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SECTI ON 31 32 23
FOUNDATI ON DRI LLI NG AND GROUTI NG
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PART 1 GENERAL

1.1 UNIT PRI CES

1.1.1 Mobi |'i zati on and Denobilization
1.1.1.1 Paynment
1.1.1.2 Unit of Measure

1.1.2 Drilling Grout Holes
1.1.2.1 Payment
1.1.2.2 Measur enent
1.1.2.3 Unit of Measure

1.1.3 Drilling Drain Holes
1.1.3.1 Paynent
1.1.3.2 Measur enent
1.1.3.3 Unit of Measure

1.1.4 Drilling Exploratory Hol es
1.1.4.1 Paynment
1.1.4.2 Measur enment
1.1.4.3 Unit of Measure

1.1.5 [ Pressure Washing and Pressure Testing]
1.1.5.1 [ Payrent
1.1.5.2 [ Measur enent
1.1.5.3 [Unit of Measure

1.1.6 Steel Pipe and Fittings
1.1.6.1 Paynent
1.1.6.2 Measur enent
1.1.6.3 Unit of Measure

1.1.7 Portland Cenent in G out
1.1.7.1 Paynment
1.1.7.2 Measur enment
1.1.7.3 Unit of Measure

1.1.8 Pozzol ans (Fly Ash) in G out
1.1.8.1 Payment
1.1.8.2 Measur enent
1.1.8.3 Unit of Measure

1.1.9 Sand in G out
1.1.9.1 Paynent
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Measur enent
Unit of Measure
0 Fluidifier in G out
.1.10.1 Payment
.1.10.2 Measur enent
.1.10.3 Unit of Measure
11 Bentonite in Gout
.1.11.1 Paynment
.2 Measur enent
.1.11.3 Unit of Measure
12 Pl aci ng G out
.1.12.1 Paynment
.1.12.2 Measur enent
.1.12. 3 Unit of Measure
13 [ Connections to G out Hol es]
.1.13.1 [ Paynent
.1.13.2 [ Measur enent
.1.13.3 [Unit of Measure
REFERENCES
DEFI NI TI ONS
.1 Zone
.2 Secti on
.3 St age
.4 St op
.5 Split Spacing
SYSTEM DESCRI PTI ON
SUBM TTALS
DELI VERY, STORAGE, AND HANDLI NG
PRQIECT/ SI TE CONDI TI ONS
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PART 2 PRCODUCTS

GROUTI NG MATERI AL
\Wat er
Cenent
Pozzol ans
Adm xt ures
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Bentonite
Sand
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Pi pe
Fittings
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PART 3 EXECUTI ON

3.1 EQUI PMENT
3.1.1 Gener al
3.1.2 Drilling Equipnent
3.1.3 Grouti ng Equi pnent
3.2 GROUT, DRAI NAGE AND EXPLORATORY HOLES
3.2.1 Pi pe for Foundation G outing and Drai nage
3.2.2 Grout Hole Drilling
3.2.3 Drain Hole Drilling
3.2.4 Conpl etion of Grouting and Drain Hole Drilling
3.2.5 Expl oratory Hole Drilling
3.3 PROCEDURES FOR DRI LLI NG AND GROUTI NG
3.3.1 Gener al
3.3.2 Stage Grouting
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3.3.2.1 Primary Hol es
3.3.2.2 Successi ve Hol es
3.3.2.3 Conpl eti on of Section
3.3.3 Stop Grouting
3.3.4 Pressure Washing and Pressure Testing
3.3.5 Stage Grouting Procedures
3.3.5.1 First Stage
3.3.5.2 Second St age
3.3.6 Stop Grouting Procedures
3.3.6.1 Stop Grouting of Grout Holes
3.3.6.2 Grouting of Existing Exploratory Hol es
3.3.7 Grouting Pressures
3.3.8 G outing
3.3.8.1 Grout M xes
3.3.8.2 Grout Injection
3.3.8.3 Backfilling of Holes
3.3.8.4 Equi prent Arrangenent and Operation
3.3.8.5 Protection to Wrk and d eanup
3.3.9 Recor ds
3.3.10 Conmuni cat i ons
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NOTE: This gui de specification covers the
requirenents for drilling exploratory holes;
drilling drain holes; drilling, washing and pressure
testing grout hol es; making grout connections;

furni shing, handling, transporting, storing, mxing
and injecting the grouting materials; patching the
finished grout holes; care and disposal of dril
cuttings, waste water and waste grout; clean-up
grout galleries and shafts and areas upon conpl etion
of the work and all such other operations as are
incidental to the drilling and the grouting.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Comrent s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL
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NOTE: This gui de specification has been prepared as
a section in a general construction specification
for concrete dans. By rewording as necessary, this
specification may be adapted to other types of
foundation treatnent, such as under power plants,

| ocks, cutoff trenches, tunnels, and others.
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Met hods for listing subdivided itens are described

i n Paragraph 52.2/9109(g) "Variations in Estinmated
Quantities - Subdivided Itens" of Engineer Federal
Acqui sition Regul ation Suppl enent (EFARS). However,
effectiveness of the use of subdivided itens in
grouting has been questioned as being nore hazardous
than hel pful and that the standard variations in
quantity clause should be used.

Provi sions are made for the use of a sanded grout
but shoul d generally be limted to those formations
where quantities in excess of one cubic foot of
grout per linear foot of hole are anticipated. The
i nformati on contained in EM 1110-2-3506, "G outing
Technol ogy" and EM 1110-2-1302, "Cost Estimates -
Governnent Estimate of Fair and Reasonable Cost to
Contractor" should be used as a guide in estimating
guantities.

Comput er Application of Geotechnical Engineering
( CAGE)

a. The CAGE Grouting Task Group has devel oped a

m croconput er program for docunentation of grouting
operations and graphics for rapid display of data
for better field control. Sone of the highlights of
the programinclude optional data entry by a | aptop
or hand held conputer in the field, technical review
and quality control, preparation of Contractors pay
schedul es, and preparati on of foundation reports.
The User's Cuide "M croconmputer Grouting Data
Package (Multiple Zone and Stage Version for PC and
Hand Hel d Conputer)" is available fromthe U S. Arny
Engi neer Wat erways Experinment Station
(USACE-VWES-G). Use of this CAGE package will not
require contractual or technical additions to the
contract specifications unless the conmputer

equi prent, other facilities, or personnel for data
entry are to be Contractor supplied. 1In such case

t he proper provisions should be included. This
programis also an attractive tool for use in
grouti ng operations by Corps of Engi neers personnel
Use of this program should be strongly considered
for any grouting operation.

b. Conputer-aided control and nonitoring of the
grout injection has recently been used by the U S
Bureau of Reclamation (USBR) on several of their
projects. Their systemis appropriate for use on

| arge grouting projects. Use of their systemwill
necessitate certain contractual and technica
additions to the specifications which are not
included in this guide specification. |If interested
in this type systemfor a large grout program nore
i nformati on can be obtained by contacting the CACE
grout task group and the USBR

Chemical or other specialty grouting applications
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have not been specifically addressed in this guide
specification as nost of the CE grouting in rock
foundations for concrete structures, cutoff

trenches, |ocks and power houses use cenent grout.
However, the specification may be used as a genera
outline for chem cal or other specialty grouting
applications by insertion of the proper equipnent,
materials, and procedures in the appropriate

par agraphs and by nodification and del eti on of other
par agraphs. Engi neer Manual s 1110-2-3504, "Chem ca
Grouting", and 1110-2-3506, "G outing Technol ogy",
shoul d be used as gui des when the use of chemica
grouts and ot her specialty grouting applications are
bei ng considered. The nmanufacturer of those systens
that nmeet the potential job requirenments should be
contacted for verification. Also, consideration
shoul d be given to conducting | aboratory and field
tests and eval uati ons of the systemor systens being
considered for a given applications. There may be
occasi ons when t he engagenent of a consultant woul d
be appropriate and advantageous to assist in the

pl anni ng, selecting, and evaluating of a system
under consideration. Engi neer Manual 1110-2-2901
"Tunnel s and Shafts in Rock", should be referred to
when pl anning tunnel grouting and the guide
specification for Tunnel and Shaft G outing should
be used in the preparation of project specifications.

If grouting is anticipated during extrene
tenperatures, alteration of certain field procedures
may be necessary and should be included in the
specifications. Generally, for cold weather
grouting, the grout should be nuaintained at

t enper atures above 50 degrees F until injected, and
storage of the grouting materials should be at
tenperatures above freezing. Tenperature controls
for grouting surface rocks shoul d be specified based
on specific site conditions antici pated.

I nsul ation, heated enclosures, water heaters or

ot her equi pment or procedures may be required.
Grouting in extrenely hot weather nmay al so require
extra precautions.
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1.1 UNI' T PRI CES
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NOTE: |If Section 01 22 00.00 10 MEASUREMENT AND
PAYMENT is included in the project specifications,
this paragraph title (UNNT PRICES) should be del eted
fromthis section and the renaining appropriately
edi t ed subparagraphs bel ow should be inserted into
Section 01 22 00.00 10.
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1.1 Mobi | i zati on and Denobilization
1.1.1 Payment

Payment will be made for costs for assenbling all plant and equi pnent at
the site, preparatory to initiating the work and for renoving it therefrom
when the drilling and grouting program has been conpleted. Sixty (60)
percent of the contract |unp-sum price for nobilization and denobilization

will be paid follow ng conmpletion of noving onto the site, including
conpl ete assenbly, in working order, of all equi prment necessary to perform
the required drilling and grouting operations. The renaining forty (40)

percent of the contract |lunmp-sumprice will be paid when all equipnment has
been renoved fromthe site.

.1.1.2 Unit of Measure

Unit of measure: |unp sum

1.2 Drilling Gout Holes

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE: Delete the bracketed phrase if pay item
"Pressure Washing and Pressure Testing" is retained
as a pay item

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

.1.2.1 Payment

Payment will be nmade for costs associated with drilling and redrilling
grout hol es; [washing and pressure testing of grout holes; ]Jcare and

di sposal of waste water and waste grout; clean-up of the site; furnishing,
handl i ng, transporting and storing of grout materials; and for furnishing
all labor and supplies incidental to the work. This price is subject to
the cost limtation inposed by[ Section 31 32 23 FOUNDATI ON DRI LLI NG AND
GROUTI NG, ] paragraph Pl PE FOR FOUNDATI ON GROUTI NG AND DRAI NAGE, but only in
those |l ocations where pipe is specified. No paynent will be nade for
grout, or the material constituents thereof, wasted due to inproper
anchorage of grout pipe or connections, or which is wasted due to
negl i gence on the part of the Contractor, nor for grout which is rejected
by the Contracting O ficer because of inproper mxing. Paynent will be
nade at the applicable contract unit prices for materials contained in
grout which are wasted, where the wasting is not due to negligence on the
part of the Contractor.

.1.2.2 Measur enent

Drilling of grout holes will be measured for paynment on the basis of the
linear feet of holes actually drilled in concrete or rock, as shown or as
directed, including all internediate holes at |ocations where pipe was nhot
install ed.

.1.2.3 Unit of Measure

Unit of measure: |inear neter foot.
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1.1.3 Drilling Drain Hol es
1.1.3.1 Payment

Payment will be made for costs associated with drilling of drain holes
actually drilled in concrete or rock, as shown or as directed. This price
is subject to the cost limtation inposed by[ Section 31 32 23 FOUNDATI ON
DRI LLI NG AND GROUTI NG, ] paragraph Pl PE FOR FOUNDATI ON GROUTI NG AND DRAI NAGE

1.1.3.2 Measur enment

Drilling of drain holes will be measured for paynment on the basis of the
linear neter feet of holes actually drilled in concrete or rock, as shown
or as directed.

1.1.3.3 Unit of Measure
Unit of measure: |inear neter foot.

1.1.4 Drilling Exploratory Hol es
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NOTE: |If a portion of exploratory drilling is to be
done through overburden, a separate pay item should

be included for this portion.
EE SRR I Sk S S I S I S S R R R Rk I I S kS I Sk S R R Rk S S I S O Sk I I R I

1.1.4. 1 Paynment

Payment will be nmade for costs associated with drilling of exploratory
hol es.

1.1.4.2 Measur ement

Drilling of exploratory holes will be nmeasured for paynent on the basis of
the linear neters feet of holes actually drilled in concrete or rock, as
directed by the Contracting O ficer.

1.1.4.3 Unit of Measure
Unit of neasure: linear nmeter foot.

1.1.5 [ Pressure Washi ng and Pressure Testi ng]

1.1.5.1 [ Payment
Payment will be made for pressure washing and pressure testing of grout
hol es, which includes the cost of naking and breaki ng connections
incidental to the work. Paynent will be based upon the total amount of
time required for pressure washing and pressure testing, determ ned by
reduci ng the total number of mnutes of operation to the nearest whole
hour. No paynent will be nade for time |ost due to fault or negligence of
the Contractor, or due to defective equi pnment furnished by the Contractor.
Time will be nmeasured cunul atively to the next whole m nute of operations.]

1.1.5.2 [ Measur enment
Pressure washing and pressure testing will be neasured for paynent on the
basis of the actual tine water punps are operating. Pressure washing and
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pressure testing will be nmeasured fromthe tinme punping is begun on a hole
or section of a hole until the time punping is conpleted on the hole or
section of the hole as determ ned by the Contracting Officer. Operation
time will be determ ned by rounding 30 or nore mnutes of operation up to
the nearest whole hour, and rounding 29 or |ess mnutes of operation down
to the nearest whole hour. Fractional tinme will be neasured cunul atively
to the next whole minute of operation.]

.1.5.3 [Unit of Measure

Unit of neasure: nearest whole hour.]

.1.6 Steel Pipe and Fittings

.1.6.1 Payment

Payment will be nmade for costs associated with grout and drain hol e pipe
and fittings remaining in the pernmanent worKk.

.1.6.2 Measur ement

Pipe and fittings will be neasured for paynent on the basis of the actua
wei ght of satisfactorily installed pipe and fittings left in place as
shown. No additional allowance will be nade because of differences in pipe
size or length, or the nunber of pipes required.

.1.6.3 Unit of Measure

Unit of nmeasure: kil ogran pound.

1.7 Portland Cenment in G out

.1.7.1 Payment

Payment will be made for costs associated with Portland cenent in grout.
.1.7.2 Measur enent

Portland cement in grout will be neasured for paynent on the basis of the
nunber of cubic nmeters (42.6 kilograns) feet (94 pounds) of cenent used in
the grout satisfactorily placed in grout holes and in exploratory holes, or
wast ed when such wasting is not due to the Contractor's negligence.

.1.7.3 Unit of Measure

Unit of neasure: cubic nmeter (42.6 kilograns) foot (94 pounds).

.1.8 Pozzol ans (Fly Ash) in G out

.1.8.1 Payment

Payment will be made for costs associated with fly ash in grout.

.1.8.2 Measur enment

Fly ash in grout will be measured for payment on the basis of the nunber of

cubic neters (33.6 kilograns) feet (74 pounds) of fly ash used in the grout
satisfactorily placed in grout hol es.
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1.1.8.3 Unit of Measure
Unit of neasure: cubic neter foot.

1.1.9 Sand in G out

1.1.9.1 Payment
Payment will be made for costs associated with sand in grout.

1.1.9.2 Measur enent
Sand in grout will be neasured for paynent on the basis of the nunmber of
cubic neters feet of sand[, dry rodded neasurenent,] used in the grout
satisfactorily placed in grout holes or in exploratory hol es.

1.1.9.3 Unit of Measure
Unit of neasure: cubic neter foot.

1.1.10 Fluidifier in Gout

1.1.10.1 Paynment
Payment will be made for costs associated with fluidifier in grout,
including full allowance for the paynent by the Contractor of all required
royal ties.

1.1.10.2 Measur enent
Fluidifier in grout will be neasured for paynent on the basis of the nunber
of kil ograms pounds of fluidifier used in the grout satisfactorily placed
in grout holes.

1.1.10.3 Unit of Measure
Unit of neasure: kil ogramnm pound.

1.1.11 Bentonite in G out

1.1.11.1 Payment
Payment will be nade for costs associated with bentonite in grout.

1.1.11.2 Measur ement
Bentonite in grout will be neasured for paynment on the basis of the nunber
of kil ograns pounds of bentonite actually used in grout m xtures
satisfactorily placed in grout hol es.

1.1.11.3 Unit of Measure

Unit of measure: kil ogran pound.

1.1.12 Pl aci ng G out

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTES: Sel ect appropriate Alternative.
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Under certain conditions it nay be desirable to
include a pay itemfor standby tine for Governnent
directed suspension of drilling or grouting
operations.
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1.1.12.1 Payment

Payment will be made for costs associated with satisfactorily placing grout
in grout holes[, which includes full conpensation for proportioning the mx
as directed and mixing and injecting the grout as specified[ in Section

31 32 23 FOUNDATI ON DRI LLI NG AND GROUTI NG . Separate paynment will be made
for all materials used in grout as provided in unit price pay iten(s)
"Portland Cenent in Gout"[, "Pozzolans (Fly Ash) in Gout", "Sand in
Gout", "Fluidifier in Gout", and "Bentonite in Gout"].][. No paynent
will be made for tine |ost due to fault or negligence of the Contractor or
due to defective equipnent furni shed by the Contractor.]

1.1.12.2 Measur enent

Placing grout will be nmeasured for payment on the basis of [the number of
cubic neters feet of materials, satisfactorily placed, exclusive of water
[and fluidifier] and regardl ess of the proportions of the m xes, neasured
individually as specified in unit price pay itens "Portland Cenent in
Gout", "Pozzolans (Fly Ash) in Gout", and "Sand in Gout".][the actua
time grout punps begin pumping on a hole or portion of hole and conti nui ng
until the tine punping is conpleted on that hole or portion of hole, as
determned by the Contracting Oficer. Tinme for satisfactory placenent of
grout will be determ ned by rounding 30 or nore m nutes of placenent tine
up to nearest whole hour, and rounding 29 or |less mnutes of placenent tine
down to the nearest whole hour. Fractional placenment tine will be measured
cumul atively to the next whole minute of operation.]

1.1.12.3 Unit of Measure
Unit of neasure: [cubic neter foot.] [nearest whole hour.]

1.1.13 [ Connections to Grout Hol es]
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NOTE: The price to be inserted in this paragraph
shoul d be deternined on the basis of the estimated
cost to the Contractor for the operation of noving
the grout supply line onto the hole. This price
shoul d not include any all owance for pipe or other
materials used in nmaking the connections. This unit
price pay itemnmay be optional for grout paynent on
an hourly basis.
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1.1.13.1 [ Payment

[ Payment will be nmade for costs associated with connections to grout holes
at arate of [__ ] dollars per connection. Were stop grouting nethod is
used [paynent for at |east one connection will be nmade for each packer
setting in a hole].][Paynent for only one connection will be nade for each
hol e regardl ess of the nunmber of settings.]]
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1.1.13.2 [ Measur enent

Connections to grout holes will be measured for paynment per connection for
each time the grout supply line is connected to a grout hole for the

pur pose of injecting grout regardl ess of the nunber of times connections
are nade per hole or the anmount of grout actually injected.]

1.1.13.3 [Unit of Measure
Unit of neasure: each.]

1.2 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's

Ref erence Article to autonmatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 3 (2006) Malleable Iron Threaded Fittings,
Cl asses 150 and 300

ASTM | NTERNATI ONAL ( ASTM
ASTM A 53/ A 53M (2007) Standard Specification for Pipe

Steel, Black and Hot-Di pped, Zinc- Coated,
Wl ded and Sean ess

ASTM C 136 (2006) Standard Test Method for Sieve
Anal ysi s of Fine and Coarse Aggregates
ASTM C 150 (2007) Standard Specification for Portland
Cenent
ASTM C 618 (2008a) Standard Specification for Coa

Fl'y Ash and Raw or Cal ci ned Nat ur al
Pozzol an for Use in Concrete
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ASTM C 70 (2006) Standard Test Method for Surface
Moi sture in Fine Aggregate

ASTM C 91 (2005) Masonry Cenent

ASTM C 937 (2002) Grout Fluidifier for
Pr epl aced- Aggr egat e Concrete

U S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 100 (1975) Method of Sanpling Concrete
Aggr egat e and Aggregate Sources, and
Sel ection of Material for Testing

1.3 DEFI NI TI ONS
1.3.1 Zone

A zone is a predetermined partial depth of curtain. The first zone extends
[ ] mfeet downward from|[the contact between the concrete and the
rock] [the bottom of the cutoff trench] [overburden and the top of rock]
overburden and elevation [ ]. The second zone extends [__ ] mfeet
downward fromthe bottomof the first zone. The third zone extends [__ ]
n feet downward fromthe bottom of the second zone. [Define additiona
zones as needed]. Al grouting in a given zone and section shall be
finished before work is started in the next [higher] [l ower] zone.

1.3.2 Secti on

A section is a reach along the grout curtain, not nore than [ ] feet
in length in which grouting operations will not be pernmtted at the sane
time that drilling is in progress. Insofar as practicable, the grout
curtain will be subdivided into sections in a manner which will facilitate
the Contractor's operations.

1.3.3 St age
A stage is one conplete operational cycle of drilling, cleaning, pressure

washi ng, pressure testing, pressure grouting, and grout cleanout within a
zone. The actual depth of a stage depends upon geol ogic conditions

encountered in drilling. It may vary froma fraction to the full depth of
the zone, and is marked by the loss or gain of drill water in appreciable
anmount s.

1.3.4 St op

A stop is a predeternined depth at which the expandi ng plug or packer is
posi ti oned.

1.3.5 Split Spacing

Split spacing is the procedure of |ocating an additional grout hole m dway
bet ween two previously drilled and grouted hol es.

1.4 SYSTEM DESCRI PTI ON

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: |If no separate section on "CONCRETE" is used
t he appropriate paragraphs applicable to sanpling
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1

and testing in SECTION 03 70 00 MASS CONCRETE shoul d
be inserted in the follow ng paragraphs in lieu of
the section reference given below |If a "CONCRETE"
section, other than SECTION 03 70 00 MASS CONCRETE
is used, the Designer should ensure that the
applicable sanpling and testing is included in that
secti on.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

5

a. This section covers drilling exploratory holes; drilling drain

hol es; drilling, washing and pressure testing grout hol es; naking grout
connections; furnishing, handling, transporting, storing, mxing and
injecting the grouting naterials; backfilling holes; patching the
finished grout holes; care and disposal of drill cuttings, waste water
and waste grout; clean up of [grout galleries and shafts][the areas]
upon conpletion of the work and all other such operations as are

incidental to the drilling and grouting. The work contenpl at ed
consists of [constructing a grout curtain and a drai nage curtain][area
grouting], the approxinmate locations, linmts, and details which are

i ndi cated. Perform Governnent preconstruction sanpling and testing as
speci fied bel ow

b. Performsanpling and testing of sand, cenentitious naterials, and
adm xtures in accordance with Section [03 70 00 MASS CONCRETE] [ 03 30 00
CAST- 1 N- PLACE CONCRETE][03 31 01.00 10 CAST-1 N PLACE STRUCTURAL
CONCRETE] .

c. Performsanpling and testing of grout materials in accordance with
Section [03 70 00 MASS CONCRETE][03 30 00 CAST-1 N PLACE CONCRETE] [
03 31 01.00 10 CAST-I N PLACE STRUCTURAL CONCRETE] .

SUBM TTALS

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnittals
required for the project. Submittals should be kept
to the mninumrequired for adequate quality control

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
subnmittals are already marked with a “G'. Only
delete an existing “G if the subnmittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Management System (RMB) are: "AE" for
Architect-Engineer; "DO for District OOfice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
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following the "G' typically are not used for Navy,
Air Force, and NASA proj ects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Subnit the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 03 Product Data

Drilling Equipment
Grouting Equi pnent

Details and data on the drilling and grouting equi prent for
conformance with the requirenents of paragraph EQU PMENT.

Gout Plant[; Q[; G [_____ 1]

A detail ed plan show ng equi pnent and grout plant |ayout
proposed for nixing and pl aci ng grout.

6 DELI VERY, STORAGE, AND HANDLI NG

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

NOTE: |If no separate section on "CONCRETE" is used,
t he appropriate paragraphs applicable to materi al
delivery, storage, and handling in SECTION 03 70 00
MASS CONCRETE shoul d be inserted in this paragraph
inlieu of the section reference given below If a
" CONCRETE" section, other than SECTION 03 70 00 is
used, the Designer should ensure that the applicable
mat eri al delivery, storage, and handling paragraphs
are included in that section.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

Transportation and storage of materials shall be in accordance with section
[03 70 00 MASS CONCRETE][03 30 00 CAST-I N PLACE CONCRETE][03 31 01.00 10
CAST- | N- PLACE STRUCTURAL CONCRETE]. A sufficient quantity of cenent shall
be stored at or near the site of the work to insure that grouting
operations will not be delayed by shortage of cenent. |In the event the
cenment is found to contain |unps or foreign matter of a nature and in
amounts which, in the opinion of the Contracting Oficer, may be

del eterious to the grouting operations, screening through a standard 100
mesh screen may be required. No paynent will be nmade for such screening.

T PRQIECT/ SI TE CONDI Tl ONS

The program shown and described is based on currently avail abl e
information. Conditions encountered during construction may require
additions or deletions. The grouting programshall not be nodified or
curtailed as a construction expediency. It is a required part of design
and shall not becone secondary to any tine or scheduling restrictions.
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Grouting mxes, pressures, injection rate and the sequence in which the
holes are drilled and grouted will be determined in the field and shall be
as directed.

PART 2 PRODUCTS

2.

2.

2.

2.

1 GROUTI NG MATERI AL

Provi de grout composed of water and cenent, [pozzol ans, adm xtures, and
fillers]. The grout mxes will be designed by the Contracting Oficer and
will be varied to neet the characteristics of each hole as determn ned by
conditions encountered. The various materials to be furnished by the
Contractor shall conformto the specifications |listed in paragraphs bel ow

1.1 Wt er

[ The water used in the grout shall be furnished by the Contractor. It
shall be fresh, clean and free frominjurious amunts of sewage, oil, acid,
al kali, salts, or organic matter.][Water suitable for use in the work wll
be furnished by the Government. It shall be the responsibility of the
Contractor to provide any necessary connecti ons and extensions to the
Government supply |ine shown.]

1.2 Cenment

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: Avoid specifying the use of air entrained
cenent, except on rare occasi ons when grout nmay be
exposed to severe freezing and thaw ng conditions.

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

Cenent used in grout shall conformto the requirenents of ASTM C 91 and
ASTM C 150. The use of bulk cenment will be permtted provided the
Contractor enploys nmethods of handling, transporting, and storage that are
satisfactory to the Contracting O ficer, otherwi se only cenent furnished in
cloth or paper bags will be accepted to use in the work. Storage of cenent
shal |l be in accordance w th paragraph DELI VERY, STORAGE, AND HANDLI NG

1.3 Pozzol ans

Pozzol ans shall be fly ash [or other raw or cal ci ned natural pozzol ans]
conformng to ASTM C 618. Sanpling will be done by an authorized
representative of the Governnent. All tests will be made by and at the
expense of the CGovernment. Pozzolans may be furnished in paper sacks or in
bul k. 1t shall be transported, handled, and stored so as to avoi d danage,
wast e, or absorption of noisture.

1.4 Adm xt ures

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: Refer to EM 1110-2-3506, "G outing
Technol ogy", for discussions of properties,
characteristics and limtations for principa
adm xture and filler materials. Only the nore
commonly used are included here.

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

Adm xtures shall be added to the grout inmediately before or during its
m xing and will consist of [accel erators, retarders, water reducers,
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al um num powder, and fluidifiers].
2.1.5 Fluidifier

Fluidifier shall be a conpound possessing characteristics which wll
increase the flowability of the m xture, assist in dispersal of the cenent
grains, and neutralize the setting shrinkage of the grout. The quality of
the material shall neet the requirenents specified in ASTM C 937. Sanpling
of fluidifier shall be done by an authorized representative of the
Contracting Officer. Trial mxtures should be tested prior to using the
materials in field work. All tests will be nade by and at the expense of
the Government. Fluidifier shall be furnished in noisture-resistant paper
sacks shipped in seal ed containers and shall be handl ed and stored so as to
avoi d absorption of noisture, damage or waste. Material which has become
caked due to noisture absorption will be rejected.

2.1.6 Bentonite

Bentonite shall be sodium (Na) cation, powdered nontnorillonite. It shal

be added to the cement grout 2 percent to 5 percent by weight of cenent.
The percentage shall be adjusted as directed by the Contracting Oficer. A
separate colloidal bentonite mxer is required to mx the bentonite and
water to ensure fully dispensing and hydrating the bentonite before adding
to the grout mixer. The bentonite shall be handl ed and stored so as to
avoi d absorption of moisture, damage, or waste. Bentonite which has becone
caked due to noisture absorption will be rejected. A sufficient quantity
of bentonite shall be stored at or near the site of the work to insure that
grouting operations will not be delayed by shortage of bentonite.

2.1.7 Sand

a. Sand for grout shall be clean and consist of hard, tough, durable,
uncoated particles with no nore than | ] percent passing the No.
200 sieve. The shape of the particles shall be generally rounded or
cubical [and shall not contain nore than [ ] percent of flat or

el ongat ed pi eces having a maxi num di nension in excess of five tines the
m ni mum di nension]. The sand shall be generally well graded fromfine
to coarse in accordance with ASTM C 136 with 100 percent passing the
[No. 8]] ] sieve.

b. Subject the sand to such tests as are necessary to deternmine its
acceptability. Performsanpling of sand in accordance with the
appl i cabl e sanpling provisions contained in COE CRD-C 100 or as
directed. Unless otherwise directed, all test sanples shall be taken
under the supervision of the Contracting O ficer and shall be delivered
to a designated point, at the expense of the Contractor, at |east

[ ] days in advance of the tinme when sand will be required at the
site of work. Al tests will be nmade by the Governnent at its
expense. The tests to which the sand will be subjected will include

specific gravity, absorption, soundness in nagnesium sul fate,
petrographi c anal yses, and any other tests that are necessary to
denonstrate that grout of adequate durability can be produced.

c. The percentage of surface noisture in ternms of the saturated
surface-dried sand will be determ ned in accordance with ASTM C 70, or
ot her method gi ving conparable results.

d. Store sand in such a nmanner as to avoid the inclusion of any
foreign materials in the grout. Al sand shall remain in free draining

SECTION 31 32 23 Page 17



storage for at |east 72 hours prior to use.
2.2 MNETAL PI PE AND FI TTI NGS

Metal pipe and fittings required for constructing grout, drainage and
expl oratory hol es shall be furnished, cut, threaded, and fabricated by the
Contractor.

2.2.1 Pi pe

Pipe will be black steel of the dianeter and in the |ocation indicated.
The pipe shall conformto ASTM A 53/ A 53N

2.2.2 Fittings
The fittings shall be black, malleable iron in accordance with ASVE B16. 3.
PART 3 EXECUTI ON

3.1 EQUI PVENT
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NOTE: For jobs where the estinmated quantity of
solids is between zero and 30 cubic neters (1,000
cubic feet), a punping capacity of 950 cn?/s(lS agpm
is recomended; from 30 to 1400 cubic neters (1,000

to 50,000 cubic feet), a 1900 cn?/s(BO gpm punp;
and for jobs greater than 1400 cubic nmeters (50, 000

cubic feet), a 3800 cn?/s(GO gpm punp. Also, for
j obs where large grout quantities are anticipated it
may be desirable to specify an automated batchi ng
plant with batch tickets for all itens in the mx

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

The use of internal conbustion engines within damgalleries for operation
of drilling and grouting equi pnent will not be permtted.

3.1.1 Cener a

Al drilling [including exploratory hole drilling] and grouting equi pnent
used shall be of a type, capacity and nechanical condition suitable for
performng the work, as determned by the Contracting Oficer. The power
and equi pnent and the | ayout thereof shall neet all applicable requirenents
of local, State, and Federal regul ations and codes, both safety and

ot her wi se.

3.1.2 Drilling Equi prent

Standard drilling equi pnent of the rotary [or percussion] type shall be
used to performthe drilling as specified in paragraphs GROUT HOLE

DRI LLI NG DRAIN HOLE DRI LLI NG COVPLETI ON OF GROUTI NG AND DRAI N HOLE

DRI LLI NG and EXPLORATORY HOLE DRI LLING Use [water] [air] for renoving

cuttings fromthe hole during drilling operations. Air driven drills used
in galleries shall be equipped with suitable nmufflers. Supplies shal
include all bits, drill rods, tools, casing, piping, punps, water, and
power to acconplish the required drilling. Al drilling rigs and punps

wi |l be equipped with pressure gages.
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3.

1.3 Grouti ng Equi pnent

The grout plant shall be capable of supplying, mxing, stirring and punping
the grout and additives, to the satisfaction of the Contracting O ficer.

The plant shall have a mninumcapacity of [[__ ] m/s] [[__ ] cn?/s
[ 1 gpm [[___ ] cfm of grout injected at a pressure not greater
than [ ] kPa psi. It shall be maintained at all times and any grout

hole that is |ost or danmaged due to nechanical failure of equi pnment or

i nadequacy of grout supply shall be replaced by another hole, drilled by
the Contractor, at its expense. The amount of grouting equi pnent shall be
as necessary to performthe work specified herein. The type to be

furni shed shall include the foll ow ng:

a. A progressive cavity punp capabl e of passing particles up to a top
size of | ] mr inches, generating pressures up to | ] kPa ps

and punpi ng a maxi mum of [] ] ml/s] [] ] cn?/s] [r_. ] gpn
[ ] cfm. 1In no case will the punp be separated by nore than

[ ] meters feet of grout line fromthe header of a hole being
grouted. \Where grout lines are nore than | ] meters feet long, an
addi ti onal punmp shall be placed in the line within [ ] meters feet
of the header.

b. A [colloidal] [paddle] type grout m xer having a mni num drum
capacity of approximtely [ ] cubic neters feet with a m x batch of
[ ] cubic neters feet. Mxing tinme shall be approxi mately [ ]
seconds per batch.

c. A separate colloidal mxer for mxing and hydrating bentonite.

d. A nechanically agitated sunp having a mininum capacity of [ ]
cubic neters feet.

e. Acirculating grout header with control valves and a pressure gage
with protector as shown on the plans. Control valves shall be
connected to the return line and header. The header shall be joined
directly to the riser pipe at the hole by nmeans of a quick connector
uni on.

f. A water storage tank or suitable source of clean auxiliary water
for use in washing, pressure testing and flushing operations.

g. A water neter graduated in cubic neters feet and tenths having a
direct reading totalizer and capabl e of conveniently being set back to
zero.

h. Such val ves, packers, pressure gages, pressure hose, supply lines,
and small tools as may be necessary to provide a continuous supply of
grout at accurately controlled pressures as specified. The inside

di anmeter of the pressure hose and grout supply line shall be not I|ess
than [ ] mr inches. An accurately calibrated, high precision
pressure gage shall be used to check the accuracy of all gages used in
the grouting. Gages shall be checked at |east every 24 hours, or nore
frequently if the Contracting Oficer so determ nes. Wen defects are
found, grouting operations will be stopped until calibration of gages
has been obt ai ned.

2 GROUT, DRAI NAGE AND EXPLORATORY HOLES

Al'l holes for grouting, drainage or exploration shall be drilled at the
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| ocations, in the direction, angle, and to the depths indicated or as
directed by the Contracting Oficer.[ A maxinumtolerance for deviation in
angle and direction shall be [__ 1.1 The first series of holes to be
drilled and grouted shall be at [ ] meter foot intervals and
hereinafter are referred to as primary holes. The |ocation of secondary
and succeeding series (internmediate) holes shall be deternmined by the split
spaci ng nmethod as defined in paragraph SPLIT SPACI NG The nunber of grout
hol es shall be increased, progressively, by the split spacing nethod as
defined in paragraph SPLIT SPACI NG The nunber of grout holes shall be

i ncreased, progressively, by the split spacing nethod as deened necessary
by the Contracting Officer until the anpbunt of grout used indicates that
the foundation is tight. Each hole drilled shall be protected from
becom ng cl ogged or obstructed by nmeans of a cap or other suitable device
on the collar and any hol e that becomes cl ogged or obstructed due to fault
of the Contractor before conpletion of operations shall be cleaned out in a
manner satisfactory to the Contracting O ficer or another hole provided by
and at the expense of the Contractor. That portion of hol es which
penetrates concrete of the damshall be [forned by enbeddi ng pipes in the
concrete at the tine of its placenment] [drilled] as specified in paragraph
Pl PE FOR FOUNDATI ON GROUTI NG AND DRAI NAGE. Paynent will be nmade for such
partial depth of holes at the unit contract price for [Item No. [
"Steel Pipe and Fittings"], [ltemNo. [ ] "Drilling Grout Holes"],
[ITtemNo. [ ] "Drilling Drain Holes"], [ItemNo. [ ] "Drilling
Expl oratory Hol es"].

2.1 Pi pe for Foundation G outing and Drai nage

Al nmetal pipe and fittings required for constructing grout, drainage and
expl oratory hol es shall be enbedded. The pipe and fittings shall be

cl eaned thoroughly of all dirt, grease, oil, grout and nortar imediately
before embedment. Al joints shall be nade up snug and the assenbly held
firmy in position and protected from danage or di splacenent while the
concrete is being placed. Take all necessary precautions to prevent any
pi pe from becom ng cl ogged or obstructed from any cause and any pi pe which
becones cl ogged shall be cleaned out in a manner satisfactory to the
Contracting Officer at the Contractor's expense. The presence of tranp
metal such as nails, wire, bolts, nuts and other foreign material in the
pi pes through which dianond drilled holes are to be drilled shall be

consi dered as obstructions. As an option, substitute percussion or dianond
drilled holes through the concrete in lieu of pipe, provided that the

net hod proposed neets with the approval of the Contracting O ficer and
provided further that such substitution does not result in any increased
cost to the Governnent.

2.2 Grout Hole Drilling

a. Gout holes shall be drilled with standard rotary [or percussion]
drilling equipnment. No core recovery will be required and the type bit
used shall be optional with the Contractor. [The hole shall be of
sufficient dianeter to all ow use of an expansion plug or packer with an
ef fective inside dianeter of not less than 13 nr 1/2 inch]. The
m ni mum di aneter of hole shall be [35] [ ] mv [1 3/8] | ] inches
at the point of maxi num penetration. No grout hole will be drilled at
an angle greater than | ] degrees neasured fromthe vertical nor to
a depth greater than | ] meters feet neasured fromthe collar of
the hole. |If, as the work progresses, it is determ ned that holes to
dept hs greater than indicated are necessary, drilling to such greater
depth will be ordered in witing, and the drilling to depths in excess
of [ ] meters feet will be paid for at a negotiated unit price.
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b. Drilling will be done in accordance with the applicable grouting
nmet hod herei nafter described. Wenever as much as | ] percent of
the drill water is lost or the cunulative total of successive water

| osses is estimated to anmount to | ] percent loss, or artesian flow
is encountered, the drilling operations shall be stopped, the hole
washed, pressure tested and grouted before drilling operations are
resumed in such hole. The grout so injected remaining in a partially
conpl eted hol e shall be renmpved therefrom by washing or other nethods
before it has set sufficiently to require redrilling. Redrilling

requi red because of the Contractor's failure to clean out a hole before
the grout has set shall be performed at the Contractor's expense except
t hat where the grout has been allowed to set by direction of the

Contracting Officer, the redrilling will be paid for at the contract
price for drilling the grout hole. Upon conpletion of drilling of any
hole and prior to pressure testing, all drill cuttings and slurry shal

be renoved by applying water to the bottom of the hole [through open
end rods] and returning the wash water through the hole to the surfaces
until the return water is clear. No separate paynent will be nade for
t hi s washi ng.

2.3 Drain Hole Drilling

Drill drain holes with standard di anond drilling equiprment, but no core
recovery will be required and the Contractor may elect to use coring or
noncoring bits. The minimumdi ameter of hole shall be [72] [__ ] mr [2
78] [ ] inches, measured at the point of maxi num penetration. No
drain hole will be drilled at an angle greater than [ ] degrees from
the vertical nor to a depth greater than [ __ ] nmeters feet, nmeasured from
the collar of the hole. Drainage holes shall not be drilled in any
location until all adjacent grout holes within a mninmmdistance of 50
neters 150 feet have been drilled and grouted to full depth.

. 2.4 Conpl etion of Grouting and Drain Hole Drilling

Al'l grouting operations and all drain hole drilling shall be conpleted and
in proper working condition prior to the tine of inmpounding water. At that
time all work in the [grouting and drai nage galleries] [tunnels] shall be
compl eted, all drain holes shall be uncovered and unobstructed, and the
[galleries and their gutters] [tunnels] shall be free of all construction
debris. N pples for grout hole drilling will be renmoved fromthe [gallery]
[cutof f trench] and disposed of and the finished grout holes will be

pat ched.

2.5 Expl oratory Hole Drilling

a. Performsuch exploratory drilling as nay be required to determn ne
the condition of the rock prior to grouting or the effectiveness of the
grouting operations during or after grouting. Al exploratory drilling
shall be performed with rotary drilling equipnent using coring type
bits. Since the maxi mumrecovery of unpredictable soft or friable
materials is of prinme inportance, nake every effort to recover 100
percent of the core by use of the appropriate equiprment and drilling

pr ocedures.

b. The holes may be required to be drilled to varying depths, with a

maxi mum depth of | ] meters feet. No exploratory hole will be
drilled at an angle greater than | ] degrees nmeasured fromthe
verti cal
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c. Special care should be exercised to obtain cores in as good
condition as possible. Keep, in a manner satisfactory to the
Contracting O ficer, an accurate Driller's Log of all exploratory holes
drilled. The log shall include a nontechnical description of al
materials encountered in the drilling, their location in the holes and
the I ocation of special features such as seans, open cracks, soft or

br oken rock, points where abnormal |oss or gain of drill water
occurred, and any other items of interest in connection with the
purpose for which the exploratory drilling is required.

d. Wboden or other approved core boxes will be furnished by [the
Governnent] [the Contractor], and the Contractor shall place the cores
in the boxes in the correct sequence and separated accurately by wooden
bl ocks, according to the neasured distances in the hole. No box shal
contain cores fromnore than one hole. The covers shall be fastened
securely to the core boxes and delivered in the vicinity of the work as
di rect ed.

e. Exploratory holes shall be grouted under pressure, if conditions so
i ndicate, by [stop grouting] [grouting to full depth in one operation]
and backfilled in accordance w th paragraph BACKFI LLI NG OF HOLES.

3 PROCEDURES FOR DRI LLI NG AND GROUTI NG

3.1 Cenera

The drilling and grouting shall be acconplished in single or multiple lines
as shown. The drilling and the grouting shall be done by [zones, using the

split spacing, stage grouting nethod] [split spacing, stop grouting nethod]
as described herein.

.3.2 Stage Grouting

Perform stage grouting of progressively deeper zones in stages with the
pl acement of a grout curtain by drilling and grouting in successive
operations in accordance with the followi ng general procedure.

.3.2.1 Primary Hol es

Primary holes for foundation grouting shall be drilled to their first stage
of depth within the first zone. The depths will be governed by the
foundati on conditions.

a. The holes thus drilled shall be washed and pressure tested, and
then grouted, except that when pressure testing indicates a relatively
tight hole, the Contracting Oficer may direct that the grouting of
that hole be onitted for that stage and the hole be |left open for
drilling and grouting of the next stage.

b. After the grouting of any hole, the grout within the hole shall be
[rembved by washing or by other nethods before it has set sufficiently
torequire redrilling][allowed to set and subsequently the hol es shal
be redrilled].

c. After the interval of tine as specified in paragraph SECOND STAGE,
the primary holes not already drilled to the limt of the first zone
shall be drilled as directed to additional depths not exceeding the
zone limt.
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d. The primary hol es thus deepened shall again be washed and pressure
tested and then grouted at higher pressures as directed. Again, the
grout within the hole shall be renpbved as described above.

e. The process of successively drilling primary holes to additiona
dept hs and grouting at higher and higher pressures in stages, as
directed, shall be repeated until all of the primary holes on the

maxi mum spaci ng (see paragraph GROUT, DRAI NAGE AND EXPLORATCRY HOLES)
have been conpletely drilled and grouted to the depth of the first zone
in that section of the grout curtain

3.3.2.2 Successi ve Hol es

After the primary holes in the first zone have been conpleted in any
section as specified above, the second and succeedi ng series of holes, as
determned by the "split spacing nethod," shall be drilled and grouted to
the depth of the first zone in like manner until the first zone of that
section is conpletely grouted as directed.

3.3.2.3 Conpl eti on of Section

The process of successively drilling to additional depths and grouting at
hi gher and hi gher pressures in stages for the first series of holes and
then for succeeding series of holes shall be repeated for the second and
subsequent zones of that section. Oher sections along the grout curtain
shall be grouted in Iike manner until grouting of the foundation is
conpleted to the satisfaction of the Contracting Officer. As the drilling
and grouting work progresses, it nay develop that conditions are such that
all or parts of the foundation already grouted require additiona

grouting. In such event, the equi pnent shall be returned and additiona
hol es shall be drilled and grouted as directed.

3.3.3 Stop Grouting

Stop grouting is a nmethod whereby each hole is drilled to a final depth and
grouted by stops through an expansi on plug or packer which is set at

successi vely shall ower depths. It involves the placenent of a grout
curtain by drilling and grouting in accordance with the foll owi ng genera
procedur e:

a. Drill hole to the full depth and wash as specified in paragraph

GROUT HOLE DRI LLI NG

b. The holes thus drilled and washed shall be pressure tested, and
pressure washed as specified in paragraph PRESSURE WASH NG AND PRESSURE
TESTI NG

c. The expansion plug, or packer, shall be placed in the hole at the
top of the interval to be grouted bl ocking off the higher portion of
the holes, and the interval is grouted. The |owest zone is grouted
first. In no case will the Contractor be required to set the packer
deeper than [ ] nmeters feet.

d. After placing the grout at the pressure and nmix directed by the
Contracting O ficer, the expansion plug, or packer, shall be left in
pl ace until the grout pressure drops to that pressure required for the
next higher stop or as directed by the Contracting O ficer
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3.

e. The expansion plug, or packer, shall then be noved to the next
hi gher stop and grout placed at the | ower pressure as directed by the
Contracting O ficer.

f. The procedures described in subparagraphs "d" and above shal

be repeated until grouting of the hole is conplete.

e

g. After the primary holes in the first zone have been conpleted in
any section as specified above, the second and succeedi ng series of

hol es, as determ ned by the "split spacing nethod" shall be grouted in
i ke manner until all zones of that section are conpletely grouted as
di rected.

h. Oher sections along the grout curtain shall be grouted in |ike
manner until grouting of the foundation is conpleted to the
sati sfaction of the Contracting Oficer

i. As the drilling and grouting work progresses, it may devel op that
conditions are such that all or parts of the foundation already grouted
requi re additional grouting. |In such event, the equipnent shall be
returned and additional holes for grouting shall be drilled and grouted
as directed and no allowance above contract unit prices will be nade
for drilling and grouting such holes or for the expense of any novenent
of equi pnment necessary to the performance of such work.

3.4 Pressure Washing and Pressure Testing

| mredi ately before the pressure grouting operation, the hole shall be

t horoughly washed under pressure and pressure tested. Al intersected rock
seans and crevices containing clay or other washable materials shall be
washed with water [and air] under pressure to renove as nmuch of these

materials as possible. |If practicable, as determned by the Contracting
Oficer, such material shall be ejected fromone or nore hol es by
i ntroducing water [and air] under pressure into an adjacent hole. 1In no

case shall such pressure exceed the maxi num grouting pressure as directed.
Al'l grout holes shall be tested with cl ean water under continuous pressure
up to the maxi mum grouting pressure as directed. Al holes sufficiently
tight to build up the maxi mum required pressure shall be washed at such
pressure and the washing shall continue as long as there is any increase in
the rate at which water is taken, such increase indicating the fractures
are being opened by the washing operation. Open holes in which no pressure
can be built up shall be washed for a period of 5 minutes, with the punp
operating at full capacity, or for such period of time as fracture-filling
i s being removed, as evidenced by the escape of nuddy water through surface
openi ngs or other grout holes.

.3.5 Stage Grouting Procedures

.3.5.1 First Stage

Performthe first stage, or |ow pressure, shallow curtain grouting by
washi ng and grouting holes at | ocations indicated or as directed, using the
"split spacing" nethod described in paragraph SPLIT SPACING Simlar
stages of drilling and grouting are repeated as necessary to reach the
bottom of the first zone. Before grouting is begun in any hole of a given
series in any section, at |least the nearest two holes in advance of each
such hole in that series shall be conpletely drilled for the sane stage and
the adjacent hole conpletely washed to facilitate washing and fl ushi ng out
of any intervening clay-filled seans, fractures, or solution channels. No
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hol e beneath any portion of the dam shall be grouted until all concrete
within [35] [ ] meters [100] [__ ] feet has been placed to [ful
hei ght] [ ] unl ess otherw se directed.

.3.5.2 Second St age

After all first stage grouting in any section has been conpleted, as
speci fi ed above, proceed, when so directed, with second stage drilling and
grouting in accordance with the procedure outlined herein but in no case
shal | the deepening of any hole preparatory to grouting be comenced before
the previously placed grout has set: nor shall second stage grouting be
conducted within a distance of approxinmately 35 neters 100 feet of any hole
in which a previous stage of grouting has been conpleted until the grout in
such previous stage hole has [taken its set] [set for a period of

24-hours]. Gouting at subsequent stages shall conformto the same
requirenments as to mninumtine and distance. Upon conpletion of all holes
to the bottomof the first zone, and after the waiting period the primary
holes are drilled to the next stage in the second zone and grouted at

hi gher pressures. The process of drilling, washing, pressure testing,
pressure washi ng, and grouting at progressively higher pressures are
continued until the ground is satisfactorily tight to the required depth.

.3.6 Stop Grouting Procedures
.3.6.1 Stop Grouting of G out Holes

Performthe grouting by washing and grouting holes at |ocations indicated
or as directed. Before grouting is begun in any hole of a given series in
any section, at |least the nearest two holes in the advance of each such
hole in that series shall be conpletely drilled and the adjacent hole

conpl etely washed to facilitate washing and flushing out of any intervening
clay-filled seams, fractures, or solution channels.

.3.6.2 Grouting of Existing Exploratory Hol es

Exi sting exploratory holes or portions of holes nore than five feet deep
after excavation shall be cleaned [pressure-tested], and [pressure grouted]
[gravity grouted] as specified for grout holes. Holes less than 1.5 neters
five feet deep shall be back-filled with grout m xed in proportions
directed by the Contracting Oficer. Gavity grouting or backfilling shal
be done in accordance with paragraph BACKFI LLI NG OF HOLES.

. 3.7 Grouting Pressures

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

NOTE: Refer to EM 1110-2-3506, "Grouting
Technol ogy" for discussions of grouting pressures as
an aid in selecting all owabl e pressures under

di fferent conditions.
EE IR R R R S I I I I I I I I I I R R S I I IR I R I R I I R I I I I I I R R I S I b b I b I b I b I b I b I b I b 3 I 3 b b b b I

Grouting pressures to be used in the work will vary with conditions
encountered in the respective holes and pressures used shall be as
directed. It is anticipated that pressures will range from[__ ] kPa ps
to [ ] kPa psi but in no event will pressures in excess of [_ ] kPa
psi be required or allowed.
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3. 3.

8

Al l
Contracting O ficer, and shall be in accordance with the foll owi ng genera
procedures.

G outing

pressure grouting operations shall be performed in the presence of the

3.3.8.1 G out M xes

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: Appropriate additives will be used for
speci fic cases.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

M xes shall be in the proportions directed by the Contracting Oficer who
will, fromtine to tine, direct changes to suit the conditions found to
exist in the particular grout hole. [The cenment grout will include 2
percent to 5 percent (by weight of cenent) of sodiumbentonite]. The

wat er/cenent ratio by volunme will be varied to neet the characteristics of
each hole as revealed by the grouting operation and will range between
[ ] and [ ]. The types of grout shall be as follows:

3. 3.

8.

[a. Cenent Grout shall consist of cenment, (bentonite) and water.]

[b. Mrtar Gout shall consist of cenent, (bentonite), sand, and
wat er . ]

2 Grout Injection

a. In general, if pressure tests indicate a tight hole, grouting shal
be started with a thin mx. |If an open hole condition exists, as
determined by loss of drill water or inability to build up pressure

during washi ng operations, then grouting shall be started with a
thicker mx and with a grout punp operating as nearly as practicable at
constant speed at all times; the ratio will be decreased, if necessary,
until the required pressure has been reached. [If this procedure does
not produce the desired pressure, nortar grout shall be used and the

m x varied as necessary to produce the desired results.]

b. When the pressure tends to rise too high, the water/cenment ratio
shal |l be increased [and/or the mix of nortar grout changed or

di scontinued] as nay be required to produce the desired results. |If
necessary to relieve premature stoppage, periodic applications of water
under pressure shall be nade. Under no conditions shall the pressure
or rate of punping be increased suddenly as either nay produce a

wat er - hanmer effect which may pronote stoppage.

c. The grouting of any hole shall not be considered conplete unti
[that hole refuses to take any grout whatever at three-fourths of the
maxi mum pressures required for that stage] [that hole takes grout at
the rate of one cubic foot of grout or less in ten mnutes measured
over at least a five minute period at the pressure required for that
portion of the hole being grouted.]

d. Should grout |eaks develop, the Contractor shall caul k such | eaks
when and as directed, the cost thereof being included in the contract
price for unit price pay item"Placing Gout", in accordance with
Section 01 22 00.00 10 MEASUREMENT AND PAYMENT

e. If, due to size and continuity of fracture, it is found inpossible
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to reach the required pressure after punping a reasonable vol unme of
grout at the m ni num workabl e water/cenent ratio [or nmortar grout with
t he maxi mum vol une of sand at the m ni mumwater/cenenting nmaterials
rati o] the speed of the punping shall be reduced or punping shall be
stopped tenporarily and intermttent grouting shall be perforned,
allowing sufficient tinme between grout injections for the grout to
stiffen. Follow ng such reduction in punping speed, if the desired
result is not obtained, grouting in the hole shall be discontinued when
directed. |In such event, the hole shall be cleaned, the grout all owed
to set, and additional drilling and grouting shall then be done in this
hole or in the adjacent areas as directed, until the desired resistance
is built up.

f. After the grouting of any [stage] [stop] of a hole is finished, the
pressure shall be nmaintai ned by means of a stop-cock or other suitable
device until the grout has set to the extent that it will be retained
in the hole.

g. Gout that cannot be placed, for any reason, within two hours after
m xi ng shall be wasted. |[If such grout is nixed at the direction of the
Contracting Officer or with his know edge and consent, such wasted
grout, except as specified in Section 01 22 00.00 10 MEASUREMENT AND
PAYMENT, shall be paid for at the contract unit prices for the
materi al s contai ned therein.

3.3.8.3 Backfilling of Holes

Hol es shall be backfilled with grout proportioned as directed by the
Contracting Oficer and generally having a water/cenent ratio | ess than
1.0. The backfilling shall be acconplished by injection of grout through a
trem e pipe or hose inserted to full depth of hole. Wen grout vents at
the surface, the trem e shall be gradually w thdrawn, maintaining grout in
pi pe or hose until conpletely renmoved. Holes containing freshly injected
grout shall not be backfilled until the injected grout has set. No
separate paynent will be nade for backfilling holes; however, grout wll be
paid for at the contract unit price for the Portland cenent therein

3.3.8.4 Equi prent Arrangerment and Operation

The arrangenent of the grouting equiprment shall be such as to provide a
continuous circulation of grout throughout the systemand to permt
accurate pressure control by operation of a valve on the grout return |ine,
regardl ess of how small the grout take nay be. The equi pnent and |ines
shal | be prevented from becom ng foul ed by the constant circul ation of
grout and by the periodic flushing out of the systemw th water. Flushing
shal |l be done with the grout intake valve closed, the water supply valve
open, and the punmp running at full speed.

3.3.8.5 Protection to Wrk and d eanup

[ Except as otherw se specified, no grouting will be permitted within [__
neters feet of installed perforated pipe or gravel filters for foundation
drains. Were pernmitted in such |ocations, the Contractor shall nmaintain a

flow of water through the drains likely to be affected, to serve as
tell-tales. In case | eakage of grout into drains does occur imediately
stop the grouting operations and renove all grout fromthe drains affected
by washing to the satisfaction of the Contracting Oficer. Paynment for
washing will be in accordance with unit price pay item"Pressure Washing
and Pressure Testing" in [this Section][Section 01 22 00.00 10 MEASUREMENT
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AND PAYMENT]. Such stopping of grouting operations and washi ng of drains
shal |l be repeated as often as required to conplete the curtain grouting.]
During grouting operations take such precautions as nmay be necessary to
prevent drill cuttings, equipnent exhaust oil, wash water, and grout, from
defaci ng or danmagi ng the permanent structure. Daily nmaintenance nmay be
required along grout lines, in order to offer better inspection of

i nterconnected hol es and breakouts. The Contractor will be required to
furni sh such punps as may be necessary to care for waste water and grout
fromhis operations. Upon conpletion of these operations, clean up al
waste resulting fromhis operations that is unsightly or would interfere
with the efficient operation of the project as anticipated by the origina
desi gn.

.3.9 Recor ds

The Contracting Officer will keep records of all grouting operations, such
as a log of the grout holes, results of washing and pressure testing
operations, tine of each change of grouting operation, pressure, rate of
punpi ng, anount of cement for each change in water/cenent ratio, and other
data as deened by himto be necessary. Furnish all necessary assistance
and cooperation to this end.

.3.10 Communi cat i ons

When, for its own convenience, the Contractor has the individual elenments
of the plant so located that comunication by normal voice between these
elements is not satisfactory, the Contracting Oficer may require himto
install a satisfactory nechani cal nmeans of comunications, such as a

tel ephone or other suitabl e device.

-- End of Section --
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