types of water. For temporary dewatering wells in-
stalled in nonincrusting groundwater, the entrance ve-

| PR U T B R ey A bhaid N ~
locity should not exceed about 0.15 to 0.20 foot per
second; for incrusting groundwater, the entrance ve-

i g , ;
locity should not exceed 0.10 to 0.20 foot per second.
For permanent drainage wells, the entrance velocity
should not exceed about 0.10 foot per second. As the
flow to and length of a well screen is usually dictated

by the characterlstlcs 01 the aqulter and drawdown re-

(3) Well hvdraulzcs Head losses w1thm the well
system discussed in paragraph 4-2a(5) can be esti-
mated from figure 4-24.

c. Filters. Filters are usually 3 to 5 inches thick for
wellpoints and 6 to 8 inches thick for large-diameter
wells (fig. 4-30). To prevent infiltration of the aquifer
materials into the fiiter and of filter materials into the

well or weupomt WlEnOU[ excesswe head lOSSCh filters

<k e
should meet the foll

Q

Screen-filter criteria

Slot or screen openings < minimum filter Dso

Filter-aquifer criteria
Max filter Dys P Max filter Dso ¢ o
>~ = LU;
Min aquifer Dgs Min aquifer Dso
Min filteLDIS _ > 9t05
Max aquifer Dis -

If the filter is to be tremied in around the screen for a
well or wellpoint, it may be either uniformly or rather
widely graded; however, if the filter is not tremied
into place, it should be qulte uniformly graded (Dgo/D10
£ 3 to 4) and poured in around the well in a heavy,

. adm o P L U S, SO B

-ontinuous stream to minimize segregduuu

[«
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d. Effective well radius. The “effective” radius r. of
a well is that well radius which would have no hy-
draulic entrance loss u entrance losses are

a wellpoint or well screen, r, may generally be con-
sidered to be one-half the outside diameter or the
radius of the filter.

e. Well penetration. In a stratified aquifer, the ef-
fective well penetration usually differs from that com-
m the ratio of me 1engtn of well screen t,o r,o-

f. Screen length, penetration, and diameter. The
length and penetration of the screen depends on the
thickness and stratification of the strata to be de-
watered (para 4-2a(6)). The length and diameter of the
screen and the area of perforations should be suffi-

cient to permn; tne infl lOW OI water Wltl’lOlllZ exceealng
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plpes. The capacity of pumps and piping should al-
low for possible reduction in efficiency because of in-

crustation or mechanical wear caused by prolonged
operation This equipment should also be designed
with appropriate vaives, crossovers, and standby units
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used as sumnp

Suilipy
pumps, je t pumps, or in comblnatlon with an auxiliary
vacuum pump as a wellpoint pump. The selection of a
pump and power unit depends on the discharge, suc-
tion lift, hydraulic head losses, including velocity head
and discharge head, alr-nandung requrrement power
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pump with an attached auxiliary vacuum pump,

should have adequate air-handling capacity and be
capable of producing a vacuum of at least 22 to 25 feet
of water in the headers. The suction lift of a wellpoint
pump is dependent on the vacuum available at the
pump bowl, and the required vacuum musc be con-

aidovad in Aatéa
SIUCTITU 1l UBwer

e tming fha miimsin

mining tne pump
b wp“nrnn t

4 VWlaipUa

pump. Characteristics of a
pump are shown in figure 4-31. Characteristics of a
typical wellpoint pump vacuum unit are shown in fig-
ure 4-32. Sump pumps of the centrifugal type should
be self-priming and capable of developing at least 20

feet of vacuum. Jet pumps are hlgh head pumps; typ-

- oy R

icéu nara Lenstics OI a typlcal D mcn ]et pump are
chawn in ficnira 4_22
S1AVU VY AL 143 Alsuxc = .

(2) Each wellpoint pump should be provided with

one connected standby pump so as to ensure continuit)

140 T 1 )
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120 i = .
N, s
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- | ] o 1 1 o
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(Lourieyy oy uryjin "cupuuu COrp. an roundGusiivn Lngsinccring,

McGraw Hill Book Company)

Figure 4-31. Characteristics of 8-inch Griffin wellpoint pump.
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Figure 4-32. Characteristics of typical vacuum unit for wellpoint
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Figure 4-33. Characteristics of 6-inch jet pump.
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(Courtess of Lavne & Bowler, Inc. Memphis. Tenn.)

Figure 4-34. Deep-weli turbine pump.

Of operauun m even p p or UI]glI.lB 1duure or IUI
repair or mambenance By overdesigning the header
pipe system and proper placement of valves, it may be
possible to install only one standby pump for every
two operational pumps. If electric motors are used for
powering the normally operating pumps, the standby
pumps should be powered with diesel, natural or LP
gas, or gasoline engines. The type of power selected
will depend on the power facilities at the site and the
economics of installation, operation, and maintenance.
It is also advisable to have spare power units on site in
addition to the standby pumping units. Automatic
switches, starters, and valves may be required if fail-
ure of the system is critical.

4-38
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b. Deep-well pumps.
(1) Deep-well turbine or submersible pumps are
generally used to pump large-diameter deep wells and
consist of one or more stages of impellers on a vertical
shaft (fig. 4-34). Turbine pumps can also be used as
sump pumps, but adequate stilling basins and trash
racks are required to assure that the pumps do not be-
come clogged. Motors of most large-capacity turbine
pumps used in deep wells are mounted at the ground
surface. Submersible pumps are usually used for
pumping deep, low-capacity wells, particularly if a
vacuum is required in the well.
(2) In the design of deep-well pumps, consider-
ation must be given to required capacity, size of well
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Table 4-2. Capacity of Various Size Submersible and Deep-Well Turbine Pumps

Maximum Pump

Inside Diameter

Approximate
Maximum Capacity

Bowl or Motor Size of Well gallons per minute
inches inches Deep Well Submersible
4 5-6 90 70
5 6-8 160 --
6 8-10 450 250
8 10-12 600 400
10 12-14 1,200 700
12 14-16 1,800 1,100
14 16-18 2,400 -
i6 18-20 3,000 --
U. S. Army Corps of Engineers
screen and riser pipe, total pumping head, and the low- 2200 T T
ered elevation of the water in the well The diameter of 10-in. HC Pomona Pump,
TEVRE AT TRRLAtAd VL vasv PAVA REE VAIL WY LALLMV Widldiviel Vi b W_‘(CMS”M) m' M. / e
the pump bowl must be determined before the wells impaller A y
are installed, as the inside diameter of the well casing 2,000 va 70
should be at least 3 to 4 inches larger in diameter than £ | EAaw 60
the pump bowl. Approximate capacities of various tur- §' . oq/ .d"y %
bine pumps are presented in table 4-2. The character- 3 1.800 /’ “df" 7 50 g
istics of a typical three-stage, 10-inch turbine pump g ! /' W J40 E
are shown in figure 4-35 < / .
(3) Submersible pumps require either electric 1,600 77 30 g
power from a commercial source or one or more motor | / 12
generators. If commercial power is used, 75 to 100 per- . 7 -
cent of (connected) motor generator power, with auto- l'mo 500’ 1,000 1.500 2_001:
matic starters unless operational personnel are on Discharge, gom
duty at all times, should be provided as standby for the
commercial power. Spare submersible pumps, general- (Courtesy of Fairbanks Morse, Inc., Pump Division
ly 10 to 20 percent of the number of operating pumps, Figure 4-35. Rating curves for a three-stage 10-inch-high capacity

should also be kept at the site.

(4) Deep-well turbine pumps can be powered with
either electric motors or diesel engines and gear
drives. Where electric motors are used, 50 to 100 per-

cent of the pumps should be equipped with combina-
tion gear drives connected to diesel (standby) engines.
The num ber of p mps so equipped would depend upon

P

the dewatering or pressure relief
needs. Motor generators may also be used as standby
for commercial power. For some excavations and sub-
surface conditions, automatic starters may be required
for the diesel engines or motor generators being used

as l.)d(/l&up 101' LomIIleledl power.

¢. Turbovacuum pumps. For some wellpoint sys-
tems requiring high pumping rates, it may be desirable

deep-well pump.

to connect the header pipe to a 30- or 36-inch collec-
tion tank about 20 or 30 feet deep, sealed at the bot-
tom and top, and pump the flow into the tank with a
high-capacity deepwell turbine pump using a separate
vacuum pump connecr,ea to Bne Lop OI tne t,anK to pro-

haondar nina fAw ¢k

1lic head losses caused hv flow throuch

a
MELL AATGANR AUDOUD VAR UV uJ AAUVY UL VURLL

the header pipe, reducers, tees, flttmgs, and valves
should be computed and kept to a minimum (1 to 3
feet) by using large enough pipe. These losses can be
computed from equivalent pipe lengths for various fit-

tings and curves.
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If suction lift is critical, the pump should be placed low
enough so that the pump suction is level with the
header, thereby achlevmg a max1mum vacuum in the
header ana the weupom U

thhout lnterruntmz operatlo
mamder of the system. Valves should also be located
to permit isolation of a portion of the system in case
construction operations should break a swing connec-
tion or rupture a header.
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{3) Discharge lines should be sized so that the
head losses do not create excessive back pressure on
the pump. Ditches may be used to carry the water

from the construction site, but they should be located
well back of the excavation and should be reasonably
watertight.

cavatlon must not exceed that which will cause surface
raveling or sloughing of the slope, piping, or heave of
the bottom of the excavation.

b. Uplift. Before attempting to control seepage, an
analysis should be made to ensure that the seepage or
uplift gradient is equal to or less than that computed
from the foliowing equations:

i< I

ra nlal 4 OOV N\ (4-5)
Yy« (FS = 1.25t01.59)

(i) "
Ah = — (4-6)
yw{(FS = 1.25t0 1.5)
wrrh nren
WI1ITILT
i = seepage gradient Ah/L.
v = submerged unit weight of soil
y» = unit weight of water
Ah = artesian head above bottom of slope or exca-
vation
T = thickness of less pervious strata overlying a
more pervious stratum
L = distance through which Ah acts

In stratified subsurface soils, such as a course-grained
pervious stratum overlain by a finer grained stratum

R |

of relauvely low permeamuty, most of the head loss
l\ FaY o
4

Ll caner el 4 And
through the entire section would probably occu
through the finer grained materm' Consequently, a

stratum would probably 1nd1cate a more critical condi-
tion than if the factor of safety was computed from the
total head loss through the entire section. Also, when
gradients in anisotropic soils are determmed from

that the (wexghted) creep ratio Cw should equal or ex-
ceed the values shown in table 4-3 for various types of
granular soils.

% vertical seepage paths
C + 1/3 3 horizontal seepage paths
- 4-7
w H-h. 4-7
Ratios for Various Granular Sotls

Soil Creep Ratio
Very fine sand or silt 8.5
Fine sand 7
Medium sand 6
Coarse sand 5
Fine gravel 4
Medium gravel 3.5
Coarse gravel including cobbles 3
Boulders with some cobbles and gravel 2.5

r-Seepage Masonry Dams,”by E. W. Lane, pp. 1235-1272.

urily,;rom er-eepag

Transacnons, American Society of Civil Engineers, 1935.
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where H — h. represents vertical distance from the
groundwater table to the bottom of the excavation.
These criteria for piping are probably only applicable
to dewatering of sheeted, cellular, or earth-dike coffer-
dams founded on granular soils. unce p1p1ng develops,

trolled by lowermg the groundwater table in the exca-
vated slopes or bottom of an excavation, or in either
less critical situations or emergenaes by placement of

filters over the seepage exit surface to prevei nt erosior

AP Al o i) haed .<L.1'I nnm.& ™
Ol uie Sol1 DUt 8 priiil

t still it ire
oradation of the filter matvria] should be such that the
CO:.

Funn Flaur af +tho coanaoa
1ITT 11UV Ul UIT dSTTPAaRc. 11l

<‘D ("]

HrAAQ LAV U AL Sl

permeability is hig pared with the aquifer, yet
fine enough that aqulfer materlals will not migrate
into or through the filter. The filter should be designed
on the basis of criteria given in paragraph 4-6c. More
than one layer of filter material may be required to

™

E_R212_K/AF
VI WS WIW- W] res iV

acteristics of the subsurface soils, stratification, and
groundwater table; the incompleteness of the data and
accuracy of the formulations on which the design is
based; the reduction in the ef'ficiency of the dewater-
ing system with time; the trauues ot macmnes and op-

watinee .\m..m.....,‘l

Gxuuug p!‘:l SUILLICL, ld Ll Ul'll,lballl/y Ol lauure Ul LIl
svstem with regard to safetv. economics. and damage
Sy OUTILL VALl AT/pGALU WU SQATly , VLULULILLS, aliu UaiuiagT
to the project. All of these factors should be considered

in selectmg the factor of safety. The less information
on which the design is based and the more critical the
dewatering is to the success of the project, the higher
the required factor of safety. Suggested factors of
safety and design procedures are as foiiows:

dagion nrarediivags arnd criig

tions set forth in this m
3) Consuder the above enumerated
selecting a factor of safety.
(4) Evaluate the experience of the designer.

actors in

U I I S R (. J
stabilize a seepmg sl ope or pottom OI an excavation in 5) After having considered steps 1-4, the follow-
axndare o mant thagca avitaria
OLUEL LU HicTl Lese Lhiluiid. ing factors of safety are considered appropnate for
d. Dewatering systems. As in the design of any modifying computed design values for flow, draw-
srnrlee dha Aacion ~AFf a Aawrataring auatam chanld in. down wall gnaring and ranmivad “wattad anvann
WOILAS, LT Utdiglli Ul a Utwaillliily DyouLuliil dSlivuiu il Uvil, wlii Spalillg, diiu 1cyulicu wCulu osuicoll
clude a factor of safety to cover the variations in char- length.”
Factor of Safety for Design (FS = 1.0 + (a+b+c¢))
Factor to be Added
to 1.0
(a) Design Data
Poor 0.25
Fair 0.20
Good 0.10
Excellent 0.05
(b)  Experience of Designer
Little 0.25
P n on
oume V.4V
Good 0.10
Excellent 0.05
(¢)  Criticality
Great 0.25
Moderate 0.20
Little 0.15
Application of Factor of Safety to Computed
Values or System Design Features
Narmarar +ad Uali
wullipuweu v axuc
System Design Feature Design Procedure Remarks
Pump capacity, header, and dis- IncreaseQtoFS ..o
charge pipe (Q)
Drawdown (Ah) Decrease Ah by 10 percent ] Adjust either drawdown or
well spacing, but not
Nell spacing (a Decrease a by 10 percent J both
Wetted screen length (hws) hws e

Note: In initially computing drawdown, well spacing, and wetted screen, use flow and other pa-

rameters unadjusted for factor of safety.
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In addition to these factors of safety being applied to
design features of the system the system should be
pump- testea to verify its adequacy for t

........... Auratar lavrawing and ma

1t:quut:u grounawater iowering
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groundwater table likely (normally a

e
currence of once in 5 to 10 years for the period of expo-
sure) to occur.

A A P ____ B e o e e fame AL oo
Y. ewatTering Open GXLuvuariung. All cx-
cavation can be dewatered or the artesian pressure re-
lieved by one or a combination of methods described in

control systems for open excavatlons, shafts, and tun-
nels is discussed in the following paragraphs. Ex-
amples of design for various types of dewatering and
pressure relief systems are given in appendix D.

a. Trenchmg and sump pumplng

ing 1or uewate‘ring an opern exca'vatio 1 is discussed in
chapter 2. Where soil conditions and the depth of an
excavation below the water table permit trenching and

sump pumping of seepage (fig. 2-1), the rate of flow
into the excavation can be estimated from plan and
sectional flow analyses (fig. 4-27) or formulas pre-
sented in paragraphs 4-2 through 4-5.

(2) Where an excavation extends into rock and

tlhinwn 1o a cithaotandtial inflaa:, ~Ff coanacs noawimotar
Lere 18 a suoStanuidl iNiniow 01 S€Epage, Periiieier
drains can be installed at the foundation level outside
of the formwork for a structure. The perimeter drain-

age stem should be connected to a sump sealed off
from the rest of the area to be concreted, and the seep-
age water pumped out. After construction, the drain-
age systern should be grouted bxcesswe hydrostatxc

2
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1ta s in
proximately 10 foot centers F r large seepage 1nflow
supplementary vertical holes for deep-well pumps at
50- to 100-foot intervals may be desirable for tempo-
rary lowering of the groundwater level to provide suit-
able conditions for concrete placement.

b. Wellpoint system. The design of a line or ring of
wellpomts pumped with either a conventional well-

point pump or jet-eductors is generally based on math-
ematical or flow-net analysis of flow and drawdown to
a continuous slot (nara 4-2 thrnug 4-5).

down attainable per stage of wellpomts (about 15 feet)
is limited by the vacuum that can be developed by the
pump, the helght of the pump above the header plpe

that they can be pumped in the event pumping of the
bottom stage of wellpoi i
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The design of a conventional wellpoint sys-
tem to dewater an open excavation, as discussed in
paragraph 4-2b, is outlined below.

Step 1. Select dunensrons and groundwabe co

noee h Iy

efficients (H, L, and k
watere

water level expected during the period of operation.

Step 3. Compute the head at the assumed slot
(he or h,) to produce the desired residual head hp in the
excavation.

Step 4. Compute the flow per lineal foot of
drainage system to the slot Q;.

Step 5. Assume a wellpoint spacing a and com-
pute the flow per wellpoint, Qv = aQ;.

Step 6. Calculate the required head at the well-
point h. corresponding to Qw.
Step 7 Check to see 1f the suctlon hft that can

V = vacuum at pump intake, feet of water
M = distance from base of pervious strata to
pump intake, feet
H. = average head loss in header pipe from well-

point, feet
T 1 11 LU | [ RS U SRR [ Y
~ = head loss in wellpoint, riser pipe, and swing
connection to header pipe, feet
Step 8. Set the top of the we llpnmf screen at

least 1 to 2 feet or more below hw—H provide ade-
quate submergence of the wellpoint so that air will not
be pulled into the system.

(b) An example of the design of a two-stage well-
pomt system to dewater an excavation is illustrated in

{c) If an excavation extends below an aquifer
into an underlying 1mpermeable soil or rock f()rma-

the lower boundary of the aquifer. This seepage may
be intercepted with ditches or drains inside the excava-
tion and removed by sump pumps. If the underlying
stratum is a clay, tne weupomts may be installed in
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the wellpomts w1ll be mlmrmzed. Sometlmes these
procedures are ineffective, and a small dike in the ex-

(



requlred to prevent seepage fro
area. Sump pumping can be used to remove water
from within the diked area.

(2) Jet eductor (well or) weilpoint systems Flow

ma ran I’\O flﬂ-
1145 LGl T Ul

wn
<
W
c+
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Ste Assume the line or ring of wells or well-
points to be a drainage slot.

Step 2. Compute the total flow to the system for
the required drawdown and penetration of the well
screens.

Step 4 Compute the head at the well or well-
point h required to achieve the desired drawdown.

Step 5. Set eductor pump at M = hw—H. with
some allowance for future loss of well ettlc1ency

The wells or wellpoints and filters should be selected
and AA.“,.—...,.A 33 ann~andanan vrith dlha Anidanmia £mile
U UTDIEIITU 111 atluluaiivt willl LIIC viiwclia DUL IUl bll

(a) If the soil formatlon being drained is strati-
fied and an appreciable flow of water must be drained
down through the filter around the riser pipe to the
wellpoint, the spacing of the wellpoints and the perme-
ablhty of the filter must be such that the tlow from
formations abov o) I 4

'A) — 1> Aa {A_Q)
Ww — Ryl \&-9)
where
Qw = flow from formation above wellpoint
kv = vertical permeability of filter
A = horizontal area of filter
1 = gradient produced by gravity = 1.0
Substitution of small diameter well screens for well-
P 2l ad A~ Lo a0 Y Lol 4T
pUlIlLb ﬂldy ue 1u1(:awu I0r Stratiriea iormartuions.
a farmatinn ic ctratifiad nr thara ic littla avail,
\AJ llclv ﬂ AVLIMAVIVIL 1O SULIAUILICUU UL LITLAT 1D 11vuvic avai
able submerg gence for the wellmints ,ief-edl ctor well-

fllter, and the wellpoints set at least 10 feet back from
the edge of a vertical excavation.
(b) Jet-eductor pumps may be powered with

l" .E:’-
e
¢
-
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stllhng tank w1th
an overflow for the flow from wells or wellpoints (fig.
2-6). Design of jet eductors must consider the static
lift from the wells or wellpoints to the water level in
tne recirculation tank; head loss in the return riser

“““““ haad laca in +ha votiivn haodaw and o "‘.Am

pipe; head loss in the return header; and flow from the

wellnoint. The (net) canacitv of a iet-eductor pumnp de-
poini. 1he (net) capacity of a jet-equctor pump de

P
of the jet nozzle in the pump. Generally, a jet-eductor
pump requires an input flow of about 2 to 2%z times
the flow to be pumped depending on the operating
pressure and design of the nozzle. Consequently, if
flow from the wells or wellpoints is large, a deep well
system will be more appropnate The pressure header

Suppi, ing a System o1 Jt:l, eauctors m such size
fl’\ﬂ" a Q'IYIV II’I’\; Nrm nraggiira 1Q Q'I'\'I’\]'Inl" tn Q]I (\‘P thao
that a fairly uniiorm pressure 1s appiiea 1o ail oI the
eductors

(3) Vacuum wellpoint system. Vacuum wellpoint
systems for dewatering fine-grained soils are similar
to conventional wellpoint systems except the wellpoint
and riser are surrounded with filter sand that is sealed
at the top, and additional vacuum pump capac1ty is

swarridad 4 anciiva dovalanmant AF +ha mavimmiim van
proviaea to ensure aeveiopment of tne maximuin vac-
uum in the wellnoint and filter recardless of air loss

um 1n the wellpoint and filter regardless of air loss.

In order to obtain 8 feet of vacuum in a wellpoint and
filter column, with a pump capable of maintaining a
25-foot vacuum in the header, the maximum lift is
25—8 or 17 feet. Where a vacuum type of wellpoint
system 1s required the pump capacity is small. The ca-
pacu;y 01 the vacuum pump will aepena on the air per-

ha anil +ha vaniiiim bo maintain
11E 50. 1, the vacuum to be maintair
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e
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filter, and the number of wellpoints being pumped In
very fine-grained soils, pumping must be continuous.
The flow may be so small that water must be added to
the system to cool the pump properly.

c. Electroosmosis
(1) An electroosmotic dewatering system consists
of anodes (positive electrodes, usually a pipe or rod)
and cathodes (negative electrodes, usually wellpomts

11 ~11 : 411

or small wells instailed WlU’l a surrounamg Ill'l’,er),

e at least 5 feet below the bottom of
the slope t;o be stabilized. The spacing and arrange-
ment of the electrodes may vary, depending on the
dimensions of the slope to be stabilized and the voltage
available at the site. Cathode spacings of 25 to 40 feet

have been usea with the anodes msta 16(1 mldway be-

of dlstance between electrodes for long-term 1nstalla-
tions to prevent loss in efficiency due to heating the
ground Applied voltages of 30 to 100 volts are usually
saustactory, a low volnage suauy sufficient if the

(2) The r]ier\ arge o ode welln
(&) 1ne discharge o noge welipoint may
estimated from the equation
N — 3 an {A_1TM
e — Releas \x=1v)
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(assume 0.98 x 107* feet per second per volt
per foot)
electrical gradient between electrodes, volts

-
®
I

I ell and power reomrements are
generally high. However, regardless of the expense of
installation and operation of an electroosmotic de-
watering system, it may be the only effective means of
dewatenng and stablhzmg certain suts clayey suts

and 30 amperes per

3
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uirements, nor to organic soils becaus

mentally oblectlonable effluents, whlc may be un-
sightly and have exceptionally high pH values.

d. Deep-well systems
(1) The design and analysis of a deep-well system
to dewater an excavation depends upon the configura-
tion of the site dewatered source of seepage, type of

PR BV IR RSPy i Iy DRERY IS IS | P
ana tuie submergence avaiiaoieé 10r une weil Screemns
wrt +tha rannirad rawdnumn at tha walle Flaw and
YYiuil LIICT 1 U\.‘ull ClU UWLiQVUUUYYILI QU ViIC FrUllo. 1 1VYyYY ailu
drawdown to wells can be computed or analyzed as dis-

2) Methods are presented in paragraphs 4-2b and
4-3 whereby the flow and drawdown to a well system
can be computed either by analysis or by a flow net as-
suming a continuous siot to represent the array of

: and between wells com-
and location. Exam-

als AULQRvaVii, LiAGa

ples of the design of a deep-well system using these
methods and formulas are presented in figures D-2
and D-3.

(3) The submerged length and size of a well screen
should be checked to ensure that the design flow per
well can be acmevea without excess1ve screen entrance

the type of seepage (artesian and grav1ty) is not well
established during the design phase, the pump intake
should be set 5 to 10 feet below the design elevation to
ensure adequate submergence Setting the pump bowl

below the expected drawdown level will also facilitate
drawdown measurements
ULAYWUUYYIL 11ITaduUuiITliiTlIw
~y 1 7
e. Combined sysiems
(1N Yoll mmd siollnaint euctome A Aawataring cuan
\.L’ VYLl u/tu weowipueinee OJGPCI"/O Lx ucwaucxxlxs DYD
tem composed of both deep wells and wellpoints may

be appropriate where the groundwater table has to be
lowered appreciably and near to the top of an im-
permeable stratum. A wellpoint system alone would
require several stages of wellpoints to do the job, and a
well system alone would not be capable of lowering the
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groundwater completely to the bottom of the aquifer.
A combination of deep wells and a single stage of well-
points may permit lowering to the desired level. The
tages of a combmed system, in wmcn wells are

:2.
E-?

the upper stages of wellpoints.
(b) The excavation can be started without a de-
lay to mstall the upper stages of wellpomts

s Avern b ~mles J ezran
111 SE1IVeY IlUt QIlly L 10wel Lllc SIUu iuwd-
t installation of the wellnoint svstem but
t 1nstallatio.

n oI the w TAIPULLLY Sy SuvTaii vav

Lo C a significant amount of seepage anc
thus reduce the flow to the single stage of wellpomts
A design example of a combined deep-well and well-
point system is shown in figure D-4.

(2) Sand drains with deep wells and welipoints
Sand drains can De used t,o 1ntercepr norlzontal seep—

iting feature of dewatering by sand dralns is usually
the vertical permeability of the sand drains itself,
which restricts this method of drainage to soils of low

C‘_...'I.l ___________ SV I L |

pressure. To accomphsh thls the dralns must be
spaced, have a diameter, and be filled with filter sand
so that

Qp X kpiAp = kvAp (4-11)
where
Qo = flow per drain
kp = vertical permeability of sand fiiter
1 = gradient produced by gravity = 1.0
Ap = areaof drain
Generallv, sand drains are spaced on 5- to 15-foot cen-
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ters and have a diameter of 10 to 18 inches. The maxi-
mum permeability k. of a filter that may be used to
drain soils for which sand drains are applicable is
about 1000 to 3000 x 10~* centimetres per second or

0. 20 to 0.60 feet per mmute lhus the maximum ca-
- e .
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ing a small (1- or 1%- inch) slotted PVC plpe in the
drain to conduct seepage into the drain downward into
underlying more pervious strata being dewatered.

f. Pressure relief systems.
(1) Temporary relief of artesian pressure beneath
an open excavation is required during construction



where the stability of the bottom of the excavation is
endangered by artesian pressures in an underlying
aquifer. Complete relief of the artesian pressures to a
level below the bottom of the excavation is not always
required depending on the thickness, uniformity, and
permeability of the materials. For uniform tight shales
or clays, an upward seepage gradient i as high as 0.5 to
0.6 may be safe, but clay silts or silts generally require
lowering the groundwater 5 to 10 feet below the bot-
tom of the excavation to provide a dry, stable work
area.

(2) The flow to a pressure relief system is artesian;
therefore, such a system may be designed or evaluated
on the basis of the methods presented in paragraphs
4-2 and 4-3 for artesian flow. The penetration of the
wells or wellpoints need be no more than that required
to achieve the required drawdown to keep the flow to
the system a minimum. If the aquifer is stratified and
anisotropic, the penetration required should be deter-
mined by computing the effective penetration into the
transformed aquifer as described in appendix E. Ex-
amples of the design of a wellpoint system and a deep-
well system for relieving pressure beneath an open ex-
cavation are presented in figures D-6 and D-7.

g. Cutoffs. Seepage cutoffs are used as barriers to
flow in highly permeable aquifers in which the quanti-
ty of seepage would be too great to handle with deep-
well or wellpoint dewatering systems alone, or when
pumping costs would be large and a cutoff is more eco-
nomical. The cutoff should be located far enough back
of the excavation slope to ensure that the hydrostatic
pressure behind the cutoff does not endanger the sta-
bility of the slope. If possible, a cutoff should pene-
trate several feet into an underlying impermeable stra-
tum. However, the depth of the aquifer or other condi-
tions may preclude full penetration of the cutoff, in
which case seepage beneath the cutoff must be consid-
ered. Figure 4-36 illustrates the effectiveness of a par-
tial cutoff for various penetrations into an aquifer.
The figure also shows the soils to be homogeneous and
isotropic with respect to permeability. If, however, the
soils are stratified or anisotropic with respect to per-
meability, they must be transformed into an isotropic
section and the equivalent penetration computed by
the method given in appendix E before the curves
shown in the figure are applicable.

(1) Cement and chemical grout curtain. Pressure
injection of grout into a soil or rock may be used to re-
duce the permeability of the formation in a zone and
seal off the flow of water. The purpose of the injection
of grout is to fill the void spaces with cement or chemi-
cals and thus form a solid mass through which no wa-
ter can flow. Portland cement, fly ash, bentonite, and
sodium silicate are commonly used as grout materials.
Generally, grouting pressures should not exceed about
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1 pound per square inch per foot of depth of the injec-
tion.

(a) Portland cement is best adapted to filling
voids and fractures in rock and has the advantage of
appreciably strengthening the formation, but it is inef-
fective in penetrating the voids of sand with an effec-
tive grain size of 1 millimetre or less. To overcome this
deficiency, chemical grouts have been developed that
have nearly the viscosity of water, when mixed and in-
jected, and later react to form a gel which seals the for-
mation. Chemical grouts can be injected effectively in-
to soils with an effective grain size D,, that is less than
0.1 millimetre. Cement grout normally requires a day
or two to hydrate and set, whereas chemical grout can
be mixed to gel in a few minutes.

(b) Cement grouts are commonly mixed at wa-
ter-cement ratios of from 5:1 to 10:1 depending on the
grain size of the soils. However, the use of a high wa-
ter-cement ratio will result in greater shrinkage of the
cement, so it is desirable to use as little water as practi-
cal. Bentonite and screened fly ash may be added to a
cement grout to both improve the workability and re-
duce the shrinkage of the cement. The setting time of a
cement grout can be accelerated by using a 1:1 mixture
of gypsum-base plaster and cement or by adding not
more than 3 percent calcium chloride. High-early-
strength cement can be used when a short set time is
required.

(c) Chemical grouts, both liquid and powder-
based, are diluted with water for injection, with the
proportions of the chemicals and admixtures varied to
control the gel time.

(d) Injection patterns and techniques vary with
grout materials, character of the formation, and geom-
etry of the grout curtains. (Grout holes are generally
spaced on 2- to 5-foot centers.) Grout curtains may be
formed by successively regrouting an area at reduced
spacings until the curtain becomes tight. Grouting is
usually done from the top of the formation downward.

(e) The most perplexing problem connected with
grouting is the uncertainty about continuity and effec-
tiveness of the seal. Grout injected under pressure will
move in the direciton of least resistance. If, for exam-
ple, a sand deposit contains a layer of gravel, the grav-
el may take all the grout injected while the sand re-
mains untreated. Injection until the grout take dimin-
ishes is not an entirely satisfactory measure of the suc-
cess of a grouting operation. The grout may block the
injection hole or penetrate the formation only a short
distance, resulting in a discontinuous and ineffective
grout curtain. The success of a grouting operation is
difficult to evaluate before the curtain is complete and
in operation, and a considerable construction delay can
result if the grout curtain is not effective. A single row
of grout holes is relatively ineffective for cutoff pur-
poses compared with an effectiveness of 2 or 3 times
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that of overlapping grout holes. Detailed information
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(2) Slurry walls. The principal features of design
of a slurry cutoff wall include: viscosity of slurry used
for excavation; specific gravity or density of slurry;
and height of slurry in trench above the groundwater
table. The specific gravity of the siurry and its level

[ ]

above the groundwater table must be high enough to

anciira that tha hvdractatin M
ensure ullab ul€ nyGrosiavic procenrﬁ exe nA h“ th

slurry will prevent caving of the sides of the trench
and yet not limit operation of the excavating equip-
ment. Neither shall the slurry be so viscous that the
backfill will not move down through the slurry mix.
Typical values of specific gravity of siurries used range
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from about 1.1 to 1.3 {70 to 80 pounds per cubic foot)
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Figure 4-36. Flow beneath a partially penetrating cutoff wall.
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nds, as required to hold any weighting material add-
ed and to prevent any significant loss of slurry into the
walls of the trench. The slurry should create a pressure
in the trench approximately equal to 1.2 times the ac-

tive earth pressure of the surroundmg soil. Where the
soil at the surtace 1s loose or friable, tne upper part of
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bentomte slurry w1th a slump of 4 to 6 mches.

(3) Steel sheet piling. Seepage cutoffs may be cre-
ated by driving a sheet pile wall or cells to isolate an
excavation in a river or below the water table. Sheet
piles have the advantage of being commonly available

and racdily ingtallad Hawaovar if+ha anil cantaing

A ah
ana reaaily instaiieda. riowever, it tne soii contains Cvu-
bles or boulders, a situation in which a

applicable to dewatermg, the driving may be very dlf—
ficult and full penetration may not be attained. Also,
obstructions may cause the interlocks of the piling to
split, resulting in only a partial cutoff
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the wall. The eff1c1ency of a sheet pile cutoff is sub-
stantial for short paths of seepage but is small or negli-
gible for long paths.

() Sheet piie cutoffs that are instalied for iong-
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Term operation wiil usuaily tignten up witil time as uie
intarlanlkre hanama nlacaad wnt rniet and nnacihla in.
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(4) Freezmg Freez1 g the water in saturated por-
ous soils or rock to form an ice cutoff to the flow of
groundwater may be applicable to control of ground-
water for shafts or tunnels where the excavation is

4-10. Dewatering shafts and tunnels.

The requirements and design of systems for de-
watering shafts and tunnels in cohesionless, porous
soil or rock are similar to those previously described
for open excavations. As an excavation for a shaft or

tunnel is generauy ueep, ana access lS llmll',e(l, aeep-
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welis or jet-eauctor w

rin 101 uck Y
where dewatering techmques can be used Grout cur-
tains, slurry cutoff walls, and freezing may also be

used to control groundwater adjacent to shafts or tun-
nels.

b. Where the soil or rock formation is reasonably
homogeneous and isotropic, a well or jet-eductor sys-

101 iU, Liic wcells 11

screened and flltered through each perkus stratum
as well as spaced sufficiently close so that the residual
head in each stratum being drained is not more than 1
or 2 feet. Dewatering stratified soils penetrated by a
shaft or tunnel oy means of deep wells may be facili-

corresnondmzlv the filter. Maintenance of a vac-
uum in the wells and surrounding earth tends to stabil-
ize the earth and prevent the emergence of seepage in-
to the tunnel or shaft.

c. In combmed well-vacuum systems itis necessary

mps with a capacwy in excess of the maxi-

an flawr an that +ha < warill ha affanis
10W S0 tnat uie vacuum wiu o€ el

i
length of the well screen. Subm

o length of een. Subm
pumps mstalled in sealed wells must be designed for
the static lift plus friction losses in the discharge pipe
plus the vacuum to be maintained in the well. The
pumps must also be designed so that they will pump
water and a certain amount of air w1t ut cav1tatlon

The r‘equirea capacity of the vacuum pump
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most perv1ous formatlon encountered, assuming the
porous stratum to be fully drained. The flow of air
through a porous medium, assuming an ideal gas flow-
ing under isothermal conditions, is given in the follow-
ing formula:

Q. = Ap(D - hwk

14

Y | (4-12)

fha
where

Q. = flow of air at mean pressure of air in flow
system p, cubic feet per minute

Ap, = pressure differential (p,—p,) in feet of water
p, = absolute atmospheric pressure

p, = absolute air pressure at line of vacuum wells
D = thickness of aquifer, feet

hy = head at well, feet
k = coefficient of permeability for water, feet per

minute
uw = absolute viscosity of water
ua = absolute viscosity of air

§ = geometric seepage shape factor (para 4-3)

The approximate required capacity of vacuum pump is
expressed as

Qa—vfr = Q;x P .
absolute atmospheric pressure
(feet of water) (4-13)
QP

= —— (cubic feet per minute)
34
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where P represents mean absolute air pressure

{p+P Y. . .
\ — , in feet of water. Wells, with vacuum, on

15- to 20-foot centers have been used to dewater cais-
sons and mine shafts 75 to 250 feet deep. An example
of the design of a deep-well system supplemented with
vacuum in the well filter and screen to dewater a

stratified excavation for a shaft is shown in figure

D-8, and an example to dewater a tunnel is shown in
Lo DN_Q
1igure v-o.

d. In designing a well system to dewater a tunnel or
shafi 4 obhald bha nagiimnmad $hat anr ana wall Ar nimng
Slialy, 1L SI1oUulu U ass 11TU vilauv ally vuc Til UL puiiiy
ing unit mav go out of oneration. Thus, anv combina-
ing unit may go out of operatio 1us, any co
tion of the other wells and pumping units must have

sufficient capacity to provide the requlred water table
lowering or pressure relief. Where electrical power is
used to power the pumps being used to dewater a shaft
or tunnel, a standby generator should be connected to
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the syStem w1m aut.omamc start rtin ga tran

mant ar guritohac
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4-11. Permanent pressure relief sys-
tems. Permanent drainage or pressure relief systems
can be aesxgnea using equauons and considerations

atia v described for various groundwater and flow
plchUualy UCHLIIUCU 1UL valivuud 1UUuILIu auvci aiilu 11uUvv
conditions. The well screen, co lpnfm- pnines, and filters
conditions, The well screen, collector pipes, and filters

should be designed for
provided for inspection and recondltionmg during the
life of the project. Design of permanent relief or drain-
age systems should also take into consideration poten-

tial encrustation and screen loss. The system should

preferably be designed to function as a gravity system

writh aid anhaninal Aar alantwinal nuumning and cantral
lbllUub ll]. ‘Clidiilladl Ul Ticuulival puxuplus allu Luliiuvi vl

equipment. Any mech piga] pQ| 1pmpnf or the Sys e

of operation. If pumpmg equlpment and controls are
required, auxiliary pump and power units should be
provided. Piezometers and flow measuring devices
should be included in the design to provide a means for
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4-12. Freezing.

a. General.

(1) The construction of a temporary waterstop by
artificially freezing the soil surrounding an excavation
site is a process that has been used for over a century,
not always with success and usuauy as a 1ast resort
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ing, given the site information he needs, can desxgn a
freezing system with confidence. However, every job
needs care in installation and operation and cannot be
left to a general contractor without expert help. A fav-
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orapile site IOr artilicCial Irreezing 18 wnere tne water ta-
ble is high. the soilis. e.g.. a running sand. and the wa
01€ 1S 11igil, uic 8011 1S, .., a Iullling saind, ana uie wa-

damage to ex1st1 structures of water (in a coarser
granular materlal). The freezing technique may be the
best way to control water in some excavations, e.g.,
deep shafts

s Looa Vo ccrm AS A A AR L OO 1 A __
rier out aiso can serve as an excelient cofferdam. An
ovumr\]o ;ﬂ +h° "‘rnnon nl\“co-rlom NY aONn ANAN aAvNAaTra_
Challlylc A0 LiIT 11VULT1l LViLiTiuaQalll 1ul Aall Ul.lcll caLava
tion 220 feet in diameter and 100 feet deep in rub-

bishy fill, sands silts, and decomposed rock. A frozen
curtain wall 4000 feet long and 65 feet deep has been
successfully made but only after some difficult prob-
lems had been solved. Mine shafts 18 feet in diameter

and 2000 feet deep have been excavated in artmcxaUy
frozen soils and rocks where no other method could be
11Q0, A“‘Y ﬂf\;] ny "Qﬂfll"ﬂl‘ vl\l\l’ nanr kn b o7 o kﬁ]l\‘ll
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the water table to form a wafemg
the freeze-pipes can be installed, b

are essential for satisfactory design and operation.

h Docion e with tha dacion nf anv evetam far enh.

b. Design. As with the design of any system for sub-
surface water control, a thorough site study must f 'rstl
be made. Moving water is the factor most likely

cause failure; a simple soundmg-well or plezometer
layout (or other means) must be used to check this. If
the water moves across the excavation at more than

about 4 feet per day, the designer must include extra
nwrasriaiang $n wadiian tha valanidy Anwa Avmbain wall maw
PLUVISIVILS LU ITUULD LT VOIULILY, UL a LUl Ldlll wall lilay
never close, If windows show up in the frozen curtain
wall flood ling the excavation and refreezing with add-

edge of the creep properties of the frozen soﬂs may be
needed; if the frozen soil is used as a cofferdam or
earth retammg structure such can be debermlned

c. Opemtwn The gr und is frozen by closed-end,

steel freeze-pipes (usually vertical, but they can be
dAmivan nlanad ia nb ad at anv ancola) fram 4 44 B
urlivell, Plabcu, Ul. Javntid au aily ailgic) iiviill 2 w v
inches in dmmpfpr enanpd from 3 to 5 feet, iq one or

pervious stratum within reach, the 5011 may be com-
pletely frozen as a block in which the excavation is
made, or an impervious stratum may be made artifi-
cially. In one project, a horizontai disk about 200 feet

across and 24 feet thick was frozen at a minimum
Aant nf 180 foat Than a avhindrical anffardam 140
ucyux Ui AUV L1LUCTVL 4111, a \,_yuuuxlbal LVLILITLiIudAlll AxV
feet in diameter was frozen down to the disk, and the
enclosed soil was excavated without any water prob-

(1) Coaxial with each freeze-pipe is a 1%2- to 2-inch
steel, or plastic, supply pipe delivering a chilled liquid
(coolant) to the bottom of the closed freeze pipe. The



coolant flows slowly up the annulus between the pipes,
pulls heat from the ground, and progressively freezes
the soil. (A typical freeze-pipe is shown in fig. 4-37.)
After a week or two, the separate cylinders of frozen
soil join to form the barrier, which graduaily thickens
to the designed amount, generally at least 4 feet (walls
of 24-foot thickness with two rows of freeze-pipes have
been frozen in large and deep excavations in soft or-
ganic silts). The total freeze-time varies from 3 to 4
weeks to 6 months or more but is predictable with high
accuracy, and by instrumentation and observation the
engmeer has good control. Sands of low water content
freeze fastest; fine-grained soils of high water content
1
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take more time and total energy, although the refriger-

CI'g,
ation horsepower required may be greater than for
sands.

(2) The coolant is commonly a chloride brine at
zero to —20 degrees Fahrenheit, but lower tempera-
tures are preferable for saving time, reducing the
amount of heat to be extracted, and minimizing frost-
hanwa affanta (whi at kn a#uﬁ'l:or] befnvnhon(‘\ Tn

ucave CllebD \Wlll\,h Au.uou QSuvuuiTu AVLTLIGLIAJ. L2
recent vears, liquid propane at —45°F has been used
in large pro_lects, and for small volumes of soil, liquid
nitrogen that was allowed to waste has been used.
(These cryogenic liquids demand special care—they are
dangerous.) Coolant circulation is by headers, com-
monly 8-inch pipes, connected to a heat-exchanger at
the refrigeration plant using freon {in a modern plant)
as the refrigerant. The refrigeration equipment is us-
ually rented for the job. A typical plant requires from
50 horsepower and up; 1000 horsepower or more has
sometimes been used. Headers should be insulated and
are recoverable. Freeze-pipes may be withdrawn but
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(From “Tunnel Driven Using Subsurface Freezing,"by C. P. Gail, pp. 37-40.
Civil Engineering, American Society of Civil Engineers, May 1972.)

Figure 4-37. Typical freeze-pipe.

are often wasted in construction; they are sometimes
used for thawing the soil back to normal, in which case
they could be pulled afterward.

d. Important considerations. The following items
must be considered when the freezing technique is to
be used:

€Il
. n -
(2) Location of freeze p:pes. (The spacing of

freeze-pipes should not exceed the designed amount by
more than 1 foot anywhere along the freeze wall.)

(3) Wall closure. (Freeze-pipes must be accurately
located, and the temperature of the soil to be frozen
carefully monitored with thermocouples to ensure 100
percent closure of the wall. Relief wells located at the

center of a shaft may also be used to check the prog-
ress of freezing. By periodically pumping these wells,
the effectlveness of the ice wall in sealing off seepage
flow can be determined.)

(4) Frost-heave effects—deformations and pres-
sures. (Relief wells may be used to relieve pressures
caused by expansion of frozen soil.)

FEN Masnsmnmndrimn affanta Arm haswiad dalads
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(6) Insulation of aboveground piping.

(7) Control of surface water to prevent flow to the
freezing region.

(8) Coolant and ground temperatures. (By moni-
toring coolant and soil temperatures, the efficiency of
the freezing process can be improved.)

(9) Scheduling of operations to minimize lost time
when freezing has been completed.

(10) Standby plant. (Interruption of coolant circu-
lation may be serious. A standby plant with its own
prime movers is desirable so as to prevent any thaw. A
continuous advance of the freezing front is not neces-
sary so that stand'by plant capacity is much less than

LIldL nor llldlly ubcu }

4-13. Control of surface water.
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1e excavation should be prevented from entering the
excavatlon by slopmg the ground away from the exca-
vation or by the construction of dikes around the top
of the excavation. Ditches and dikes can be construct-
ed on the slopes of an éxcavation to controi the runoff

of water and reduce surface erosion. Runoff into slope
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ditches can be removed by pumping from sumps in-

stalled in these ditches, or 1t can be carried in a pipe or
lined ditch to a central sump in the bottom of the exca-
vation where it can be pumped out. Dikes at the top of
an excavation and on slopes should have at least 1 foot
of freeboard above the maximum elevation of water to
be impounded and a crown width of 3 to 5 feet with
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so that the dewatering wells and pumps cannot be
flooded. Control of surface water within the diked area
will not only prevent interruption of the dewatering
operation, which might seriously impair the stability
of the excavation, but also prevent damage to the con-
struction operations and minimize interruption of
work. Surface water may be controlled by dikes,
ditches, sumps, and pumps; the excavation slope can
be protected by seeding or covering with fabric or as-
phalt. Items to be considered in the selection and de-
sign of a surface water control system include the dur-
ation and season of construction, rainfall frequency
and intensity, size of the area, and character of surface
soils.

c. The magnitude of the rainstorm that should be
used for design depends on the geographical location,
risk associated with damage to construction or the de-
watering system, and probability of occurrence during
construction. The common frequency of occurrence
used to design surface water control sumps and pumps
is a once in 2-to 5-year rainfall. For critical projects, a
frequency of occurrence of once in 10 years may be ad-
visable.

d. Impounding runoff on excavation slopes is some-
what risky because any overtopping of the dike could
result in overtopoping of all dikes at lower elevations
with resultant flooding of the excavation.

e. Ample allowance for silting of ditches should be
made to ensure that adequate capacities are available
throughout the duration of construction. The grades of
ditches should be fairly flat to prevent erosion. Sumps
should be designed that will minimize siltation and
that can be readily cleaned. Water from sumps should
not be pumped into the main dewatering system.

f. The pump and storage requirements for control of
surface water within an excavation can be estimated in
the following manner:

Step 1. Select frequency of rainstorm for which
pumps, ditches, and sumps are to be designed.

Step 2. For selected frequency (e.g., once in 5
years), determine rainfall for 10-, 30-, and 60-minute
rainstorms at project site from figure 3-6.

Step 3. Assuming instantaneous runoff, com-
pute volume of runoff Vi (for each assumed rainstorm)

into the excavation or from the drainage area into the
excavation from the equation

Vi=cRA=c % 43,560A (cubic feet)

4-14)
where
¢ = coefficient of runoff
R = rainfall for assumed rainstorm, inches
A = area of excavation plus area of drainage into
excavation, acres
(The value of ¢ depends on relative porosity, character,
and slope of the surface of the drainage area. For im-
pervious or saturated steep excavations, ¢ values may
be assumed to range from 0.8 to 1.0.)
Step 4. Plot values of Vi versus assumed dura-
tion of rainstorm.
Step 5. Plot pumpage rate of pump to be in-
stalled assuming pump is started at onset of rain.
This method is illustrated by figure D-10.

g The required ditch and sump storage volume V is
the (maximum) difference between the accumulated
runoff for the various assumed rainstorms and the
amount of water that the sump pump (or pumps) will
remove during the same elapsed period of rainfall. The
capacity and layout of the ditches and sumps can be
adjusted to produce the optimum design with respect
to the number, capacity, and location of the sumps and
pumps.

h. Conversely, the required capacity of the pumps
for pumping surface runoff depends upon the volume
of storage available in sumps, as well as the rate of
runoff (see equation (3-3)). For example, if no storage
is available, it would be necessary to pump the runoff
at the rate it enters the excavation to prevent flooding.
This method usually is not practicable. In large excava-
tions, sumps should be provided where practicable to
reduce the required pumping capacity. The volume of
sumps and their effect on pump size can be determined
graphically (fig. D-10) or can be estimated approxi-
mately from the following equation:

Qr=Q-VIT (4-15)
where
Qr = total pump capacity, cubic feet per second
Q = average rate of runoff, cubic feet per second
V = volume of sump storage, cubic feet
T = duration of rainfall, hours
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5-1. General. The successful performance of any
dewatering system requires that it be properly in-
stalled. Principai instaliation features of various types
of dewate ator o
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5-2. Deep-well systems.

a. Deep wells may be installed by the reverse-rotary
drilling method, by driving and jetting a casing into
the ground and cleaning it with a bailer or jet, or with
a bucket auger.

-

0. In the reverse rotary met'nod the hoie for the
wrnll 3 ada y matawey Awills o hit Af o qinn
YTl ID ulauc Uy lUl'aly ul lllllls, uaulg a vUlu Ul a Do

nnp-pd bv the screen diameter and thickness of filter

Soﬂ from the drilling is removed from the hole by the
flow of water circulating from the ground surface
down the hole and back up the (hollow) drill stem from
the bit. The drill water is circulated by a centrifugal or
jet-eductor pump that pumps the fiow from the driii
stem into a sump pit. As the hole is advanced, the soil

particles settle out in the sump pit, and the muddy

valalS ST veaT U Axs  viaT Qaite vaal aianaena

water flows back into the drill hole through a ditch cut
from the sump to the hole. The sides of the drill hole
are stabilized by seepage forces acting against a thin
film of fine-grained soil that forms on the wall of the
hoie A sufficient seepage force to stabilize the hole is

pxuuuu:u U_y ludlllmllllllg LIIU decl lﬁVCl i LhC hU}.C dL
least 7 feet above the natural water table. No bento-
nite drilling mud should be used because of gelling in
the filter and aquifer adjacent to the well. If the hole is
drilled in clean sands, some silt soil may need to be
added to the drilling water to attain the desired degree
of muddiness (approximately 3000 parts per million).

21 TAlean D
(Organic drilling material, e.g., Johnson’s Revert or
equivalent, may alse he added to the drilline water to
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reduce water loss.) The sump pit should be large
enough to allow the sand to settle out but small enough
so that the silt is kept in suspension.

c. Holes for deep wells should be vertical so that the
screen and riser may be installed straight and plumb;
appropriate guides should be used to center and keep
the screen plumb and straight in the hole. The hole

P PR 5 I RO A
Snouia o€ Sorie uceper lalldll bllc Well screen mlu llw!
(The additional denth of the hole ig to nrovide gnace
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for wasting filter material first put in the tremie pipe
if used.) After the screen is in place. the filter is tre-
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mied in. The tremie pipe should be 4 to 5 inches in dia-
meter, be perforated with slots ¥, to %, inch wide and
about 6 inches iong, and have fiush screw joints The

alate wrill allac. +dha 14 al 4~ ha ad
slots will allow the tiiter materi uu to vecome aauuawu,

thereby breaking the surface tension and “bulking” of
the filter in the tremie. One or two slots per linear foot
of tremie is generally sufficient. After the tremie pipe
has been lowered to the bottom of the hole, it should be
filled with filter material, and then slowly raised,
keeping it full of fiiter material at aii {imes, until the
filter material is 5 to 10 feet above the top of the

acraan The filter material initiallv ngurpﬂ in the tre-
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mie should be wasted in the bottom of the hole. The
level of drilling fluid or water in a reverse-rotary
drilled hole must be maintained at least 7 feet above
the natural groundwater level until all the filter ma-
terial is placed. If a casing is used, it shouid be puiied
as the filter material is placed, keeping the bottom of
the casing 2 to 10 feet below the top of the filter ma-
terial as the filter is placed. A properly designed, uni-
form (Deo/D10 £ 3 to 4) filter sand may be placed with-
out tremieing if it is poured in around the screen in a
heavy continuous stream to minimize segregation.

d. After the filter is placed, the well should be devel-
oped to obtain the maximum yield and efficiency of
the well. The purpose of the development is to remove
any film of silt from the walls of the drilled hole and to
develop the filter immediately adjacent to the screen

~AF o +hn wmenll Mawcala
W p!':l.llllb arf Ud.Dy 11UW O1 wau:x lllw bllU WeEll. UUVCIUP'

ment of a well should be accomnlished as soon after
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the hole has been drilled as practicable. Delay in doing
this may prevent a well being developed to the effi-
ciency assumed in design. A well may be developed by
surge pumping or surging it with a loosely fitting
surge biock that is raised and lowered through the welil

mlt:cu db d. HPUUU Uf ubuut r'4 f!'.',Cl.a !.R:.l E“Ulld Th‘: Sur EU
block should be slightly flexible and have a diameter 1
to 2 inches smaller than the inside diameter of the well
screen. The amount of material deposited in the bot-
tom of the well should be determined after each cycle
(about 15 trips per cycle). Surging should continue un-
til the accumulation of material pulled through the

1 hnnanmens laco dham aladd
WeEll SCreen 111 dll_y O1e LyLlU UCUULLIED 1T3D Llldll aootuu

0.2 foot deen, The well ecreen should he hailed clean if
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the accumulation of material in the bottom of the
screen becomes more than 1 to 2 feet at any time dur-
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ing surging, and recleaned after surging is completed. g. After the wells are developed and satisfactorily

Material bailed from a well should be inspecbed to see tested by pumping, the pumps, power units, and dis-

if any foundation sand is being removed. It is possibie charge piping may be installed.

to oversurge a well, which may breach the filter with h. Where drawdown or vacuum requirements in

resulting infiltration of foundation sand when the well deep wells demand that the water level be lowered and

s d b 2 . 1 a1 1 i Ve | 11 i1

1s pumpec. maintained near the bottom of the wells, the pumps
s Afiavw o wall has haan Adavalanad i+ chanld ha wrill hawa 44 handla o ......4..._,. AL carntnm amd niw T ciinkh
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pumped to clw.r it of muddy water and sand and to a requirement exists, the pump bowls should be de-

check it for yield and infiltration. The well should be signed to allow increasing amounts of air to enter the

pumped at approxlmately the design discharge from bowl, which will reduce the efficiency of the pump un-

30 minutes to several hours, with periodic measure- til the pump capacity just equals the inflow of water,
ment of the well flow, drawdown in the well, depth of without cavitation of the impellers. The impellers of
sand in the bottom of the well, and amount of sand in deep-well turbine pumps should be set according to the
the discharge. Measurements of well uiSCnarge and manufacturer’s recommendations. Improper impeller
Avawrdamm mav ha wiaad ¢n Aotarmina tha affiniannt anttinoa ran atonmifinantly vadiina tha nawfarmanasan Af a
ULIawuuwill iliay UJUT UdTU W UTLTL1IILITC vl Till S chblllsﬂ wvall olsuuu.,auuy Lcuu\.c Ll p!':l. AU 111411 Ul. a
and degree of development of the well. The perfor- deep-well pump

mance of the well filter may be evaluated by measur-

ing the accumulation of sand in the bottom of the well

5-3. Welipoint systems.

and in the discharge. A well should be developed and a. Wellpoint systems are installed by first laying
pumped until the amount of sand infiltration is less the header at the location and elevation called for by

than 5 to 10 parts per miilion.

the plans as iliustrated in gure 5-1. After the header

f. Deep wells, in which a vacuum is to be main- pipe is laid, the stopcock portion of the swing connec-
tained, require an ai airtight seal around the well riser tion should be connected to the header on the spacing
‘und surface down for a distance of 10 called for by the design, and all fittings and plugs in
pipe from the ground surface down for a distance of 10 -' S’ S et
to 50 feet. The seal may be made with compacted clay the header made airtight using a pipe joint compound
W UV 1ITTUL, 1110 OTal 111qa MT LUIAUT VYV iUil VUM PALVUUW ViGy
nonshrinking grout or concrete, bentonitic mud, or a to prevent leakage. Installation of the wellpoints gen-

................ 3 D-v—v L2 el

short length of surface casing capped at the to Im-

erally follows layout of the header pipe.

proper or careless placement of this seal will make it b. Self-jetting wellpoints are installed by jetting
impossible to attain a sufficient vacuum in the system them into the ground by forcing water out the tip of
to cause the dewatering system to operate as designed. the wellpoint under high pressure. The jetting action
The top of the well must also be sealed airtight. of a typical self-jetting wellpoint is illustrated in fig-

Planked, level area

bar miiman aladtaran
TOF PUiiiy prac.wiing

Plan of a typical welipoint sysiem.
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“Foundation Engj_r;een‘ng' " G A Leonards ed., 1962, McGraw-Hill Boock

Company. Used with permission of McGraw-Hill Book Company.)

Figure 5-1. Plan of a typical wellpoint system.



hlgher water pressures (about 25 pounds pe square
inch) to carry out the heavier particles; either a hy-
drant or a jetting pump of appropriate size for the
pressures and quantities of jetting water required can
be used. The jetting hose, usually 2 to 3 inches in diam-
eter, is attached to the wellpoint riser, which is picked
up either by a crane or by hand and held in a vertical
position as the jet water is turned on. The wellpoint is
allowed to sink slowly into the ground and is slowly
raised and lowered during sinking to ensure that all
fine sand and dirt are washed out of the hole. Care
should be taken to ensure that a return of jet water to
the surface is maintained; otherwise, the point may
“freeze” before it reaches grade. If the return of jet wa-
ter disappears, the point should be quickly raised until
circulation is restored and then slowly relowered. In
gravelly soils, it may be necessary to supplement the
jet water with a separate air supply at about 125
pounds per square inch to lift the gravel to the surface.

A A A thn wrallmnind a2
11 11Iter Sana I.S xcquucu alrvullu bllc WELIPULLIL W 1=

crease its efficiency or prevent infiltration of founda-
crease its cy Pr

AV Ui AU

on soils, the wellpoints generally should be installed

|

jetting water
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up for easy connection
and the jetting hose disconnecbed.

c. Where a wellpoint is to be installed with a filter
(i.e. “sanded”), generally the welipoint shouid be in-
stalled in a hole formed by jetting down a 10- to 12-
inch heavy steel casing. The casing may be fitted with
a removable cap at the top through which air and wat-
er may be introduced. The casing is jetted into the
ground with a return of air and water along the out-
side of the casing. Jetting pressures of 125 pounds per
square inch are commonly used; where resistant strata
are encountered, the casing may have to be raised and
dropped with a crane to chop through and penetrate to
the required depth. A casing may also be installed us-
ing a combination jetting and driving tool, equipped
with both water and air lines, which fits inside the cas-
ing and extends to the bottom of the casing Most of
the return water from a “hole puncher” rises inside the

rnging roicing rrnnaidarahlo Tace Alabiwhan g A8 4bh o -
casing, causing consiaeraply 1e€ss aisturoance oi tne aa-
iacent foundation snile tar the caging ig ingtallad +n
JUALL ALY AV URLINAR VAVULRE DVRAD,. 43A V0L vaae \ruwllls A0 AliDwAlAVuUA VW
a depth of 1 to 3 feet greater than the length of the as-

Upward swirling flow
of jetting water and
dislodged soil particles

Ball valve held in open
position by jetting
water pressure

high pfessurc jet stream

(Courtesy of Griffin Wellpoint Corp.)

Figure 5-2. Self-jetting wellpoint.

5-3
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sembled wellpoint, the jet is allowed to run until the
casing is flushed clean with clear water.

d. The wellpoint is placed in the casing, the sand fil-
ter tremied or poured in, and the casing pulled. Care
should be taken to center the wellpoint in the casing so

Before the wellpoint is connected to the header, it
ahnild ha nitmmnad +4 fliigh i+ and tha filtar and ta
sSNn0UIU VT Pulliptl W 1iudil 1LV aliu ulT 11wl auu w
check it for “sanding.” All joints connecting wellpoints
to the header should be made airtight to obtain the

maximum needed vacuum,
e. Wellpoint pumps, similar to that shown in figure

e L3

5-3, are used to provide the vacuum and to remove
water flowing to the system. To obtain the maximum

possible vacuum, the suction intake of the pump
should be set level with the header pipe. Wellpoint
pumps should be protected from the weather by a shel-

D
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a hole puncher and surrounding the wellpoint and ris-
er pipe with filter sand. Jet eductors are connected to
two headers—one for pressure to the eductors and

g. Jet-eductor wellpoints are usually installed using

1. Centrifugal Pump Volute 9. Air Suction Line Wiper Float 16. Cooling Water Line for Vacuum Pump
2. Cleanout Chamber to Vacuum Pump 17. Belt Guard
3. Screenbox 10. Discharge Check Valve 18. Vacuum Pump Pulley
4. Suction or Header Connection 11, Vacuum Pump Exhaust 19. MT71-4 Rotary-Type Vacuum Pump
5. Wiper Float Drain Line 12. 01l Reclaimer far Vacuum Pump 20. Vacuum Pump Rocker-Type Base
6. Scrubber Float Chamber 13. Discharge Connection 21. vacuum Pump Exhaust Thermometer
7. Wiper Float Chamber 14, Flexible Coupling 22. Vacuum Pump 0il Supply Lines
8. Air vent Valve 15. Engine 23. 01} Dripper/Lubricator for Vacuum
Pump
(Courtesy of Moretrench American Corp.)

Figure 5-3. Characteristic parts of a wellpoint pump.
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ter; fillin
er; filling it
filter sand and Dulhng the casing s1m11ar to mstalhnz
“sanded” wellpomts. It is preferable to place the filter
sand through a tremie to prevent segregation, which
may result in portions of the filter being too coarse to

fiiter fine-grained soiis and too fine to perxmt vertical

aralnage Sand drains should penetrate into the under-
lvying novvinng anmifer +n ha Arain v meang nf wallg
1ylilg PUILVIUUD QYULLITL W UT ULQLITU Uy IVAL0 VL VLo

a. Cement and chemical grout curtains.
(1) Cement or chemical grouts are injected
throu, g plpes 1nstaii d in tne soil or rocx Generally,

ollowed, the hole for the grout pipe is first cored or
drilled down to the first depth to be grouted, the grout
pipe and packer set, and the first zone grouted. After
the grout is allowed to set, the hole is redrilled and ad-

vanced for the Second stage of grouting, and the above

'l‘l,

tsen Aamil ~F ila fAarradtinn haoa hann TG svda .—l N~
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drilling mud should be used in drilling holes for grout
pipes because the sides of the hole will be plastered

with the mud and little, if any, penetration of grout
will be achieved.
(2) Mixing tanks and pump equipment for pres-
sure 1n3ect10n of cement h mical grouts vary de-
1.1 T
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with an agitator and, from there,

age tank also equipped with an agitator Pumps for
grouting with cement are generally duplex, positive
displacement, reciprocating pumps similar to slush
pumps used in oil fields. Cement grouts are highly
abrasive, so the cylinder liners and vaives should be of

noca bavdanad atasl Mhaminal gwatide honanae f thair
Case-Nndrueiied sLeel. vieliidal giouls, vtiaudse UL ulcld
low viscosity and nonabrasive nature, can be pumned
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1y ty produces a satisfactory
pressure. Grout pump capacxtles commonly range
from 20 to 100 gallons per minute at pressures rang-
ing from O to 500 pounds per square inch. The maxi-
mum grout pressure used should not exceed about 1
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_square inch times the depth at which the

;

may be

ec1rcu-
lating system. Because of segregation that may de-
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formation is homogeneous and ha the correct viscos-
ity. The grout in a single-line system is flushed
through a blowoff valve onto the ground surface and
wasted. A recirculating system has a return line to the
grout storage tank so that the grout is constantiy be-

smer nivarilatad thansioh dha crsrmnnler lionn weridbhh 0 bacm ~AFF 4
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O. Olurry waiks.
(1Y Qlurry ctaff tranchee pan he dne wit a
w4 oadlTy QUi ureniines fan 08 GUg Wiul a
trenching machine, backhoe, dragline, or a clam buck-

et, typically 2 to 5 feet wide. The walls of the trench
are stablhzed with a thick bentonitic slurry until the
trench can be backfilled. The bentonitic slurry is best
mixed at a central plant and delivered to the trench in

(2) With the trench open over a limited length and
to full depth, cleaning of the slurry is commenced in
order to remove gravelly or sandy soil particles that
have collected in tne s1urry, especiauy near the bottom

lation through desandmg units. Cleaning of the slurry
makes it less viscous and ensures that the slurry will
be displaced by the soil-bentonite backfill. After clean-
ing the “in- trench slurry, the trench is generally back-

plant and delivered to the trench in trucks.

(3) The backfill is introduced at the beginning of
the trench so as to displace the slurry toward the ad-
vancing end of the trench In the initial stages of back-

3N qmanial mennnsidiana o L o213 b dnlnn dn Asmcoicaan 4+~
11, dSpedial puﬂ,auuuua SnouLa O€ taKeil vo ensure bllub

H'\n backfill reaches the hottom of the tre ch and that

it assumes a proper slope (generally 1V on 5H to 1V on
10H). In order to achieve this slope, the first backfill
should be placed by clamshell or allowed to flow down
an inclined ramp, dug at the beginning end of the
trench. As the surface of the backfill is built up to the

top of the trench, digging the trench resumes as shown
im Ficniwa B_A Agtha hanlbfill ig hiilldanad imtn +ha hanls
111 lls C U—%, £AD LIIT aunlill 1D UULIUuULCuU 1110V LI vavn

I 1
of the trench, it flows down the sloped face of the al-

ready placed backfill displacing slurry as it advances.
Proper control of the properties s of the slurry and back-

(1]
w
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fill is required to ensure that the slurry is not trapped

1 N1y
within tne DaCKI 1.
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tomtlc slurry reqmred kept to a minimum. The level of
the slurry in the trench should be maintained at least 5
feet above the groundwater table. Care should be tak-
en to control the density and viscosity of the bentoni-
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struction techniq .

(5) The toe of the backfill slope should be kept
within 50 to 150 feet of the leading edge of the trench
to minimize the open length of the slurry-supported

trench. During placement operatlons excavation and
. sanler abhnand

mzeannnd aieazaléas

cleaning operations proceed simultaneously ahead of
tha advancine haeclkfill (It ghould noted that be-
(234 u v AU DiiV Ui WU dAVVUMR vaARv v

y the backfill
slu}ry is a function of the depth of the trench. For ex-
ample, if the trench is 100 feet deep and the backfill
slope is 1V on 8H, the open length will be about 900 to

) [, Al‘ Ll

950 feet—800 feet along the swpe he backfill face
plus 100 to 150 feet from the ba ,ll tna tn thao laad.
Piud LUV W 1JV ITTL 11Ul uIT YV NDLlll W LW LT acau
ing edge of the trench.)

occupxes the entire trench, a compacbed clay cap is nor-
mally placed over the trench. Key steps in this con-
struction sequence involve the mixing of the bento-
mte water slurry, excavatmn and stabilization of the

LEADING EDGE OF
TRENCH EXCAVATION
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full depth of the piling and that all of the sheets are
driven into the underlying impermeable stratum at all
locations along the sheet pile cutoff. Methods and
techniques for driving steel sheet piling are described

n numarang rafarannaa an thia anthiant
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ground by any convenient drilling means. Two headers
are requried for a freezing installation: one to carry
chilied brine from the ref'rigeration plant and the oth-

er to carry me return IIOW OI rexngerant The rernger-
atinn nlant ahanld ha AFf ada~is

8Ui0N piamnv 8induia o€ 01 aae uate Capu\,u,_y ana snouida
include standby or auxiliary equipment to maintain a
continuous operation.
5-6. Piezometers.

a. Installation. Piezometers are installed to deter-
mine the elevation of the groundwater table (gravity

or artesian) for designing and evaluating the perfor-
mance of a dewatering system. For most dewatering
applications, commercial wellpoints or small screens
are satisfactory as piezometers. The selection of well-
point or screen, siot size, need for filter, and method of

atalladinem 1o a anmin fan mianamabanng oo far Adaaratan

3o 41
installation is the same for piezometers as for aewater-
ing wellpoints. Holes for the installation of piezomet-
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ers can be advanced using continuous flight auger with
a hollow stem plugged at the bottom with a removable
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Figure 5-4. Installation of a slurry cutoff trench.



of a casing, or using rotary wash-boring methods
The hole for a piezometer should be kept filled with
water or approved drilling fluid at all times. Bentoni-
tic drilling mud should not be used; however, an organ-
ic type of dnlhng fluid, such as Johnson (] Revert or

Wy v
slowlv from the hole so

3

hole should be withdrawn ly from t} as
minimize any suction effect caused by its removal
When assembling piezometers, all fittings should be
tight and sealed with joint compound so that water

levels measured are those actually existing at the loca-

different pervious f ‘rmations is to be measured, the
rianr nina fram +tha niazamatar +in mnet ha caalad fram
11DT1L plyc 4AU111 L1LIT PICLU.IILC Ve bl!.l 111UDUu JT OTQAiTuU 11vVvi11
the top of the screen to the ground surface to preserve
the isolation of one stratum from another and to ob-

tain the true water level in the stratum in Wthh the
piezometer is set. Such piezometers may be sealed by
grouting the hole around the riser with a nonshrinking
grout ot bentonlte cement and rly ash or other suita-

S
no"nn of hant r\n;fu to 10 o
paivii U AT 1V 5

found to be a suitable grout

v

ash can be used to replace part of the cement to reduc

heat of hydration, but it does reduce the strength of
the grout. The tops of piezometer riser pipes should be
threaded and fitted with a vented cap to keep dirt and
debris Irom entermg the plezometer and to permlt the

er, the hollow- stem auger should be flushed clean with
water and the plug reinserted at the bottom of the au-
ger. The auger should then be slowly raised to the ele-
vatlon that the pxezometer tlp is to be mstalled At this
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ull of water durin
he hole should then be
whether or not the hollow stem is of
of the auger. If material has entered the hollow stem
of the auger, the hollow stem should be cleaned by
ﬂushing with clear water, or fresh Johnson’s Revert or
equivalent drilling fluid if necessary to stabilize the

hattnm ~Af +tha hala thuaugh o kit dacianad &0 Aaflo
OOLL0II O1 uwi€ noie, uirougn a oil GESigried 1o Gl

1
the flow of water upward, until the discharge is free

soil particles. The piezometer screen and riser should
then be lowered to the proper depth inside the hollow
stem and the filter sand placed. A wire spider should
be attached to the bottom of the piezometer screen to

fa

R 2128 R/AEAA Q00 KB fFlie A/MAVEAS D _AYD
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antor the niaznmeter eecraen in the hale in which it 1g
enier tne plezometer screen 1n tne noie in winicn 1t 1s

(b) The filter sand should be poured down the
hollow stem around the riser at a rate (to be deter-
mined in the field) which will ensure a continuous flow
of filter sand that will keep the hole below the auger

filled as the auger is withdrawn. Withdrawal of the au-
PO ."J £i150 aranna awvntind dha miamarmnban $1mm oA
BTl allu 11111]15 bllb‘ Spalt arvulu Ll picsulll I Llp alld

n
riser with filter sand should continu
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filled to a point 2 to 5 feet above the top of the piezom-
eter screen. Above this elevation, the space around the
riser pipe may be filled with any clean uniform sand
up to the top of the particular sand stratum in which
the piezometer 1s being installed but not closer than 10
he ground surface. An impervious grout seal

a atanaoftha aand haslfi11
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he ground surface,

(2) Casing method. The hole for a piezometer may
be formed by setting the casing to an elevation 1 to 2
feet deeper than the elevation of the piezometer tip.
The casing may be set by a combination of rotary drill-
ing and driving the casmg lhe casmg should be kept

Vil | [ R R R,

I1ilea witn water, or org
~

any sand. The plezometer tip and riser pipe should

then be installed and a filter sand, conforming to that

specified previously, poured in around the riser at a

rate (to be determmed in the field) wmc h will ensure a
m
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withdrawal of the casmg may be accomplished in steps
as long as the top of the filter sand is maintained above
the bottom of the casing but not so much as to “sand-

-Ad 4L snmrarnba
arouna bllc pleouliciel
should continue until
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vious grout seal should then be placed from the top o
the sand backfill to the ground surface.

(3) Rotary method. The hole for a piezometer may
be advanced by the hydrauhc rotary method using

. M AL

water or an organic drilling fluid. After the hole has

haan odvannad ¢~ a danth AFf 1 Ar D faot halaw +ha nial
UCTI11I auvailivctu w a ucyblx Ul 1 Ul 4 1TTUL UTIVUYY LT LT
zometer tip elevation, it should be flushed with clear

water or clean drilling fluid, and the piezometer, filter
sand, sand backfill, and grout placed as specified above
for the casing method, except there will be no casing to
pull.

b. Development and testing. The piezometer should
be flushed with clear water and pumped after installa-
tion and then checked to determine if it is functioning

I
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nd ohserving the rate

ter ana obser Vaiip vail I8

.LA1 um positive head should be
mamtamed in the pxezometer following breakdown of
the drilling fluid. After at least 30 minutes have
elapsed, the piezometer should be flushed with clear
water and pumped For the plezometer to be consid-

ered acceptame it should pump at a rate of at least 2
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ter, the water level should fall approximately
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istance to the groundwater table in a time
than the time given below for various
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types of so
Approximate
Type of Soil in Period of Time of
Which Piezometer Observation 50 Percent Fall
Screen Is Set minutes minutes
Sandy silt (>50% silt) 30 30
Silty sand (<50% silt,
>12% siit) 10 5
Fine sand 5 1
If the piezometer does not function properly, it will be
developed by air surging or pumping with air if neces-
sary to make it perform properly.
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6-1. General. The success of a dewatering opera-
tion finally hinges on the proper operation, mainte-
nance, and control of the system If the system is not

..... [ | atmdaimad seaamasndes Sho AfLAdlcrn soo
upetdwu ana mainvainea piopcelrly, ltS Cl1eCLIvVeIIESd

mav soon he lngt Aftar a ﬂaﬂyqfnv‘lna or nrogaure vnllaf
may soen D¢ 108U, Aller a aewatering or pressure re

system has been installed, a full-scale pumping test
should be made and its performance evaluated for ade-
quacy or need for any modification of the system. This
test and analysis should include measurement of the
initial water table, pump discharge, water table in ex-
cavation, water table in wells or vacuum in header sys-
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6-2. Operation.
a. Wellpoint systems.

(1) The proper performance of a wellpoint system
requires continuous malntenance ot a steady, hlgh vac-

w1th water under p essure of 10 to 15 Dound I

square inch, and checking the line for leaks. The next
step is to start the wellpoint pump with the pump suc-
tion valve closed The vacuum should rise to a steady
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header, with the wellpoint swing Jomt valves still
closed. If the pump creates a steady vacuum of 25
inches or more in the line, the header line may be con-
sidered tight. 1ne sw1ng joint valves are then opened

ia U
unsteady vacuum develo leaks may be present in
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the wellpoint riser pipes, or the water table has been
lowered to the screen in some wellpoints so that air is
entering the system through one or more wellpoint
screens. One method of eliminating air entering the
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b:

ing the valves in the swmg connections until air enter-
ing the system is stopped. This method is commonly
used for controlling air entry and is known as tuning

the system; the pump operator should do this daily.
(2) A wellpoint leaking air will frequently cause

an aumbie tnrobbmg or bumping in tne swmg -joint
£
f ¥

are functioning properly feel cool and w1ll sweat due to
condensation in a humid atmosphere. A wellpoint that
is not sweating or that feels warm may be drawing air
mrougn me grouna orit may be c10ggea and not func-
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phere Vacuum wellpomts disconnected from the
header pipe can admit air to the aquifer and may af-
fect adjacent wellpoints Disconnected vacuum well-
points with riser pipes shorter than 25 feet should be

U |
capped.
(Y Wallnaint haadare curnng snnnantinneg and
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riser pipes should be protected from damage by con-

struction equipment. Access roads should cross header
lines with bridges over the header to prevent damage
to the headers or riser connections and to provide ac-
cess for tuning and operating the system.

b. Deep wells. Optimum performance of a deep-well
system requires continuous uninterrupted operation of
all wells. If the pumps produce excessive drawdowns

the wells, it 1s preferabie to reg‘ulabe the flow from
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create an uneven drawdown in the dewatered area
The discharge of the wells may be regulated by vary-

ing the pump speed (if other than electric power is
used) or by varying the discharge pressure head by
means of a gate valve installed in the discharge lines.
tne wells may aiso proauce

¢. Pumps. Pumps, motors, and engines should al-
ways be o perated and maintained in accordance with
+tha mannfantiirar’s Aivantinng All anninmant ahnanld
LiiT 1iidiiui vuLccyL ULITLULIVILID, UL‘ uq.{ul.c iU vy

conditions should be prov1ded for the system, as dis-
cussed in chapter 4. Standby equipment may be re-
quired to operate during breakdown of a pumping unit

6-1



or during periods of routine maintenance and oil
change of the regular dewatering equipment. All
standby equipment should be periodically operated to
ensure that it is ready to function in event of a break-

sad s Ll

down of the regular equipment. Automatic starters,
lutches, and valves may be included in the standby

ents so dictate.
be desirable to indi-
cate, respectlvely, the operatlon or breakdown of a

pumping unit. If control of the groundwater is critical

to safety of the excavation or foundation, appropriate

operatlng personnel should be on duty at ail times.
4 3 41
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y be pumpe d only
part time, but this procedure is rarely possible or de-
sirable. Such an operating procedure should not be at-
tempted without first carefully observing the rate ot

1

rise of the groundwater table at critica i

]

tion of dewaterln pumps should be mamtamed
throughout construction of the project. Maintenance
of ditches and sumps is of particular importance. Silt-
ing of ditches may cause overtopping of dikes and seri-

ous erosion of slopes that may mog the sumps and

sump pumps.

flooding of th

ng equipment and co

breakdown of the system. Dikes around the top of an
excavation to prevent the entry of surface water
should be maintained to their design section and grade
at all times. Any breaks in slope protection should be

promptly repaired.

6-3. Control and evaluation of perform-
ance. After a dewatering or groundwater control
system is installed, it should be pump-tested to check
its performance and adequacy. This test should include
measurement of initial groundwater or artesian water

a_ L. X..____1_.____ nsacdinanl Tannds ~ee o ha nvnatratsns
table, drawdown at critical locations in the excavation,
flow from the system, elevation of the water level in

and dlstance t the “effectlve source of seepage, if
possible. These data should be analyzed, and if condi-
tions at the time of test are different than those for
which the system was designed the data should be ex-
trapolate

v add 1 Aaa Té 3 is [ ey +~ .
sumed in design. It is important to evaluate the sy Stexu
as early as pcss le to determine its adequacy to meet

ents. Testing a dewatering system
and momtormg,r ts performance require the installa-
tion of piezometers and the setting up of some means

6-2
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for measuring the flow from the system or wells. Pres-
sure and vacuum gages should also be installed at the
pumps and in the header lines. For multistage weil-
pomt systems the mstauatlon and operation of the
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head losse
vations of the drawdown and dlscharge of the first
stage of wellpoints, the adequacy of the design for low-
er stages may be checked to a degree.

a. Piezometers. The location of piezometers should
be selected to produce a complete and reliahle picture

\D‘ wn
(=]

=

=3
4Q_, ‘
—
(=]

)

]

2
(=5

quired by spemflcatlons are attalned at significant lo-
cations. The number of piezometers depends on the
size and conf'iguration of the excavation and the dewa-

1

terlng sySLem Normauy, Lnree to el g plezomel:e

TS
a ar thran in
O Or tinree in

tlon 1ez0meters should be located in each significant
stratum. Piezometers should be installed at the edge of
and outside the excavation area to determine the
shape of the drawdown curve to the dewatermg sys-

d in
evaluating the adequacy ef he system. If recharge of
the aquifer near the dpwatprmg system is required to

plezometers should be installed in these areas. Where
the groundwater is likely to cause incrustation of well
screens, piezometers may be installed at the outer edge
of the filter and inside the well screen to monitor the
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of the screens should be
undertaken to 1mprove the efficiency of the system.
Provisions for measuring the drawdown in the wells or
at the line of wellpoints are desirable from both an op-
eration and evaluation standpoint.
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b. Flow measurements. Measurement of flow from a
dewatering system is desirable to evaluate the per-
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can be made.

c. Operational records. Piezometers located within
the excavated area should be observed at least once a
day, or more frequently, if the situation demands, to



ensure that the required drawdown is being main-
tained. Vacuum and gages (revolutions per minute) on
pumps and engines should be checked at least every
few hours by the operator as he makes his rounds.
Piezometers located outside the excavated area, and
discharge of the system, may be observed less fre-
quently after the initial pumping test of the completed
system is concluded. Piezometer readings, flow meas-
urements, stages of nearby streams or the elevation of

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

the surrounding groundwater, and the number of wells
or wellpoints operating should be recorded and plotted
throughout the operation of the dewatering system.
The data on the performance of the dewatering system
should be continually evaluated to detect any irregular
functioning or loss of efficiency of the dewatering sys-
tem before the construction operations are impeded, or
the excavation or foundation is damaged.
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CHAPTER 7?7

CONTRACT SPECIFICATIONS
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oD it t le oncise, and comple
w1th respect to the desn‘ed results special condltlons
inspection and control, payment, and responsibility.
The extent to which specifications should specify pro-
cedures and methods is iargely dependent upon the

complexny ana magmt aewaterln problem
alider ~F 4L, A

O
cv
(‘D

probable bidders. Regardless of the type of ,
tion selected, the dewatering system(s) should be de-
signed, installed, operated, and monitored in accord-
ance with the principles and criteria set forth in this
manual.

7-2. Types of specifications.

a. Tvoe A. Where dewatering of a

L. 2P £, YYARIT QuTiallip Vi QL

not involve unusual or complex features and failure or
inadequacy of the system would not adversely affect
the safety of personnel, the schedule, performance of
the work, foundation for the structure, or the com-
pleted work, the specifications shouid be one of the fol-

excavation does
excavation

RAUTS

(1Y Tuno A A hwiaf ananifincatinn that »amiivrag
\J.’ Fs T L3 L2 ULAITL oycbu.x\,auxuu viiav IUHUILCO
the Contractor tn assume full responsibility for design,

installation, operation, and maintenance of an ade-
quate system. (This type should not be used unless the
issuing agency has considerable confidence in the Con-
tractoris dewatering qualifications and has the time

(2) Type A-2. A specificati

\&y P LiT4. LA Spilid

tailed than type A-1 but still requires the Contracto
to assume the responsibility for design, installation,
operation, and maintenance. (This type conveys more
information regarding requirements of design and
construction than type A-1 while retaining the limita-

al .

13 aescrmeu in U.) aoove )

ion that is more de-
10N that 1S more qgae
b

b. Type B. Where dewatering or relief of artesian
pressure is compiex nd of a considerable magnitude

and g m...& 3nnl urnth wacnant +4 anhadnla arnd Aamags +4
ana is criticar witn respect to scneauie ana aamage to
the work H-m snecifications should be of one of the fol-
the work, the specilications should be ol one ot the 1o}l

lowing types:

(1) Type B-1. A specification that sets forth in
detail the design and installation of a “minimum” sys-
tem that will ensure a basically adequate degree of wa-

tering and pressure relief but still makes the Contrac-

taring and nrossure relinf as nraven 1..., a c..n ~ala
VOl lilg 11U LTOOULT ITLITL ao pluvvu Uy a i1uli-dlaic
numning test(e\ on Hw svstem prior to start of excava-
pumping test(s) 1€ system prio of exca

(2) Type B 2. A spemficatlon that sets forth in
detail the design and installation of a system that has
been designed to achieve the desired control of ground-
water wherem the Uovernment or Owner assumes full

) > d
major repairs requlred over and beyond those appro-
priate to normal malntenance (This type of specifica-
tion eliminates claims and contingencies commonly
added to bid prices for dewatering and also ensures
that the Government gets a aewatermg system that it

Lac naid far arnd a mwananler daradana A Awvnnvr atinn 3£
1ad paiu 101 allu a plUpUlly ucwabt:u:u calavaliull 11
the system has been designed and its installation su-
pervised by qualified and experienced personnel.)

(3) Type B-3. A spec1flcat10n that sets forth the
desired results making the Contractor solely responsi-
ble for design, equipment, installation procedures,
maintenance, and pertormance but requlres that the

Y o PR S ,I,,,, 4 L

UDCOIlEl'aCE the aew’tenng n

the management desw:n mstallatlon and operatlon of
dewatering systems of equal complex1ty. The specifi-
cation should also state that the system(s) must be de-
signed by a registered professional engineer recog-
nized as an expert in dewatering with a minimum of 5

bn 1N vaare A raanenal ible experience in the design and
to 1U years o1 responsioie experience in tne aesign ana

1 Ui
installation of dewatering svstems This type of speci-
fication should further require submittal of a brief but
comprehensive report for review and approval includ-
ing:
@) A description and profile of the geology, soil,
and groundwater conditions and characteristics at the

site.

(b) Design values, analyses, and calculations

(Y TMrauringa of +tha ramnlote dawatoring qua.

\L[ uxawuls Ul LT LUIIIFICW ucwabcxuxs DY O
tem(s) including a plan drawing, appropriate sections,
tem(s) including a plan g, appro
pump and pipe capacities and sizes, power system(s),

standby power and pumps, g'rades, filter gradation,

surface water control, valving, and disposal of water.
(d) A description of installation and operational

procedures '
{e) A layout o



(g) A statement that the dewatering system(s)
has been designed in accordance with the principles
and criteria set forth in this mannual.

(h) The seal I tne aes1gner

mploys someone
report and esign submit-
compliance with the
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¢+iane. All data obtained from field investigations re-
lating to dewatering or control of groundwater made
at the site of the project should be included with the
specifications and drawings or appended thereto.
These data should mclude logs of bormgs son pronles

g-'o"ndwater' pumping tests;

ater ] uifer, if more than one, as meas-
ured by operly nstalled and tested piezometers, and
its varlatlon with the season or with river stages; and
river stages and tides for previous years if available.

Bormgs should not only be made in tne immediate vi-
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water lev

s should

f nr'fo"ﬂd“nater flow or
effectiv u nce. Suffi-
bormzs should be mad to a de th that will de-
lmeate the full thickness of any substrata that would
have a bearing on the control of groundwater or unbal-
anced uplift pressures. (Addltlonal mtormatlon on

held mvestlgatlons ana the scope of such are

“affectiv
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and ehabxhty of electrlc power if known
should be included in the contract documents. The
same is true for the disposal of water to be pumped
from the dewatermg systems The locatlon and owner-
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7-4. Dewatering requirements and spec-
ifications. The section of the specifications relating

dewatering and in the wntlug of specifications, in co-
operation with the civil designer for the project. The

dewatering specifications may be rather general or

quite detailed depending upon the type of specification
to be issued as described in paragraph 7-2.

a. Type A specifications.

by |
»

1 If ﬂm neci ication is to be of Types A-1 and
paragraph 7-2a(1) and (2) the de-

s1red results should exphc1tly specify the level to
which the groundwater and/or piezometric surface
should be lowered; give recommended factors of safety
as set tortn in paragrapn 4- z-s reqmre that all perma-
t the dry n a stable
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espon
sible for desi oviding, installin g, operating,
momtormg, and removmg the dewatenng system by a
plan approved by the Contracting Officer or the Engi-
neer. This type of specification should note the limita-
tions of groundwater information furnished since

seepage COIIQIEIOIIS may emst tnat were not (llscohé ed
during the field explorati . It should be

made clear that the Co is not relieved of re-
sponsibility of controlling and disposing of all water,
even though the discharge of the dewatering system
required to maintain satisfactory conditions in the ex-

cavation may be in excess of that indicated by tests or

O
made clear that the Contractor is not
a

analyses performed by the Government. This type of
specification should not only specify the desired re-
sults but also require that the Contractor provide ade-
quate methods for obtaining them by means of pump-

ing from wells, wellpoint systems, cutoffs, grouting,
freezing, or any other measures necessary for particu-
lar site conditions. The method of payment should also

be clearly specified.

(2) Prior to the start of excavation the Contractor
o T 5 L s [ S R P Y P, . |
SIIVUIU DE Icyulicu SUDIILIL 10D ITVIEW d p UPUEW
method for dewatering the excavation, disposing of
the water, and removing the system, as s well as a list of

ment for emergency use. (ThlS plan should be detailed
and adapted to site conditions and should provide for
around-the-ciock dewatering operation )

u.

t surtace water from
specifications should also nrov1de for controlhnz the
surface water that falls or flows into the excavation by
adequate pumps and sumps. Seepage of any water
from excavated slopes should be controlled to prevent
sloughing, and ponding of water in the excavation

Py M 1% I Ty R [ PR Y RN SR B,
Snouia pe preventea auring construction operduons
Any water encountered in an excavation for a shaft or
tur nel shall be con .mlled befn advan 'ing fh exca-

the bottom of the excavatlon or blow-ln of the tunnel
face. If the flow of water into an excavation becomes
excessive and cannot be controlld by the dewatering
system that the L,ontractor nas insta lea excavation

(



cavations unless the tunnel or shaft has been securely
lined and is safe from hydrostatic pressure and seep-
age.

(3) The specifications should also require that the
Contractor’s plan provide for testing the adequacy of
the system prior to start of excavation and for moni-
toring the perxormance 01 the system by mstaumg p1-

b. Type B specifications.

and B-2 specifications (para
7-2b(1) and (2)) should set forth not only the required
results for dewatering, pressure relief, and surface wa-
ter control, but also a detailed list of the materials,
equipment, and procedures that are to be used in
achlevmg the desired system(s) The degree of respon-

i1 ) 0 I T

Contractor for aewatermg should be

(1) Tvnes B-1 cations (para
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Alanwlsy ot Fardls far ananifinatian tunac R_1 and R_9 aa
Cledrly SCu 101Ul 105 dDPTLILILALIULL LY PTS D~ 1 allu D=4 as
nrevionglv stated in naracranh 7-2. With either tvne
previcusyy stateQ 1n paragrapn a. 1th eltr type

of specification, the Contractor should be advised that
he or she is respon51ble for operating and maintaining
the system(s) in accordance with the manufacturer’s
recommendation relating to equipment and in accord-

ance with good construction practice 'The Contractor

R Ty

wn
o
(@]
c
—
Q.
c
[~
w
S
I
o.
<
p—-
w
®
. B
o
=
o
[
=
o
o
a1
[2]
=
o
(IJ
"~
@
{2
o]
[=]
!
wn
i
o
s
o f»,
o
S

of spec1flcat10n and terms of payment.

(2) Type B-3 specifications (para 7-2b) should in-
clude the basic requirements set forth above for types
A-1 and A-2 specifications plus the additional re-

quirements set forth for type B-3 specifications in
paragraph 7-2.

J
up for snemflc 1te ms that have been pre a
specxfled with lump sum payment for ope ratlonal an
maintenance costs.

c. Payment when using type B-2 specifications is
generally on the basis of various unit prices of such
items as wells, pumps, and piping, in keeping with nor-
mal payment practices for specified work. Operation
for maintenance and repairs generaliy should be set up

“““““““““““ with partial payment in ac-

rommanly an
LuULLvily  alu

e. Payment for monitorin
measuring devices is generally made in keepi
the method of payment for the various type

tering specifications described above.

Demflcatlons ac-
tually issued and accomphshed in ractlce, are includ-
ed in appendix G.

7-3
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APPENDIX A
REFERENCES
Government Publications
Department of Defense
Military Standard
MIL-STD-619B Unified Soil Classification System for Roads, Airfields,
Lwmhanlmanta and Banndatiang
niiipall neiiw, 4liu 1" yunuallivliln
Departments of the Army and the Air Force
TM 5-818-1/AFM 88-3, Chap. 7 Soils and Geology: Procedures for Foundation Designs
of Buildings and Other Structures (Except Hydraulics
Structures)
TM 5-818-4/AFM 88-5, Chap. 5 Soils and Geology: Backfill for Subsurface Structures
TM 5-818-6/AFM 88-32 Grouting Methods and Equipment
Department of the Navy
ATAUTYA N TMMRA7 1 Qnil Manhaning
INAVI AU Dli.1 DVUILL IVATULIALIIUD
NAVFAC DM7.3 Deep Stabilization and Grouting

Nongovernment Publications
American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA 19103

A 108-81 Steel Bars, Carbon, Cold-Finished, Standard Quality
A 743-83 Castings, Iron-Chromium, Iron-Chromium-Nickel,
Nickel-Base, Corrosion Resistant for General
Appiication
BIBLIOGRAPHY
NAVAC DM7.2 Foundations and Earth Structures

*U.S. GOVERNMENT PRINTING OFFICE: 1985—461-028—10160/401-M
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Area of filter through which seepage is passing, drainage area, radius of a circular group of wells; area of
permeability test sample, area of entrance section of pipe in measuring flow through a venturi meter
or with a Pitot tube, or area of' stream of water at end of pipe in jet-flow measurement

Equ1valent radlus of a group of wells

Area of orifice

Spacing of wells or wellpoints

Distance between two lines of wells, length of weir crest, or circumference of a vertical pipe in fountain
now calculauons

Half lenzth of rectang'ular array of well

Coefficient for friction loss in pipes; coefficient for empirical relation of Dio versus k; coefficient for
empirical relation of k versus R; calibrated coefficient of discharge in measuring flow through a ven-
turi meter or orifice; coefficient for measuring flow with a Pitot tube; or center of a circular group of

wells
~ oe: _ PIPRNY PP o [P R PR, [N I JJUU WU I
Loelricients 1or gravity 110w to two S101S IroIm two-iine sources
Waiohtad +1n FAar ninino
yeigiiwcu Ul 101 pipliig

Coef flclen of runoff

Thickness of homogeneous isotropic aquifer, or inside diameter of a discharge pipe
Thickness of equivalent homogeneous isotropic aquifer

Effective grain size

Thickness of a pervious stratum, or pressure tap diameter

l"lpe alamener

Extra-length factor

Effective area factor

Factor for computing drawdown at any point due to a group of wells with circular source of seepage, or
freeboard

age
Factor of safety
Factor for computing drawdown at center of a group of wells wit
Factor for computing drawdown at center of a group of wells wit

T omhmie £ mmemmmzadtom e T e T d o oezrall cn S n decen 1l a wxrnl]l crmacr rridblh o Atwnsilar antiwnn AF ananacoa
Factor 10r Computing arawaowil at a well Inl i1l 8 twWO-1I1€ Well array witi a Circuial S0uice 01 SeCpage
Factor for computing drawdown at a well in a group of wells with circular source of seepage

Factor for computing drawdown at a well in a group of wells with line source of seepage

:71‘

n
Correction factor for a partially penetrating well from Kozeny’s formula or Muskat’s formula

Groundwater table or level

Acceleration of gravity, 32.2 feet per second squared

Height of water table (initial) or piezometric surface, or crest height in fountain flow measurement;
gravity head
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Iead dimension in the measurement of flow with a Parshall flume
Average head loss in header pipe to pump intake

Friction head loss in screen entrance or filter and screen entrance
Friction head loss in riser pipe and connections

Friction head loss in well screen

served head on crest in weir flow measurement; or head at a spec1f1c time during a pump test
Height of free discharge above water level in a gravity well
Head at center of a group of wells

Maximum head landward from a drainage slot or line of wells, or maximum head between two slots or
lines of wells
Head in an artesian drainage slot, average head at a line of wells, or height of bottom of excavation in

Head mldway between wells or height of mercury for pipe orifice flow measurement
Head in a gravity drainage slot or at equivalent drainage slot simulating a line of wellpoints or sand
drains, or initial head on permeability test sample in the falling heat permeability test

Head at point P

Height of free discharge above water level in drainage slot
Velocity head in measuring flow with a Pitot tube

Head at well, wellpoint, or sand drain

Head in a wellpomt that can be produced by the vacuum of a wellpoint pump
Electric current or rate of flow

Hydraulic gradient of seepage, well number, intensity of rainfall

Electrical gra(nent between electrodes

Coefficient of permeability of homogeneous isotropic aquifer
Transformed coeff1c1ent of permeability

Coefficient of permeability for the flow of air

Vertical coefficient of permeability of a sand drain
Coefficient of electroosmotic permeability

Effective permeability of transformed aquifer

Haorizonts 1 coefficient of Berm
Horizontal coeffic en 1t of per meabihty

Vertical coefficient of permeability

Distance from drainage slot, well, or line of wells or wellpoints to the effective source of seepage, length
of permeability test sample, or seepage length through which Ah acts in determining a seepage gradi-
ent

Distance from drainage slot to change from artesian to gravity flow

Distance from weIIj to source of seepage

Half the distance between two parallel drainage slots or lines of wells; long dimension of a rectangular
drainage slot, or number of strata penetrated by a well in calculating effective well screen penetration
W

Height of pump intake above base of aquifer

Mean sea level

Number of equipotential drops in a flow net

Number of flow channels in a flow net

Number of wells in system or group, o porosnty, number of strata in an aquifer for transformed section
calculations, or number of concentric rings in measuring ﬂ()‘“ with a Pitot tube

Number of equipotential drops from seepage exit to point P
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Point at which head is computed or factor for drawdown in the vicinity of a gravity well

1v1ea11 H.USUIUW presauu: lllllUW sysuﬂu

A}\m]“ha nfmncrnlnnrln nraggure
Mospaene pr

Absolute air pressure at line of vacuum wells

Rate of flow to a fully penetrating drainage slot per unit length of slot, capacity, or rate of pumping, or
rate of surface water runoff

Rate of flow of air

KRated capacity of vacuum pump at atmospheric pressure

Rate of flow to a sand drain

Flow to well in an electroosmotic drainage system

Total surface water pump capacity

Rate of flow to a partially penetrating drainage slot per unit length of slot

Total flow to a wellpoint system

Total flow to a dewatering system

Flow to a well or wellpoint

Flow to an observation welii

Flow to welli

Flow to well j

Flow to a partially penetrating artesian well

Rate of flow, or flow per unit length of section flow net

Limiting flow into a filter or well screen

Radius of influence of well, rainfall for assumed storm, or ratio of entrance to throat diameter in meas-
uring fiow through a venturi meter

Distance from well to change from artesian to gravity flow

Rading of influence of well 1

WRANAL WAL A ARALAVUAAUT WA VY AL 2

Radius of influence of well i

Distance from well to point P, or distance from a test well to an observation piezometer

Distance from image well to point P

Distance from well i to point P

Distance from well i to weli j

Radius (effective) of a well

Radius (effective) of well j

Coefficient of storage, the volume of water an aquifer will release from (or take into) storage per unit of
surface area per unit change in head. (For artesian aquifers, S is equal to the water forced from stor-
age by compression of a column of the aquifer by the additional load created by lowering the artesian
pressure in the aquifer by pumping or drainage. For gravity flow aquifers, S is equal to the specific
yield of the material being dewatered plus the water forced from the saturated portion of the aquifer

................................ U PRI IpIPURY i Wy DAY
Uy LIIU lllbl cabeu SUrt Llldlge baust:u U_y IUWCI ulg Lllt: gl ouna dtcl todU 1€.)

Eytrannlatad Q value need in eaomnutationg for noneanilihrinm oravitv flow
LXITape1ated S Vaiue used 1 CoIMPputations Ior nenequilorium gravivy 1.0wW

Distance from point P to image well i

Distance from image well i to well

Specific yield of aquifer (volume of water that can be drained by gravity from a saturated unit volume of
material)

Height of bottom of weli above bottom of aquifer

Duration of ‘r‘alnluu, coefficient of tr ausuusmmuby ini Square feet perr mintite \uu: coefficient of perme-
ability k multiplied by the aquifer thickness D), or thickness of less pervious strata overlying a more
pervious stratum

Coefficient of transmissibility in gallons per day per foot width

Depth of water in well, or elapsed pumping time

Time for cone of drawdown to reach an impermeable boundary or a source of seepage

Elapsed pumping time since pump started

Elapsed time since pump stopped

Mima at narn drawdaum ar ot ctart Af numn
L UIIT Ay 43X Urawulwi U av Svad v Ui pullipy

oact
Argument of W(u), a well function
Volume of water in permeability test, volume of sample in specific yield test, velocity, or vacuum at

pump intake

B-3
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Volume of sump storage

Volume of surface water runoff

Velocity at center of concentric rings of equal area in measuring flow with a Pitot tube

Volume of water drained in specific vield test

Penetration of a drainage well, slot, or cutoff wall in a homogeneous isotropic aquifer, penetration of a

drainage well or slot required to obtam an effective penetration of W in a stratified aquifer, distance
between water table in a cofferdammed area and base of the sheet piling or cutoff wall, or size of
f'lume in the measurement of flow with a Parshall flume

ffective depth of penetratlon of a drainage siot or well into aquifer
xponential integral termed a “well function”
c

Actual well penetration in strata £ in calculating effective well-screen penetration W
Length of a drainage slot, distance from center line of excavation to sheet pile or cutoff wall or distance

along axis of a discharge pipe to a point in the stream in jet-flow measurement
Distance from drainage slot to a specific line, actual vertical dimension in an anisotropic stratum, or dis-
tance perpendicular to the axis of a discharge pipe to a point in the stream in jet-flow measurement
Transformed vertical dimension in an anisotropic stratum
Depth of soil stabilized by electroosmosis, or height of crest above bottom of approach channel in weir-

slope or excavation
Maximum head landward from a line of wells above head at wells
Head midway between wells above that at a well

Drawdown at well in a line of welis below head h. a equlvment aramage s'ot
o) "PRNRSSI U PSP R FORE. SN, dacd hadezrnnam dern ..l.t‘(‘ ....... o mad
uildil 1 1 arawuowiiu llllg Pulllp LesL belrwecell Ltwo ulll b puxupulg rau
Pressure differential .

Drawdown in feet per cycle of (log) time-drawdown curve in pump test
Residual drawdown in feet per cycle of (log) t'/t”

Submerged unit weight of soﬂ
Uplift factor for artesian wells or wellpoints

" Midpoint uplift factor for artesian wells or wellpoints

Extra- lengtn coemc1ent for flow to a partially penetrating drainage siot
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APPENDIX C

FIELD PUMPING TESTS

C-1. General. There are two basic types of pump-
ing tests: equilibrium (steady-state flow) and nonequi-
librium (transient flow),

i
the water dischar

water discharged initially comes f 0
age adjacent to the well. As pumping contmues water
is drawn from an expanding zone until a state of equi-
librium has been established between well discharge
and aquifer recharge. A state of equilibrium is reached
when the zone of infiuence has become sufficiently en-
larged so that: natural flow into the aquifer equals the

nimning ratas a atraam ar lake ig intercented that will
HULLA}IALIS LAUU) G SUVLUQILIIL ULl JANRU 0 131VVA VU R VLA VaARAY vy aas

supply the well (fig. C-1); or vertical recharge from
precipitation on the area above the zone of influence
equals the pumping rate. If a well is pumped at a con-
stant rate until the zone of drawdown has become sta-
bilized, the coefficient of permeability of the aquifer

can be Computeu from equmuuum formulas subse-

quen flu nrocantad
YuTiiny pitoTiivia.

b. Nonequilibrium-type test.
I1 \ In thie fvr\a of fnef the value nf k 18 comm lfed_

from a relation between the rate of pumping Q, draw-
down H' at a point P near the well, distance from the
well to the point of drawdown measurement r, coeffi-
cient of storage of the aquifer S, and elapsed pumping
time t. This relation permits determination of k from
PR <

aquuer perlonndm,e, while water is bculs arawii irom
storage and before stabilization occurs.

PR 1y SR
\L} l‘ uueq ulii Ufl ui Uq ua LIUIIS are uu €C uy upput,a-

ble to confined (artesian) aquifers and may also be used
with limitations to unconfined aquifers (gravity flow

conditions). These limitations are related to the per-
centage of drawdown in observation wells related to
the total aquifer thickness. Nonequilibrium equations
should not be used if the drawdown exceeds 25 percent

MYWR |

of the aquuer thickness at the wau Little error is

it rlunnr] if+ha narocontaca ic lace than 1N
NUrcaGucea ii uie ycxucxxuasc 1SieSs tnan iv.

o

¢. Basic assumptions.

(1) Both equzlzbrlu and nonequilibrium methods

OTINANcE are generally based

(b) The aqulfer is 1nf1mte in extent in the hori-
zontal direction from the well and has a constant
thickness.

(¢) The well screen fully penetrates the pervious
formation.

(d) The flow is laminar.

{(e) The initial static water level is horizontal.

(2) Although the assumptions listed above would
seem to limit the analysis of pumping test data, in
reality they do not. For example, most pervious forma-
tions do not have a constant k or transmissibility
T(T = k x aquifer thickness), bu‘t the average T can

vandi l" kn Alnl.n-nnrl Frn 4nat Whawa +ha
reaal OLaiiiea irom a yuxuplus LESL. vviiCIT uid

flow is artesian, stratification has relatively little im-

(Courtesy of UOP Johnson Dirvision)

Figure C-1. Seepage into an aquifer from an adjacent river.



mandannas 1§ ¢lha 1 MNer svnmmndmndac +hna arsad
puIt HLE 11 LI WLl dUICCILL uiky pcucuau:b LIlE aqu1-
fer; of course, the derwed ,M"meab}hty for this case is

and the flow to the well is grav1ty in nature

puted permeability k would be <k: and >k..
(3) Marked changes of well or aquifer perfor-

mance durlng a nonequlhbrlum test indicate that the

1

pnys ical conditions of the aquuer do not conform to

-
-
>

L

the a’iSS“"ﬂpt‘O"xS made in the dewv lﬁp'ﬂe'it 01 we
formula for nonsteady flow to a well However, such a
departure does not necessarily invalidate the test data;

in fact, analysis of the change can be used as a tool to
better determine the flow characteristics of the aqui-
fer.

C-2. Pumping test equipment and proce-
dures. Determination of k from a pumping test re-
quires: (a)installation of a test well, (b) two, and pref-
erably more, observation wells or piezometers, (c) a
suitable pump, (d) equipment for sounding the well

an adinnnmd A md s aan P S Y
ana aaqj acent plBLUlueLelb ana e) some 1means I0or accu-
rately measuring the flow from the well.

a. Test and observation wells. The test well should
f'ulIy penetrate the aquifer to avoid uncertainties in-
volved in tne anaJy51s of partlauy penetratlng wells,

€'4
(o)
a
ke
=~
‘,::l"
w

afh SEEEALAATRS s 0E =24

servatlon wells or plezometers will depend on the har-
acteristics of the aquifer and the geology of the area
(figs. C-2 and C-3). Where the test well is located ad-
jacent to a river or open water one Iine of piezometers
snoum be installed on a 1

should extend 500 feet or more out from the test well.
The holes made for installing piezometers should be
logged for use in the analysis of the test. The distance
from the test well to each piezometer should be meas-

/p
_‘/
/
/
%
~ P /
- --—- P 2 TEST PIEZOMETERS
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ured, and the elevation of the top of each accurately
determined. Each piezometer should be capped with a
vented cap to keep out dirt or trash and to permit
change in water level in the piezometer without cre-
ating a partial vacuum or pressure. The test well and
piezometers should be carefully installed and devel-
oped, and their performance checked by individual
pumping or falling head tests in accordance with the
procedures discussed in chapter 5 of the main text.

b. Pumps.

(1) The test pump should be a centrifugal, or more
preferably, a turbine or submersible pump. It should
be capable of lowering the water level in the well at
least 10 feet or more depending upon the characteris-
tics of the formation being tested. The pump should
preferably be powered with an electric motor, or with
an engine capable of operating continuously for the
duration of the test. The pump discharge line should
be equipped with a valve so that the rate of discharge
can be accurately controlied. At the beginning of the

+n lvan a

test, the valve should be partially closed so that back

‘——-—-TEST WELL

T

M 5-818-5/AFM 88—

pressure on the pump can be varied as the test pro-
gresses to keep the rate of flow constant.

(2) During a pumping test, it is imperative that
the rate of pumping be maintained constant. Lowering

of the water level in the well will usually cause the

As
pumping rate to decrease unless the valve in the dis-

charge line is opened to compensate for the additional
head or lift created on the pump. If the pump is pow-
ered with a gas or diesel engine, changes in tempera-
ture and humidity of the air may affect appreciably
the operation of the engine and thus cause variations
in the pumping rate. ‘v’ariations in line voitage may

tho anand »

ala
G‘“’"]'"]" affect the speea of electric motors and thus

the pumping rate. Any appreciable variation in pump-
ing rate should be recorded, and the cause of the varia-
tion noted.

(3) The flow from the test well must be conveyed
from the test site so that recharge of the aquifer from
water being pumped does not occur within the zone of

1 s han tnct wrall
influence of the test well.

¢. Flow and drawdown measurements.
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DRAWDOWN AT POINT P = H"= (1 - h)

DRAWDOWN AT TEST WELL = H'=H - (hW +h')

ction of weil and piezometers fora pumping test with gravity flow near well.
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(1) The discharge from the well can be measured
by means of an orifice, pi'tometer venturi, or flow-

mewr xuswueu L[l Llle umumrge plpt:, Or an Ullllbt‘: ur
n#o“ofl o‘- i-]na ond nf f]'\o rhnn]ngrgn p|po as doacrihad in

RAUDSUL AR/CL 22%

appendix G. The flow can also be estimated from the
jet issuing froma smooth discharge pipe, or measured
by means of a weir or flume installed in the discharge
channel. For such flow measurements, appropriate
consideration must be given to the pipe or channel hy-
draulics in the vicinity of the ﬂow-measuring device.

| YR wila nhe and fok]oa far mnoa“rlnn ”n“y fram
& vlllxulao, sluyllo Qi AUL 1LIVAD WL Liig & ALVULAL

a test well are given in appendix G.

(2) In thick aquifers, or in deposits where the
material varies with depth, it may be desirable to de-

380

termine the permeability of the various strata of the
formations in order to better determine the required
lanadh amd danth A oon N snsennms AL ceenllonnicds £ 2L

icuguil ana UTpuil UL wcell dUicens O1 WCLIPULLLLS 10U ulc

r]nmcrn of a ﬂpwafnmng or ﬂrmnaan system, Thia

2aa0

permeablhty can be determined by measuring the
vertical flow within the well screen at various levels
with a flowmeter. The flow from the various strata can
be obtained by taking the difference in flow at adja-
cent measuring ievels; the fiow-meter, equipped with a
centering device, is placed in the well before the pump
ig ingtalled, ’T‘\mum] data obtained from such well-flow

VY UasTall

measurements in a test well are shown in figure C-4.
These data can be used to compute the coefficient of
permeability of the various strata tested as shown. The
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Figure C-4. Coefficient of permeability kn of various strata determined from a pumping test and flow measurements in the well screen.
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correlation between Dio and ki shown in figure C-4
was based on laboratory sieve analyses and on such
well-flow tests.

d. General test procedures.

(1) Before a pump test is started, the test well
should be pumped for a brief period to ensure that the
pumping equipment and measuring devices are func-
tioning properly and to determine the approximate
valve and power settings for the test. The water level
in the well and all observation piezometers should be
observed for at least 24 hours prior to the test to deter-
mine the initial groundwater table. If the groundwater
prior to the test is not stable, observations should be
continued until the rate of change is clearly estab-
lished; these data should be used to adjust the actual
test drawdown data to an approximate equilibrium
condition for analysis. Pumping of any wells in the
vicinity of the test well, which may influence the test
results, should be regulated to discharge at a constant,
uninterrupted rate prior to and during the complete
test.

(2) Drawdown observations in the test well itself
are generally less reliable than those in the piezom-
eters because of pump vibrations and momentary
variations in the pumping rate that cause fluctuations
in the water surface within the well. A sounding tube
with small perforations installed inside the well screen
can be used to dampen the fluctuation in the water
level and improve the accuracy of well soundings. All
observations of the groundwater level and pump dis-
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charge should include the exact time that the observa-
tion was made.

(3) As changes in barometric pressure may cause
the water level in test wells to fluctuate, the baromet-
ric pressure should be recorded during the test.

(4) When a pumping test is started, changes in
water levels occur rapidly, and readings should be
taken as often as practicable for certain selected pie-
zometers (e.g., t = 2, 5, 8, 10, 15, 20, 30, 45, and 60
minutes) after which the period between observations
may be increased. Sufficient readings should be taken
to define accurately a curve of water level or draw-
down versus (log) elapsed pumping time. After pump-
ing has stopped, the rate of groundwater-level recov-
ery should be observed. Frequently, such data are im-
portant in evaluating the performance and charac-
teristics of an aquifer.

C-3. Equilibrium pumping test.

g. In an equilibrium type of pumping test, the well
is pumped at a constant rate until the drawdown in the
well and piezometers becomes stable.

b. A typical time-drawdown curve for a piezometer
near a test well is plotted to an arithmetical scale in
figure C-5 and to a semilog scale in figure C-6. (The
computations in fig C-6 are discussed subsequently.)
Generally, a time-drawdown curve plotted to a semilog
scale becomes straight after the first few minutes of
pumping. If true equilibrium conditions are estab-
lished, the drawdown curve will become horizontal.

0
| | T I | ]
DATA FROM PIEZOMETER P4
2 FULLY PENETRATING 12-IN. TEST
WELL (FILTERED)
fw=1.0FT p
ARTESIAN FLOW
p 2 AQUIFER THICKNESS, D =50 FT —
w PUMPING RATE, Q,, =200 GPM
z RQ
o 6 |
[a] .
: Q
p N
x
o
8 O |
© *’\Q\\o\ \J' 4;/
\
10 >— C —<$
PUMPING STOPPED >
12 -
0 100 200 300 400 soo ' '1,000

TIME AFTER STARTING TO PUMP, MIN

(Courtesy of UOP Johnson Division)

Figure C-5. Drawdown in an observation well versus pumping time (arithmetical scale).
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The drawdown measured in the test well and adjacent
observation wells or piezometers should always be
plotted versus (log) time during the test to check the
performance of the well and aquifer. Although the
example presente n figure C-6 shows tamuzatlon to

Py VN

¢. The drawdown in an artesian aquifer as measured

by piezometers on a radial line from a test well is plot-
ted versus (log) distance from the test well in figure
C-7. In a homogeneous, isotropic aquifer with artesian
flow, the drawdown (H—h) versus (log) distance from

the test weu wiil plot as a stralgnt, line when the uow

5 e
-

=

@

€

@

=

=

o

<

be somewhat greater than would be md1cated by a pro—
jection of this straight line to the well because of well
entrance losses and the effect of a “free” flow surface
at gravity wells. Extension of the drawdown versus
(log) alstance une to zero arawaown indicates the

(Courtesy of UOP Johnson Division)

observation well versus pumping time (semilog scale).

d. For flow from a circular source of seepage, the
coefficient of permeability k can be computed from the
formulas for fully penetrating wells.

Artesian Flow.

Qv = 2nkD(H—h) C-1)
wo— -
In(R/r)
VA ISVSUS U ) PR
Gravity rfiow
Hk(Hzguz)
Qw In(R/r) (C-2)
lll\L‘t’L ’
where
Qw = flow from the well
D = aquifer thickness
H = initial height of groundwa-
ter table (GWT)
h = height of GWT atr
{(H—h)jor (H*—h*» = drawdown at distance r
from well
R = radius of influence
An example of the determination of R and k from an
equilibrium pumping test is shown in figure C-7
~ kIR WSS RO AR . S i Lo
e. For combpineda artesian-gravity 110w, seepage irom
a line source and a partially penetrating well, the coef-
ficient of permeability can be computed from well-flow
formulas presente chapter 4
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(Courtesy of UOP Johnson Division)
Figure C-7. Drawdown versus distance from test well.
C-4. Nonequilibrium pumping test. flow can be expressed as
Ve T i ppe oL o _ 1 — 11504 W(u) O _)
a. Constant discharge tesis. The coefficients of == T o)
tranamigaihilitey T nawemaahilidsy b oand ctrvacs Q@ AL o
LiauoisSSIuLILy 1, Periii auxub_y , allu SL0Idge O 0L d Where
homngeneous, isotropic aquifier of infinite extent with
e H —h = drawdown at observation peizometer, feet
no recharge can be determined from a nonequilibrium ~, a3 i
Qi = well discharge, gallons per minute
type of pumpmg test. Average values of S and T in the I A S T T S
VlClnlt f en be bt d b yv{u) = €xXxpolliciitidi llLegral werinea a wgEllL 1Uullc-
. dy o al.v}v1 I can obtained by measuring the tion” (see table C-1)
rawdown with time in one or more pi i
o ore piezometers while T' = coefficient of transmissibility, gallons per
pumping the well at a known constant rate and analyz-
HC T day per foot width
ing tne aata according to methods described in (1), (4 ), d o
nnr‘ {q‘ hO]f\ll] an -+ Oory 2ﬁ
and (3) below 1.87r2S
1N AL 1 ] m™ o 1 o 11 e u= mrse (C_4)
(1) Mmetnoa 1. 1he lormula ior nonequillbrium 1t
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where

r = distance from test well to observation

piezometer, feet

S = coefficient of storage

t’ = elapsed pumping time in days
The formation constants can be obtained approximate-
ly from the pumping test data using a graphical meth-
od of superposition, which is outlined below.

Step 1. Plot W(u) versus u on log graph paper,
known as a “type-curve,” using table C-1 as in figure
C-8.

Step 2. Plot drawdown (H—h) versus r?t’ on log
graph paper of same size as the type-curve in figure
C-8.

Step 3. Superimpose observed data curve on
type-curve, keeping coordinates axes of the two curves
parallel, and adjust until a position is found by trial
whereby most of the plotted data fall on a segment of
the type-curve as in figure C-8.

Step 4. Select an arbitrary point on coincident

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

segment, and record coordinates of matching point
(fig. C-8).

Step 5. With value of W(u), u, H—h, and r%t’
thus determined, compute S and T’ from equations
(C-3) and (C-4).

Step 6. T and k from the following equations:

1 .
T= 10.770 (square feet per minute) (C-5)
k= _Tr (feet per minute) (C-6)
= 10.770D eet per minute -

(2) Method 2. This method can be used as an ap-
proximate solution for nonequilibrium flow to a well to
avoid the curve-fitting techniques of method 1 by
using the techniques outlined below.

Step 1. Plot time versus drawdown on semilog
graph as in figure C-9.

Step 2. Choose an arbitrary point on time-draw-
down curve, and note coordinates t and H—h.

Step 3. Draw a tangent to the time-drawdown

10 T T T | R T
——_FT T T ' I
Pumping test data:
s H = hvs rdfe’ —
2 I
Matching point
2215 1.2
&= 1 - 7
<
- !
3 1 I
3 7 -
- c S
H N
°
F3
(3
s I -
22— -
195x 107 \
2k o L L R lli ! -
10% 2 s 108 2 5 107 2 s 10®
r2/e! #cay 70 x 10-2
o1 | 1 ! I ! 1 | TR | I
10-4 2 5 10~3 2 s 10-2 2 s 10~} 2 s 1
u
EXAMPLE: Q. =500 GPM
r=200FT
. 115.Q), WiL)  115(500)(2.15)
= g = 13 = 103,000 GPD/FT
. -2
s = UTZ = (7.0 ¥ 1079 (103.000) _ | gg x 4073
1.87 r2/ ¢ 1.87(1.95 x 107)

(From “Ground Water Hydrology” by D. K. Todd, 1959, Wiley & Sons, Inc.
Used with permission of Wiley & Sons, Inc.)

Figure C-8. Method 1 (Superposition) for solution of the nonequilibrium equation.
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(Modified from “Ground Water Hydrology by D. K. Todd, 1959, Wiley & Sons.

Inc. Used with permission f Wilay

Nl USeaG Wiin permission v LE )

Figure C-9. Method 2 for solution of the nonequilibrium equation.
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Step 4. Compute F(u) = ~ h/As, and deter- - %,
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14 (From “Ground Water Hydrology™ by D. K. Todd, 1959. Wiley & Sons, Inc.
: 0.3T’to Used with permission of Wiley & Sons, Inc.)
S= (C-8)

Figure C-10. Relation among F(u), W(u), and u.



where
As = drawdown in feet per cycle of (log) time-
drawdown curve
to = time at zero drawdown in days

An example of the use of this method of analysis in de-
termining values of T, S, and k is given in figure C-6,

Jh IO
-araw-

umug LUU uuuequuluuum pUI LlUIl ()1 LIIB time

f'll\\l]n f“IY‘IO

(4) Grauvity flow. Although the equations for non-
equilibrium pumping tests are derived for artesian
flow, they may be applied to gravity flow if the draw-
down is small with respect to the saturated thickness
of the aquifer and is equal to the specific yield of the
dewatered portion of the aquifer plus the yield caused
by compression of the saturated portion of the aquifer
as a result of lowering the groundwater. The procedure
for computing T' and S for nonequilibrium gravity
flow conditions is outlined below.

Step 1. Compute T’ from equation (C-3).

~818-5/AFM 88

-9,
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Step 2. Compute S from
ous elapsed pumping times during th
plot S versus (log) t'.
Step 3. Extrapolate the S versus (log) t’ curve to
an ultimate value for S’.
Step 4. Compute u from equatlon (C-4), usmg

uation (C 4) for vari-

the extrapolated S’, the originaily computed T, and
the arioinal valiia of v2/+/
Vil Vi Lalllul vaiuuv vl 1 Ju

Step 5. Recom pute T’ from equation (C-3)u using

a W(u) correspondmg to the computed value of u

(5) Recharge. Time-drawdown curves of a test
well are significantly affected by recharge or depletion
of the aquifer, as shown in figure C-11. Where re-
charge does not occur, and aii water is pumped from
storage, the H' versus (log) t curve would resemble
curve a. Where the zone of
source of seepage, the H’ versus (log) t curve would re-
semble curve b. There may be geological and recharge

conditions where there is some recharge but not
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d - CONE OF INFLUENCE INTERCEPTS AN IMPERMEABLE BOUNDARY AT TIME t.

U.S. Army Corps of Engineers

Figure C-11. Time-drawdown curves for various conditions of recharge.
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enough to equal the rate of well flow (e.g., curve c). In
many areas, formation boundary conditions exist that
limit the areal extent of aquifers. The effect of such a
boundary on an H' versus (log) t graph is in reverse to
the effect oI recnarge Thus, when an 1mperme able
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time-d awdown curve.

b. Step-drawdown pump test.

(1) The efficiency of a well with respect to en-
$wn Anaa and “\nin“t\ﬂ lhcan an ha datorminad
A UT UTULTO1L 1111110 u

- 1

ance 1055::5 anda iriciion i08ses can
as .
a

p-drawdown pumping test, in which the well
is numned at a constant rate of flow until either the
drawdown becomes stabilized or a straight-line rela-
tion of the time-drawdown curve plotted to a semilog

scale is established. Then, the rate of pumping is in-

creased and the above-described procedure repeated
until the well has been pumped at three or four rates.
The drawdown from each step should be plotted as a
continuous tlme-drawdow curve as illustrated in fig-

L VR DIV . Uy i & I SN P, TP e

011 O1 L1 uduec-araw-
auwn hv the dashed lineg

RTIAITA 222105

for each sten is determmed
the plotted and extended curves at an equal time after
each step in pumping. The drawdown H' for each step
is the sum of the preceding incremental drawdowns
and can be plotted vesus the pumpmg rate as shown in

v 3em aae Awnear

figure C-13. If the flow is entirely laminar, the draw-
down (H—h for artesian flow and H*—h* for gravity

flow) versus pumping rate will plot as a straight line; if
any of the flow is turbulent, the plot will be curved

(2) The well-entrance loss H., consisting of fric-
tion losses at the aquifer and filter interface through

the filter and through the well screen, can be deter-

©

ket o R G R
T i e

DRAWDOWN (H'), FT

U.S. Army Corps of Engineers

Figure C-12. Drawdown versus elapsed pumping time for a step-drawdown test.
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Figure C-13. Drawdown versus pumping rate for a step-drawdown test.
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step-drawdown pump test as illustrated in figure 1) A recovery test may be made at the conclusion

C-14. The difference in drawdown between the ex-
tended drawdown-distance curve and the water eleva-
tion measured in the well represents the well-entrance
loss and can be plotted versus the pumping rate as

of a pumping test to provide a check of the pumping
test results and to verify recharge and aquifer boun-
dary conditions assumed in the analysis of the pump-
ing test data. A recovery test 1s valid only if the pump-

shown in figure C-15. Curvature of the Hy versus Qw ing test has been conducted at a constant rate of dis-

lina indicatac that anma nf tho antr nece haad lnecic tho rhavraoa A rannuvarvy tact mada aftar a cton Adrarndasie
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result of turbulent flow into or in the well test cannot be analyzed
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Figure C-15. Well-entrance loss versus pumping rate for a step-drawdown test.

(2) When the pump is turned off, the recovery of
the groundwater levels is observed in the same manner

AAAAAA e 3 £3 510

as when the pump was turned on, as shown in 1igure

ratio of log t'/t”,
since the start of pum

at tha numn wa

ince the pump was

t’ is the total elapsed time
ping, ard t” is the elapsed time
stopped (fig. C-17). This plot

should be a straight line and should intersect the zero

C-16. The residual drawdown H’ is plotted versus the
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/
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Johnson Division)

Figure C-16. Typical drawdown and recovery curves for a well pumped and then allowed to rebound.
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(Courtesy of UOP Johnson Division)

Figure C-17. Residual drawdown versus t'/t" (time during recovery period increased toward the left).

residual drawdown at a ratio of t'/t” = 1 if there is T = 26404 (C-9)
normal recovery, as well as no recharge and no discon- As’

tinuities in the aquifer within the zone of drawdown.
The ratio t'/t” approaches one as the length of the re-
covery period is extended.

(3) The transmissibility of th

culated from the equation

where As’ = residual drawdown in feet per cycle of
(log) t'/t” versus residual drawdown curve. Displace-
ment of the residual drawdown versus (log) ratio t'/t”
MArIVETA Awmrn in Fianieas M

furve, as ahuwu 11 1igure \/—18, iuuu:uws a vanam,e
with the assumed conditions.

Q

N AN S | T I [
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- AN D e e
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(Courtesy of UOP Johnson Division)

Figure C-18. Displacement of residual drawdown curve when aquifer conditions vary from theoretical conditions.
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-ll
(- ]

r__/o__.. - NOTES: 1. System symmetrical about €.
Ol hen pu;npm::prw e ™ oo £ 50 2 Bé:torn of excavation squals 100 X 750 ft.
}.._ . e Y AR \7 %7 “’{ 3. Clay is impervious and not under artesian pressure.
! E1 42 Original GWL 4. Line source of ssepage
) " . Line source of seepa
L,, oo oezn 1 = & — - PRQ§LEM: Dnerrmne spacing of 2-1/2-in. self-jetting wellpoints

! —— (v) = 24 ft, head loss in collector

b 01 — H= ‘40 ft (_i) = 2 ft, and intake of pump is 2 ft above collector. Assume
to be used.

}L_ a}n E120 ity Medium Sand \ style D, Mesh E, wellpoints are to

) hpu) fw(U) k= 1000 X 104 cm/sec = 0.2 ft/min

b Max GWL when 7l | M | L7000 |

BTN pumping lower By |

Ly . A B !

| * el ) EiO Clay

5 - - - ~—____ T

SOLUTION: Compute spacing of wellpoints so that available {net) vacuum in headers (20 ft) will lower water level at wellpoints below that required to produce the nec-
eseary hy  Assume two stages of wellpoints will be required and that each stage will be installed 2 ft above the groundwater table existing at the time of installation.
Also, assume r,, : 012 ft.

Upper stage. Install upper stage at el 42, and 92 ft from € of the excavation, to temporaniy iower the groundwater i5 it to ei Z5 to permit instaiiation of a iower
stage of wellpoints at el 27. Required hp = 25 ft. Compute h, ata partially penetrating slot from eq 4 (fig. 4-3}

hoqw) = howy {8 (H - ho) + 1] 25 = hoqu [438 (40 o) + 1] - hoqy = 242 £
Compute Qp toa partially penetrating slot from eq 3 (fig. 43)

- [0.73 vo27(" wh")] X (H? -n2) - [0.73 +027 (10—1524,2,)] iy (402 - 24.22)
Qp = 0.121 cfm/ft = 0.91 gpm/ft

Assume a = 10 ft, then Q, = aQ, = 9.1 gpm.

From a plan flow net it can be shown that the average flow for a finite line of wellpoints for this ion will be about 35 percent greater than for an infinite line.
Thus Q,, = 1.35 (9.1 gpm) = 1.64 cfm

Calculate head at wellpoint, h,, , from eq 1 (fig. 4-22).

g

in 10 -

w n(012) w

[N
S
0

>

W on2 = Qe e R = (25)?
D "W T g -

°
0

w

For Q, = 12.3 gpm and well screen length = 3 ft, the hydraulic head losses are as follows:
H, = 0.2 ft from fig. 46a, curve 7 H, = 0.9 ft from fig. 46b H, + H, = 0.5 ft from fig. 4-26¢ which includes loss in swing
Hyuy = 16 ft. Thus hyy) Hyu) = 249 - 1.6 = 233 ft

Therefore, the required effective vacuum in the header = el 42 - 23.3 = 187 ft. Since this value is slightly less than the available 20 ft, a wellpoint spacing of 10 ft with
header at el 42 and top of wellpoint at el 21 would be satisfactory

Lower stage. Install lower stage at el 27 and 62 ft from € of the excavation. to lower the groundwater to el 16. Required hD{L} =16 ft. Compute h
pamally penetrating slot from eq 4 (fig. 4-3)

orry o ata
(L) 2t ?

hpey ™ horwy [’1‘3 (H hy)+ IJ 16 = hory [L,,.u‘g (40 hy) + 1] hory = 152 ft

Compute Qp to a partially penetrating slot from eq 3 (fig. 4-3)

r FH- M\ el o2 2V fome  annf40 152Y] 02 and iz oa2s o me e e s .
] LO730 027\ H"lh!)_l ZLL H* hs} = L4lbf ULI\ 467 }J 2(';‘&) 19U~ 15.4%) = UL/ cIm/Tt = 1.5 gpm/Tt

Assume a = 15ft, then Q,, = aQ; = 15 x 13 = 19.5 gpm for an infinite line of wellpoints. For finite hine of wellpoints, increase Q,, in this case by 35 percent
Qu ° 1.35 % 26.3gpm - 3.52 cim.

Calculate head at wellpoint, hw(L) , from eq 1 (fig. 422)

2 2 .Q a 2. 2 352 _
hbw) haiwy = rin 2o bl < 016) FERLEE U WL

]
2
.

= 263 gpm and a well acreen dength of 3 ft, the hydraulic head losses

H, = 03 ft from fig. 4.25a Hg = 2.0 ft from fig. 4-25b H = 1.5 ft from fig. 4-25¢
Hyy = 38ft. Thus h, -H, =155-38=1171t
Therefore, the required effective vacuum in the header = el 27 - 11.7 = 15.3 ft Since the vacuum available in the header is 20 ft, the assumed spacing would be sausfactory

The wellpoints would be installed with 21-ft-long riser pipes.

[t would be advisable to observe groundwater levels before and during pumping of the, upper stage and to measure the discharge. From these data, the design of the
lower stage could be adjusted if observed values were appreciably different from the design values. Such differences can occur because of limitations in the accuracy
of k,L  and H, used in design.

"L‘,‘.. A~ {as s A T A ] 10 A& o
Foundaiion iri . AL LEOnara, €d., l)'Ul, mouraw-

D-2



PROBLEM: Design a system of 16-in. slotted screen wells, pumped by
deep-well mrbim pumpes, !u lowering the wound'uur level 5 ft below

the bottom of the Amume ble Qy U
= 1,200 gpm, wells located 5 fi from 10p of dope, well radius Ty = 1 %, ==
and D f el filter = 0.25 Jee
;g‘ ‘L y_lligo‘u“o :' te totai fi "::uuw from eq 3ifig. 4-17) using, Equipatential ine (H'-A%) ‘:n‘\\
> ] : 1mai ow 4
radius A, of an equivalent large-diameter well computed from eq 6 n gravity flow nets II
(fg. 41 ; ‘)—_-_-.‘5 ;
=4 V77072 X 37072 = 340 1 g Pt
\ ’ N
#(02){85 - 45*)_ . | 840 cfm = 13.800 ,’, \wens o/ N - Image wells
Qr * iz x rosmyzdel il ? YA i 20T g 3 PEANN
- o
Use 12 wells with Q' 1]50qpm boauwdl.luﬁminphn-o / '{‘s" 45 4 13, 2 \ 3 2 . . .
-wm!.'wp"ﬂullwﬂmltywxlw-mwwuwnﬂlnnw 'i o 29 C Pl ‘| '8 le 13
level o h i Compute head -___.°.$l R ¢ I I
of .-r--:fu\n andhesd h atawsllfromeg3andd ] - 1¢ 1 3 s
N \ < P12 iZe
(ﬂ( 4- lﬂb to check adequacy of sysum \ 7 | o7
=+ af T10% 1 ! 1le o . .
\ 8 9 10 18 7
Haad st Point C and Well 4 Computed by Method of Images for \ kgl A o 9 8
Qg = 1,150 @m = 163 ofm AN 7 1 ‘\ ' './
Nl S e—\—- 1000 —
_ Hasd st Poimt C Hasd st Wall 4 ~5L g
5 In Sie fia 1n§‘ Te-TTON
Well ft i o f o fi.e PLAN
1 1620 390 142 1650 410 1.39 GWT required for
2 1630 420 136 1,640 400 141 construction o aF
3 1,800 290 182 1,800 240  2.02 N\ \ s/AF
L] 2,050 180 242 2,050 H 763 ¥ /
S 2,280 330 1.93 2,300 250 222 oy L 04 | O T:
6 2400 300 182 2420 370 1.88 he == uiyORIEL IVPE
: , CURN R %0 Ac=és
7 2,400 3% 1.82 2,435 460 1.67 w ) 4
8 2.280 330 1.93 2,330 440 1.67 AT T
9 2,040 180 242 2,090 370 1.73
10 1,800 290 1.82 1,840 435 1.44 SECTION
11 1,630 420 1.36 1,675 540 113 -
12 1,620 390 142 1,650 480 1.24
F¢ = 21.54 X 154 - 3320 Fw = 2544 X 154 = 3920
3320 3920
. 2_p2. 2280, 2_h? - -
Fromeq 2and 3(fig. 4-18), H - h{ 02 5280. From eq 3and 4 (fig. 4-18). HZ - h{ 70.2) 6240
= NBsT 5280 - 441100 hy 2¥85% _6240-3141

The corresponding flow per foot of well screen is 1,150/32, or 36 gpm per ft. Compute head loss in well H, from fig.4-24

H, = 1.80 ft (from fig. 4-24a) H, = 0.06 ft (from fig 4-24cp

H +H, = 0.15(%)( ;—) =0.02 ifrom fig. 4-24b and using the Nlow Lhrough one-half the length of screen):
Hy - 1.88 ft,say 20 ft

Thus h,, - Hy, = 32.0 - 2.0 - 30.0 ft. Bowls of pump should be set about 2 ft below this level, and the pump provided with a 10-ft suction pipe. With such a suction pipe,

H, + H; will be slightly less than the value computed above. Had the approximate method in fig. 4-13 : (array 4) been used, the following values of F; and F, would have

been obtained:

- 3270
340 -
).ml”l]‘ 3840

These values agree closely with those computed by the exact method.

(Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hill

Book Company. d with permission of McGraw-Hill Book Company.)

Figure D-2. Open excavation; deep wells; gravity flow.
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Line of wetis

Onginal GWT PROBLEM: Given the flow net, the data in the figure, and the plan of

wells as shown, compute the well flow required to reduce the head in the
sand stratum to el 40 ft at point D, the corresponding head h,, at the
wells, h,, midway between wells, and hp, at the center of the excavation
Assume that wells fully penetrate the pervious stratum and that D = 40 ft,
k = 500 X 10"4 cm/sec = 0.1 fpm;‘and re =101t

Sy

7

SOLUTION: Flow to slot (or wells) from flow net, eq 5 (fig. 4-27)

% N
s Qr = k(H - hy) 1/ D = 0.1(90 - 60) 22x 40 = 300 efm = 2,250 gpm
& ‘ '
é 100 os"" ";;"' 00 Assume 10 wells located as shown in “Well Plan.” Since a well has been
At =l d spaced at the center of each flow channel, the flow per well is the same for
all walle Thae M =M e e BN b e 11
all wells. Thus Q,, = 225 gpmi or 30 cfm per well

From eq 2 (fig. 4-28)

_l

u_ h_:(ﬁ% [L-; (1% + L s =332

'Q’I-

Since the average well spacing a is approximately 90 ft, compute ahp,
from eq 3 (fig. 4-2a) for a = 90 ft.

__ 3%
ahy, = IT (01140 In =75 ”m =40 ft

Thus
H-hp =H-h, - ahy, =332 -4.0=29.2ft
From eq 1 (fig. 4-2a) for a = 90 ft,

- - 30 0 __
ahp = ah,, = T7(0.1T/0 In W 32ft

Thus

H-hp=H-hy-ahp=332-32=300ft

The heads h,, , hy, , and hp in terms of elevation are as follows:

hy, =70 - 332 =368 ft MSL
hy =70 - 33.2 = 368 ft MSL
hy; =70 - 29.2 = 40.8 ft MSL
hp =70 - 30.0 = 40.0 ft MSL

Since GWT is to be lowered to el 40 at point D and since the computed head at this point is at el 40.0, Q. = 30 cfm, or 225 gpm per well will produce the required head reduc-
tion. The values of Ahp, Ah_, and (H - h,) also can be computed from eq 1 and 3 (fig. 421) and 3 (fig. 4-28) respectively, as shown below. Note that the values so obtained are

identicai to mou compu!eﬂ IDOVU

From fig. 4-21 6, =0.42 and 6, = 0.53 for a/ry, = 90 and W/D = 100 percent.

From eq 3 (fig. 4-28)

Ho-hy = 530 [10(4) +042] = 3321

¥ 0.1{80) L T \i0/
From eq 3 (fig. 4-21)
Ak _go._ﬂ) ;4{,\5{

“m ~ 0.1(40)
From eq 1 (fig. 4-21)

; . 30(042) _ o .
ahp = Ahw = Gigsoy = 321t

P . [ T I DL 7]

{Modified from “Foundation Engineering,” G. A. Leonards, ed., 1962, McGraw-Hil
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure D-3. Open excavation; artesian flow; pressure relief design by flow net.
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Wells should have about 15 ft of 12-in. well screen. From fig. 4-24",
LK estimate Hy = 0.5ft: hy - Hy = 111 -09=1021

1ted wellpoints with

d wellpo
t header pipe at el 25 Assum: wellpoint
cuum eguals A £t with 2.t friction loas in header and pumn
pump vacuum equals 2 lo header pump
2 N\ / 3 suction set 2 ft above header pipe. Net vacuum in header pipe equals
b S 20 £ Install wellnoints 110 ft from € . from eq 6 (fig. 4-14). A, =140 f1.

20 Tt Instal wellpol

w = 0.5 ft, and

—
Assume some head, h , at the line of wells; the flow to the combined system can
be expressed as follows (eq 3 (fig. 4-13) and 2 (fig. 4-14).

n +
H2 - h2= %éﬂ In R/A, (flow 1o line of wells)
h2 - hz 91’—‘—Lln R (flow from line of wells to wellpoints,

mk Ay R=A, for well, ie, R =230 f1)
Equate h? and solve for Qur)

2 22 " * Q)
H? - h2 _— !
In order to prevent excessive drawdown wi d
SECTION wellpoints operating, reduce Q,, by SO percent. en Q, = 0.50(37.4) =
18 7 Afen
18.7 cfm.
El 60 3z 8(18.7) + Qomy . 3170 4_Q..n-\ 230
Fb"_ T (55)2 - (&) = oim - a3 toam Mo

Qp(r) =172 cfm = 1287 gpm

[o}
B .
g \q'\ 3 ! The flow per foot of header is

|

P N i m—

L™ om0 mgtell
DEEP WELL WELLPOINT

Design of a combined deep-well and well and wellpoint
system for dewatsring a siope

]

PROBLEM: Design a combined deep-well and welipoint system to lower the h; b =¥, 1
groundwater to 2 ft below the bottom of the excavation. Use deep wells wk 2nry

located 5 ft back of the edge of the excavation to lower the groundwater to
permit the installation of a single stage of wellpoints for lowering the ground- 8)2 - he = 156, _.5'_
water below the bottom of the excavation. kil W

SOLUTION:

e hy = 7718
Desp wells. The deep-well system must be dﬁimud such that the ground-
oy vowr o SR ehoboidl il g
watsr lovel is lowered 2 ft below the slevation at which the header pipes for )
the wallpoint system will be set. Set header pipes for wellpoint system at For Qu = 11.7 gpm, the hydraulic head losses are as follows:

&l 26 Baciiced Accwedoc -
®@ 25, ReGuired arawdown:

H-h.o=85-25=321t H, = 0.1 ft, from fig. 425a, curve 5

Locate fully penetrating wells in a circular array around the perimeter of the H, = 1.0 ft, from fig. 4-25b
excavation, A, = 230 ft . Estimate radius of influence, R , from fig. 4-23 _ .
For k= (_)l‘lg;’n' and final drawdown, H - hp = 55 - (10 - 2) = H, + H, = 0.4 ft, from fig. 4-25¢

Cdcuh! flow to well system from eq 3 (fig. 413) and 2 (fig. 4-14). Hy = 14ft
2= M‘: Thus hy -Hy =7.7 - 142631t
. o e
. . nQ, ]n3180/230 Therefore, the required ffective vacuum at the headec = e 25 © 6321871t
(55)‘ - (23)‘ S — QINCE UNis 15 18 Nan ne avauaoie LU i, a w'upmnl qnclnq Ul O IT Wiln e neaasr
o1 at el 25 and the top of the wellpoint screen at ol 4 would be satisfactory. Calculate

decsedonin 2 el £ oo 2 (5 AV on {fia 414
drawdown at wall from eq 3 (fig. 413) and 1 (fig. 4:14).

nQ,, = 299 cfm = 2233 gpm

o) n o
Try sight wells with radius, ry = 1.0 ft (12-in. screen with 6-in. filter). H2-hZ= ¥ (nlaR - Innry - (n- 1) ln Al + 200

Qu = 2= 28 574 cfm = 280 gom

8 18.7

(5517 - b3 =127 (8103170 - In8(1.0) - (8 - N 1n230] + 122 1n 320

230

Calculate drawdown at well from eq 3 (fig. 413) and 1 (fig. 4-14)

s - YY1 78
. he = 107ft
Hz‘h3,=3—fln —y - Q;[n In R-Inng, - (n-1) In A,)
ary, A, From fig. 4-24, estimate H,, 0.7 ft: h, - H, =11.7-07=11.0ft.

t all
(Since awdown in a well may be greater than the compu(ed dnwdovm
it is generally advisable to set the pump intake not less than 7 to 10 ft below the
hy = 11.1 ft computed drawdown in the well.)

Figure D-4. Open excavation; combined deep-well and wellpoint system; gravity flow.
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SAND DRAIN

AVERAGE HEAD AT LINE OF
SAND DRAINS DUE TO PUMPING
WELLS OR WELLPOINTS

CLAY

PROBLEM: Given a condition as shown, where k = 5 X 10'4 cm/sec,
H=15f,2= 1212 =3ft kp = 1000 X 104 cm/sec, rp = 0.5 ft,
Ap = 0.785 sq ft. Determine spacing of sand drains required to drain silt

stratum.

SOLUTION: Compute Qp from eq 4-12 assuming h,, = 0. Since Q

must equal Qp , substitute this value of Qp in eq 1 (fig. 4-22) and compute
hq for various values of a assuming h, = 0. Using these values of

hy and a, compute Q, from eq 3 (fig. 43). The required spacing a is
that which makes Qp from eq 3 (fig. 4-3) equal to Qp computed from

eq 1 (fig. 4-22). From eq 4-12

Qp = LINIZ-3VTE - )4 cfm = 0.88 gpm

Substituting this value of Qp in eq 1 (fig. 4-22) and assuming h,, = O gives

nd = 2 n sty

Also, from fig. 423, L = 100 ft for H - h, = 15 ft. Substituting this

value and the other constants into eq 3 {fig. 4-3) results in the following
equation:

Q- [0.73 oL”L".;'_"z’] g.901s (152 -n2)

Compute h, and Qp for various values of a from eq 1 (fig. 4-22) and
eq 3 (fig. 4-3), respectively, which results in the values tabulated below.

by SANDY SILT

! ORIGINAL GROUNDWATER
————

TABLE IN SILT

EQUATIONS:

Qp=KpiAp= kplz-21' Mifp
2% hy

- H -ho) xa 2 K2
Qp (0.73 +027 Tﬂ) zT(H ho)
Q a
2 . p2 L =
hg = hy + 5{_ In 2mip {where hp = hq)

Note: To solve the
h, =0

quati above simul ly, it is y 10 assume

NOTATIONS:
Qp = vertical flow per drain

Qp = seepage through stratum being drained per length a measured along
line of drains

kp = vertical permeability of drain

Ap =

k

ho

sectional area of drain with radius rp
permeability of stratum being drained

head at equivalent slot simulating line of drains

h,, = head at sand drain

a ho ___.9.2__
o ft om  gpm a = spacing of drains
5 4.17 0045 034 Other dimensions and symbols are as shown,
10 658 008 065
15 765 0117 088
20 833 0143 1.07

0-6

From the tabulation above, the required spacing is 15 ft, since the corresponding
value of Qp = Qp computed from eq 4-12. However, since the above equations
do not consider effect of entrance head loss, the drain spacing should be reduced

somewhat. Therefore, a spacing of about 10 to 12 ft would be used.

(Modified from * Foundation Engineering, " G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure D-5. Open excavation; pressure relief combined with sand drains; artesian and gravity flows.

—
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PROBLEM: Determine required
e Lm 200" spacing of 2-1/2-in.-ID 0. 35 -in. long,
Line of wellpoints .
N Initial hydrostatic s‘tyle _C_B self-jetting wellpoints with
=2\ - head in sand 2-1n.-1D riser pipes to lower hydro-
?’ / % //,/, %47 W//“'” /, static head to bottom of trench.
% ,/ r-lO»J % /, Sl|(y Clay 7/ Agssume offoctive variinnm at tan ~F
7 ,/ % \ ( @( /// ¢ /’/ /// ,_‘/ SARSSULLL TaitLuve vatuuiil at wWOp O1
/// 7 Fread lowered// riser pipe = 20 ft, L = 200 ft, and
/ 70 [ /§ bxlvye/!l’pomts// Ty = =0.104 ft.
h=30 ..r-.J] Medium fine sand SAOLUTION Use a single line ot
H=40’ n=20’ | h,. k=500x10"* ¢cm/sec . s .
: l l l 1 010 fymin wellpoints at top of excavation, one
W\WM’(\‘JW\ XTI (_'i X ? 2 AECAVECANS 7 Stage being requu !‘.'U For ‘VA"/D

=3/20 = 0.15, A\ = 0.82 from
fig. 4-4b; therefore AD
) S = 0.82 X 20 = 16.4 ft. Maximum
:1 at trench = 30 ft. Assume this value of h at the far edge of the trench, a distance y of 26 ft

wellpoints. Compute the required hy, from eq 2 (fig. 4-4) as follows:

30 = h, + (40 - h,Mth:Z']?f
€7 200 + 16.4 € U

The flow Qp per unit length of system as computed from eq 1 (fig. 4-4) is

2 X 0.1 X 20 X 1 X (40 - 27.6
Q= 200 + 161(1 ) - 0.23 cfm = 1.7 gpm per ft of trench

Compute Ah,, from eq 1 (fig. 4-20), h,, from eq 2 (fig. 4-21), and H; from fig. 4-25, and
select a so that h, - H, > 26 ft (M minus the vacuum at the top of the riser pipe).
Head Loss in
a Qun Ahy hy, Wellpoint, ft hy - Hy
ft ofm £ £t HT  Het H +HS Hy ft
10 23 050 272 175 0.22 0.87 2.84 24.4
8 18 036 273 116 0.17 0.54 1.87 254
6 14 025 275 074 0.13 0.34 1.21 26.3

+ From fig. 4-25b.

+ From fig. 4-25a, assuming He same as that given by curve 7.
§ From fig. 4-25¢c, assuming C = 110.

Thite 2 enarnina Af A f+ wanld ha ramitirad ocim~s h r Sl a0 o Ls Vel sl AL f. ML
411U0 a Spaliily Ul U 1L wuwilu Ue teyuired, Since “W - I'lw SMouia not De 1eSSs tnan 40 I1 lne
tops of the wellpoint screens would set slightlv below the ton of the cand ctratum

u DE 3et slignuy deiow the (op of the sand stratum.

(Modified from “Foundation Engineering.” G. A. Leonards, ed., 1962, McGraw-Hill
Book Company. Used with permission of McGraw-Hill Book Company.)

Figure D-6. Trench excavation; pressure relief by wellpoints; artesian flow.
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PROBLEM: Determine the number of 10-in.-diam wells with 6-in. gravel filter required
to lower the head in the sand stratum 5 ft below bottom of excavation, for wells located
at the top of slope and pumped by deep-well turbine pump (assume r,, = 1.0 ft). Use a
fully penetrating system of wood-stave wells with 3/16-in. slots and a gravel filter with
Dyp size = 0.25 mm. Area of slot > 10 percent of circumferential area of well screen
Geologic and soil conditions indicate a circular source of seepage k - 1,350 x 104
cm/sec or 2,700 x 10°% fpm

SOLUTION: Deter:

system from eq 6 (fig. 414)

From fig. 423, R = 4,960 ft for k = 1,350 x 10°4 cm/sec and H h,, = 45 ft. Com-
pute total required flow, Q, , from eq IV-22 for h,, = 95 ftand r, = A, = 355 ft.

bs pumped in a normal 10-in.-deep well
s ty spacing shown on plan. Make computations for
the 4 wells in one quadrant and multiply the results by 4

For 4 wells: drawdown at center of excavation H - h; is determined fromeq I and

2 (fig 410) (R, = R) Qu, = 23%% = 1000 gpm = 134 efm

R
1n2
wel R.ft fft g
1 4,700 266 293
2 4700 324 273
3 4,700 352 265
4 470 314 276
Ty
e ®
L Qi
= w1 r 134(11.07,
Hoho=®t o _n . JBULOD ) o oy
EWKD l"(Ul’l’S)

Since the maximum allowable h_ is 95 ft, the system shown in plan is adequate. The
approximate head h,, ata well is compuud from eq 1 (fig. #20) using an average well
spacing, &, of 2(510+ 610)/16 = 140 {1

o ;. 134 o . .
shy = zoep 0 A = TR TE N saig S 33 Mt or by 2 936339031t

Hydraulic head iosses in welis are obtained from fig. 424, assuming intake of pump is
about 85 ft above the bottom of the sand.

H, = 0.60 ft (from fig. 4-24a , with Q,, = 1,000 gpm/75 ft of screen = 13.3 gpm/ft
H, = 0.37 ft {from fig. 4-24b using a screen length of 0.5(75) =
Hr = 0.07 ft (from fig. 4-24b, for 10 ft of riser pipe and C = 130)

H, - 0 26 fx (from fig. 4-24c)
H -

Thus the water surface in the wells would be sbout 90.3 - 1.3 = 89.0 ft above the bottom
. 2mkD(H - h) 2w (027)(75)(140 - 95) - 5 100 cfm-< of sand. Set pump bowl about 85 ft above bottom of sand and provide with 10-ft suction
. cfm= 16,000 gpm
In(R/r ) In 4.960/355 pipe
(Modified from “Foundation Engineering.” G. A. Leonards. ed.. 1962 McGraw-Hill
(ivivaiyicu jrorn T UUnuunivn Lnagirniccring, J. A. LLevnu 3, C€U., 1JUL, IVICTTUWTIIiN

Book Company. Used with |

)

ermission of McGraw-Hill Book Company.)

Figure D-7. Rectangular excavation; pressure relief by deep wells; artesian flow.
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PROBLEM: Design a deep well and vacuum system to dewater a 70-ft deep shaft to be
sunk into stratified clays and sand below the groundwater table. Assume a ring of weils
installed 15 ft out from perimeter of shaft with an equivalent radius of influence, A ,

= 30 fi. Wells to fully pene ted by the shaft and pumps io
have a capacity in excess of the flow to each well. Vacuum to be maintained in wells
equals 15 ft. Assume radius of influence of vacuum {R) to be the same for seepage
(i.e., vacuum varies from that at well or wells to zero at R). Maximum height of

shaft exposed at any one time equals 30 ft

SOLUTION

o the sand st
2 the sand s

Aquifer 1 Compute flow of water to wells assuming gravity flow for hydrostatic head,
and cquxvahm artesian flow for the additional head produced by the vacuum in the

2 2 2
"/ . 0.005m 2401 efm
i In R/A in 1000730

Vacuum water flow, from eq 2 (fig 4-10) (r,, = A, effective aquifer thickness,

H+ h
D= 7 *. and drawdown, H - ho

-‘\.

L= V)

)V ztoooS)n\E—'—z)(ls)

Qrva =~y Rm 100030 - 21Scim

Total water flow, aquifer 1, Q1| = Q.4 * Qq.y ;= 401 + 215 =616 cfm = 46.1 gpm

Aquifer 2. Compute the flow of water assuring combined artesian-gravity flow condi-
tions for *‘Hydrostatic'* water flow. Compute the additional flow caused by vacuum in
wells assuming an equivalent artesian flow condition under the net vacuum head existing in
the gravity flow region Assume h,, = 2 ft

Hydrostatic water flow, from eq 1 (fig. 4-12)

001w 2(25) (50) (25)} 2)=J: 140 ofm

In 2000/30

Vacuum water flow. compute R from eq 3 (fig 4-12)

_(0* Wl)inR-2D(H D)In A _

(25} (50 25
27 In {sc 2%

2(25) (s0) (25 (2)?

2DH - D? . nl
then R =121 ft

Estimate vacuum at artesian-gravity flow boundary by plotting the vacuum vessus log r

(V:-15ftat A=30ft; V=0 at R=2000ft), the vacuum is 10 ft at

R = 12] ft Thus the net vacuum in the gravity flow region = 15 ft 10 ft =
S ft. Vacuum water flow, from eq 2 {fig. 4.10)
D+ h,y 2\,
2wr{~2£] v 200 0”"‘125 2

eot2 . 2. = 304 cf
Qrva In R/A in 121,30 m

Total water flow. aquifer 2, Qp ;= Qry.2 * Qru.2 = 140+ 3.04 =

17.04 c¢fm = 127.5 gpm

Aquifer 3. For artesian flow, the head producing flow for the combined
hydrostatic-v. systemis H-V b, g the circular array of walls
to be a continuous drainage slot, for which W’D 50 percent and R/A = 133,
1t can be seen from fig. 4-7 that the head in the center of the circular dranage
slot approaches the head in the slot as R/A increases. Therefore, the flow to
the wells for this situation can be computed from eq 2 (fig 4-10), in which

H-h):(H V-1 G= 1, <A
2wkD(H+ V A, -
O, - ATRDMH VA 2(002)w40) (90 + 15 - 27 801 cfm = 599 gpm
<7 In R/A In 4000/30

Total flow to well system = 46 1 « 127.5 + 599.4 = 773 gpm

Use 12 wells located 30 ft from the center of the shaft, with a spacing (a) be-

cells of 16 € £o
tween wells of 155 ft

Flow per well, Qy = 223 -
2

64, 4 gpm = 8.61 cfm

for the artesian flow in aquifer 3 to determine the required draw-|
From eq iV-80 {and fia iV.2i inr vaiues of 6,),

Compute ah,,
down in the weil

Quf, - (A X085
Sh 2 St e neza a0 O M

Thus hy, = 57 53 =517
Use 8.1n well screens with 6.1n.-thick fiter surrounding the screen. Check
screen hydraulics
Aquifer |  Aquifer 2 Agquifer 3
Total flow 461 gpm 127.5gpm 5994 gpm
Well flow, Qy 38gpm 106 gpm 50.0 gpm
Wetted screen length 20Mt 20ft 20.0 ft
Flow per ft of screen 1 9 gpm €7 o €
Flow per ft of screen 9 gpm 5.3 gpm 2.5 gpm

From fig. 4-24a . 1t can be seen that the

neahicible

negligible

well entrance losses (H,) should be

Vacuum system [t is assumed that the lying clay is a
able formation, and that the quantity of air that may enter the aquifers lhrouqh
the clay 1s neghgible compared to that which will enter (hrouqh the exposed ex

tface 1 hat only one aauifer will

ation surface It is also assumed that only one aquifer will be exposed at a
ume, and that the permeability of the aquifers for the flow of air is effectively
reduced by half due to the capillary water retained in the voids of soil following
the lowenng of the water table

Compute the arrflow to the wells from eq 1 (fig. 4-3). To obtain the shape
factor, ton:trucka plan flow net for the flow of air from the shaft excava-
tion to the wells, for which
N,
$- - 06 per well
Nl
u
Q :ap-hy) "
s

Aquifer 1

Q 1530 ft-2 m”"““w“)oe = 39.7 clm/well

7 l3744x 107 1b-sec/f12

Totai arflow ~ 12{357) = &

4.2 19) .

7.6 ¢fm ai the mean absolute pressure,
p.of 26.5 ft of water
Compute the required vacuum pump capacity

SR

Aquifer 2

- 476 {‘%ﬁ) = 371 cfm

Q, 1525 222
Q o sizs 22

Qup - 78322} 610 cfm

Provide vacuum pumps with a total capacity of 610 cfm at 15 ft (of water)
vacuum

U. S. Army Corps of Engineers

Figure D-8. Shaft excavation; artesian and gravity flows through stratified foundation; deep-well vacuum system.
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A I PROBLEM: Design a deep-well system to
}_.M‘,_,__,; e 1000 fr ——— ‘,{ dewater an excavation for a tunnel for the
! , conditions shown. For a single-line source,
I - Shaft use the method of image analysis. The
147 diam ~ l_ _ . T_""ni‘:& I _‘ f layout, as shown, was determined from an
- — X8 approximate flow net sketched for pre-
_— - — — — — — — = = = liminary design purposes.
' 1 2 3 4 5 : ‘ g 9 l
K EC K SR SR SR B B N
{100 ] 100 | 150 | 150 | s | so | 1000 | 100
700 fr 7 T r-— t T

J QO Line Source H

700 ft

SECTION A-A

SOLUTION. Assume 12-in. fully penetrating wells with surrounding filter, r,, = 1.0 ft. For an assumed Q, = 150 gpm, the drawdown at points A and B and at
well 5 are computed from eq 2 and 3 (fig. 4-18)

2 2 1=n s
hy = In 2
H P ak ‘:Zl Qw' n n

_AtPoint A i At Pont B .. AtWell 5
fi Si n S f 5
Well ft ft In S}/rl ft . ft ln7§,/\'l ft ft lnr Sj/}',
1 1010 1740 0.54 730 1590 078 500 1490 1.09
2 910 1680 061 630 1540 0.89 400 1455 129
3 810 1630 070 530 1510 1.05 200 1430 156
4 660 1560 0.86 380 1465 1.35 150 1410 2.24
5 510 1500 1.08 230 1430 183 1 1400 724
6 360 1460 1.40 80 1415 287 150 1410 224
7 210 1430 192 80 1415 287 300 1430 156
8 110 1420 2.56 175 1425 2.10 400 1455 1.29
9 17 1415 4.42 275 1440 166 500 1490 1.09
Total 14.09 1540 19 60
2 _ 150(1409) 2 150 {15 40) 2,2 _ 15011960)
h = 1600 - LS hp - 1600 - “Ln) hp =hy = 1600 - g,
hy = 2651 hy - 249 ft h, - 188 fi.

For hy, = 18.8 ft, the flow per foot of well screen would be ls?sgg—m = 8.0 gpm/ft, which is a satisfactory rate of inflow. The maximum allowable head at
points A and Bis 35 - 5- 3.5 = 26.5. Thus the system 1s adequate

U, S. Army Corps of Engineers

Figure D-9. Tunneldewatering; gravity flows; deep-well system.

D-10
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250

200 7/
R RUNOFF —_ A’
= / /
LR /
% / ‘f
2 150 ,’ ‘1
o /
z / /
5 A ’ .
% 7 PUMPING RATE
¢ / / 4000 GPM
2 / 7
aoc 100 £ ,.‘
i / s~ 17— REQUIRED
2 / ) 4 STORAGE
4 / 7/ 50,000 GAL

[ /
50 ’ ’,‘
[ /
//
4
/
R /
V K
(o] 20 40 &n

b v

ADOD
ELAPSED TIME

i€ AND DURATION OF RAINSTORM, MIN

PROBLEM: Determine sump and pump capacity to control surface water in an excava-
tion, 4 acres in area, located in Little Rock, Ark., for a rainstorm frequency of 1 in

5 years and assuming ¢ = 0.9. Assume all runoff to one sump in bottom of excava-

SOLUTION:
VR =cRA
FROM FIGURE:
Rainstorm, min R, in. Vg - (X 103 gal)
i0 0.85 83
30 1.70 166
60 2.10 Z05

Assume sump pump capacity = 4000 gpm. From plot, required storage = 50,000 gal.

U. S. Army Corps of Engineers

Figure D-10. Sump and pump capacity for surface runoff to an excavation.
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APPENDIX E

TRANSFORMATION OF ANISOTROPIC SOIL CONDITIONS

- S e o

o o e o o =

TO ISUTROPIC SOIL CONDITIONS

E-1. General. All of the analytical methods for
computing seepage through a permeable deposit are
based on the assumption that the permeability of the
deposit is isotropic. However, natural soil deposits are
stratified to some degree, and the average permeabil-
ity parallel to the planes of stratification is greater
than the permeability perpendicular to these planes.
Thus, the soil deposit actually possesses anisotropic
permeability, with the permeability in the horizontal
direction usually the greatest. To construct a flow net
or make a mathematical analysis of the seepage
through an anisotropic deposit, the dimensions of the
deposit and the problem must be transformed so that
the permeability is isotropic. Each permeable stratum
of the deposit must be separately transformed into iso-
Li‘OpiC conditions. If the seepage flows Lui‘()'ugu more
than one stratum (isotropically transformed), the
analysis can be made by a flow net constructed to ac-
count for permeability of the various strata.

E-Z. Anisoifropic sfratum. A homogeneous,
anisotropic stratum can be transformed into an iso-
tropic stratum in accordance with the following equa-

tion:
_ \ / kn
y= K

where
y = transformed vertical dimension
y = actual vertical dimension
kn = permeability in the horizontal direction
k. = permeability in the vertical direction
The horizontal dimensions of the problem would re-

main unchanged in this transformation. The permea-
hility of the transformed stratum to he nged in all

hility the transformed stratum, in
equations for flow or drawdown, is as follows:

= Vk/kn (E-2)
where k equals the transformed coefficient of permea-
bility.

(E-1)

E-3. Effective well penetration. In a strati-
fied aquifer, the effective well penetration usually dif-
fers from that computed from the ratio of the length
of well screen to total thickness of aquifer. To deter-

mine the required length of well screen W to achieve
an effective penetration W in a stratified aquifer, the
following procedure can be used. This method is used
in analyses to determine penetration depths needed to
obtain required discharge from partially penetrating
wells or wellpoints. Each stratum of the previous foun-
dation or aquifer with thickness d and horizontal and
vertical permeability coefficients ky and kv, respective-
ly, is first transformed using equation (E-1) into an
isotropic layer of thickness d, where

k

- d z

kV
The transformed coefficient of permeability of each
stratum from equation (E-2) is

k= vkk,

The thickness of the equivalent homogeneous isotropic
aquifer is

m=n
D= I du
m=1
where n equals the number of strata in the aquifer.
The effective permeability of the transformed aquifer
is

(E-3)

p3
m=1 kuda
- -4

where n eanals the numher of strata in the aquifer,

AaTAT 2l T[RGSS AT ARdLRRs SVAGVR 222 AT S NeeaTl

The effectlve well-screen penetration into the trans-
formed aquifer is

—— k ] -mk m
W= WiKne + m=1 dnkn (E-5)

where
w; = actual well penetration in strata {
{ = number of strata peneurawu uy well
The penetration of the well screen in the transformed
aquifer (expressed as a decimal) is W/D, where W and
D are obtained from equations (E-5) and (E-3), respec-

tively.
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APPENDIXF
WELL AND TOTAL DISCHARGE MEASUREMENTS
F-1. General. The simplest method for determin- b. Orifices.

ing the flow from a pump is to measure the volume of
tne dlscnarge durmg a Known perlod of tlme by collect-

L __a_

F-2. Pipe-flow measurements.

Venturi meter. The flow from a dewatering sys-
can be ccurat ely easurea Dy means of a venturl
ey 3

a o Qa tg t located
aviu T 111TAS UL TI1T1i W3, viiT aad LU U. ivvarcu
about 10 pipe iameters from any elbow or fitting, and

through a venturi meter can be computed from

\V/Och — h )
Q=3.12CA= =t ¥ (F-1)
v1- R¢
where .
conversion 7.48 gal/ft® x 60 sec/min
3.12 = factor =
1AA 3 21642
1t 111, /1L

Q = flow, gallons per minute

C= cahbrated coefflclent of discharge (usually
about 0.98)

A = area of entrance section where upstream
manometer connection is made, square
inches

r = annnlamadiam AL man e il /DO O Lot o]

g = acceleration ol gravity (32.2 feet per secona
sanared)
squared)

h,—h, = difference in pressure between entrance
section and throat, as indicated by
manometer, feet

R = ratio of entrance to throat diameter = d/d,

The pressures h, and h, may be taken as illustrated in
figure F-1 for low pressures, or by a differential mer-
cury manometer for high pressures. Gages may be

(Courtesy of Fairbanks Morse, Inc., Pump Division)

Figure F-1. Venturi meter.

(1) The flow from a pipe under pressure can be
convenienti measured by mstauatlon of an orifice on

ira nla nan twrn anoog in tha nina (f -
LT y.l.aw T ULUYYTCTLl LYV 1ALIETD 111 LIIT PLPC \ll ’-
The pressure tap back of the ir‘e should be drilled at

g e Qr
right angles to the inside of the p
fectly smooth as illustrated in flgure F-4. A rubber
tube and glass or plastic pipe may be used to measure
the pressure head. The diameter of the orifice plate
shouid be accurate to 0.01 inch; the edge oI the plat,e

'5 [
o]
3
@ <

shown i

smooth, stralght and horlzontal t must flow full and

the orifice should be located at least eight pipe diam-

eters from any valves or fittings. The flow for various

sized cap orifice-pipe combinations can be obtained

from figure F-5.
m

{2) The flow through an orifice in a pipe can be
computed from
. 1
Q=CAp ———e— xVZgh  (F-2)
\M2rvyy
where

Q = capacity, cubic feet per second
C = orifice discharge coefficient
area of orifice, square feet
orlnce dlameter inches

(=™ '?- >
nn

P
2 XF
'o kS
> S
=
g‘»
:’1.
.
50
o
S
e
w

=l ]
n

= pressure drop across the orifice in feet of head
(3) The expression V1 — (d/d,)* corrects for the
velocity of approach. The reciprocal of this expression
and the coefficient C are listed in the following tabula-
tion for various values of d,/d,.

"!3

GLASS Tust ~—ﬁ‘n"—
L -ou‘v—’

[~ OMFICE ¥

OMHCE WE D

WAL THICKNESS — o pat—— 4%
i

ro _‘.]

(Courtesy of Fairbanks Morse, Inc., Pump Division)

Figure F-2. Pipe cap orifice.
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Sharp Edg ﬂ;l djfd, C ,__3731——( Ty

Orifice —

[y 0.25 0.604 1.002

) W N oo 0,606 1006
| AL 0.0 0.606 Lot

| | 0.50 0.607 1.033

I Ihm N NN N ONO 1 Nrro
‘———ﬂ——‘- U.bu U.ouo 1Ui&
2o 0.70 0.611 1.146

Mercury N " 128m 0.80 0.643 1.301

0.90 0.710 1.706

i S T L L Mgy B Diisss Divisio
{Couriesy of Fairbanks Morse, thc., Pump Divisio

Note: The diameter of the orifice should never be larger than 80

X . . percent of the plpe diameter in order to obtain a satisfactory pres-
Figure F-3. Orifice in pipe. sure reading.

c. Pitot tube. The flow in a pipe flowing full can also

be determined by measurmg the velocity at different

@\ @A locations in the pipe with a pitot tube and differential

% % manometer, and Lamp‘mng the flow. The velocity at
OUPUNG any given point can be computed from

V/\ \\//A:w[ COUPUNG
BRASS PLUG |
A 7 ] X7

"1 m gne V/ DO V =CV2gh, -
S S K1 where
//1 TN NIPPLE r . ~1 < \N.PPAE

CONNECTS WED CONNECTS V )
APPROX M " APp3OX “D// /\ - C= meter coeff1c1ent
/% // e g = acceleration of gravity
~ h, = velocity head
The flow is equal to the area of the pipe A times the
average velocity V, or
n

(Courtesy of Fairbanks Morse, Inc., Pump Division)

Figure F-4. Approved pressure taps. = AV (F-3a)
70 E = - T y r r3 = TTOTE
60 £ 7 7 =
3’ Y A £ f: £
~ /- e
50 0wk £ 7=
’;/$,’§ = #§ ==K T -
= /= /5 Q H == <
z Y3 N P =1 =1
N S S © 133 we afNys N
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6 e :
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[+ 4
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S 1,63/“:' ) F
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z 25 U 4 L A .
w v Q,
y
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w
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< :?«yi“’—‘., g L A P S S, e S & 5 ) & ryg L4
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I 5 B ™ ' L s . o f ©f ANt N4 o' A & S
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yy
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M 4
10 L2 ' V4 L
3 2 2 2 8 3 8 g 8 8 8 8 8 3 8 3 b4
4 - < ~ 2 e 3 3 R 8 & 8 2 3 » 3 4
- = & ~N - 1
DISCHARGE, GPM
(Courtesy of Fairbanks Morse, Inc., Pump Division)

Figure F-5. Pipe cap orifice chart.

(



where
n
v
0
V=
and
v = velocity at center of concentric rings of equal

area
n = number of concentric rings

F-3. Approximate measurement meth-
ods.

a. Jet flow. Flow from a pipe can be determined ap-
proximately by measuring a point on the arc of the
stream of water emerging from the pipe (fig. F-6),
using the following equation:

3.61Ax
Q= = (F-4)
where

Q = flow, gallons per minute

A = area of stream of water at end of pipe in
square inches. If the pipe is not flowing full,
the value of A is the cross-sectional area of the
water jet where it emerges from the pipe. The
area of the stream can be obtained by multi-
plying the area of the pipe times the Effective
Area Factor (EAF) in figure F-7 using the
ratio of the freeboard to the inside diameter of
the pipe.

x = distance along axis of the discharge pipe
through which the stream of water moves
from the end of the pipe to a point(s), inches

y = distance perpendicular to the axis of the dis-
charge pipe through which the stream of
water drops, measured from the top or surface
of the stream of water to point(s), inches

It should be noted that the x and y distances are meas-
ured from the top of the stream of water; if y is meas-
ured in the field from the top of the pipe, the pipe

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

thickness and freeboard must be subtracted from the
measured y to obtain the correct value of y.

b. Fountain flow. The flow from a vertical pipe can
be approximated by measuring the height of the use of
the stream of water above the top of the pipe (fig.
F-8). Two types of flow must be recognized when deal-
ing with fountain flow. At low crest heights, the dis-
charge has the character of weir flow, while at high
crest heights the discharge has the character of jet
flow. Intermediate values result in erratic flow with
respect to the height of the crest H.

(1) Where the flow exhibits jet character, it can be
computed from
Q = 5.68KD*VH F-5)
where

Q = flow, gallons, per minute

K = constant varying from 0.87 to 0.97 for pipes 2

to 6 inches in diameter and h = 6 to 24 inches

D = inside pipe diameter, inches

H = vertical height of water jet, inches
Where the flow exhibits weir character, it can be ap-
proximated by using the Francis Formula, Q = 3.33
Bh®?, with B being the circumference of the pipe.

(2) Some values of fountain flow for various nom-
inal pipe sizes and heights of crest are given in table

- F-1.

F-4. Open channel flows.

a. Weirs. Flow in open channels can be measured by
weirs constructed in the channel. Certain dimensional
relations should be recognized in constructing a weir
to obtain the most accurate flow measurements as
shown in figure F-9. The weir plate should be a non-
corrosive metal about Y4 inch thick with the crest ¥
inch wide, and the downstream portion of the plate
beveled at 45 degrees. The crest should be smooth, and
the plate should be mounted in a vertical plane perpen-
dicular to the flow. The channel walls should be

PIPE AXIS 0
\ D

A\

N

\§§\\\§\o——t—

Wil \5
ninnhily

U. S. Army Corps of Engineers

Figure F-6. Flow from pipe.

F-3
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EFFECTIVE AREA FACTOR, EAF

U.

10 (\‘
\\
09 \L
08 ™
\k
0.7 N
0.6 \\\
0.5 \
0.4 \\\
0.3 \\
0.2 SN
N
\‘
0.1 \
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9
FREEBOARD (F)/INSIDE PIPE DIAMETER, D
S. Army Corps of Engineers
Figure F-7. Effective areg factor for partially filled pipe.
Table F-1. Flow (gallons per minute) from Vertical Pipes
Height of Crest H Nominal Diameter of Pipe, inches
inches 2 3 4 5 6 8
1-1/2 22 43 68 85 110 160
2 26 55 93 120 160 230
3 33 74 130 i85 250 385
4 38 88 155 230 320 520
5 44 99 175 270 380 630
6 48 110 190 300 430 730
8 56 125 225 360 510 900
10 62 140 255 400 580 1050
12 69 160 280 440 640 1150
15 78 175 315 500 700 1300
18 85 195 350 540 780 1400
21 93 210 380 595 850 1550
24 100 230 400 640 520 1650

l,’

S. Army Corps of Engineers

1.0
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J. S. Army Corps of Ingineers

Figure F-8. Fountain flow measurement.
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’ \‘\L‘ / Dimensions
=~ B = 3h or more
M 8 {/’ == 3h or more
U ]
\.{ L = 4h min. to
10h max.
Corioct of Eaivhank< Sorco I Pumin Divicion
{Courtesy of Fairbanks Morse, Inc., Pump Divisionj

Figure F-9. Rectangular suppressed weir.

Rectangular Suppressed Rectanguiar Contracted
B e—— & —-
Francis Formula, Q = 3.33Bh?*? Francis Formula,
%r the lmore accurate Rehbock © = 3.33h2 (B — 0.2h)
ormula,

o= (3.228 + 0.4352—‘ ) BhS/t

Thompson Formula, Sides Slope 1:4
Q = 2.54h%/* Cizolett: Formula
¢ Cipolletti Formula,

Q = 3.367BA%/?

(Courtesy of Fairbanks Morse, Inc., Pump Division)

Figure F-10. Formulas for computing flow over various types of weirs.
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(Courtesy of Fairbanks Morse. Inc., Pump Division)

Figure F-11. Plan and elevation of the Parshall measuring flume.

cmnn and narallal and avtand thra nt tha racian
WALLUULAL Gl yux QG1iT1i, Q11U TALVCUIU LUl VURlLIvVUL LI lcslull
of flow as sn(‘iated wn‘rh the weir. Complete aeration of

weirs. The approach channel should be of uniform sec-
tion and of a length at least 15 times the maximum
head on the weir. Smooth flow to and over the weir is
t determmatlo of accurate rates of tlow

&

the ap-
o the still-
mg box should be about 1‘/2 mche s in dlameter and
should be flush with the side of the channel. Formulas
for calculating the flow over various types of weirs are
shown in figure F-10.

b. Parshall flume. Flow in an open channel may also
be measured with a Parshall flume (fig. F-11). The

head drop through the flume is measured by two gates

+3:f+L
U1 i 1€ 10Wer gage
o
er

g F-1 U

less than 70 p e upper gage,
ow is termed “free” and the dlscha ge can be de-
termined by reading the upstream hook gage alone.
The construction and dimensions of a Parshall flume
are shown in figure F-11 and table F-2. The free flow

discharge of a Parshall flume is given in table F-3.
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Table F-2. Dimensions and Capacities, Parshall Flumes.

Throat Free Flow Cu.ft./Sec.
Width A 23A B (o} D E F G K N X Y Max. Min.
03~ 1'6%"” 10%" 1'6" o 0'104¢" 1’4" %’ 1 17 2%~ 1 1%~ 11 0.03
(UG PAR 1'44%" 20~ 13%" 1'35 " 20" 1 2 37 4%~ 20 3~ 3.9 0.06
09" 2'10% "  1'11%” 2'10” 13" 1'10%" 26" v 1%’ 3 4%~ 27 3 8.8 0.09
10" 4'6" 30 4'4%" 20" 2°9%" 30" 2 3 3 9 2% 3~ 16.1 0.356
16" 49" 32 4T%" 26" 4% 30" 2 3 3 9 2 3 24.6 0.61
20" 650" 34" 410%" 30~ 3'11%" 30" 2 3 3 9 27 3 33.1 0.66
30" 66" 38" 4% 40" 6'17%" 30" 2 3 3 9" 27 3~ 50.4 0.97
40" 60" 40" 5'10%~ 50~ 6'4%" 30" 2 3 3 9~ PR 67.9 1.26
50" 66" 44" 644" 60" T6%" 30" 2 3 3 9~ 27 3~ 86.6 2.22
6'0” 70" 48" 6'10%" 70" 89" 30" 2 3 3 9~ DA 103.56 2.63
70" 76" 50" T4%" 80~ 911%" 30" 2 3 3 9" A 1214 4.08
80" 80" 54 T10%" 90" 111%” 30" 2 8 3 9 2+ 3~ 139.6 4.62

(Courtesy of Fairbanks Morse, Inc., Pump Division)

Table F-3. Flee-flow Discharge (in cubic feet per second), Parshall Flume.

Q=4 W Hpsaw" ™

Size of Flume, W,

Head, H,

Feet 3~ 6" 9~ 10" 1'6” 20" kv 40" 5'0” 80" 70" 80"
0.1 .028 .05 .09 ce e emeeee e e eeeee e
0.2 .082 .16 .26 .35 .61 .66 97 1.26 e e
0.3 154 31 49 .64 .94 1.24 1.82 2.39 2.96 3.52 4.08 4.62
0.4 241 48 .76 .99 1.47 1.93 2.86 3.77 4.68 5.57 6.46 7.34
0.5 439 .69 1.06 1.39 2.06 2.73 4.05 5.36 6.66 7.94 9.23 10.51
0.6 450 02 1.40 1.84 2.73 3.62 5.39 7.156 8.89 10.63 12.36 14.08
0.7 671 1.17 1.78 2.5 3.46 4.60 6.86 9.11 11.36 13.59 15.82 18.04
0.8 L702 1.45 2.18 2.85 4.26 5.66 8.46 11.25 14.04 16.81 19.59 22.36
0.9 843 1.74 2.61 3.41 5.10 6.80 10.17 13.55 16.92 20.29 23.66 27.02
1.0 42 2.06 3.07 4.00 6.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00
1.1 2,40 3.05 4.62 6.95 9.27 13.93 18.60 23.26 27.94 32.62 37.30
1.2 2,75 4.06 5.28 7.94 10.61 15.96 21.33 26.71 32.10 37.50 42.89
1.3 L L 4.59 5.96 8.99 12.01 18.10 24.21 30.33 36.47 42.62 48.7

4 5.14 6.68 10.10 13.48 20.32 27.21 34.11 41.05 47.99 54.95
.5 7.41 11.20 15.00 22.64 30.34 38.06 45.82 53.59 61.40
1.6 . L 8.18 12.40 16.58 25.05 33.59 42.17 50.79 59.42 68.10
D 8.97 13.60 18.21 27.55 36.96 46.43 55.05 65.48 75.08
.8 L L 9.79 14.80 19.90 30.13 40.45 50.83 61.29 T1.75 82.29
1.9 L L 10.62 16.10 21.63 32.79 44.05 55.39 66.81 78.24 89,76
20 L 11.49 17.40 23.43 35.63 47.77 60.08 72.50 84.94 9748
21 L L 12.37 18.80 25.27 38.35 51.59 64.92 78.37 91.84 105.40
22 L 13.28 20.20 27.15 41.25 55.52 69.90 84.41 98.94 113.60
233 L e e 14.21 21.60 29.09 44.22 59.56 75.01 90.61 106.20 122.00
2.4 e e 15.16 23.00 31.09 47.27 63.09 80.25 96.97 113.70 130.70
2.5 e 16.13 24.60 33.11 50.39 67.93 85.62 103.50 121.40 139.50

NOTE: Approximate values of flow for heads other than those shown may be found by direct interpolation in
the table.
(Courtesy of Fairbanks Morse, Inc., Pump Division)
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G-1. General. This appendix provides examples
based on actual specifications for installation of de-
watering or pressure relief systems, extracted from

i ract documents.

Government and private industry contr

Mhav hauvae hann anlantad and nvacanéad +4 i 1lngdeada +h o
.l.llt‘:y 11avt UCCILL dricL Lcu aliu pl TdCIL U LU L1I1UdDLIALE LI
various types of specifications described in the test
(para 7-2).

G-2. Types of specifications.

a. Type A specifications are projects where the de-
watering is not too critical with respect to damage to
the permanent work or safety to personnel, and only
the desired results are to be specified. This type of

S e ]

specmcamons maxes the Contractor complenely re-
annnaihla far dagion ingtallatinn and aneration of tha
prll 1UIT 1UL ucaxsu, i1ldualliauivii, daliu vpcliauivll vl uviic
system(s). Specifications may be brief (type A-1) or

and criticality of the dewatermg or pressure relief sys—
tem. The examples of these two types are from Corps
of Engineers projects.

b. Type B specifications are recommended for large,
complex systems, or where the dewatering or pressure
relief is critical with regard to construction of the proj-

ect, damage to permanent work, and safety.
(1Y Tunoa B_1 A nn,\mrmnhnn thaot onvog o Antailad
\L} 4 PC =1, 0 PCblllLdblUll viiauv slVCD a ucuaiicu
deswn and requirements for insfa"afion of a “mini-

for operatmg and maintaining the system, supple-
menting it as necessary to obtain the required results.
The installation is t;hen checked with a full-scale
pumping test to verify i adequacy

—t

spons1b1hty for the adequacy of the system and its
components, major repairs, and replacement of equip-
ment if necessary.

(3) Type B-3. A specmcamon that is similar to
derenn A sxrhawain ~anlss dhn Aacivna A wnory T4a avra ananifiad
Lypc n, I1crceill Villy ulie UCDIICU IESULLS diI€ dpculllcu,
except the degree of difficulty or criticality of the sys-

tem requires that the Contractor retain an “Expert” in
the field of dewatering or pressure relief systems to de-
sign, supervise installation, and monitor the system.

c¢. Types A-1 and B-3 specifications should not be
used unless the issuing agency has considerable confi-
dence in the (dewatering) qualification of the bidders;

ample time and knowledge to check the Contractor’s
submittals; and a willingness to reject the Contractor’s
proposals and accept any associated delays in starting

e n

tne pI‘O]eCE until an acceptame (1951gn 1s submitted.

d. For large and complex dewatering projects where
dewatering is critical to the safety of the work, type

D 1 ananifinatinme awa wannrmimandad. fumae A O amAd
D=1 >dSprlllilaululld dalt IclullL ut:uucu, L pcb n-4 ala
B-3 may be suitable if the Owner or Engineer can or
will enforce the provisions relating to approval of de-
sign, installation, and operation
_____ - L a_..__._ A W ____ _*"02° __ 2% __ __ _
G-3. Example of type A-1 specifications
ldavsssadnwionsa)
‘ CIvTWHIT lllu’.

a. General. The Contractor shall provide ail de-
wrntamng nanaganwr +n lbaan tha anngdmiintian and graw 1.
Wallllig LITLTdddly LU ATTP LIIC LULIDLI UL LIULL dllu WULR
areas dry. The Contractor shall design, install, oper-

ate, and maintain an adequate system. The system
shall be of sufficient size and capacity to maintain a
dry condition without delays to construction opera-
tions.

b. Submittals. The Contractor shall submit a pro-
posed dewateri'ng plan for approval of the Contracting
Officer prior to initiation of any construction or exca-

vation operations. The plan shall show all facilities
nnnnnnn A Fam nnannlerisnor sxridh dhiia cnndinm
P1OUPOUSTU 1UL CULLIPLY1IE WU LIS SECLIVLL,

c. Pagyments. Payment for all work covered in this

specification will be made at the contract lump sum
price for “dewatering,” which price shall constitute
full compensation for furnishing all plant, equipment,
labor, and materials to install, operate, maintain, and
remove the dewatering system.

G-4. Example of type A-2 specifications
(dewatering).

a. Scope. This section covers the design, furnishing,
installation, operation, maintenance, and removal of a
dewatering system, complete.

b. Dewatering.
(1) General. The dewatering system shall be of a
sufficient size and capacity as required to control

, allow all material to
vabed plles drlven, and concrete placed, all in
condition. The system shall include a deep-well sys—

tem, a wellpoint system, other equipment, appurte-

o]

G-1
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nances, and related earthwork necessary for the re-
quired control of water. The sequence of installation of
components of the dewatering system shall be in ac-
cordance with the specifications and drawings. The
system shall remain in continuous operation, as speci-
fied, until a written directive to cease dewatering oper-
ations has been received from the Contracting Officer.

(2) Control of water. The Contractor shall control,
by acceptable means, all water regardless of source.
Water shall be controlled and its disposal provided for
at each berm. The entire periphery of the excavation
area shall be ditched and diked to prevent water from
entering the excavation. The Contractor shall be fully
responsible for disposal of the water and shall provide
all necessary means at no additional cost to the Gov-
ernment.

c. Design. The dewatering system shall be designed
using accepted and professional methods of design and
engineering consistent with the best modern practice.
The dewatering system shall include the deep wells,
wellpoints, and other equipment, appurtenances, and
related earthwork necessary to perform the function.
A representative of the Contractor shall visit the site
to determine the conditions thereof. The Contractor
shall be responsible for the accuracy of the drawings
and design data required hereinafter.

(1) Drawings and design data. The Contractor
shall submit for the approval of the Contracting Of-
ficer, within 30 calendar days after receipt of Notice to
Proceed, drawings and complete design data showing
methods and equipment he or she proposes to utilize in
dewatering, including relief of hydrostatic head, and
in maintaining the excavation in a dewatered and in a
hydrostatically relieved condition. The material to be
submitted shall include, but not necessarily be limited
to, the following:

(@) Drawings indicating the location and size of
berms, dikes, ditches, all deep wells, observation wells,
wellpoints, sumps, and discharge lines, including their
relation to water disposal ditches.

(b) Capacities of pumps, prime movers, and
standby equipment.

(b) Design calculations proving adequacy of sys-
tem and selected equipment.

(d) Detailed description of dewatering proce-
dure and maintenance method.

(2) Responsibility. Approval by the Contracting
Officer of the plans and data submitted by the Con-
tractor shall not in any way be considered to relieve
the Contractor from full responsibility for errors
therein or from the entire responsibility for complete
and adequate design and performance of the system in
controlling the water level in the excavated area and
for control of the hydrostatic pressures to the depths
hereinbefore specified. The Contractor shall be solely
responsible for proper design, installation, proper

operation, maintenance, and any failure of any compo-
nent of the system.

d. Dewatering system. ,

(1) Deep-well system. The clay and sand strata be-
low elevation —13.0 feet are continuous over a large
area. Removal of soils above elevation —25.0 feet. A
deep-well system shall be provided to relieve this pres-
sure. The pressure shall be relieved in the sand strata
such as those indicated on boring S-II-SS-1-62(A)
from 67.5 to 72.0 feet and from 85.5 to 142.5 feet.
These strata will vary in elevation and thickness over
the area. The deep-well system shall be of sufficient
capacity to lower the hydrostatic head to elevation
—~40.0 feet as measured in observation wells at nine
points in the excavation. One installed spare deep well,
complete and ready for immediate operation, shall be
provided for each two operating wells. The use of gaso-
line prime movers will not be permitted in the opera-
tion of deep wells. At each of the nine points two ob-
servation wells shall be installed. One observation well
shall be installed with the screen in the upper sands,
and one observation well shall be installed with the
screen in the lower sands. The riser pipe for the obser-
vation wells will be 2-inch pipe in 5-foot sections. One
of the observation points shall be constructed at co-
ordinate N254 460, E260 065. The remainder of the
observation points will be located by the Contracting
Officer after the dewatering plan is submitted. The ex-
act tip elevation of all observation wells will be estab-
lished after the dewatering plan is submitted; how-
ever, the tip elevation in the lower sand will be at least
100 feet below original ground surface, and the tip ele-
vation of the observation wells in the upper sands will
be approximately 70 feet below original ground sur-
face. The Contractor shall maintain the observation
wells and keep daily records of readings until other-
wise directed by the Contracting Officer.

(2) Wellpoint system. A wellpoint system shall be
used above the top of clay shown on the borings at ap-
proximate elevation —14.0 feet but to dewater the
area from original ground surface to the top of the
clay. This system shall have sufficient capacity to low-
er the head within the excavation to the top of the
clay.

e. Available soil test data and pumping test data.
The soil test data obtained by the Government are
shown on the boring logs. Additional laboratory data
and samples of the soils from borings shown in the
plans are available in the District office for inspection
by bidders. Typical permeability data from laboratory
tests at this site are tabulated. Pumping tests have not
been made at the site; however, the soil profile at the
B-1 and B-2 test stand excavation is similar to this
site and this excavation is now being dewatered by a
deep-well system. Data on this system can be inspected
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standby equipment
(2) Portable electric generators shall have 100

percent standby generating equipment.
(3) Commercial electric power, which is available

at the site, shall have 100 percent standby electric gen-
erating equipment.
(4) The Contractor shall provide not less than one

umt ther than deep
case shall less than one standby pumping unit be pro-
vided. The sizes of the standby pumping units shall be
subject to the approval of the Contracting Officer.

8. Damages. The Contractor shall be responsible
for, and shall repair without cost to the Government,
any damage to work in place, the other Contractors’

......... ard tlan avanzsratinm smalizdice s domanoan 4o
cquq.uucut,, dllu Ll €xCdvdaulull, 1 1nci uillg udlilage w
the hottom due to heave and includine removal of ma-
L€ 00U GQue Le neave and InCiuging remoeva: ¢f ma
terial and pumping out of fhe excavated area that may

result from his or her
proper design and operation of the dewatermg system,
and any mechanical or electrical failure of the de-
watering system.

h. Maintaining excavation in dewatered condition.
(1) General Subsequent to completion and accept-
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Contractor commences dewatering operations, and a
written directive to cease pumping operations has
been received from the Contracting Officer. System

1 11

amtenance shall include but not De limited to 24-
. on

t o
Iby and spare equipment of the same capacity and
quantity as specified in f above; and any other work re-
quired by the Contracting Officer to maintain the ex-
cavation in a dewatered condition. Dewatering shall be
a continuous operation and inberruptions due to out-

ages, or any other reason, shail not be permitied.

(O DRoonnncrhilitay Tha f‘AnLunnbnu ahall ha »aannan
\&) LCOPUIDLY LLLJ. 111T vuliliauvuwul dliall uc ICDPUIA'
=ible for all damages to accepted work in the excava-

his or her failure to maintain and operate the system
as specified above or from water overflowing his or her
ditch.

i. System remouval. Upon receipt of written directive
to cease dewatering operations from the Contracting

A

a y
vvvvvvvvvvvvvvvvvvv Contracting
Offlcer All wells shall be Dlugged and/or filled. Re-
moval work required under this paragraph does not in-
clude any of site cleanup work as required elsewhere in
these specifications
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watered condition, measured to the nearest hour from
completion and final acceptance of the concrete foun-
dation for the A-1 test stand area to the date on which
a written directive to cease pumping operations is re-
ceived from the Contracting Officer.
k. Payment.

(1) Dewatering during excavatton and construc-

tion. Payment for furnishit

tlon w1th desmmn,q. furmshmg. mstalllmz, operatmz.
and maintaining the dewatering system until the work
in the area is completed and accepted will be made at
the applicable contract lump sum price for “Dewater-

dewatermz svstem for the excavatlon A second 25
percent of the contract price for each item will be paid
upon satisfactory completion of 80 percent of the esti-
mated excavation quantity. A third 25 percent of the
contract prlce for each item will be paid upon satisfac-

the required excava-
tract nrice for each

price for each
inal acceptance of all work in
the excavatlon is made The remaining 10 percent of
the contract price for each item will be paid after writ-
ten notice to cease dewatering operations has been is-
sued and final cleanup and final acceptance of all work
has been made.

(ON Moimtoining aren in demnatered condition Pavw.

\&) mainwaining area in Gewaierea Conaiudn. ray-

ment for furnishing all plant, labor, equipment, and
ent for furnishin g all plant, labor, equipment, and

material and for performing all operations in connec-
tion with maintaining the accepted excavations in a
dewatered condition will be made at the applicable
contract unit price per calendar day for “Maintaining
A-1 'l‘est btand bxcavatlon in erater d Conditlon

herembefore

(3) Remouval of systems. Payment for furnishing
all plant, labor, equipment, and material and for per-
forming all operations in connection with removal of

~ a
-9



the dewatering system will be made at the applicable
contract lurnp sum price for “Removal of A-1 Test
Stand Dewatering System.” However, if the Contrac-
tor so elects to sell the installed and operating system
to the succeeding Contractor or to dlspose of the sys-

tem in piace by other means, as approvea y
I all lha wa

G-35. Exomple of fype B-1 speclﬂcaﬂons
(dewatering and pressure reiief).

a. Scope. This section covers furnishing, installa-
tion operation mamtenance and removal ot the jet-

epn ge rnm the soils ahovp. the hﬂtt m of the excava-
e jet-eductor wellpoint sys-
tem deemed necessary by the Contractor to permit in-
stallation of the sheeting shown to grade as specified;
pumping of surface water or seepage through the

sneetmg urmg excavation or after the Jet-eductor de-

wrataming auctars sa fiivmad AFE A rATRAUS and 1maiall

alcrig bysbb‘lll lb LUrTi€da OI1 Or remove u dIilQ 111Stdli-
ing any additional pressure relief wells, pumps, and
appurtenances, 1f iecessary, to maints ill the hydro-

(semipervious) stratum (about el 235+ 1 foot) beneath
the excavation at all times.

b. Responsibility. The Contractor shall be fully re-
sponsible for furnishing, installing, operating, main-
taining, and removing all wellpoint, pressure relief,
and seepage or surface water control systems. How-

.................... 1inf we Alle ssasmans iy o |
cvel, dily p1ressulc [clicl Ullb PuUilipsS, pilplllg, ana

electrical wiring and controls required to lower and

TiTU VA IL&RL Waliilp Qi LU AT ui TR W LUV RL Qs

maintain the hydrostatic water level in the semiper-
vious stratum below the bottom of the excavation, oth-
er than the pressure relief system specified, will be
paid for as an extra.

(1) The Contractor shall be responsible for:

(@) Installing and testing the wellpoint and pres-
qiiva raliaf avgtama ag anani find
DULT I1TL1IT1 c_yabcula ad apcbuicu

(b) Dewatering or controlling any seepage from

the smls above the bottom of the excavation so that
the sheeting may be installed without any significant
sloughing of earth during excavation and placement of
sheeting and pea gravel backpack.
(c ) Maintainmg the hydros
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d) Mamtam.\.n:T the bottom of the excavation
free of all seepage or surface water until the structural
mat has been placed and the waterproofing installed
up to the top of the mat.

(¢) Operating, maintaining, and monitoring the
wellpoint and pressure relief well systems. System

aintenance shall include but not be limited to at leas st

G-4

daily supervision by someone skilled in the operation,
maintenance and replacement of system components;
at least one spare submersible pump and controls and
one pressure pump of the same capacity as specified;

and any other work required by the Contracting Offi-

terruptlons due to power outages, or any other rea
shall not be permitted. Some respon31ble person shal]
also monitor the dewatering sump pumping, and
pumping the relief wells continuously until the suc-
ceeding contractor assumes the responsibility for such,

and the Contractor has received a written instructive
thaot ha Ar cha 1a na lanaogan waannnaithla fan +hia Aman
viiay 11T Y1 DIlIT 1d 11V IUIIECI IUDPUIIDIUIC 1UL UllLld Upcl-
ation

(2) The Contractor shall also be fully responsible

for any failure of any component of the systems. The

Contractor shall be responsible for all damages to

work in the excavation area and for damages to any

other area caused by failure to maintain and operate
Pl P

4Ll
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d pressure relief systems as speci-

dewatering an

N
=}
[
[>T
|:0, Ls

[4:]
& ¢
15
-+
D
— &
Q
g
(4]
=]
-+
':"
ﬁ
2
5
(=%
g
i~
o
D
~ g
o+

D
=
(4
[+]
2
Y]

D
3
o+
o

the xcavation and mtercept seepage from the sandy
and gravelly soil above the Cockfield formation (at
about el 253.0 feet) so that excavation and placement
of the wood sheeting and pea gravel backpack can be
accompusnea w1tn mmimum dif nculty, and with utt
Yy M 3

the sheeting and edge of C pr
installed, maintained, and pumped should permrt lac-
ing the “mud” mat on foundation soils free of any sur-
face water. If the Contractor considers the spacing of
the wellpoints inadequate to accomplish the excava-
tion and placement of the wood sneeting, as specified,

til the excavatlo has been dug to grade and the “mud”
mat poured. After the “mud” mat has been placed, the
wellpoint system may be turned off and any seepage
through the wood sheeting removed by sump pump-
ing. After the “A” piezometers for momtoring the

groundwater table above the Cockfield formation and
tha wallnaint qugtem have hoan ingtallad thao avatam
LiicT WCLLPUILII/ E_y DLTI1ILI 11aVT Tl Lual.,aucu, LIIT DYDLLCILL

shall be tested for flow and groundwater lowering pri-
or to starting any excavation. The well system is to re-

lieve excess hydrostatic pressure in the semlpervious
stratum below the excavation to insure no heave of the
soil strata above this stratum. It is imperative that no
heave of the soil strata above the semipervmus stra-
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(2) Control of water. The Contractor shall control

o

uria ce water, any seepage mto the excavatlon and

11
all s

l.“..l.. mumaaaiina 1 tha aamai;aseri e cdends
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neath the excavati ion, r gardless of source. Anv onen-
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ing in the wood laggmg, through which seepage is car-
rying any soil, shall be promptly caulked. Any water
seeping, falling, or running into the excavation as it is
dug shall be promptly pumped out. The entire periph-
ery of the excavation area shall be suitably diked, and
the dike maintained, to prevent any surface water

from running Inf the nvnovafu\n The
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shall be fully responsible for disposal of all water from
the excavation and from the wellpomt and relief well
systems in an approved manner at no additional cost
to the Government.

3) Weilpoint and pressure relief system data. The
ontractor shall submit for approval by the Contract-

g Officer, within 10 calendar days after receipt of
NOtlce to Proceed, complete information regarding
motor generator, pumps, wellpoints, jet-eductors, well
screens, and any other equipment that he or she pro-
poses to utilize in dewatering and relieving hydrostatic
pressure, and in mamtamlng the excavation in a dewa-

'C)

tered and hydrostatically relieved condition. The data
to be submitted shall include, but not necessarily be
limited to, the following:

otor gener-

ator, and types and pertinent features

wellpoints, and jet-eductor pumps.
(b) Plans for operating, maintaining, and moni-
toring the wellpoint and relief well systems.

(4) Jet-eductor wellpoint system.

(@) The soils at the site consist essentially of fill,
clays and silts, and some silty sand and clay sands with
occasionally pea gravel above the Cockfield formation.
Th Jet-eductor wellpoint system has been de51gned to
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of the 1mperv1ous Cockfl ld forrnatlon at about the
bottom of the excavation, it is not possible to lower the
groundwater table and intercept most of the seepage
that will flow toward the excavation as it is dug. Be-
cause of the impervious Cockfield formation at about
the bottom of the excavation, it is not possible to lower

-eductor wellpomt system
should intercept most of the seepage and stabilize the
soil sufficiently to install the wood sheeting subse-
quently specme without any significant sloughmg of
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the soil behind the sheeting prior to placement of
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pea gravel backpack. The fact that some minor seepa

may bypass the wellpoints should be antlclpated by
the Contractor. The tips for the wellpoints shall be in-
stalled approximately 12 inches below the top of the

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

Cockfield formation as encountered during installa-
tion of the system.
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(6) The wellpoints shall have a minimum screen
or Q]Ottpd ]epwfh of 20 inchesg and shall ha af tha “hat-
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tom suction” type. The wellpoint screens shall be of 30-
mesh cloth or have #25 slots. The wellpoints shall be of
a high-capacity type with a diameter of approximately
2% inches. The jet-eductor pumps and pressure and re-
turn riser pipes shall have a capacity and be operated
at a pressure which will produce a minimum flow of 2
¢ lift of 25 feet. If the

ons per minnta “nfl'\ 25
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Contractor uses let—eductor
ity greater than 3 gallons per minute, it will be neces-
sary for him to redesign the pressure and return head-
er lines. The pressure pumps and recirculation tank
shall be designed by the Contractor. The pumps shall
have auequate head and pnm‘pmg characteristics to
match the number and capacity of the jet-eductors be-
ing used. Both the pressure and return header lines
shall be provided with pressure gages at the pumps
and across the excavation from the pumps. Overflow
from the recirculation tank shall be arranged so that

the flow from the wellpoint system can ye readily

mp with a vield capac-
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(c) The filter sand to be placed around the well-
points and up to within 10 feet of the ground surface
shall be a clean, washed sand (A) having a gradation
falling within the following range:

U.S. Standard Filter Sand A
Sieve Size Percent Passing

10 78-100
16 35-82

20 15-58

30 3-32

40 0-13

50 0-3

(d) The wellpoints shall be installed by a combi-
nation of driving and jetting (with a hole puncher) a
12-inch “sanding” casing to approximately 1 foot be-
lnur tha Gnr\ nf +h Canl-fialA tha

OW tne top Ol tne LOoCKileiwd fuxuxatxuu, riﬂ“uxs the
“sanding” casing until there is no more sediment in the
casing, centering the wellpoint and lowering it to the
bottom of the hole, placing Filter Sand A in the casing
around the wellpoint in a heavy continuous stream up
to within 10 feet of the ground surface, and then fill-

g the remainder of the hole with a thlck bentonltlc

ar huy nanring in a m
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ing 10 percent granular bentonite, up to ﬂm m-mmd

surface Before the working day is over, all wellpoints
installed that day shall be pumped with a small centri-
fugal pump, capable of producing a 25-foot vacuum,
until the effluent becomes clear. Jet water used for in-
stalling the wellpoints shail be clear polished s0 that
return of Jct water up thuusu the aaudxus \,amus is
achieved before the casing has been driven to a depth
of more than about 10 feet from the surface. It may be

necessary or expeditious to prebore the holes for the
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jotting + 192-inch sanding casing to grade. Anv such
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predrilling mplished in a manner which
will not cause avmg of the hole as it is drilled. In
jetting the sandmg casing for the wellpoints, provision
shall be made to prevent jet water from spraying over
sidewalks and streets being used for pedestrians
and/or vehicular traffic, and from running over or into

streets being used by su abh Mho Oardnnntar will ha ra
streets peing usea oy sucn. 1ne Lontractor wii o€ re-
anonsible for disnosal of iet water in a manner satisfac-
uyv..u.u. for disposal of jet water 1n a manner satistac

ory to the City and the Construction Manazer

(¢) Each jet-eductor wellpoint shall be provided
with a suitable strainer at the top of the pressure riser
pipe to prevent the entrance of any particles, which
might clog the jet-eductor nozzle, and a stopcock or

valves, which will permit isolating the wellpoint to
narmit y tootin nd nmning tha wallnnint
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(5) Pressure relzef wells and pumps. The pressure
relief wells shall be installed at the locations specified.
These wells are to reduce the hydrostatic head in the
semipervmus stratum below the excavation to eleva-

P k=110 2 ULl caseen cbwadiien nd dhn lanndiaea
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(@) The screens for the relief wells shall be 10
feet long and shall be mstalled in the semipervious
stratum at about elevation 235+ 1 foot. The screens
shall have a nominal diameter of 4 inches They may

Johnson wire-wrapped screen, or other proved
~nraor Tha gavanna ghall ha anvarad with 2.mach
sSUIecell 111 DULTTIL olidll UT LUVTITU VWiull vvTiucooll
brass or stainless steel gauze or slotted with #20 slots

with a minimum open area of 5 percent. The riser pipe
shall also have a 4-inch nominal diameter; it may be
either PVC plastic pipe or steel. The screen portion of
the wells and up for a distance of 5 feet above the top
ot screen shall be surrounded with a clean, wasned uni-
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Sieve Size Percent Passing

10 95-100

20 58-90

30 30-73

40 5-50

50 0-25

70 0-8
Suppliers who can furnish Filter Sands A and B are as
follows

Filter Sand Filter Sand
Supplier A B

1. - - -
2. - - -

Lla cnsssmma ciisdahla £ac frnadanllabinm 3:v A tmmnh mnaminal
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diametar wellg with a canacitv of 3 to 10 gallons ner
alameter welus witlh a ¢apacily ol & 10 1V gallols per
~

; all be responslble or design
installing the electrical system for powering the sub-
mersible pumps in the relief wells. The electrical sys-
tem shall meet the local electrical code and be ap-
proved by the Contracting Officer. Each pump shall be

provided with a starter and fuse disconnect with a

clearly visible red light mounted on the control panel
+thaot chawvra rad whanm +tha niimn .n ..... 3rmar A manadan
viiau DIIUVYWD 1Tu 11Tl L1IT pun lp > uiuuus o HIUWIE
generator with a capa ity capahle of starting ll of the

be provided and hooked into the electrical system at all
times. This generator shall be operated to keep the
pumps in the relief wells running in event of power
failure. It shall be maintained in first class condition,

protected from the weather, and started at least twice
a woalr +n nhanlr ite Anarating nnanditian
aA ywoun uuw uiioun 1uvo val av. A\ Uuiuvivil.

shall be 1nstall d or sh htlv below the bottom of the
semipervious stratum as encountered during installa-
tion. They shall be installed using the same procedure
as spemfied for the wellpoints except that in all proba-

bility it will be necessary to predrill the holes to grade
it 2 TN S nblh assovne hanasion ~f+l. A cC.q..lL.. Sem tnbdiam
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to grade the well screen and riser pipe shall be cen-
tered accurately and lowered to within 1 foot of the
bottom of the casing Filter Sand B poured into the

steady stream untﬂ the filter sand is at least 5 feet
ahava tho tan of tha aerecan: tha ramaindar af +tha hala
ajvuvcec Llic DUlJ Ul LlIT DdLITTIll, LIIT 1T1ilAdlllucTl Vvl LT vic
mav be filled with (']pap me ium sand. The sanding

has been installed, it shall be promptly pumped with a
centrifugal pump capable of producing a 25-foot va-
cuum until the effluent is clear. The submersible pump
then shall be lowered and suspended in the well with

/o I MY S R S RS AU S I ) ey e 1 |
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with a check_ valve, and the connection between the

discharge pipe from the pump to header pipe shall be
provided w1th a gate valve which will permit removal
of the pump if necessary. The top of the well shall be
sealed with a suitable well cap or plate provided with a

be run on the omoleted system to determme its ade-
quacy and pumping rate. This test shall be run for a
minimum of 6 hours. The water level in the B piezome-
ters and in the wells and flow from the system shall be
measured at the following intervals after the start of
pumping 10 minutes, 30 minutes, 1 hour, 2 hours, 3

hatma A hnare and 8 haire

HUurL D, ¢ 11Uu ‘B aiiu U nuurs>
(d) All of the submersible numns shall new
(d) All of the submersible pumps shall be new,
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and one new spare pump and controls shall be at the
job site at all times. The electrical system and controls
shall be designed so that failure of any one pump, or
the need to disconnect and replace a pump, does not
adversely affect operation of any other pump.

(¢) The Contractor shall be responsible for re-
cording the results of the pumping tests on the well
system and furnishing them to the Construction Man-

acaw Ha ahall alan advicns + A b wrnds e armaoan ot

ApRTL,. 11T dlidll AldU aAuvidT bhc CUIIDI.;I ucuvivil l\v{auassu al
least three days in advance of making this test so that
a representative of the Government can observe the
test.

(f) Because of the importance of preventing any
significant artesian head in the semipervious stratum
above the bottom of the excavation, tees shall be in-
stalled in the riser pipe fi

a ian pressur event of any pump
electrical fallure These tees shall be provided with
plugs during installation of the wells; as the excava-
tion is carried down to each tee, the plug in that tee
shall be removed and a 2-inch pipe with brass check
valve inserted in the tee so that water can flow into the

excavation. As each tee is connected into the excava-
tinn the tee ahnve chall he coaalad
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(g) Installation of the wellpoint and the relief
well systems shall be supervised by someone with at
least 5 years actual experience in installing such sys-
tems. A log of each relief well shall be maintained by
the bontractor Iorms for loggmg installation of the
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the locations specxfled to measure th groundwater ta-
ble in the line of wellpoints and in the excavation (A
piezometers), and to measure the hydrostatic water
level in the semipervious stratum beneath the excava-
tion (B piezometers). The tips of the A piezometers
shall be set at the top of the Cockfield formation; the

hne of the R nln'rnmofnre shall he sat in the middle of

the semipervious stratum. The A piezometers shall be
surrounded with Filter Sand A; the tips of the B pie-
zometers shall be surrounded with Filter Sand B. The
A piezometers shall be installed using the same equip-
ment and procedure specified for instaliing the well-
pOiﬁLS‘ the B perOi‘x‘lELerS shall be sealed with an ex-
panding cement bentonite grout up to at least eleva-
tion 252.0 feet. After sealing around a B piezometer,
the sanding casing shall be checked to see if there is
any bentonite or cement in the casing; and if such ex-
ists, the casing shall be thoroughly washed prior to in-
stallation of the next piezometer

(@) The piezometers shall consis L0
w) 1he pleLUlllELClb blldu LUHblbL Ol d
(§

de f‘m.uete (I.D.) (Sch 40 or 80) PVC screen w
,,,,,, to 0.030-inch slots connected to 1.50-inch 1.D.
{Sch 40 or 80) PVC riser pipe. Screens shall be 5 feet
long. The joints of the screen and riser shall be flush
(inside and outside) and shall be glued together with
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PVC pipe cement. The top of the riser shall be cut off
30 inches above the ground surface and provided with

a threaded cap with a 1/.1nnh hole in the side. The up-

$6103 4%

per part of the piezometer shall be protected by install-
ing a 6-inch 1.D. cardboard casing around the riser em-
bedded 2 feet below the ground surface and filling the
casing with concrete. After removal of the cardboard
casing, the top 30 inches of each piezometer shall be
painwd ua’y-gxo Orarge, and the plezomELcl number
marked in 3-inch-high black characters.

(b) Each piezometer shall be pumped after in-
stallation and then checked to determine if it is func-
tioning properly by filling with water and observing
the rate of fall. For the piezometer to be considered ac-

o Sy
per minute, or when t
ter, the water ley

distance to the groundwater table in a time less than
the time given below for various types of soil:

lled with wa-
ataly half tha
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yPlUAllllubC Ly nail ine

Type of Soil Period of Approximate time
in which piezometer observation of 50 percent
screen is wet minutes fail, minutes
Sandy silt (>50% silt) 30 30
Silty sand (<50% silt,
>12% silt) 10 5
Fine sand (<12%silt) 5 1

If the piezometer does not function properly, it shall be
developed by air surging or pumping with air if neces-
sary to make 1t pertorm properly

r (avarn
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the soils from the borings made by are

available for inspection by bidders at

e. Damages. The Contractor shall be responsible and

211 ctor Qll VT ICsp0L T aiik

shall repair any damage to the excavation, including
damage to the bottom due to heave, that may result
from his or her negligence, improper operation of the
dewatering and pressure relief systems, and any me-

£

chanical or electrical failure of the sysnems

f Mazntammg excavatton unwatered and pressure

all ‘xrnvb in tha averavatad avan +tha OAantranta or aha |]
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maintain the excavation unwatered and fhe er lev-

until placement of the structural mat is complete and
the backfill has been placed to elevation 256.0 feet,
and a written directive to cease pumping has been re-
ceived from the Contracting Officer. The Contractor
shall be responsible for maintaining the excavation un-
watered and pressure relieved during this period as set

for above except for operation of the wellpomt system.

g. Removal of wellpoint system. After excavation to
grade, installation of drainage ditch, sump pump, and
placement of the “mud” mat, the wellpoint system may

be removed. Removal of the wellpoint dewatering sys-
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temporary elatncal aecanda. Y, as apprsved by the
Contracting Officer. Any holes remaining after pulling

the wellpoints shall be fllled with sand. Sump pump-
ing of seepage and surface water thereafter shall con-
tinue as required to keep the excavation in an unwa-
tered condition until all structural concrete work and
backfill are complete, and the succeeding bontractor

has assumed responsibility for maintaining the exca-
vation in an unwatered condition

h. Method of measurement. Dewatering, as speci-
fied in f above, to be paid for will be determined by the
number of calendar days (24 hours), counted on a day-
to-day basis, the excavation is maintained in an unwa-

tered condition and pressure relieved, from completion
and final acceptance of the concrete mat to the date on
which a written directive to cease pumping operations
is received from the Contracting Officer.

i. Unit price. Any pressure relief wells and related
apurtenances required in addition to the specified

mmncciinn walinf avetars ahall ha maid faw ot tha inié

plt;'saurb Ireliel ybtelll Slidil S puxu iUl atu blle uliiv
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price for “additional pressure relief wells

G-b6. Excmpie of type B-2 specificuﬁons
(dewatering and pressure reiief).

a. Scope This sectlon covers: furmshlng, install-
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necessary, to lower and mamtam the hydrostatlc wa-
ter level in the sand formation beneath the excavation
to a level at least 5 feet beneath any Phase Il excavated
surfaces, and have the capacity to lower the water lev-
el to elevations — zs 0 ana -35.0 Ieet beneatn me
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seepage from the soils above and below the
bottom 0 the excavatlon not intercepted by the speci-
fied well and jet-eductor systems, by installing addi-
tional jet-eductor wells, wellpoints, pumps, and appur-

tenances if necessary, so as to assure a stable bottom at
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tor wells wellnomts and/or sand drams if required;
pumps, engines, and piping; and related appurte-
nances; and dikes, ditches, sumps, and pumps neces-
sary for control of surface water. The dewatering sys-
tems shau remain 1 ontmuous operation, as spem-

The contractor shall designate a representative or
engineer experienced in dewatering large excavations
whose responsibility will be to assure that the dewater-
ing systems comply with the contract plans and speci-

fications with respect to materials, installation, main-
tenance, and operation of the dewatering systems so as
to control subsurface pressures, groundwater and seep-
age, and surface water and maintain records as speci-
fied herein. The “dewatering” engineer’s duties shall

imalinda dha €A1 A
inciuae uie€ iouo w'iug
(1) Materials and equinment. The Contractor’s
quipment, lhe Contractor

N4/ Material

“dewatering” engineer shall obtain all specified data
and supervise making all tests and/or measurements to
determine that all materials incorporated in the work
are in accordance with the plans and specifications.
Materials and equlpment to be checked shau 1nclude

zometers, and related appurtenances.

(2) Installation. The Contractor’s “dewatering”
engineer shall check to be sure that specified proce-
dures and metnoa for instaiiing wells, pumps je‘t-

ith the snemﬁca-
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tions and drawings.

(3) Operation and maintenance. The Contractor’s
“dewatering” engineer shall supervise the operation
and maintenance of the dewatering systems, supple-

v, ["
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all required mezgm_etnc well performance, and flow

data. The Contractor shall inspect the test starting of
each nonoperating dewatering pump and engine in-
stalled in a well or on the system on a weekly basis and
include in a daily report reference to the conduct of the
test, tne number of pumps and engmes tested and any

notnfv the Contract or and the Contractme Offlcers
Representative (C.O.R.) immediately of any event or
information not in accordance with the specifications.
Thirty days prior to completion of the work under this
contract, the Contractor shall furnish to the Govern-

b VR 2 YN | h

ment a complete set of “as-built” drawings of the de-
wratnring Faniliting inatallad and all gionifirant anara
waulct 1115 1Aauviiluicd 1idvailicu, aillu ail Dlslllllbmlb U}lcld'
tional, maintenance, and performance data and rec-

ords.

(4) Records. A copy of all inspection and test data
relating to materials, installation, operation and main-
tenance, and performance of the dewatering systems,
and supplemental groundwat‘,er controi facilities if
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c. General. The dewatering systems shall be in-
stalled, operated, and maintained so as to reduce the
artesian pressure in the sand formation below the ex-
cavation, and controi seepage from any excavated
slopes or into the bottom of the excavation as specified
below, so that the work covered under this contract
can be accomplished in stable areas free of water and
without heaving of soil strata overlying the sand aqui-
fer within the cofferdammed area.

(1) Dewatering requirements. Construction de-

taving laclk and dam evxecavation ]’\v
tering 10CKX ang dam excavation

1

’
pumping from deep wells; jet-eductor wells; and any
other supplemental groundwater control facilities if
required.

(b) Unwatering the Phase I excavation.

(c) Testing adequacy of deep well system prior
to and after uuwawnug the Phase I excavation. Eval-
uation of the adequacy of the jet-eductor system after
unwatering the excavation.

(d) Controlling and removing of surface water
falling into the excavation.

The dewatering systems for Phase II excavation for
the lock and dam shall be constructed in accordance
chh tne uetallb bnown on Lne urdWlugb dllu LIIE re-
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control seepage from any excavated slopes or the bot-
tom of the excavation so as to assure a stable work
area at grade and prevent raveling or sloughing of ex-
cavated slopes, and to lower the hydrostatic water lev-
el in the deep underlying sand formation so that as the
excavation progresses the piezometric heads and
groundwater table are maintained at least 5 feet below
the bottom of the excavation and 3 feet below the
slopes at all times, as measured by construction pie-
zometers. After the hydrostatic water level in the deep
sand formation has been lowered to the requlred levels
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peneath tne excavation, it snai oe maintained at the
wamnivad alavatinne en that all tacting and canatriictinn
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operations can be performed in the dry without inter-

ruption.
(2) Design of dewatering systems. The (dewater-
ing) well system has been designed to lower the hydro-
static water ievel to elevation —26.0 feet in the deep
sand formation beneath the excavation for the dam
and to elevation — 35.0 feet beneath the lock (or below)
with a river stage at elevation 60.0 feet, with as many
as two to five well pumps off depending on their loca-
tion.
@) The jet-eductor wells (indicated by borings
made in and around the excavation) have been de-
signed to drain semipervious soils in the top stratum

+n nravant ar Mminimiza anv datrimantal caanaca fram
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ditional jet-eductor wells may be required to control
seepage from other sections of the slopes around the
excavation. As shown by the boring logs and subse-
quently referenced reports, the stratification of the
top stratum soils above the deep sands is erratic {more
so in some areas than others). The deep wells and jet-
eductor wells, subsequently installed around the top or
upper berm for the excavation, may or may not com-
pletely dewater or stabilize all slopes or areas in the
bottom of the excavation. Dewatering facilities for
control of groundwater in the lower part or bottom of

required, shall be designed by the
nnnv-nno] af tha Cantractine Of.

Oantrantar enhiant tn
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ficer. Facilities for unwatering the Phase II excava-

tion, and controlling and sump pumping surface wa-
ter, shall be designed by the Contractor.

(b) The Contractor shall submit for approval by
the C.0. within 15 calendar days after receipt of No-
tice to Proceed complete information regarding meth-
ods and equipment he or she proposes to utilize for in-
stalling the jet-eductor wells and pumping the dewa-
tering wells required by these specifications. The Con-
tractor shall at the same time submit detailed design
data and drawings for the system he or she plans for
controlling surface water and unwatering the excava-
tion for the Phase I work. The material to be submitted
he limitad +o +ha fal.

noccarily
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characteristics of all well and

jet-eductor pumps, engines, gear heads, flexible cou-
plings, and standby equipment; description of equip-
ment and procedures he or she proposes to use for in-
stalling the dewatering wells, jet-eductor wells, and
any supplemental dewatering facilities, if required, in
the bottom or lower part of the excavation; calcula-
tions and drawings of dikes, ditches, sumps, pumps,

and discharge piping for unwatermg the Phase I exca-
vation and for controlling surface water; and a de-
tailed description of his or her procedures and plans
for supervising the installation, operation, and mainte-
nance of the dewaiering systems to insure that the sys-

ra ara inatallad ag ananifiad harain and that thav ara
\aClllB alcT 11idualicu ad DPULILICU 11TLIT111 Ailu uuau l;.llc" airco

operated and maintained so as to preserve the systems
in first class working condltlons subject to normal
wear, throughout the life of this contract.

(¢) Approval by the Contracting Officer of the
plans and data submitted by the Contractor shall not
relieve the Contractor from the responsibility for con-
trolling surface water, seepage, and artesian head and
groundwater levels in the excavated areas as, and to
the extent, specified herein.

(3) Responsibility. The Contractor shall be fully
responsible for furnishing, installing, operating, and
maintaining the dewatering and jet-eductor well sys-
tems, as specified, and any other seepage and surface

2.
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dewatering wells, pumps, piping, etc., required to con-
trol groundwater in the main excavated slopes around
the excavation and in the deep sand stratum below the

Any supplemental measures for control of seepag",
whether perched or otherwise, in the bottom of the
Phase II excavation or from excavated slopes in the
bottom of the excavation, will not be paid for as an ex-

(@) The Contractor shall be responsibie for: in-
stalhng and testmg the dewatenng well and ]et-educ-

4tha Dhaca T acvnavatinn: nnmratamng #LA Phaoao T avoova.
LIl I11ad¢T 1 TAvavaliu l, uilvwalulct uls LIIT 1 ijadT 1 ©avava-
tion; dewatering and/or controlling any seepage from
tion tering and/or controlling any see n

nec1f1ed excavated slopes or in the bottom of the exca-
vation so as to prevent any raveling or other instabili-
ty of the slopes while unwatering of the Phase I exca-
vation and driving the test and foundation piling un-
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s s, and controlling any tri seepage
emerging from pervious soils in the top stratum low-
ering the groundwater table in pervious or semiper-
vious strata in the top stratum at least 3 feet below
any excavated slopes except at the contact with an un-
derlying impervious stratum; mamtammg the bottom
£
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taining the dewatering sy tems

() The Contractor shall be responsible for in-
stalling and operating continuously the dewatering
well systems specified herein, and any other supple-

mental wells pumps and engmes necessary to lower
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chamber and elevation —35.0 feet in the gate bay

areas for the lock, for a projected Red River stage of

elevation 60.0 feet. The Contractor shall also be re-

sponsible for maintaining the groundwater table in
P Ve
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surface of the slope, and shall control any seepa
the contact between seeping soil strata and impervious
strata occurring at any time which might otherwise
cause raveling or instability of the slope at that level.
Any noncompiiance with the above specif'ied ground-

111 Ll

water control reqmrements shaii be prompmy rectified

n annavrdannn gurnith thaon nnt\l\-“‘na‘»

accordance with these specitications
(¢) The Contractor shall be responsible for all

AW/ 22T ULaiuviGuuvia  Sai&a pAV 4

damage to work in excavated areas caused by failure to
maintain and operate the dewatering systems as speci-
fied.

(4) Installation sequence. Prior to installation of

G-10
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the deep and jet-eductors dewatering wells, the Con-
tractor shall submit a plan of his or her procedures and
equlpment for accomphshmg the work within fifteen

(15) days of his or her Notice to Proceed. After receiv-
ing approval of such procedures and equipment, he or
cha chal ;nata 1 and fnet the ahnva ﬂnmnfewnn‘ quato
she shall install and test the above dewatering system,
including unwatering the Phase I excavation, within
120 calendar days. Any apparent deficiencies in the

deep or jet-eductor well systems for whatever cause
shall be corrected within 15 calendar days after evalu-
ation of the pumping tests made on the systems and
notification by the Contracting Officer. There shall be
no unwatering of the Phase I excavation until the
deep-well system has been in lled and ed, and no
unwatering of the excavatlon more than 3 to5 feet be-
low any reach of the uppermost berm, where jet-educ-
tor wells are to be installed, until all of the jet-eductor

wells specified are installed.

(5) Testing dewatering system. After the deep-
well dewatering system has been completeiy installed,
ite adanniarny chall ha nhanlrad hy tha Cantrarntar mal-_
1L aucquab_y o1idAdil UT uiiouncu U_y V11T UViIILviAuULUL 1iian
ing a pumping test on the entire system, as directed by

the C.O.R., prior to unwatering the Phas excavation
and at the completlon of unwatering the Phase I exca-
vation. The jet-eductor systems shall be continuously
operated while unwatering the Phase I excavation and
the adequacy of ltS penormance evamatea after com-

P L & T 21
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the dewatenng well system and Jet-eductor wells are
found to be inadequate to control the groundwater and
artesian head below the excavation, they shall be sup-
plemented as provided for subsequently in these speci-
fications.

S d e
well and 1et-eductor svstem and any supplementary
wells or seepage control measures that may have been
installed, as needed to comply with these specifica-
tions during the complete period of this contract

sy rry

MY b ada TV Vs Ll a4 sl M
vontiracior, U poil COLIIPICLILLL 01 Lll S Conurdcy, uie voll-
tractnr chall turn agver the comnlate deen-well iot-

v 291789 Y Vuiilil vyvyual VALL LVUVIALMILVVLY MUV VY Ll VL
eductor, and surface water control systems and all

standby equipment to the Phase III Contractor or the
Government who will at that time assume ownership
and operation of the dewatering and surface water
control systems The Phase III Contractor will be re-
sponsmle Ior removal of the systems in accordance
jation for Phase I cont

on £ 1T 4

will be the resnon51b1ht of he contractor to unwater
the excavation made during the Phase I contract for
this project. No unwatering of the excavation shall be
started until after the deep-well and jet-eductor dewa-

ract. It
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tering systems have been completely installed and ini-
tially tested. When, and if, the first full-scale pumping
test conducted on the dewatering system shows the
system adequate to lower and maintain the hydrostat-
ic water level in the deep underlying foundation 3 to 5
feet below the water level in the excavation as it is un-
watered, the Contracting Officer will advise in writing
that the Contractor may proceed with unwatering the
excavation. The water level in the Phase I excavation
shall be lowered at a rate not to exceed 1 foot per day
or slower if there is any sign of raveling or instability
of the excavated slopes.

urface water co send ML~ Mo de b L1135
(9) Surface water control. The Contractor shall in-
stall, operate, and maintain dikes, ditches, sumps,

pumps, and discharge piping for controlling surface
water so as to prevent flooding of the work area for
driving the test and foundation piles for the dam.
(10) Available soil and pumping test data.
(@) Some of the soil test data obtained by the

AAAAAAA awma ol eeaen IR I WS e [ Ad3c___ 1
UUVUllllllCllL are snowim on tne U()I'lllg 108gS. Auultlondl
logs of borings made for the project are plottedin ____

_____________ dated

. The above report and additional labora-
tory data and samples of soils from the borings shown
on the plans are availableinthe _ __ __

T S
oliceor .

) Pumpmg tests have been performed on three

ells installed at th 1e site. One of mese test weus (weu

".v nenetrated
A o

the deep sand aqulfer beneath the excavatlon site; two
of the test wells (Welis B and C) were installed to a
depth of approximately 80 feet for the purpose of test-
ing the upper top strata of silty sands and sandy silts.
The locations of the test wells and some of the piez-
ometers installed in connection with making the
pumping tests are shown on the drawings. The eleva-
tion of the well screens for the test wells and piezome-
ters and logs of borings made along the piezometer
lines radiating out from the test wells were plotted. A
hydrograph of the Red River and Piezometers PA9 and

anmn NN o TX7 11 A

PASYA installed 2970 and 3970 feet from Test Well A,

1 + Wall A ch
observed during the test on Well A, are shown on a

drawing of these specifications. Plots were made of
drawdown observed while pumping Test Well A, cor-
rected for an estimated (natural) change in the ground-
water table during these tests as a result of a rise on
the Red River. Results of the pumping tests made on
Test Wells B and C were also plotted. No correction
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Was made ior any naturai ¢namnge in wne gro a
table during the pumping test on Wells B an d C inas-
much as there was very little change in the river stage
during the pumping test on these wells. A report on
the pumping test made at the site by

and design of the dewatering systems may be exam-

ined at the New Orleans District Office or at the office
of . The Government guar-
antees the accuracy of the basic river stage and pump-
ing test data as obtained for the particular wells in-
stalled at the locations tested; however, as the logs of
borings indicate, the characteristics of the subsurface
soils at the site vary considerably, and therefore the
Contractor sheuld not assume that the data obtaiped

are representatlve of all conditions that exist at the
site. Therefore, it shall be the responsibility of the
Contractor to make his or her own evaluation of the re-
lation of the pumping test data to subsurface condi-
tions at other locations at the site.

(c) The subsurface soils at the site consist of a
top stratum of clays, silts, and fine sands, with widely
varying degrees of arrangement and stratification,
with a depth of about 80 to 120 feet. A stratum of
rather pervious sand underlies the entire site with a

thickness of approximately 220 feet. The top of this

wm varies from ahon
dct:p uub}\ buud stratum varies from about EICVduOIl

—-20.0to —70.0 feet. Logs of three horines (M—-1 M_2

vvvvvv .0 feet, Logs of three borings (M-1 M-2
and M-3) made 500 feet deep indicate that this sand
stratum is underlain by a clay stratum about 120 feet
thick at a depth of about 290 to 380 feet. This clay
stratum may or may not be continuous. It is underlain
by more sand to a depth of about 400 feet.

(d) The Red River flows along and around a por-

tion of the site for the excavation, the deeper parts of

the river in the vicinity of the excavation range from
approximately elevation 10.0 to —20.0 feet. To what
extent the channel of the river provides an open source
of seepage into the underlying deep sand formation is
not known the logs of a few borings made in the bed
arn d i‘lg l,IlU l)d[lK Ul. Llle rlver are snown ln Ene pl‘e-
It will be

viouslv referenced renort hv It will be
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the responsibility of the Contractor to make his or her
own evaluation of the effect of the Red River on dewa-
tering and control of seepage into the excavation, not
otherwise covered by these specifications.

(¢) Chemical analyses of sample of groundwater

taken from Test Wells A, B, and C on 28 April 1978
gave the following results:
Well A
137ft  260-ft
Total depth depth  WellB  WellC

pH 6.8 7.0 7.0 6.9
Chioride (CI) 115 30 60 110
Suspended Solids (ppm) 52 34 62 37
Volatile Solids (ppm) 8 5.5 7 5
Total Solids (ppm) 520 762 977 1620
Total Dissolved Solids

(ppm) 468 728 915 1583
Total Volatile Solids

(ppm) 50 65 88 227
Sulfate (ppm) 7 9 539 202
Hardness (CaCOy) (ppm) 390 423 694 1066
Magnesium 26 28 54 94
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Well A
137-ft 260-ft

Total depth depth WellB WellC

Manganese 2 2 1 1
Caicium (ppm) 105 95 i65 244
Iron (total) (ppm) 8 19 13 9
Hydrogen Sulfide (ppm) <0.1 <0.1 <0.1 <0.1
Total Alkalinity

(CaCO,) (ppm) 405 479 567 480
Carbon Dioxide

(CO,) (ppm) 120 95 120 110

d. Deep-well dewatering system.
(1) Scope. The work provided for herein consists

of furnishing aii iabor, material, equipment, and tools

d VU . oA - A Al L4 ol . 021
TO construct, aeveiop, Lest puimnp, ana aisiniecu uie 11i-
, .

in. The work also mcludes installation of the pumps,
diesel engines, gear drives, couplings, discharge pipes,
valves, fitings, flow measurement devices, and dis-
charge pipe.

(2) Design. The deep-well system specified has

haon degioned to lower the oroundwater table in the
oeen GEeSIgned 0 iOWEr NS groullGwarer taif 1l uile

deep sand stratum beneath the excavation to elevation
—26.0 feet beneath the dam, elevation —29.0 feet be-
neath the lock chamber, and elevation —35.0 feet be-
neath the gate bays for a design Red River stage of ele-
vation of 60.0 f'eet (estimated maximum river stage for
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vious soil strata that overhe the deep sand formation
in certain areas of the excavation. It is imperative that
there be no heave of the bottom of the excavation dur-
ing either Phase II or Phase III construction of the lock
a3 . p

a — Te Va0 oal o Aok smaAds L4
ana aam. iI evaiuation o1 uie p uulplug WDL 1Ildue au
tho comnlatioan of imwatarine the Phaca T axcavation
i€ COIPICUIOnN O1 uliwaicrillg uilf riast 1 CAlavaulil
mdicat..s the need for additin 1al dewatering wells,

the Government will des1gn the supplemental system
and furnish the design to the Contractor for installa-
tion. The Contractor will be reimbursed for the cost of
1nstaumg any supplemental wells, pumps engmes

be responsib N eature of the well
system not specifically covered by these specifications
or drawings.

(3) Installation of wells.

(a) Locatwn o/ welts lhe dewaterlng wells shall

be responsible for designing ar

strata (with or without gravel and cobbles) may be en-
countered in drilling the holes for the specified wells.
Logs and wood debris have also been encountered in
making borings and drilling wells at some locations at
the site.

(b) Depth of wells. The wells shall be installed to
a depth so that the top of the specified length of screen
(100 feet) is set approx1mately 5 feet below the top of

\ .

fina (nr coarser
ilneg (Or <¢oarser; sana as determined at th

drilling by the C.O.R. The ele
the screen shall be set is show
ings along the line of the dewatermg wells. The top of
fine sand (D,, 2 +0.12 mm) below which the screen is
to be set will probably vary from what is shown on the
boring logs. The hole drilled for the wells will be
logged by the C.O.R. If buried logs or boulders are en-
countered which, in the opinion of the C.0O.R., render
it impractical to advance the drill hole to the design
depth, the C.O.R. may adjust the depth in order to uti-
lize the well in the system at the depth actually ob-
tained, or he or she may request the Contractor to
abandon the well, plug the hole by backfilling, and

construct another well at an adjacent location.

(¢) Drilling. The dewatering wells shall be
drilled by the reverse rotary method to a depth which
will permit setting the top of the screen in fine (or
coarser) sand as determined at the time of drilling by

LA MM N D Mhawradnn larral 337 ¢ha gty +mid nemd #h o e2enll
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shall be maintained a minimum of 8 feet ahove the
snail maintainea a minun of el apeve ine
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rlser plpe fllter and backflll have been placed. Drill-
ing of the well shall be carried out so as to prevent any
appreciable displacement of materials adjacent to the
hole or cause any reduction in the yield of' the well (A

N foot chall ha gat nrinr +a thae gtart af Amilline Y Tha
&YU ATTUL Dlidalil UT OTu pllUl LU LiIT Dual i vl \u. 115.J) 1110
diameter of the hole drilled for the well shall be 28 to
30 inches. The hole shall be advanced using a reverse-

rotary drill rig with a (minimum) 5-inch I.D. drill stem.

While drilling and installing the well, the drill hole

shall be kept full of (natural) drilling fluid up to the

ground surface thn turbidity of about 3000 parts per
11 AT~ L.~ o

amtdn At 11k e ean

ness (approxlmatelv 3000 parts per mllhon) 1f nec-
esary. If natural turbid water, or with silt added,
proves insufficient to keep the hole stable, an ap-
proved organic drilling compound such as Johnson’s
ttevert or equivalent, ma d to the anumg
.. o

Il . itractor ig" a Smuf‘) pi iarge cuuugu
to allow the sand to settle cut but small enough so that
some silt is kept in suspension. The drilled hole shall

he 3 feet deeher than the we lscreen and riser to be in-
stalled in the hole. All drilling fluid shall be removed

(



from the well filter and the natural pervious informa-

tion after the well is instalied.

(AN Tmotrllatinm Af2nnll anmoni e d wr
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Step 1. Assembly. The joints

Step 1. Assembly. The
screen sections and between the screen and riser pipe
shall be welded with stainless steel rod. Particular care
should be exercised to avoid damaging the screen and
riser. [t shall be centered in the well hole or casing and
held securely in place during placement of the filter by
means of spiders and approvea centering guide, tremie

ad Drinr ta ingtallatian
1101 W 1{idlaiiaduivil
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of any screen and riser the tor shall submit
the Contracting Officer for approval full details of the
method, equipment, and devices he proposes to use for
centering and holding the screen and riser pipe in the

well hole.

W
ontractor shall submit to

(f')d

Step 2. Installation. The assembled screen and
riser pipe shall be placed in the well hole in such a
manner as to avoid jarring impacts and to insure that
the assembly is nt damaged or misaligned.

be sufflclently stralght and plumb that a cylinder 10
feet in length and 2 inches smaller in diameter than
the inside diameter of the well may be lowered for the
full depth of the well and w1tndrawn without b
agaiusb the sides of

2 inch
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Contractor of the respon51b111ty of maintaining ade-
quate clearance for bailing, surging, and pumping re-
quired for pumping the wells.

{e) Placement of sand filter (A

amd wianw ninag hawva hann nlaasnd $h o 4nw cnnd ahall o
aliu I'IdTIl Plpe 11lave Pecil platey, LT 1111 Saiil dliall uve
tremied into the annular snace hetween the wall sereen
remieq Into e annuiar space Deiween the well sCreen

ameter tremle plpe w1th flush screw ]omts and at least
two slots %, inch wide and about 6 inches loﬁg per lin-
ear foot of tremie. The trem1e plpe shall be lowered to
the bottom of the hole

{If the filter sand has a ‘enaency to segregate, the fil-
tawr aand chall ha rant maiat Fallaunng dalivaws +4 +ha
LC1 Ddadliu dliail v l\cyl/ 131VU100L xuuuwuls ucuvcx_y wJ uiico
work site in order to minimize segre ga’ri After the

on
tremie has been filled with filter sand, i shall be slow-
ly raised, keeping the tremie full of filter sand at all
times until the filter sand has filled the hole up to
within 15+ feet of the ground surface. The bottom of
tne tremie pipe shali be kept slightly beiow th
-
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the well it shall be developed by surging with a surge
block and pumping, as descrlbed below, for not less
than 30 minutes. (If Revert or equivalent approved or-
ganic drilling additive has been used in drilling the
hole, a breakdown agent such as Johnson’s Fast-Break
or equivalent shall be added to the well in accordance

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

with the manufacturer’s recommendations prior to
surging.) Development o
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Surging of the well shall he accomnlished with a suro:
Surging of the 11 shall be accomplished with a surge

t
block raised and lowered through the well screen at a
speed of 2 to 3 feet per second. The gaskets on the
surge block shall be slightly flexible and have a diame-
ter about 1 inch smaller than the inside diameter of
the well screen. The amount of' material deposited in

ell screen in any one cvcle becomes less
than 0.2 foot. The well screen shall be bailed clean
with a piston-type bailer when the accumulation of
materlal m the bottom of the screen becomes more

P TS | BN S M A'I,A B Y o) RS PR | PR | ALL o
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the pump section about 1 foot off the bottom of the

well until the discharge is clear and is reasonably free
of sand (less than 10 to 20 parts per million sand).
Such pumping shall begin within 2 hours after surging
and shall continue for not less than 30 minutes The

=
=
<
P
@
w
174

dppxuxuudbely FRVLVAY)
"‘ st T1f at the com

NN =
. i1, QU Wiy Luas

o
o
-3

=

ne we
rate in excess of 10 to 20 parts pe mxllxon it shall be
resurged and pumped again. Alternate surging and
pumping shall be continued until material entering the
well during either surging or pumping is less than the
amount specmea aoove but not for a perloa longer

except that, if he or she so elects, he or she may re-
quest the Contractor to continue to develop the well by
an approved method. If, after such further develop-
ment, a well meets the above stated requlrements it

~ 1 1_a_ 1 e L L1 _ =Y_at___ _

naill pe comp letea, ana aiver SUCCesSIul Comp1eu Il OL
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If, after completion of all surging and pumping, there
¥ r o~ "o r r (-2)

is more than 0.5 foot of material in the bottom of the
well, such material shall be carefully removed with
either a piston-type bailer or by pumping. The water
resulting from pumping the well shall be discharged

M ND Davdicmncd daden wmmnsedic; = fenadalladione A0 2l
CU.U.IN, Ierunelitr uddid lt:gauu 15 1idldalia o, i 01 uie
wells will be recorded by the C.O.R. After completion
of satisfactory development of a well, the grout seal

shall be placed.
(g) Disinfection of drill hole and filter sand.
During the drilling operation, a minimum of 1 pound

of calcium hypochlorlte shall be added to the drllhng
fluid every 2 hours. As the filter sand is placed in the

G-13



.......... um of 2 pounds per to .
comnletlon of development of the well d prior to in-
stalling the well cover, a minimum of 5 pounds of
granular 70 percent calcium hypochlorite shall be

dropped in the well and allowed to settle to the bot-

R L RPN =Ll PR PN 2

(h) Covers. The top of a well shall be sealed im-
mediately after completion of installation with a wa-
tertight seal which shall be kept in place at all times,

except during cleaning and pumping operations, until
the pump and gear drive are installed.

(1) Abandoned wells. Holes for wells abandoned
prior to placement of well screen and riser plpe shall

TXr 11

oe filled with sand and cement grout Wells ananaonea
T

w amd wmionn mina o ha

nd riser pipe may be
g hg] filled with sand to with-
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in 25 feet of the surface The remaining 25 feet should
then be backfilled with an approved cement grout.
Bentonite may be added to the grout to improve its
pumpability. If the Contractor elects to leave an aban-
doned well screen and riser 1n place it shall be plugged
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mg, shall be replaced by the Contractor at no cost to
the Government.
() Well records. ’T‘he following information re-

garding the mstauauon each well will be recorded
e 4L YN D M~ vdnnndne shall hanevnsndas and oo
DYy LwIe L. .U, 1118 \J NUIraclor sinain Loupeialt allu as-
sist the C.OR. in obtaining the following informa-
tion: well number, location, top of riser (mean sea lev-

el), date and time test started and stopped, depth to
water in well before and at end of pumping, elevation
of water in well immediately before and at end of
pumpmg, flow m gallons per mmute depth of sand in

afte sc t
depth of well, depth to sand in well after leamng. top
of well screen (mean sea level), top of filter (mean sea
level), bottom of well (mean sea level), top of well,
method of surging, material surged into well (last cy-
cle) in feet, total material surged into well in reet rate

__________ Ph FUUHI, [ PP R S A~ and
of pumping and drawdown, total pujupulg ime, ana
rage of sand infiltration at end of pumping in parts per

(4) Pumpm,s,lr test on each well.

(a) Upon completion of installation, surging,
and developing pumping, each well shall be subjected
to a pumping test. Prior to commencement of the
pumpmg test, and again after complenon of the pump-

mmanainad whan
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the C.OR. is present by means of an approved flat-bot-

tom sounding device.
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specified. An approved means for accurately determin-
ing the water level in the well and a calibrated flow
meter or or1f1ce of standard demg‘n for the purpose of

filtration test shall be conducted in the presence of the
C.O.R., who will record the following test data: well
number location, top of riser (mean sea level), date
ime test started ana stoppea aepm to water in

rate of sandm
sand in well after cleaning.

(¢) The Contractor shall test each well by pump-
ing continuously for a minimum of 2 hours. Pumping
shall be at a constant rate sufficient to produce either

the pummng rate the rate of sand emergln from the
pump, and the amount of emptying or buildup of sand
in the bottom of the well during the (sand) testing peri-
od as determined accurately with a flat-bottom sand-

1

ing device. No test pumping of a well will be permitted
AAAAAAAAAA J S T Mmoo QUITORTIO AT i f an
1

concurrenty wiian 1 drillir ng, aursx 18, Or pdxuﬁl ig &
other well within 300 feet thereof
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(d) In the event that sand or other materials in-
filtrate into the well during the pumping test, the fol-
lowing procedure will be followed: If the rate of sand
infiltration durng the last 15 minutes of the pumping
test is more than 5 parts per million, the well shall be

s Lo LtV _al . _LCal PR R, £ - U
resurged by manipulation of the test pump for 15 min-
utes after which the test pumping shall be resumed
and continued at the rate specif‘ied above until the

per million. If at the end of 6 hours of pumpmg the
rate of infiltration of sand is more than 5 parts per
million, the well shall be abandoned unless the C.O.R.
requests tne bontractor to contmue to test pump and

rate of the well is reduced to less than 5 parts per mil-
lion, the well will be accepted. Upon completion of the
pumping test, any sand or filter material in the bottom
of the well shall be removed by pumping or with a pis-
ton-type bailer.

S a ,
other remedial measures; the sand 1nf11trat10n
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\9) 1ndstandiion o) purngp ana cruorination. r.acn
dewatering well chall be chemically treated with cal.
v Adpy VY LAL URATAAL WU LAaL LI QLY LvivdaAaviuwu yrviuvil vaziy
cium hypochlorite (chlorine) within 24 hours after the



test pump is removed. A solution of calcium hypochlo-
rate (HTH) shall be mixed with water in a tank (mini-

mum capacity of 3000 gallons to obtain a 1000- parts-

per-mllhon chlorme solutlon_), (Fifteen pounds of (dry)
70 percent calcium hypochlorite will make 1000 gal-
lons of 1000-parts-per-million chlorine solution.) A
minimum of 30 gallons per foot of screen shall be
pumped into the well through a hose extended to the
bottom of the well. As the chlorine solution is pumped
into the well, the hose shall be withdrawn at a rate
which will insure that the chlorine solution is added
uniformly from the bottom of the well to a point 10
feet above the top of the well screen. The chlorine solu-
tion in the well shall then be surged with a loose fitting
surge biock for 1 hour. The permanent dewatering
pump shall then be immediately installed, and the well

pumbed until the chlorine is essentiallv rpmnvnr‘ (If 1t

PUAli UM Wil val viaT LUaiaULaiaT a5 TSOTiivaiiay 4TaaY \Aa av

is not possible to promptly install the permanent
pump, the chlorine should be allowed to set 3 or 4
hours, and the well pumped by some means to remove
the chlorine.) If the permanent pump is subsequently
installed, the well and pump shall be rechlorinated as

......... SUL U M
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() Faouinment and materiale
\8) Lguipmentang maieria.s.

(@) Quality. All installed equipment and mate-
rials shall be new except the discharge header system
which may be either new or “like new” used pipe.

(b) Power units. Each of the 64 deep wells shall
be equipped with a direct drive diesel power unit. The
englnes shall be certified to produce a minimum of 115

arcannwar at 100 ravaliitiong ner
CONuIiubus 1Tyl (AOISCPUWED dl 10uv 1iTviiuuUils p

minute to the gear drive and shall be a Caterpilla
Model 3304 T, Detr01t Diesel Model 4-71N, or equiva-
lent as approved by the Contracting Officer. The unit
shall be skid mounted with clutch power takeoff, have
hood and side panels fan shroud, muffler, high tem-

PR, ressure N S D S ~aa PR |
perature and low oil pressure shutdown, battery, and

fuel cuinnly Anv additianal item tn mol(a the nnif
iuci Duy"‘.’ ‘lll’ uuuAuLUllux Ayviis vV oiiianwu viiv Wiii v

function on a continuous 24-hour-per-day operation
shall also be included. Engines shall be operated with-
in the revolution-per-minute limits of the manufactur-
er’s recommendations. The unit shall be leveled and
mounted on a 6-inch-thick concrete base. Prior to oper-
ation, each unit shall be started and serv1ced by a

[

manufacturer s recommendations. Each power unit
shall have an independent fuel tank with a capacity of
at least 500 gallons. Fuel lines shall be provided with
an approved screen or filter and shall be attached to

tha tanl an that rain ar eantaminanta mav nnt antar
LiiT Lvailn duU \dldb 1ailil vl bUllbdlllllldllba ulay 11UL i

the tank. The tank shall be properly vented and
equipped with a drain plus and filler port. All fuel
tanks shall be new and cleaned prior to being placed in
service. At the commencement of pumping, the Con-

TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

tractor shall have at the jobsite five new complete die-
sel power units. During the pumping period, the

Contractar chall hava a minimim af fivae (naw ar ra.
LULIVLIAULUL OIiQil 1AV A 1MA1IKIIIULLL Ul XIVT UITY Ul 1Ts

manufactured) diesel power units, complete with all
components, avallable as standby. The Contractor
shall also keep in stock on the jobsite other miscellane-

ous spare parts essential to routine maintenance of the

engines, pumps, gear heads, flexible couplings, valves,
etc., as considered appropriate and approved by the
COR.

(¢) Pumps. Deep-well turbine pumps, similar or
equivalent to such pumps manufactured by Layne-
Bowler, Fairbanks-Morse, Johnston, Jacuzzi, or other
qualified pump manufacturer, shall be designed for
pumping clear water at a rated capacity of 1500 gal-
lons per minute at a total dynamic head of 200 feet

and niimn eanaad Af 1NN vavaliitinng nar minnta with o
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bowl efficiency of about 80 p_.rr‘ent The pump bowl as-
ose-

sembly shall be of clos
enamel-coated inside and fltted with replaceable
bronze wear rings and sleeve-type shaft bushings. Im-
pellers shall be cast iron or bronze and designed for
nonoverloading. The bowl shaft shall be high-chrome
stainless steel of sufficient diameter to transmit the
pump horsepower with a liberal safety factor and rig-
idly support the impellers between the bowl or case
bearings. The pump column assembly shall consist of
thirteen 10-foot sections of 10-inch steel threaded pipe
with line pipe couplings. Bronze spiders with rubber
bearlngs shall align the shaft bearmgs in each section.

haoll ha Af Dvadas TNAR FAQTM A 1NQY cdnnl
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ground and polished with Type 304 (ASTM A 743)
stainless steel sleeves to act as a journal for each rub-
ber line shaft bearing. A 10-foot section of 10-inch
threaded suction pipe shall be screwed into the bottom
of the pump bowl. The discharge head shall be provid-
ed for mounting the gear drive and supporting the
pump columns, bUW}b, and suction plpc The d931gn
shall permit the drive shaft to be coupled about the
stuffing box to facilitate easy removal and replace-
ment of the driver. The stuffing box shall be of the
deep bore type with a minimum of six rings of packing
and a steel case. The packing gland shall be the bronze
split-type and secured with stainless steel studs and

ailinarna hwnanoa ras

S11iCOIi€ DroOfiZe nuts.
(d) Gear drive and flexible coupling. A right

and flexible A righ
angle gear drive with a gear ratio of 1:1 shall be in-
stalled on each pump. Horsepower rating shall be
based on American Gear Manufacturers Association
standards for spiral bevel gears. Ball and roller bear-
ings shall have a capacity to carry the horsepower and
thrust loads for a minimum of 2 au 000 hours. The hous-
ing shall be a rigid semisteel casting properly propor-
tioned to insure correct alignment of the gears under
full load. Case-hardened spiral bevel gears shall be

held in position by antifriction bearings selected to

G-15
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convey the loads over a 4-year period of operation A
large stream of oil shall be pumped to the gears

1 e £

bearings by a pump iocated in the base of th h()usm
shall be hollow easy a

Q.
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ump shaft. Provision shall
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justment ! sh
for circulating water through a copper coil mstalled in-
side the case. A flexible drive shaft, Watson-Spicer
WL-48, or equal, shall be provided with each gear
drive. The shaft shall be a minimum of 36 inches long
and provided with drive flanges to fit the engme and

|

gear drive. A protective cover made o
or e m

v

ahant matal vnandad otal chall
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attached between the engine and gear drive to shield
the drive shaft.

(e) Standby equipment. At the commencement
of pumping, the Contractor shall provide and have in
stock at the jobsite three new complete standby tur-
bine pumps. Uurlng the pumping period, the Contrac-

FUOE TN | I avo o wirire i ~f dhae {annvxr ~F
Tor sndaill LOIlLlIlue LU lldve a Mminimuii o1 Ui \II.U (0§
rebuilt) numns available as standbv units which shall
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be complete with column, shafting, pump head, gear
drive, and flexible couplmg

(f) A minimum of 20 feet of each size of header
pipe and two of each size of Dresser couplings (or
equ1valent) shall be on site for emergency repair if nec-

essary. Twelve 8-inch flanged nipples shall also be kept

an qite far adding Qinch rithhar ar nlactie clath die-

11 DILC 1UL cl u1115 O~1 u,u LUUUTLE Ul pIASUuiL Livull uas
c}mra hose for emergency pumnbing of fhe deen wells
narge for emergency pumping ot

feet of 8-inch rubber or plastlc cloth hose shall be kept
on site for pumping of individual wells.

() Operation cnd repair or replacement. The
pumps shail be operated so that the water level in the

g | — Y 1 - A mveel T o enavran vy
wells is not lowered below the pump OOwWl. 1il€ pulups
QAllU TLIELLIITO OliAlil Luliiqiiil i Uy\zluul\a VAJLiNLAVAVAL AV Raa
times with no more than two wells or pumps being in-

operative at an) e time. No two adjacent wells or
pumps shall be inoperatlve at the same time. The Con-
tractor shall take immediate steps to repair or replace
any well, pump, gear drive, or engine which is inopera-
tive. Should the efficiency of a dewatering well show
........ MY Y S M "
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Contractor ction of the COR,, be
required to redevelop and/or chemically treat the well
as directed by the Contracting Officer, the cost of
which will be paid for under paragraph 3 (Changes) of
the General Provisions of the Contract.

(h) Riser pipe. The riser p1pe to h wells shall
i6-inch diameter, §.250-inch or thicker wall, steel

123

steel screen w1th a minimum inner diameter of 15
inches (16-inch pipe size) with a nominal length of 100
feet. The width of the slots will be 0.040 inch. The
(keystone or trapezoidaily shaped) screen wire shail be

G-16

wrapped and welded on 0.177-inch round rod. The well
screen shall be furnished in lengths of 10 or 20 feet.
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for each well will be provmeu
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round the well screen

and riser pipe shall be an apnroved washed (clean) sand
or crushed stone composed of hard, durable, uniformly
graded particles free from any inherent coating. The
filter sand shall contain no detrimental quantities of
vegetable matter, nor soft Inable thln or elongated

rna ovadatinn »a
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Filter Sand A
[.S. Standard I nt by weight
Sieve No passmg
1/4 100
4 85-160
6 85-100
10 55-85
14 28-65
16 20-55
20 10-32
30 0-18
40 0-10
If blending of two or more sands is required to obtain
the specified gradation, the blending shall be accom-
plished so as to achieve a uniform mix approved by the
COR

(k) Discharge system. The discharge piping is
for the purpose of conveying the water from the dewa-
tering wells to the flotation channel on the south side
of the cofferdam area. Under no conditions shail the

Olontnantan dicnhonga wwatar fuom tha dowataring qua
UONIracior aiscnarge water irom uvné Gewatering sys-
tems outside of the cofferdam dike other than at t

s outside of the colferdam dike other than at th

a o
specified location. The header pipe installed at the

specified locations shall be standard structural grade
pipe with the following minimum wall thicknesses:

Pipe digmeter, inches Minimum wall thickness, inches

12 0.22
18 0.25
24 0.25
30 0.25
36 0.28
42 028

The diamete the pipe will
inches. Connectlons may be made elther by welding or
by Dresser couplings with tie rods. The pipe shall be
laid straight, on approved blocking, in a workmanlike
manner. Where crossing a road or ramp, the pipe shall

be laid in an open separate culvert The discharge plpe

of the pine will vary from 12 to 42
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he well
to the header shall be 8 inches in diameter and include
a gate valve that can be locked or will remain in a fixed
position while partially closed, a positive check valve
and a pitometer cock for insertion of a pitot tube to
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main dlscharge header pipe. The Contractor shall con-
struct splash facilities for discharge water at the
dredge channel. The Contractor shall maintain the dis-
cnarge splash facilities so as to prevent erosion or dam-
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) Pumping test on the dewatering systems.

(a) After the deep-well dewatering system is
completely installed, a pumping test shall be made on
the entire sysem by pumping all the wells at the same
time at a constant pump speed or flow rate for each
weu the pumpmg rate to be determined by the C.O.R.

umping rate lowers
low the pump bowl, the
_engine sp eed shall be reduced or the discharge valve
partially closed so that the water level in that well is
not lowered below the pump bowl.

(b) This test, the first, shall be made prior to
starting to unwater the Phase I excavation The we'l'ls
shall be pumped continuousl; rs ar

Fom nat mmana than AQ has
T 110U IIOre u

s
The Contractor shall have previously
piezometers around the perimeter of the excavation,
the R, S, and T piezometers on lines out from the exca-
vation, and provision has been made to measure the
flow as shown on the drawings and specified herein.

The C.O.R. will keep a systematic record of discnarge
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level in the piezometers and wells immediately prior to
commencing the test and at certain intervals thereaf-

ter. The pumping test shall be conducted under the
general direction of the C.O.R. with the Contractor be-
ing responsible for actual operation of the system.

(¢) If an analysis of the pumping data by the
Government indicates probable adequacy of the sys-

Lo dla M han ah o s atr abard imradart iy tha Dhaga T
tem, tne LOontraCior may siart unwater 11g tne rnase 1
excavation while continuing to operate the dewater mg
well system so as to maintain the groundwater tabl

the deep sand formation, as indicated by the M pleZ-
ometers installed around the top of the excavation, 3
to 5 feet or more below the water level in the excava-

I A DL 1 | o) NI S N SN U SR |
{d) After the Phase I excavation 1s unwatered,
all wells shall be pumped at a constant rate to be pre-
scribed by the C.O.R. for at least 48 hours and not

more than 120 hours, as determined by the C.O.R., as
a further check on the adequacy of the dewatering well
system with the excavation unwatered. As during the
first test, the rate of flow from each well and the en-
tire system shall be measured throughout the test pe-
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elevation 60 feet. If at the end of the pumping test an
analysis of the data by the Contracting Officer or his
C.O.R. indicates the system to be adequate it will be
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engines, and necessary
for which he will be compensated as an extra.

(e) If it appears, while unwatering the Phase I
excavation and the second pumping tests on the deep-
well system, that the grounawater table in the top
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Jeteductor wells pumps and piplng considered neces-
sary by the C.0O.R. for which he will be compensated as
an extra.

e. Jet-eductor well system.

be 1nstalled around the perimeter of the excavatlon
at the locations shown on the drawings and as speci-
fied herein.

(2) Design. The jet-eductor wells to be installed on
the upper berm around the excavation at elevation 28

i £ _ 4 4 4 e e _ S PRSR P
to 34 feet are to intercept the seepage from silt, sandy
silt, silty sand, and sand strata which are penetrated in
some areas hv the outer excavation slopes. The pur-

o lower the groundwa-

ter table below the slopes of the main excavation and

to prevent any detrimental raveling or instability of

the slopes caused by seepage. The jet-eductor wells

shown on the contract arawmgs and as specified here-
1.

of the contact with any underlying impervious
stratum where shown on the drawing. However, other
reaches of the outer excavated slopes than shown on
the drawings may require dewatering or drainage. If
observations indicate the need for dewatering other

1 ral M

the Government will

Aacign +h [TRoeey nial + +
design the supplemental jet-eductor wells and system
and furnish the design to the Contractor for installa-

tion. The Contractor will be reimbursed for the cost of
any supplemental wells, jet-eductor pumps, and piping
when completely installed and ready for operation, as
an extra. The Contractor shall be fully responsible for
controllmg the groundwater table and seepage trom
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o

plemental dewatering measures installed for control-

| [T RPN, Sy e hin thao avangadinm
ling the groundwater within the excavation
3 I.';sta!!atzora of jet-eductor well

@) on and depth of wells. The jet-eductor
wells shall be mstalled at the designated locations. Soil
conditions where the jet-eductor wells are to be in-
stalled are depicted in a general way by the logs of bor-
mgs made around the excavatlon The wells should

adnnda hatirmo Aweaina A wenrerrI n ~
Strava oe€ing arai nied. The req red dci}th of the we
may vary considerably from those indicated on the

drawings.

(b) Drilling and jetting. The jet-eductor wells
shall be installed in the following manner:

Step 1. Predrill a 10- or 1l-inch hole 2 feet
below the siit or siity sand stratum to be drained. Hy-

uge e mda L

. . 211 PR
draulic rotary, or auger, metnods o uing may oe
used. No drilling muds or additives, other than clear
water, shall be used in drilling the hole for the well.

1
The hole shall be kept full of water during the predrlll
ing, and withdrawal of the auger, so as to minimize
caving.
Step 2 After predrlllmg the hole to grade 1t

jetted to the reqmred depth it shall be washed clean
by jetting with clear water. The jet pump, pipe, and
hose shall be of sufficient capacity to produce an up-
ward velocity inside the casing to efficiently remove

1 oY ) T, ~~ 4L ) IR | [,

all material in the casing, so that the well screen and

riser can be set to grade. The “sanding casing” shall be

kept filled with water L__til the well screen and filter
t

the bottom of the hole.

(¢) Installation of well screen and filter sand.
After the sanding casing has been cleaned by jetting
and the clear cleptn m the casing checked ny sounding

csridlh fn caeneen A Ancrian b n w2rall ghven
S

not to damag Complet,e assembly of the screen and
riser pipe on the ground surface will not be permitted.
Two or three connections shall be made to the assem-
bly as it is placed in the casing Approved centralizers
shall be furnished and attached to the screen at inter-

vals not greater than 20 feet. The design and attach-
ment of the centralizers to the well screen shall be th-

mitted to the C.O.R
pipe shall be securely covered or capped to prevent the
filter sand from falling into the well. The method of
placement shall assure a fairly rapid, continuous, uni-
form rate of placement of filter sand, which will
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granular calcium hypochlorite shall be added to evenly
distribute a minimum of 2 pounds per ton of filter. The

d) Development of Jet-eductor wells. Wlthm 12
hours after installation of each well, it shall be devel-
oped by means of air- hftmg A 2-inch inner diameter
air line shail be lowered in the weu to w1tmn 1 foot of

[k

g wells, it may be necessary to add clear water
to help develop the well and remove any sand that may
have entered the screen. Air-lifting shall continue un-
til all sand or filter material is removed from inside

- N

the screen and water from the well flows clear kach

1M1 ol _

well shall be aevelopea for a minimum o

o\ O
e) Chlorination of well. Upon comple
s

U
stallation of the well and nrior to i

the top of the riser, a minimum of 3 f
cent granular calcium hypochlorxte hall be dropped
into the well.
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(g) Riser pipe. The 4-inch riser pipe for the wells
shall be 15 feet in length. The filter sand shall extend
to within 8 to 10 feet of the berm surface; the space
around the riser plpe from the fiiter to the berm sur-

a ~ssnd ba—d o Zha o

face shail be grouted with an approved bentonite-ce-

g?

ell records. A report showing depth, eleva-

Well recoras cpwl v UIOWIAILE VPV

tions, date of installation, approximate rate of flow
durmg development, and any other data concerning in-
stallation of each well will be completed by the C.O.R.
The water level in the well shall be recorded at the
time of instaliation. The Contractor shalil assist in ob-

44444 P L. e aMalon d.s. T PRV 9PN snd s A
taining the installation data. If the jet-eductors or
pumps appear to be losing their efficiency with the
passag_. of time, the Cnntmctor may be re quired to re-

s directed
by the Contractmg Officer, the cost of Wl‘llCl’l will be
paid for under paragraph 3 (Changes) of the General
Provisions of the Contract.

(4) Materials.

@) Riser pipe. The riser pipe and the 2-foot
blank pipe on the bottom of the screen shall be 4-inch
diameter, flush-joint Schedule 80, type 2110 PVC
pipe.

(b) Screen. The screen shall be 4-inch, Schedule
80, type 2110 PVC screen. The screen shall be slotted
with .025-inch slots in sufficient numbers to give a
mlmmum area of opening of 5 percent. The screen sec-
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pervious strata as shown by the boring logs, or as en-
countered, to the depth specified.
{c) Filter sand. Filter sand around the well
en shall be washed (clean) uniform sand or crushed
stone composed of hard, tough, and durable particles
free from any adherent coating. The filter sand shall
contain no detrimental quantities of vegetable matter,
nor soft, friable, thin, or elongated particles, and shall

meet the following gradation requirements:

Filter Sand B
U.S. Standard Percent by weight
Sieve No. passing
8 95-100
10 92-100
14 75-100
16 65-95
20 30-77
30 10-30
40 1-13
50 0-5

(5) Jet-eductor pumps and header pipe. 'T'he jet-

er]nn#nv s chall havya G-Ln ananifind mitmarines an

pacities. The pressure pumps for operating the jet-
eductor pumps shall have a diesel engine with a horse-
power of at least 110 and a capacity of 1800 gallons
per minute at a total dynamic head of at least 150 feet
on a continuous basis. The standby pumps shall have
the same horsepower and capacity. The pressure

1
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(< ur
1inimum wall thicm ess of 0.20 in
I for the jet-eductor systems shall be
an electric, automatic priming type, w1th a capacity of
pumping 600 gallons per minute at TDH = 50 feet.
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f. Surface water control
(1) The Contractor shall be fully responsible for
designing all features of the system for unwatering the
excavation and controlling surface water that may fall

Imtn o nvnouatinm Mha csiean o Sem o czrabarn olall
into the excavation. The SUIlp pumping system snaii
be designed with sufficient storage and pumping ca-

pacity to prevent flooding the bottom of the excava-
tion for the dam for at least a 1 in 10-year rainfall in-
tensity, assuming 100 percent runoff, for the follow-
ing periods:

Rainfall
Period Intensity, inch/hour Amount, inches
30 minutes 4.5 2.25
1 hour 3.0 3.00
2 hours 2.0 4.00

In any event, the Contractor shall be responsible for
controlling whatever surface runoff occurs, regardless

of rainfall intensity, so as to protect the area for pile

driving and testing from flooding.

(2) The Contractor shall submit for approval with-
in 15 calendar days, after he or she has received a No-
tice to Proceed, drawings, design data, and charac-
teristics of the equipment he proposes to utilize in

unwatering and controlling surface water. The data
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and drawings to be submitted shall include, but not
necessarily be limited to:

(@) Location and size of sumps, pumps, and
dikes.

(b) Height and elevation of dike around
excavation,

(c) Characteristics of
horsepower of engines.

(d) Location and size of discharge piping. (Sur-
face water shall not be pumped into the discharge
header for the dewatering (well) sys-
tem.) g. Dewatering perched groundwate

sump pumps and

(S =20 oY) 5. UCWULU’LI&S ‘JC’ ’bvu g i'

part or bottom of excavation. The Contractor shall be
fully responsible for design and installation of any sup-
plemental dewatering facilities that may be required
to control any seepage or groundwater in the bottom
or lower part of the excavation in order to assure a sta-
ble subbase and permit work to be conducted in the
dry.” These supplemental measures may include w
nts, sand drains Frem‘b drains, and appropri
approved by the C.OR. sub]ect to satlsfactory perfor-
mance of the facility installed. Pay for any such sup-
plemental dewatering, if required, for the lower or bot-
tom part of the excavation should be inciuded in the
pr ice for excavation. There will be no uldfgés or claims
for extra compensation or time extension for any sup-
plemental dewatering performed in the bottom or

lower part of the excavation.

h. Monitoring dewatering systems.

(1) General. Continuous control of seepage into
and artesian pressure beneath the excavation is essen-
tial for driving the test and foundation piles for the
dam, and subsequent construction of the lock and
dam. It is therefore imperative that the dewatering
systems have adequate capacity to control the ground-
water beneath the slopes and the excavation as speci-
fied at all times. In order to check the adequacy and
performance of the dewatering systems, the Govern-
ment will make the following measurements and eval-
uate the data:

{@) Measure the groundwater table beneath the
bottom of the excavation by means of M, R, S, and T
piezometers installed in the deep sand aquifer that
underlies the site at specified locations.

(b) Measure the groundwater table at selected
locations where the excavation penetrates silts and
silty sands in the top stratum overlying the deep sand
formation by means of N piezometers installed at the
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from the complete dewatermg svstem

(d) Measure the water level in the dewatering
wells.

(e) Measure sand in the flow from dewatering

_11.
wells.

G-19



TM 5-818-5/AFM 88-5, Chap 6/NAVFAC P-418

(f) Measure the head loss through the filter and
well screen for selected wells.

(g) Read river stages.

The piezometers for monitoring the groundwater table
beneath the slopes and bottom of the excavation shall
be installed by the Contractor. The pitometers for
measuring the flow from individual wells and from the
complete system will be furnished by the Government.
Copies of the data obtained by the Government will be
promptly furnished to the Contractor. The Contractor
will furnish and instail the pitometer inserts. Opera-
tion and maintenance of the dewatering systems, any
supplemental groundwater control facilities if re-
quired, and surface water control facilities shall be su-
pervised by someone trained and with at least 5 years
of actual experience in managing large dewatering sys-
tems and operating pumps and engines.
(2) Piezometers.

@) Locations. The M, R, S, and T piezometers
shall be instaiied to measure the groundwater tabie in
the deep sand formation beneath the excavation, be-
tween the dewatering wells, and on three lines out
from the excavation at the approximate locations
shown on the drawings. The N piezometers shall be in-
stalled to measure the groundwater table in semiper-
vious strata in the bottom of the excavation and mid-
way between jet-eductor wells at the approximate loca-
tions. The Contractor shall stake the piezometers at
designated iocations. The tips of M, R, S, and T pie-
zometers for measuring the groundwater table in the
deep sand formation shall be set in clean sand at eleva-
tion -80.0 feet or below as necessary; the tips of the N
piezometers for measuring the groundwater table in
semipervious strata in the top stratum shall be set at
the bottom of the semipervious strata.

(b) Piezometer materials. The N piezometers
shall consist of a 1.50-inch 1.D. (Schedule 80) PVC
screen with 0.025-inch slots connected to a 1.50-inch
1.D. (Schedule 80) PVC riser pipe. The screens shall be
10 feet long. The joints of the screen and riser shall be
flush (inside and outside) and shall be glued together
with PVC pipe cement. The filter sand (B) shall meet
the specifications set forth for jet-eductor wells. De-
pending upon the method of installation, the riser and
screens for the M, R, S, and T piezometers shall be as
specified above, or 1.5-inch galvanized iron riser pipe
connected to a 1.5- by 30-inch self-jetting wellpoint
with a 30- to 40-mesh stainless steel screen.

(¢) Installation of piezometers. Holes for pie-
zometers may be advanced by either: using an 8-inch
0O.D. continuous flight auger with a 3%-inch L.D. hol-
low stem with the hollow stem plugged at the bottom
with a removable plug; augering and more or less
simultaneous installation of a 6-inch casing; or using a
rotary wash drilling procedure (6-inch diameter) and

avaanin Arillin ﬂnnd mnr-k as pnvarf |F necessary,
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to keep the drilled hole open. The tip of the piezom-
eters shall be installed at approximate depths or eleva-
tions as approved by the C.O.R.; piezometers shall also
be installed as instructed. The hole for a piezometer
shall be kept filled with water or an approved organic
drilling fluid at all times. Bentonitic drilling mud shall
not be used. Any auger used in advancing the hole
shall be withdrawn slowly from the hole so as to mini-
mize any suction effect caused by withdrawing the
auger. (Hollow-stem augers shall be filled with drilling
fluid before puiiing the piug in the bottom of the
auger.) Drilling and installation procedures shall be as
specified below and shall be in accordance with ac-
cepted practice and to the satisfaction of the C.O.R.
Method 1. Hollow-stem auger. After advancing
the hole for the piezometer to grade (1 to 2 feet below
the piezometer tip), or after taking the last sample in a
hole to receive a piezometer, the hollow-stem auger
shall be flushed clean with water and the plug rein-
serted at the bottom of the auger. The auger shali then
be slowly raised to the elevation that the piezometer
tip is to be installed. At this elevation the hollow stem
shall be filled with clean water and the plug removed.
Water shall be added to keep the stem full of water
during withdrawal of the plug. The hole shall then be
sounded to determine whether or not the hollow stem
is open to the bottom of the auger. If material has en-
tered the hollow stem of the auger, the hollow stem
shall be cleaned by flushing with clear water, or clean
Revert drilling fluid, if necessary, to stabilize the bot-
tom of the hole, through a bit designed to deflect the
flow of water upward, until the discharge is free of soil
particles. The piezometer screen and riser shall then be
lowered to the proper depth inside the hollow stem
and the filter sand placed. (A wire spider of design ap-
proved by the C.O.R. shall be attached to the bottom of
the piezometer screen so as to center the piezometer
screen in the hole in which it is to be placed. Use two
crossed wires just above the plug in the tip.) Filter
sand shall be poured down the hollow stem around the
riser at a rate (determined in the field) that will ensure
continuous filter sand flow down the hollow stem
around the riser and piezometer, and will keep the 8-
inch hole below the auger filled with filter sand as the
auger is withdrawn. Withdrawal of the auger and fill-
ing the space around the piezometer tip and riser with

Fili—ov cand chall ntinna until tha hala ig fillad 44 o
iilter sand shail continue until the hole is filled to a

point about 5 feet above the top of the piezometer
screen. Above this elevation, the space around the
riser pipe may be filled with any clean, uniform sand
with less than 5 percent passing a No. 100 U.S. Stand-
ard sieve up to within 20 feet of the ground or exca-
vated surface. An impervious grout seal shall be placed
around the top 20 feet of the ground or excavated sur-

face. An impervious grout seal shall be placed around
H’\n fnn 20 foot nf' fho hnla fnr fhn MR Q andT r“n_
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zometers, and 5 feet for the N piezometers.
Mothnd 9 hnoing Mha hala far o niararmotran matr
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be formed by setting a 6-inch casing to an elevation 1

to 2 feet deeper than the elevation of the piezometer
tip. The casing may be set by a combination of rotary
drilling and driving the casing. The casing shall be
kept filled with water, or organic drilling fluid if
necessary, to keep the bottom of the hole from “blow-
casing has been set to graae its hah be

the riser at a rate (to be determined in the field) which
will insure a continuous flow of filter sand down the
casing that will keep the hole around the riser pipe and
below the casmg nlled with tllter sand the casmg is

]
g may be accomplished in stéps as long as tt
filter sand is maintained above the bottom
of the casmg but not so much as to “sand-lock” the
riser pipe and casing.) Filling the space around the pie-
zometer tip and rlser w1th filter sand shall continue
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Method 1 above
Method 3. Rotary. The hole for a piezometer may
be advanced by the hydraulic rotary method using
water or an organic drilling fluid. The hole shall have a
minimum diameter of 6 inches. After the hole has

hane adsrannn A b n Anrdls AL 1 et O Lot als bl ol
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zometer tin elevation. it shall he flushed with clear

f1p elevation, 1T shail De flushed with clear

Method 2 above, except there will be no casmg to pull.
Method 4. Self-jetting. The M, R, S, and T piezom-

eters may be drilled to within 4 feet of planned total

n water used to advance the self-jet-

#imer wrallnaint +4a tha dAaciogn grada writhand thn ssana ~F
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filter sand around the wellpoint. The seal and backfill

- the a
for the piezometers shall cons1st of a pumpable
cement-bentonite grout, with a ratio of 1 gallon of ben-
tonite per bag of cement, or equivalent cement grout
approved by the C O.R. (Only enough water shall be
grout pumpable) lhe tops ot the

feet below the ground surface. The number of the pie-
zometer shall be marked with 3-inch-high black letters
on the pipe guard around the riser pipe.
Method 5. Sampling. Split-barrel samples shall be
foot intervals and at every str: I

Aha_co 1 4
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for the N plezometer Sampies shalli be obtained usmg
A 18 Sl Al YT T anldit haneal Av 2 innkh Qhallggy
a 1%-inch (minimum) I.D. split-barrel or 3-inch Shelby
t+11tha camnler hv drivine or nuchino ]'\p oth of
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drive or push shall not be less than 3 inches. If there is

insufficient sample recovery to 1dent1fy the soil prop-
erly, another sample shall be obtained immediately be-
low the missed sample. If desired, the sampler may be
advanced using driving jars ona wireline

dn n
nd pump
a

. (If an organic drilhna flmd has

be added in accordance with the manufacturers rec-
ommendations to break down the drilling fluid.) A 10-
foot minimum positive head shall be maintained in the

piezometer Iouowmg addition of the Fast Break. After
alanaad tha niazom hall
i1
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means of compressed air. The approxrmate rate of
pumping during development shall be measured. Pie-
zometers installed in the deep sand formation will be
considered acceptable if they will pump at a rate of 2

i tha aaminanginiig aévata anthin +ha n atrata unill ha
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considered accentable if thev will pumnb at a rate of at
considered acceptable 1f they will pump at a rate at

least 0.5 gallon per minute, or when the piezometer

filled with water, the water level falls approx1mately
half the distance of the groundwater table in a time
less than the time given below for various types of soil:

Approximate
Type of soilin Period of time of
which p pw&unw eter observation 50 percent / all
screen is set minutes minutes
Sandy silt (> 50% silt) 30 30
Silty sand (< 50% silt, > 12%
silt) 10 5
Fine sand (< 12% silt) 5 1
If the piezometer does not function properly, it shall be
developed by a co*nbinat‘o'i of air surging and pump-
ing with air as necessary to make it perform properly.

If the piezometer still will not perform properly, it
shall be reinstalled at a nearby location selected by the
C.OR.

(e) Monitoring groundwater table. The Contrac-

tor shall read all M and N plezometers at least once a

A i

AF tlhn miazamatare in tha daon qa atinn daily
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and the water level in the dewatering and the jet-educ-
1 1€ water le aewate g L ]

tor wells at least once a week for his or her informa-

tion and use in operation of the dewatering systems

and control of groundwater as specified. The Contrac-

tor shall record what deep well and jet-eductor wells

are being pumped when he takes his piezometer or
ralr ey R o

water level readings. The C.O.R. will also read the M
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and N piezometers on a schedule similar to the above
for his own check and evaluation purposes.

(f) Records. The Contractor shall furnish copies
of all piezometer and water level readings to the
C.O.R. within 24 hours of being taken. Copies of pie-
zometer, water level, and flow measurements made by
the C.0O.R. will be furnished to the Contractor within
24 hours.

3) Dewatering system flow.

@) Flow measurements. The flow from individ-
ual dewatering wells will be measured by means of a
pitometer installed in the discharge pipe from the
well. As a check on the pitometer measurements and
on the performance of the well pump, the rate of flow
being pumped will also be estimated from the pump
characteristic curve, engine speed, static lift of the
water, and the pressure in the discharge pipe at the
top of the well. Flow from the entire dewatering sys-
tem will also be measured by means of a pitometer. All
flow measurements will be made by the C.O.R. as-
sisted by the Contractor’s “dewatering” engineer.

(b) Frequency of measurement. The total flow
from the dewatering system shall be measured once or
twice a week and the flow from individual wells week-
ly or biweekly, as appears appropriate.

(¢c) Records. All flow measurements will be re-

corded by the C.O.R. and a copy of the data furnished
tn tha OCantrantar within 24 hanre The C O R Wl" he
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responsible for reading the river gage and recording
the data; a copy of the river gage reading will be fur-
nished to the Contractor each day.

(4) Sanding. The flow from each dewatering well
will be monitored for sanding. The rate of sanding will
be determined by taking a measured amount of water
being pumped from each well and the sand content de-
termined. The maximum rate of sanding acceptable
will be 5 narts ner million, The rate of sanding will be

1l OO @ palils pos 2201001, 240 1480 VL 2alillills 210

checked once a week by the C.O.R. and the data re-
corded. A copy of the data will be furnished to the Con-
tractor within 24 hours.

i. Operation and maintenance of dewatering and
surface water control systems.

(1) Supervision. Supervisory personnel shall be
present onsite during normal working hours and shall
be available on call 24 hours a day, 7 days per week, in-
cluding holidays.

(2) Operating personnel. Sufficient personnel
skilled in the operation, maintenance, and replace-
ment of the dewatering and surface water control sys-
tems, components, and equipment shall be onsite 24
hours a day, 7 days per week, including holidays, at all
times when the systems are in operation.

(3) Well pumping restriction. The pumping rate of
any dewatering (deep) well shall be adjusted if neces-
sary, by adjustment of engine speed or valving so that
the water level in no well is lowered below the pump
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‘be lowered. In order to maintain maximum well effi-

ciency, the deep-well system shall be operated by
pumping whatever number of wells are required to
achieve the specified water level lowering in the deep
sand formation without pumping any well more than
1200 gallons per minute except in an emergency or if
required to achieve the specified water level lowering.

(4) Responsibility. Dewatering the excavation in-
cludes the control of seepage and artesian pressure in
the deep sand stratum underlying the site and the con-
trol of seepage from the upper silts and silty sand for
the duration of this contract. Included are the opera-
tion and maintenance of the deep-well, jet-eductor
well, and surface water control systems.

(5) Repair and replacement. The specified number
of wells and pumps shall be available for use at all
times. All damaged or malfunctioning wells or well
components shall be repaired or renewed as expedi-
tiously as possible while continuing to maintain the re-
quired water levels. The Contractor shall be responsi-
ble for all replacement equipment and the repair and
maintenance of all system components so as to main-
tain the system fully operational. Replacement equip-
ment and materials shall conform to the requirements
of these specifications.

(6) Maintenance criteria. The Contractor shall

malr\fsnn a rnmﬂquv Qﬂ}‘\ﬂf‘\l]ﬂf‘ malnfnnnrmo prno‘rnm
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which shall conform with the equipment manufac-
turer’s recommendations and include all other work
necessary to maintain all components fully operation-
al. The maintenance program shall include, but not be
limited to, checking the flow rate and water elevation
in each well. All data and records shall be submitted to
the C.O.R. at the completion of this contract. The Con-
tractor shall also maintain any nonoperating pumps
and engines. Maintenance shall include, but not be

limited to, starting each nonoperating pump and en-
gine on a weekly basis and operating the pump for a
minimum of 15 minutes. All pumps, both operating
and nonoperating, shall be tested for wear, independ-
ently, on a monthly basis. The Contractor shall con-
duct a shutoff head test and a test to verify that the
pump is capable of operating at its rated head capac-
ity. The Contractor shall renew all pumps having a
test result less than 75 percent of the manufacturer’s
rated shutoff head or rated capacity. The maintenance
tests shall be conducted under the supervision of the
Contractor Quality Control representative and under
the observation of the C.O.R.

J. Damages. The Contractor shall be responsible and
shall repair without cost to the Government, any work
in place, another contractor’s equipment, and any
damage to the excavation, including damage to the

DULCOIH uue LO HCdVe Eﬂd‘L Hldy I'Ubull, II'U.HI Illb Il(:‘gll'
gence, improper operation and/or maintenance of the
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k. Transfer of system. The succeedmg Lontractor
r Phase IiI onsurucuon or the uovernmem
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or her work The fac1ht1es to be transferred mclude all
dewatering wells, jet-eductor wells, pumps, engines,
gear drives, piezometers, header pipe, valves, and all
spare parts and standby equipment pertinent to the
surface and groundwater control systems. The de-
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watering systems shall be continuously operated dur-
ing tha tranafor nf tha quatam tn aithor tha Phaca TIT
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Contractor or to the Government. The (succeeding)

t
Contractor for Phase III work, or the Government
shall take title to the complete dewatering well, jet-
eductor, and surface water control systems as installed
when either assumes responsibility for maintaining
the excavation dewatered The bontractor (Phase 1i)
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) Unwatering Phaeo I excavation.
(a) No measurement will be made for unwater-
ing Phase I excavation.
(b) Payment for unwatering Phase I excavation

(2) Surface water control and sump pumping.

(@) No measurement will be made for surface
water control and sump pumping.

(b) Payment for surface water control and sump

umpmg wiil be made at the lump sum pnce and sha

water
(3) Deep dewatering wells.
(@) Dewatering wells will be measured for pay-
ment on the basis of each well successfully completed
and accepted by the Government.

cessary to

equlpment for performmg all operatlons
install, develop, and test pump each well.

(4) Dewatering turbine pumps, engines, and acces-
sories.
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nishing all plant, labor, materials, and equipment for
furnishing and installing the pumps and engines.

(5) Standby turbine pumps.
(@) Standby turolne pump will be measured for
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nishing standby turbine pumps shall constitute full
compensation for furnishing the pumps and placing in
appropriate storage. Each standby turbine pump shall
mcluae ail component,s shown on the drawmgs m(‘lud

@) Standby diesel power umts will be measured
for payment on the basis of each complete power unit
placed on the jobsite.

rials, and equipment for furnish

and placing in appropriate s torage Each standb
sel power unit shall include all components shown on
the drawings including the 110-horsepower diesel en-
gine with clutch power takeoff and fuel tank.
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(/) Well azscnarge header system.
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discharge header system.

(b) Payment for the well discharge header sys-

SRR

tem will be made at the lump sum price and shall con-
stitute full compensation for furnishing all plant,
labor, materials, and equipment necessary to install
the system. The system includes, but is not limited to,

Al irL 1

header pipé, vaives Iwungs outial SEI‘UCEUI‘QS and ac-

ment by the linear foot to the nearest foot from the
(berm) ground surface to the bottom of the PVC pipe
as installed.

tanks valves te
for performmg ll peratlons necessary t
jet eductors and pumping system as shown on the
drawings.

(9) Piezometers.
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cessfully installed and tested.

(b) Payment at the contract unit price for instal-
lation of M, R, S, and T piezometers shall constitute
full compensation for furnishing all plant, labor, mate-
rials, and equipment for performing all operations
necessary to install, develop, and test the M, R, S, and
T piezometers.

(¢) Payment at the contract unit price for instal-
lation of N piezometers shall constitute full compensa-
tion for furnishing all plant, labor, materials, and
equipment for performing all operations necessary to
install, develop, and test N piezometers.

(10) Testing, operation, and maintenance of de-
watering systems.

@) No measurements will be made for testing,
operation, and maintenance of the deep-well and jet-
eductor well systems.

(b) Payment for testing, operations, and mainte-
nance of the dewatering systems as specified will be
made at the lump sum price and shall constitute full
compensation for the duration of this contract and un-
til the systems are transferred to the Phase III Con-
tractor or the Government.

G-7. Example of type B-3 specifications
(dewctering)
a. General.

(1) The dewatering system shall be designed by
the Contractor using accepted and professional
methods of design and engineering consistent with the
best modern practice.

(2) The dewatering system shall be of sufficient
size and capacity as required to control ground and
surface water flow into the excavation and to allow all
work to be accomplished in the “dry.”

(3) The Contractor shall control, by acceptable
means, all water regardless of source and shall be fully
responsible for disposal of the water. The Contractor
shall confine all discharge piping and/or ditches to the
available easement or to additional easement obtained
by the Contractor. All necessary means for disposal of

the water, including obtaining additional easement,
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cost to the owner.

b. Design.

(1) Contractor shall obtain the services of a qual-
ified dewatering “Expert” or a firm to provide a de-
tailed plan for dewatermg the excavation. Contractor
shall submit his or her dewatering plan to the Engi-
neer for review and approval. The material to be sub-
mitted shall include, but not be limited to, the follow-
ing:

(@) The qualifications and experience of the se-
lected dewatering “Expert” or the firm (minimum of 5
years of proven experience in the design of equivalent
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system required).

(b) Drawings showing the soil conditions, strati-
fication, and characteristics; location and size of
berms, ditches, and deep wells; piezometers, well-
points; and sumps and discharge lines or ditches.

(¢) Capacities of pumps, prime movers, and
standby equipment.

(d) Design calculations including design param-
eters and basis of such parameters, factors of safety,
characteristics of pumping equipment, piping, etc.

(¢) Detailed description of procedures for in-
stalling, maintaining, and monitoring performance of
the system.

(2) Notice to Proceed issued by Engineer or re-
ceipt of the dewatering plans and data submitted by
Contractor shall not in any way be considered to re-
lieve the Contractor from full responsibility for errors
therein or from the entire responsibility for complete
and adequate design and performance of the system in
controlling the groundwater in the excavated areas.
The Contractor shall be solely responsible for proper
design, installation, operation, maintenance, and any
failures of any component of the system.

(3) The Contractor shall be responsxble for the a
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records required.
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¢. Damages. The Contractor shall be responsible for
and shall repair without cost to the Owner any damage
to work in place, other Contractor’s equipment, utii-
ities, residences, highways, roads, railroads, private
and municipal well systems, and the excavation, that
may result from his or her negligence, inadequate or
improper design and operation of the dewatering sys-
tem, and any mechanical or electrical failure of the de-
watering system.

d. Maintaining excavation in dewatered condition.
Subsequent to completion of excavation and during
the installation of all work in the excavated area, the
Contractor shall maintain the excavations to a de-
watered condition. System maintenance shall include
but not be limited to 24-hour supervision by personnel
skilled in the operation, maintenance, and replace-
ment of system components, and any other work re-
quired to maintain the excavation in a dewatered con-
dition. Dewatering shall be a continuous operation and
interruptions due to outages, or any other reason, shall
not be permitted.

e. System removal. The Contractor shall remove all
dewatering equipment from the site, including related
temporary electrical service. All wells shall be re-
moved or cut off a minimum of 3 feet below the final
ground surface and capped. Holes left from pulling
wells or wells that are capped shall be grouted in a
manner approved by the Engineer.
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