July 25, 1983

Mr. Larry Chako

City of 5t. Petersburg
Pollution Control

Post Office Box 2842

St. Petersburg, Florida 33731

Dear Mr. Chako:

RE: Pinellas County Resource Recovery Project - Phase II
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1%363. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans or 'issues
which may impact those areas under your agency's purview. Please
have the appropriate sections of your agency review the applica-
tion. wWe would appreciate & response by September 26.

I1f your agency feels that insufficient information has been
‘provided in the application and its appendices to permit a
satisfactory analysis, please call thics tc our attention as soon
as possible but no later than August 22, 1983, so that we can
request additional information from the applicant. k

The Power Plant Siting Section will be happy to answer any
guestions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 904/486-0130. Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original applicatiorm.

Sincerely,

gdamilton S. Oven, Jr.

Adgministrator

Fower Plant Siting Section
B3G/sb

Attachment




July 29, 1983

Mr. Ed McNeely

Department of Transportation
Baydon Burns Building

605 Suwannee Street
Tallahassee, Florida 32301

Dear Mr. Mcheely:

Rk: Pinellas County Resource Recovery Project - Phase I1I
Power Plant Site Certification Applicaticn

The Department received@ the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposec project, in particular regarding those plans or issues
which may impact those areas under your agency's purview. Please
have the appropriate sections of your agency review the applica-
tion. Wwe would appreciate a response by September 26,

If your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as soon
as possible but no later than August 22, 1583, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be happy to answer any
questions you may have regardlng the application processing
procedures or other concerns and may be reached at telephone
number 904/488-0130. Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original application.

Sincerely,

Bamilton S. Oven, Jr.

Administrator

Power Plant Siting Section
HSO/=sb

Attachment




July 29, 1983

Mr. Jaccb Stowers, III

Pinellas County Pollution Control
Pinellas County Courthouse

315 Court Street

Clearwater, Florida 33516

Dear Mr. Stowers:

KE: Pinellas County Resource Recovery Project - Phase 11
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. Wwe are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues

have the appropriate sections of your agency review the applica-
tion. we would appreciate a response by September 26.

If your agency feels that insufficient information has been

provided in the application and its appendices to permit a
satisfactory analysis, please call this tc our attention as soon
as possible but nc later than August 22, 1983, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be happy to answer any
questions you may have regarding the application processing
proceaures or other concerns and may be reached at telephone
number 904/488-0130. Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original application.

Sincerely,

Hamilton S. Oven, Jr,

Administrator

Power Flant 5iting Section
HS0/sb

"Attachment

which may impact those areas under your agency's purview, Please .

L S —




July 29, 1983

Mr. wWilliam A. Ockuzzi

Director of Planning

Tampa Bay Regional Planning Council
9455 Koger Boulevard

St. petersburg, Florida 33702

Dear Mr. Ockuzzi:

RE: Pinellas County Resource Recovery Project -~ Phase Il
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. we are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview. Please
have the appropriate sections of your agency review the applica-
tion. we would appreciate a response by September 26.

1f your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as soon
as possible but no later than August 22, 19&83, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be nappy tc answer any
questions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 904/488-0130. Ask for myself or Ms. Karen Anthony.
please tind attached a partial copy of the original application,

Sincerely,

Hamilton 5. Oven, Jr.
Administrator
Power Plant Siting Section
ES50/sb

Attachment




July 28, 1983

Lt. Governor Wayne Mixon, Secretary
Florids Dept. ¢of Commerce

Collins Building

Tallahassee, Florida 32304

Dear Lt., Governor:

RE: Pinellas County Resource Recovery Project - Phase II
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview, Please
have the appropriate sections of your agency review the
application., We woulcd appreciate a response bv September 26.

If your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as scon
as possible but no later than August 22, 1983, so that we can
request additional infermation from the applicant.

The Power Plant Siting Section will be happy to answer any
questions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 904/488-013C. Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original applicatiocn,

Sincerely,

Hamilton 8. Oven, Jr.

Administrator

Power Plant Siting Section
HSO/sb

Attachment




July 25, 1983

Mr. L. Ross Morrell

Department of State

Division of Archives, History
and kecords Management

The Capitol

Tallahassee, Florida 32304

Dear Mmr, Morrell:

RE: Pinellas County kesource Recovery Project - Phase I1
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview, Please
have the appropriate sections of your agency review the applica-
tion. We would appreciate a response by September 26.

If your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as soon
as possible but no later than August 22, 1983, so that we can
request additional information from the applicant.

The Power Plant Siting section will be happy to answer any
questions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 8904/488-0130. Ask for myself or Ms. Karen Anthony.
Please find attached a partiai copy of the original application.

Sincerely,

Hamilton S, Qven, Jr.
Addministrator
Power Plant Siting Section

HS0/sb

Attachment




July 28, 1983

Mrs. Liz Cloud

Bureau of Administrative Code
Department of State

The Capitol

Taltahassee, Florida 32301

Dear Mrs. Cloud:

I would appreciate your publication of the enclosed Notice
of 2 Receipt of an Application for Power Plant Site Certification
An the next fssue of the Florida Administrative Weekly.

If you have any questions, please let me know. I appreciate
your assistance and. cooperation.

Sincerely,

Geneva M. Hartsfield
Administrative Assistant
0ffice of the Chafrman
Environmental Regulation
Commission

GMH/HS0/sb

Enclosures: Origiaal and one copy of a Public Notice of Hearing




The Florida Department of Environmental Regulation announces receipt
of an Application for Construnction and Operation of an Addition to
the Resource Recovery Power Plant FPacility Located Near S8t. Peters-
burg, Florida. Pinellas County has filed application No. 83-18 for
Phase II of the Pinellas County'Resource Recovery Projec¢t located

south of the St. Petersburg-Clearwater Airport.

The department expects to hold a public hearing on the effects of
e
the construction and operation of this resource reacovery boiler in

_approximately 180 days. All persons wishing to become parties to

the proceedings should file with the department a notice of intent

to become a party by November 1, 1983,
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HDR ¢ ¢

Henningson, Durham & Richardson

P.C. Box 12744
101 West Garden Street
Pensacola, FL 32575

DATE JOB8 NQO.
[204] 432-2481 7/27/83 1617-39-63
ATTENTION
Mr _ Hamiltaon QOwven
LETTER OF TRANSMITTAL RE:
TO:

State of Florida
Department of Environmental Regulation

Twin Towers Office Building

2600 Blair Stone Road
Tallahassee, FL 32301

WE ARE SENDING YO QActached Ounder separate cover via the following items
O Shop drawings OPrints O Pans 0O samples O Specifications
OCopy of lecter OChange order O

CORIES DATE NO. DESCRIPTION

1 Copy of Air Modeling requested,

M =t » B
Received DE

JUL 28 ‘165

PPS

Lo

a2 m WP

THESE ARE TRANSMITTED as checked below:

OFor approval [] Approved as submitted [JHesubmit copies for approval
O For your use [J Approved as noted OSubmic _______copies for distribution
}p As reqguested []Returned for corrections O ReturN e corrected prints

OFor review ang commment, O

DFDF‘ BIOS DUE 19 D PRINTS RETURNED AFTER LOAN TO WS
REMARKS
COPY TO SIGNED 7

' eZIeLTPS Aare DOL 8% NoLRC rease it v us Bt once Jame S C . AndrEWS
JCA:jr



July 27, 1983

Mr. John DeGrove

Department of Comwmunity Affairs
25371 Executive Center (Circle, East
Tallabassee, Florida 32304

Dear Mr. DeGrove:

RE: Pinellas County Resource Becovery Project - Phase I1
Power Plant Site Certificatios Application

The Department Teceived the above referenced application on
July 26, 1983, We are soliciting your agency's comments on the
proposed project, pursusant to Section 403.507, F.5., in
particular those regarding those plans or issues which may impact
those areas under your sgency's purview. Plezse have the
appropriate sections of your agency, such as Power Plant Siting
and Flood Hazard Protection, review the application. We would
appreciate & response by September 26.

If your agency feels that iasufficient information has been
provided in the application and its appendices Lo permit a )
satisfactory analysis, please call this to our attemtion as socon
as possible but no later than August 22, 1983, sc that we can
Teguest additional information from the applicant.

The Power Plant Siting Section will be happy to amswer any
questions you may hsave regarding the application processing
procedures or other concerns and may be reached &t telephone
number 904/48B~0G130. Ask for myself or Ms. Karen Anthouy.
Please fiund attached a partial copy of the original application.

Sincerely,

Hawmiltonm 5. Oven, Jr., P.E.
Administrator
Power Plapt Siting Section

HS0/sb

Attachment




TO: Power Plant Siting Review Committee
FROM: Hamilton §. Oven, Jr.
DATE: July 27, 1982

SUBJECT: Power Plant Siting Application
Pinellas County Resource Recovery
Project - PA B3-18 - Module 6188

The department received the attached application from Pinellas
County for Phase II of their Resource Recovery Project on

July 26, 1983, Please review the application for completeness
and sumit your comments by aAugust 5, 1983. There will be a
meeting cn August 1, 1983, at 3:00 p.m. in the Dredge and Fill
conference room to discuss the application. For your assistance
1 am attaching a copy of Pinellas' application for Phase I.

cc: Frank Andrews
Clair Fancy
Bill Deane
Rodney Dehan
Bob McvVety
Larry Olsen
Karen Anthony
Bill Hennessey
Pat Lewis
Dick Smith




July 27, 1983

Mr. David Pingree, S5ecretary
Department of Health and
Rehabilitative Services
1323 Winewool Boulevard
Tallahassee, Florida 32301

Dear Secretary Pingree:
RE: Pinellas County Resource Recovery Project - Phase I1I
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans cr issues
which may impact those areas under your agency's purview. 1In
particular, the proposal is a garbage-fired power plant and may
raise guestions such as public health impacts. Please have the
appropriate secticns of your agency, such as Environmental
Health, review the application. We would appreciate a response
by September 26.

1f your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as soon
as possible but no later tham August 22, 1983 so that we can
request additional information from the applicant.

The Power Plant Siting Section will be happy to answer any
guestions you may have regarding the application processing
procedures or other concerns, and may be reached at telephone
number 904/488-0130. Ask for myself or Ms, Karen Anthony.
Please find attached a partial copy of the original application
for Pnase 1I.

Sincerely,

Hamilton §. Oven, Jr., P.E.
Administrator
Power Plant Siting Secticn

H50/sb
Attachment




July 27, 1983

Mr. Doyle Connor
Department of Agriculture
and Consumer Services

The Capitecl
Tallahassee, Florida 32301

Dear Mr. Connor:

RE: Pinellas County Resource Recovery Project - Phase 11
Power Plant Site Certificaticn Applicatien

The Department received the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview, such as
impact on agriculture, forestry, or endangered plants, We would
appreciate a response by September 26.

If your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as scon
as possible but no later than August 22, 1983, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be happy to answer any
guestions you may have regarding the application processing
procedures or other cohcerns and may be reached at telephone
number 904/488-0130. Ask for myself or Ms. Karen Anthony. Please
find attached a partial copy of the original applicaticn.

Sincerely,

Bamilton S, Oven, Jr., P.E.

Administrator

Power Plant Siting Section
HS50/sb

Attachment




July 27, 1983

Colonel Robert Brantley

Game & Fresh Water Fish Commission
HBryant Building

Tallahassee, Florida 32304

Dear Colonel Brantley:

RE: Pinellas County Resource Recovery Project - Phase I1I
Power Flant Site Certification Application

The Department received the above referenced application on
July 26, 1983. We are soliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview. Please
have the appropriate sections of your agency, such as Environ-
mental Programs, review the application, We would appreciate a
response by September 26, 1983.

If your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory arnalysis, please call this to our attention as soon
as possible but no later than August 22 so that we can reguest
additional informatio from the applicant.

The Power Plant Siting Section will be happy to answer any
questions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 904/488-0130. Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original application.

Sincerely,

Hamilton &. Oven, Jr., P.E.

Aaministrator

Power Plant S5iting Section
BSO/sb

Attachment




July 27, 1983

Mr. William Tatum, Executive Director
‘Southwest Florida water Management District
5060 US 41 South

Brooksville, Fiorida 33512

Dear Mr, Tatum:

RE: Pinellas County Resource Kecovery Project - Phase 11
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983, We are soliciting your agency's comments on the
proposed project, pursuant to 17-17.04(5) FAC, in particular
regarding those plans or issues which may impact those areas
under your agency's purview. Please have the appropriate
sections of your agency review the application. Please provide
your final comments by September 26, 1983.

1f your agency feels that insufficient information has been
provided in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as soon
as possible but no later than August 22, 1983, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be happy to answer any
questions you may have regarding the application processing
procedures or other concerns and may be reached at telephone
number 904/488-0130. &Ask for myself or Ms. Karen Anthony.
Please find attached a partial copy of the original application.

Sincerely,

Hamilton S, Oven, Jr., P.E,
Administrator
Power Plant Siting Section

H50/sb

Attachment




July 27, 1983

Dr, Elton Gissendanner
Department of Natural Resources
3300 Commonwealth Building
Tallahassee, Florida

Dear Dr., Gissendanner:

RE: Pinellas County Resource Recovery Project - Phase II
Power Plant Site Certification Application

The Department received the above referenced application on
July 26, 1983. We are scliciting your agency's comments on the
proposed project, in particular regarding those plans or issues
which may impact those areas under your agency's purview. Please
have the appropriate sections of your agency review the applica-
tipn, We would appreciate a response by September 26.

If vour agency feels that insufficient information has beeg
providea in the application and its appendices to permit a
satisfactory analysis, please call this to our attention as scon
as possible but no later thaun August 22, 19832, so that we can
request additional information from the applicant.

The Power Plant Siting Section will be bhappy to answer any
guestions you may have regarding the application processing
precedures or cother concerns and may be reached at telephone
number 904/488-0130. Ask for myself of Ms. Karen Anthony.
Please find attached a partial copy of the original application.

Sincerely,

Hamilton S. Qven, Jr., P.E.
Adgninistrater
Power Plant Siting Section

HS50/sb

Attachment




TO: william Hennessey, District Manager
FROM: Hamilton S. Oven, Jr.

DATE: July 27, 1983

SUBJECT: Pinellas County Resource Recovery Project - Phase I
Power Plant Site Certification Applicaticon - PA 83-18

Attached is a power plant siting application submitted by
Pinellas County Resource Recovery, Please have your staff review
and comment on the completeness of the application by August 4,
1983 and for sufficiency by August 30, 1383. If possible, please
submit recommendations concerning whether or not the application

should be permitted and, if sc, appropriate permit provisos by
December 1, 1983.

Please Qesignate a contact person tc coordinate the review of the
application by the various sections of your office, 1If the

contact person has any guestions, I can be reached at Suncom
278-0130.

Alsc attached is a copy of the application for Phase 1.




July 27, 1983

Mr, Chris H. Bentley, Director
Division of Administrative Hearings
Oakland Office Building

2009 Apalachee Parkway

Tallahassee, Florida 32310

Dear Mr. Bentley:

RE: Pinellas County Resource Recovery Project - Phase I
Power Flant S5ite Certification application - PA §3-1B

A Power plant site certification application for Pinellas
County Resource Recovery Project - Phase 11 was received by this
department on July 26, 1283. A copy of the application is
attached. Pursuant to Section 403.5065, Florida Statutes, please
designate a Bearing Officer. Mr. william Williams was the
hearing officer during Phase I, DOAE Case Nc. 78-2041,

The Department is now reviewing the application for
completeness., A formal response on completeness will be prepared
by hugust 8, 1983,

A3 this is an expansion of capacity at an existing certified
site with neo change ir boundaries, it is anticipated that no land
use-zoning hearing will be needed. Pinellas County may modify
their boundaries during the proceedings. .At that time a land use
hearing would be reguirec.

Sincerely,

Hamilton &. Oven, Jr., P.E.
hAaministrator
Power Plant Siting Section

HSO/sb

cc: Bill Deane, DER
Art Shell, PS5C
Larry hkeesey, LDCa
Tom Cone, SWFwWMD
Bob Trapp, PSC
Wwilliam D, Courser, 3WFWMD




. ! Qﬁuuﬂnq To Oistrict Otficas

| And/Qr To Other Than The Addressas

State of Florida I To: _S_U.Lauuﬁ_\&hmaauom.;

DEPARTMENT OF ENVIRONMENTAL REGULATION ETo: Loctn.:
' ITo: Loctn.:
INTEROFFICE MEMORANDUM o D |
|Reply Cotional { | Reply Required { | Into. Qniy (i}
gDate Que: ___________  Oste Cue:

TO: Power Plant Siting Review Committee

' OIV. ENVIRONM ]
FROM: Hamilton S. Oven, Jr. Hg@ pERMImNSNTAL
DATE: July 27, 1983

SUBJECT: Power Plant Siting Application
Pinellas County Resource Recovery
Project - PA 83-~-18 - Module 8188

The department received the attached application from Pinellas
County for Phase II of their Resource Recovery Project on

July 26, 1983, Please review the application for completeness
and submit your comments by August 5, 1983. There will be a
meeting on August 1, 1983, at 3:00 p.m. in the Dredge and Fill
conference room to discuss the application. For your assistance
I am attaching a copy of Pinellas' application for Phase I,

cc: Frank Andrews
Clair Fancy
Bill Deane
Rodney Dehan
Bob McVety
Larry Olsen
Karen Anthony
Bill Hennessey
Pat Lewis
Dick Smith
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STATE OF FLORIDA

'DEPARTMENT OF ENVIRONMENTAL REGULATION

8ORB GRAHAM
: GOVERNOR

SOUTHWEST DISTRICT

7601 HIGHWAY 301 NOATH
TAMPA, FLORIDA 33610-9544

)
VICTORIAL TSOHINKEL
. " SECHRETARY

-
WILLIAM K, HENNESSEY
DISTRICT MANAGER

July 15, 1983

—

Mr._ Robert Becker VS
Department of Solid Waste Management (:{,-5 / .
Pinellas County " ' b
P.0O. Box 21623 ‘ . NG g e Lot
’ - -

St. Petersburg, FL 33742-1623

Re: Sample Analyses —-.Pinellas County Resource Recovery Facility
ESE Sample No. 246900 and 246901
/
~ ~_J

Dear Mr. Becker: S gmeTE A
Attached for your attention and corresponding action is a
memorandum from our Groundwater Section concerning the above
referenced subject. " No disposal of the ash material below the

.

natural water table should be allowed until this matter 1s resolved.”

Concerning our telecon of July 13, 1983, this office has no
objection to the proposal for using ash material for weekly cover
at the Class III facility, provided that it can be done in an
environmentally safe manner., It is recommended that the county
implement a month try-out period to determine its feasibility,

then submit a written report to our office for review and approval.
The report should provide details of how the proposal will be
implemented and details of any problems encountered and how they
were corrected. (i.e. fugitive dust, rain, etc.)

If you have any questions, don't hesitate to contact me at
telephone number 813/985-7402.

Sincerely,
JRIA N

Patrick W. Lewis
PRvironmental Specialist II

PWL/bc
cc: John Reese
Hamilton S.

=597
« RECEIVED
L 18 1983

PINELLAS COURTY
GOLID WASTE SYSTEM

Protecting Florida and Your Quality of Life



Swate of Florida

. 2
® M‘@“" ricoty Lol
or Fyurting To Diswict Otfices

Anrf.c' t To Oths Than The Addrees

Southwest District - Tampa
Bill Hennessey, Manager /é%52§7
Southwest District — Tampa

Rodney DeHan, Administrator ?_L’Q
Groundwater Section

THROUGH :

James J. Crane, Hydrogeologist.
Groundwater Section

FROM: &QC

DATE: July 7, 1983

SUBJECT:

Sample Analyses - Pinellas Co. Resource Recovery Facility

I have reviewed the analyses and found most parameters to be below
drinking water standards. The detection limits for two parameters, -
mercury and selenium, are too high to determine whether these
parameters exceed drinking water standaeds he standard for mercury
is 2 ug/l, but the detection limit m e standard for
selenium is 10 ug/l, but the detection as <25 Ug/l:\ These

parameters should be re-done using detection INmits below 'the drinking
water standard.

these two parameters also prove to be below the standards, the
can be deposed of as requested.

JJC/es

N i —f F-\D -;:

‘. 1 '.-._ \

llaf 33 L-Xhﬂ

JuL 11 1983 :

SOUTH W LST LiSTRICT

TAMPA

e

RECEIVED

JUL 22 18y

PINELLAS COUNTY

BOLID WABTE SYSTEM

2 dﬁf—_ Loctn.; ______/"_ﬁ"..._-_'"_
DEPARTMENT OF ENVIRONMENTAL REGULATION To: . Cttm
L Ta: = S Loctn.:
INTEROFFICE MEMORANDUM from e D (Fmer o T
Reply Cotlanal [ ) Ruptly Aeguirea [ ] lnio‘al-y [ i
Cate Dus: _ Tate Que: ___ :
TO: Pat Lewis, Environmental Specialisﬂ"ZZT/




State of Florida To: ) Loctn.:
DEPARTMENT OF ENVIRONMENTAL REGULATION To: Lactn.:

. - {Te: Loctn.:
INTEROFFICE MEMORANDUM From: : Date: !

o Buch Overs

And/Qr To Other Than The Addresses

& w Reply QOptional | | Reply Required | ] info, Oniy [ ]
1 h3 Date Due: Qate Due: __
} .

=)

!

NECE

i)

wyh

TO: Cost Center Administrators

DIV. ENVIRONMENTAL

THROUGH: Dan McCall, Chief@’l/\ OFRMITTING
Bureau of Accounting and Budgeting

FROM: John McDermott J ¢

DATE: July 12, 1983

SUBJECT: Addendum to the October 1982 Program Module Accounting
System Handbook .

Attached is Addendum Number 34 to the October 1982 PMAS Handbook.
Please insure that all personnel in your cost center receive a

copy of this addendum.

dM/kbr

Attachment



_ . ; For Routing To District Offices ’
1
|

} And/OF To Other Than The Addrasses

State of Florida _iTO: Loctn,:
DEPARTMENT OF ENVIRONMENTAL REGULATION {Te: Loctn.:

: iT‘o: Loctn.: ;
]NTEROFFICE MEMORANDUM ;From: Oate: _]

|Heplv Qotional ( |} Reply Required [ | Info. QOnly [ lt —

!Data Que: ______ = Data Due:

TO: Buck Oven

FROM: John A. Reese 97{/

DATE: ‘ iuly 8, 1983

SUBJECT: Proposal for Pinellas County Refuse to Energy
Faecility

Initial comments on the installation of a slurry wall to
surround this facility and adjacent landfills were made
April 13, 1983, copy enclosed. The concerns about continuity
of the underlying confining clay layer and maintenance of
1077 cm/s permeability of the slurry wall seem to have been
addressed in the proposal. Although bore holes on 300' grid
centers is a close investigation, it is recognized that
absolute certainty of the clay layer continuity may not be
verifiable, A responsible soil scientist should be required
to evaluate the bore hole informatiom to provide reasonable
assurances that the layer is continuous.

The concept of making the slurry walled area a zone of
discharge seems reasonable with comsideration for the ground-
water monitoring plan that may be devised to monitor inside
and outside of the wall.

A review of some additional literature on slurry walls
indicates that groundwater levels are a major concern with
regard to the stability of these walls. One recommendation
suggests that the wall be maintained no less than 5 ft. above
the water table in granular soils; 3 ft. in cohesive soils.
The hydrostatic pressure of the slurry is also a stability
factor as is backfill with clay materials. See pages 157 and
159 of, Applications of Slurry Walls in Civil Engineering,
copy attached.

A review of two other papers, Current USA Practice; Slurry
Wall Specifications and Slurry Cut-Off Walls Methods and
Applications, indicate that the slurry wall proposed for this

. project should be installed under the supervision of an
engineer experienced in this practice, perhaps with a certi-
fication or guarantee of wall performance, subject to a
performance bond or other surety.

JAR/d¢t LReceived DER

Attachment: As noted .
cc: Gregory L. Parker Jin 8 w3
Robert McVety
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i For Routing To District Cfficas o

! Ang/Or TorQther Than The Addr ! -
State of Florida i‘l’c: Lacn.;

N '

DEPARTMENT OF ENVIRONMENTAL REGULATION

a

Lactn.:

- i Teo: / 2 =N octn,: i
INTEROFFICE MEMORANDUM Iy ) N/ 74 e
|Reoly Optiona [ | Reply Required { | Info, Onky [ J{

Data Que: Date Dya: l

TO: Mr. Hamilton Oven, Jr., Professional Engineer
Bureau of Permitting

THROUGH : Dr. Redney S. DeHan, AdministratorﬂLé£9
Groundwater Section

FROM: Don Kell, Engineer A2
Groundwater Section

DATE: July 7, 1983

SUBJECT: Pinellas County: Resource Recovery Facility

Conceptually the proposal appears toc be acceptable. However, no
new information has been presented since our last meeting. Pending
completion of ongoing studies, therefore, please review our concerns
{especially points 1,2, and 5, pg 2) expressed in our memorandum to you
of April 12, 1983,
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: . SLURRY CUT~OFF WALLS
] " METHODS AND APPLICATIONS

Christopher R. Ryan1

ABSTRACT

Slurry cut-off walls are non-structural walls constructed
underground to act as barriers to the lateral flow of water
.and other fluids. Principal applications are site dewatering,
pollution control, and seepage barriers in the foundations of
water retaining structures, In this paper, the two basic
types of trench -- soil bentonite (SB), and cement-bentonite
(CB), -and the principal kinds of slurry trenching equipment
are discussed. There are examples of several recent  projects
~with emphasis on the reasons behind the selection of the L

particular method.

Slurry cut~off walls normally have a permeability in the range
of 10~6. to 10~ cm/sec. Recent advances in methods of analysis
of slurry cut-off walls for the key factors of permeability
and durability have provided much-needed assistance in the
design process. The primary purposes of quality control are
-to check the continuity and depth of the wall, and to ensure
a slurry and backfill which fall within workable limits while
N satisfying design criteria.
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" cut-off 1s requirced.

. ._2_

INTRONUCT LON

The past five years have secn a veritable explosion in the pumber
of applications of alurry cut-off walle. They are increasingly
being used on all types of projects where a positive groundwater
Recent advances in the capacity of excavating
equipment und reflnementa in technique have brought the cost of
slurry walls down and they now essily compete economically on
projects where well-points or sheetiag would have previocusly been
used, The types of walls discussed herein are non-structural; they
are velatlvely impervious but are not capable of supporting bemding
moments or significant shear stress. HNormally, their etrength is
of the same order as the surrounding ground.

The techniques all fnvolve excavatring a trench which is kept filled
with slurry, whoee primary ingredients are bentonite clay and .water,
and whose function 1a to malutsin the tréach open with vertical
sildes, even below the water table. The excavation {s carried out
through the slurry from the ground surface using any equipment
capable of the trench widths. and depths required. Once the trench .
13 excavated to its final depch, a mixture of soil and bentonite is
placed in the trench, diaplacing the bentonite slurry. This type of
construction is called a SoillpBeatonite (58) elurry cut-off wall.

With a variation on the above techuique called a Cement-Bentonite
(CB) alurry trench, cement ls added to the bentonite slurry just
before it 1s Introduced into the trench. The resultant elurry has
properties substantially similax to normal bentonite slurry with
respect to maintaining the sides of the trench. Rowever, once
excavation {8 complete, the CB slurry remains in the trench, sets
up and forms the permanent watertight wall.

The extent and type of quality control on slurry wall projects has
varied widely. In some recent csses, specificationa have been too
brief or incomplete to protect the owner's interests; in others,

overly conservative design and ekceasively rigld specifications on

" aspects of ‘construction not partinent to overall performance have

led to higher than necessary project costs and sometimes to e
utimecessary burdens on the contractor. Io a later sectian, design
parameters and quality control are discussed and optimal ranges for
key imdicators are reconmended.

.+

. CONSTRUCTION METHODS

. Trench Backfill

The Sofl-Bentonite slurry trench technique has been in use in the -
United Scates for about thirty years. Figure 1 shows the excavation
for a 5B cut-off. On projects where the material excavated from the

trench ie suitable for use as backfill, the SB system can be econom—

ical because of the minumum amount of materials required. After
the trench has been excavated under a bentonite slurry, more slurry
is mixed with the eoll adjacent to the trench (Figure 2). A
bulldozer 1s used to work the material to a smooth consiatency and
it 18 then pushed into the trench so that the backfill slope dis-
places the bentonite slurry forwatd (Figure 3). Excavation and
backfilling are phased to make the operation continuous with
relacively small quantities of new slurry required té keep the
tranch full and to mix backfill. .

Cement-Bentonite slurry trenchea have beey in use in Europe for

at least ten years and in the United States for about six. years.
Figure 4 shows a small CB batch plant. Since the entire trench

must be filled with slurry materials and & eignificant amount of
slurry is wasted due to the excavation process and seepage losses
through the sides of the trench, the backfill is considerably more
expensive than under the SB method. This increased cost is- ‘partially

. offset by the elimination of the backfill mixing operation, Houever,

the CB method can provide the following technical and construction
advantages over the SB method. 'Y

- The technique is not aependent on the availability or
the quality of soil for backfill,

- The CB eystem is more suitable io trenching through
areas with difficult access or not enough reom for
backfill mixing.

= Because of the .cement content, the backfill sets up
quickly to a stiff consistency. Trenches may be cut
through the wall without sloughing of the backfill.
Construction traffic can cross the trench after a
‘few days. There 1is no significant consolidation
with time. !

- Since the trench can be conatructed in sections with
later sections keyed-in by reexcavating a short section,
the construction sequence -is more ‘flexible to meet aite
constraints. The long slope of the backfill under the

. B system normally requires treaching continuously in
one direction,

r
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The major disadvantage of CB compared to SB is in situations where

even tiny amounts of seepage are critical, due-to its’ relatively higher |
permeability. * A CB wall 18 also less reaistant to chemical attack- i
of. many pollutants. These topice are treated in more detail-in a !
later section. .

Given Ehe‘relative advantages between the two systems, the project
requlrements should be evaluated to determine the best methoed to

be selected.” Where pussible, it may be most economical to specify
buth methods and allow the contractnr to bid with the least expenaive
system,

Excavating Equipment

The primury requirement for the excavating equipment is the capabil-
ity to excavate a trench of the design width to the required depths . i
within permissible verricality tolerances. A variety of equipment '
has,. in fact, been used. In the following paragraphas, the principal
types are discussed, along with their relative advantages.

The hydraulic excavator, or backhoe, has been used on wmany slurry I
cut-off wall projects in the Uniged- States (Figure 5). The depth
limitation of the largest hoes is presently about l8a but new

advances in equipment technology will undoubtedly extend this range.

The. backhne, because of its fast cycle time, is the moat economical
means of excavation. Minjoum trench widths are controlled by the
thickness of the boowm. For large hoes, this can mean BOcm of more.

The cthickness of the wall is an important cost factor for CB ulurry
cut-offs. .

Draglines have been used on projects to depths of about thirty

meters. Speclslly weighted buckets are used to get the power required
at depth. Draglines are sometimes the most economical means of
excavating below the range of the backhoe; minimum bucket widths

are in the range of 2m, ruling out using draglines with CB elurry

due to high material costs. To reach the deepcr depths, very

large draglines are tequired and noblllzation can be expensive.

The clnnahell bucket rigs which were originally developed for
cast-in-place concrete slurry walls have been applied to slurry cut-
. off, trenching. These buckets may be cable-mounted or attached to
a rlgid s8liding kelly bar '(Figure 6). They may be powered by .
mechanical means {cables) or by hydraulic cylinders operated by a .
remote power supply. These rigs have 8 maximum range up to 80w |
and can be used with buckets ss thin ss 40cm. Their production 13
much lower thsn' other methods, 8o unit costs for excavation are:
- higher.

P— .
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Another 'technique more recently introduced into the United -States
from Europe involves driving a beam into the ground with a vibrating
pile-hammer while simultaneously jetting-with CB slurry to form a
"thin wall cut-off™, - The beam is withdrawn while more slurry is

-injected under pressure. The beam 18 driven in overlapping 1mpr1nts

to form a continuous wall. The result 1s a curtain abour five
centimeters thick with the additional protection of grouting coarse-
grained strata with CB slurry. CGCiven the right soil conditions,
production is rapid and the thin wall cut-off uses far less CB slurrxy
than conventional slurry trenching., However, the same narrow width
mandates more careful quality control since each square meter of

the wali is subjected to one pass of the beam which doea not mix

the elurry as in the case of slurry trenching. The principal
problesm of the vibrated beam has been assuring coutinuity between
adjacent passes at depth, Its range 1s approximately 10-15m, but
even within these depths slight deviations may leave "“windows" in

"the wall. . S0il profiles with cobbles or boulders are a particular

problem and keying into underlying weathered rock or hardpan may not
be possible to the extent feasible with excavated slurry trenches.
The narrow width of wall makes this type of cut-off less suitable for
applications in soil where movements due to settlement, subsidence,
etc. con be expected later. Design parameters and quality control
for thin-wall cut-offs are specialized topics, not treated in this
paper.

APPLICATIONS ‘

* There have been several hundred slurry cut-off walls constructed in

the U.5. Applications have included dewatering wallse for excavationa,
seepage cut-offs under dikes and dams, and cut-off walle to contain
outflow of various liquid pollutants. In general, this type of
conatruction enjoys a number of advantages over competitive systems
such as grouting or continuous pumping: The cut-off wall 18 wmore
poeitive; it requires no maintenance; it elimates system risks due

to strikes, pump breakdowns, power failures, etc.; it elimates
headers and other obstructions sround the perimeter of the excavation,

*

ln-the following sections, three recentlg completed jobs which

-represent the main types of applications of slurry cut-off
walls are described. . To illustraie the fact that cut-off walls

are not necesserily always jobs of major scope and cost, two of
;ge aelected examples involve walls where to:al costs were under
0,000,

-~
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Seepage Cut-off under a Dike

In 1979, the c¢ity of Jackson, Missiseippi galned national-attention
as the "Easter Flood" of the Pearl River devastated large areas of
the city and 1ty suburba. The Pearl was partially contailned by a
system of levees. Along a long section on the east side of the
river, the levees had held but had been substantially weakened by
undcerseepage which had created numerous boils on the landward side.
The leveea themselves were constructed of relatively ilampervious
mater{al so the Corps of Englneers decided to improve them by
inatalling & slurry cut-off wall on the river side of the levees
(Figure 7) and keying It into the levees with an impervious cap.
Figure 8 whows a typical section through the work site,

For this job, the Corps rightly. decided on a soll-bentonite trench,
since there was adequate room for a mixing areva. Most of the
material excavated from the trench was sultable as backfill, but

it had tu bave sooe course aggregrate added” to meet the standard
Corpe backfil] gradation specification. The corps uses a good
average backf1}]l mix that incorporated a specified range of Fine
perticlus tuv alolmize purmvabllity. They perhaps do not vary thelr
rauges Aubficlently to always suilt design constraints and locally
found soile. For example, on this project, there were to be no
loads superimposed on the wall. ¢ The addition of imported coarse

gradatlon material to the in aitu #ilty sands may not have been necessary.

The wall was installed to a maximum depth of forty feet and keyed
into an underlying sillty sand formation. The section treated was
sbout one mile long, the weather was favorable and the work completed
in about one month's working time.

Excavatluﬁ Dewatering

Figurea 9 aud 10 illustrate the probiem that.a large southern
Irdustrial plant faced with ita oew addition, The soil profile
consisted of about elght feet of rubble fill averlying eight feet
of sund over clay. Previous construction had left masslve concrute
foundations underlying a.major portion of the site. The owner
wished to use the old foundations to the maximum extent posuible
while at the saee time being able to excavate for new foundations.
The groundwater was heavily polluted with caustic wastes and lowering
.the vater table too far would cause the existing wood piles on and
near the slte to deterlorate.. Any water pumped from the ground had
to be treated before release. The problem was Further complicated
by extremely tight access conditions on most of the site and by

the owner's need to maintain access across the site.

i
i
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A soll-bentonite wall was essentially infeasible due tn access, Also,
the material excavated from the trench consisted of rvubble, wood, and
organics and was unsuitable as backfill. Fortunately, cement-
bentonite was chemically compatible with the high pH caustic ground-
water, 80 a CB cut-off was the obvious cheice. There was still che
problem of how to penctrate the old foundatlions at several points
which was necessary to completely isolate the site. This was
accomplished eventually (Figure 11) by open-cutting along the
aligmment, breaking out the old slabs with & hydraulic ram, and

then backfilling the cut and subsequently installing the slurry
trench to the full depth.

Figure 12 show the trench excavation in progreas. Figure 13 shows the

hardened slurry. The trench was about seventeen feer deep and, once
site preparation work was complete, required ten days to install,

Pollution Control

There have been many applications of the use of slucry cut-off walls
for pollution control. All types of municipal, industrial and chem-
tcal wastes have been contained, The following example illustrates
one of the neatest applications, to olly wastes on top of the ground-
water table., Most slurry wall cut-offs built for containment purposes
require the presence of a clay or rock layer underlying the site to
provide an fmpervious stratum that the cut-off wall can key'’into,

In the case of most petroleum pollutants, they do not wmix with water
and are borne on the top of the groundwater table and flow laterally
until cthey exit in a etream or wall. 1If i8 necessary for the cut-
of f wall to merely intersect the groundwater table to skim off the
ofl and contain it. There have been numerous applications of

this technique, as idealized in Figure 14, particularly in the

State of Michigan where numerous tank farms, lie glong the shores

of the lakes and streams, The selected example shows how one
refinery attempted to use steel sheets Lnserted into a stream to try
to contain the pollution {(Figufe 15). This was mostly Ineffectual
and required frequent maintenance by vacuum Crucks. The slurry cut-
off wall was installed along a 1,000 fe. section (Figure 16) In five
working days. ' .

Cement-bentonite was used because of limited working room and the
time of the year in which the vork was done. Mixing soli-bentonite
backfill would have been-esseatially lmpouslble in the sub-ifreezing
weather uhlch prevalled.
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DESIGN AND QUALITY CONTROL

Désign'Paramcteré

The primary ‘design parameters, Iln their usual order of importance,
arc permeablility, strength, and compressibility. In the following
pavagraphs, each i1s briefly discussed. A fourth parameter, dura-
bility, has i{mplicit importaonce in permanent installation and is

’

discussed in the next section.

Permeability has been the best studied of the design parameters.
Laboratory and field studies 2ave repeatedly ylelded measured perme-
abi&itlaa !B the: range of 107° for CB cut-offs and in the range of
10" to 10" for SB cut-off walls. There has been some speculation
about the role of the filter cale and how it differs between the

two types of trench. .The Filter cake is the-bulldup of. solids due
to water seeping out of the slurry through the walls of the trench.
After a cercain point, the filter cake is thick' enough to preclude
further seepage losses. The higher concentrgtion of bentonite in
the filter cake is an important factor in bulk permeability or SB
cut=off walla (Figure 17). 1In the case of the CB slurry, the filtrate -
loss ilncreases dramatically upon jhe addition of the cement, Some
pecnetration of the cement-bentonite mixture into the more pervious
zones may be poasible,

With respect to the backfill, research has shown that in the ‘case
uf an 5B wall, the permeability 1s dependent on the percentage and
" character of the fines content of the sol]l blended with the bentonite
slurry. The higher percentage of minus 200 sieve particles and the
more plastic the finea, the less pervious the wall will be (Figure 18).
Twenty to furty percent flnes seems to be an ideal range. Permeability
"may also be decreased by adding additional bentonite to the backfill
mix (Figure 19). The permeability of the CB slurry cannot be controlled
as easlly since addition of bentonite would affect the working properties.

Under mose conditions, the only strength requirementes for slurry cut-
off walis is to attasin the approximate strength of the surrounding
ground. Either 5B or CB walle will satisfy this criterion. The top
of the trench 1s usually covered to prevent the application of wheel
loadings or other. concentratued loads. . . '

The compressibility of slurry cut-off walls fﬂ_hlgh in most situwationa

to ullow for deformations without cracking. In the case-of CB slurry
backf{ll, o normal mix can withstand compressive straine of several

’
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percent under in situ stress conditions without cracking. Slight

changes in the mix can increase compressibility. The walls can
8lso be designed for maximum flexibility under selsmic conditions,

'Hifh'the SB backfill, the percentage of coarse grainad'particles

has the greatest effect on both strength and compressibility. As
the percentege of coarse-grained particles increases, strength increases

and compressibility (plasticity) decreases.

Durability

In any permanent installation of a slurry cut-off wall, the ability
of the wall to remain impervious in the underground environment is
always an important question. The materials involved are bentonite
clay, and soil or cement. la situations which involve clean vater,
these materials are indefinitely stable and no reduction in perme-
ability is experienced. However, cement is known to be a poor
performer in situations where acids or sulphates are present. Soil
particles are stable in all but the wost extreme acid or basic
environments, where they may actually become soluble.

The greatest’ concern lies with the bentonite, since soil-bentonite
walls are usually used in harsh chemical situations because of their
lower permeability and better resistance to attack. The pere fluid
substitution may lead to a smaller double layer of the partially

bound water surrounding the hydrated bentonite or other clay particles,
reducing the effective size of the clay particles that clog the pore
space between soil grains, and thereby increasing the

size of the effective flow channela in the soil skeleton and the
permeabilicy. '

The permeacion time required for the changes assocfated with pore
fluid substitution to be completed fs relatively short. Once a sample
has been permeated by a volume of pollutant equal to about twice the
volume of the.pore fluid In the sample, the inltial pore fluid has been,
for the most part, leached out and the new pore fluid Is essentially
the pollutant. Sodium readily exchanges with multivalent cations

such as calcium, magnesfum and heavy metals, and the exchange is typ-
ically complete once an equivalent number of tons are supplied by

the permeant to satisfy the total cation exchange capacity of the
bentonite. Once both the poré fluld fs eubstituted and the cation
exchange occurs, steady state conditlons prevall and. the permeabiliicy
remsing constant at a' higher value associated with the new pore fluid -
and the new cation montmorillonite, These points are illustrated by
Figure 20 which plots permeability - for both bentonite filter cakes

and SB-backfill ss a function of permeation time with a calcium
carbonate.
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The best approsch from e deslgn standpolnt where durahility s in
quusfion is to ronduct 4 test using the muterials from the site

and the actual leachate. The best test is to mix a sample of
woll-bentonfte backfill, consolidate it in & tri-axlal cell and

run 4 continvous permeabiiity test. The same kind of test can be
run on the cake in a filter-press cell. Behavior such as that

shown in Figure 20 where & relatively, small increase in perweabllicy
is experienced followed by & constant reading is indicative of a
stable wix.

While vvery pollutant should be checked, la general, a mix with
well-graded S8 materjsals and about one percent bentonlte will
exhiblt small increases in perweability for most pollutants. Where
this wix 14 not sufficlient, the additlon of more fines, particulary
clay filnes, or more bentonite will provide a satisfactory solution
for practically all cases.

Quality Contrel

The primary functions of quality control during construction are to:

~ Assure continuity of the cofpleted trench to the
widths and depths required.

- Control the composition and placemenf of the backfili
to achieve the required design parameters,

- Control the quality of the slurry during censtruction to
minimize the risk of trench failure, (in most cases where
trench fallures threaten adjacent structures).

The continuity of the trench with respect to the required dimensions
i1s reldtively easy to coantral, The excavating equipment should have

a mluioum width equal to or greater than the width of trench required.
Depeh Is controlled by direct measurement and by observation of materials
excavated from the trench. When the wall i8 excavated by a backhoe,
the motions of the machine ensure longltudinal continuity. In the
cabe of a clamnhell which digs vertically, primary panels should first
be dug and then overlapped by secondary panels. Once this process

is completed, o slight sideways movement of the bucket in both
directions ls used as a final check on continuity before the machine
iz woved and a new primary panel is dug.
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The mout jmportant requirement for the slurry during the excavation

of the trench can be summarized as workability. If the slurry is tco
thin, the trench may collapse. Lf the slurry is too thick, excavarion
may become difficult and large lumps of soll may become suspended in
the slurry. In the case of the SB trench, a very thick slurry may
interfere with the backfill processs,. Experience has shown that an
optimal slurry can be attained by controlling a few essential factors:
hydration of the bentonite, viscosity, and speciflc gravity,

Viscosity is the primary iewt to control the workabllity of the slurry.
The standard test, the Marsh Funnel, consists of measuring the time
required for a known volume of slurry to run cut of a standard fuonel,
The ideal range for both SB and CB slurries 1s In the range of 40-45
seconds. Typical values measured In the trench may range as low as

15 seconds or as high as 80 seconds without causing problems. In the
case of CB slurry, the slurry may become so thick as not to pasa
through the cone, but etil]l be acceptable. The fluctuations may be
caused by variations in the slurry being added or changes in the
underground environment, or simply setting time. Any spucification
on workability should recognize and allow for these variations and
permit the contractor to add new slurry with the properties required
to bring the slurry in the trench back to an optimum value. The
continued action of digging will tend to mix the slurry to a homo-
genous mass,

-Specific gravity provides an additional control on workabilicty. The

principal application of a specific pravity criterion 1s to SB
slurry cut-off walls. If the mud becomes too heavy, 1t s difficult
to assure good placement of the backfil]l because the backfill may
fold over the leavy slurry, rather thandisplace it. Experlence

has shown that as long as unit welghts are maintained at least 15
pcf below the unit weight . of the backfill mix, the slurry will be
easily displaced.

The composition and placement of the slurry trench backfill i a
different problem for the 5B and CB techniques. In both cases,
the amount of bentonite in the original slurry 1s as required to
achieve correct slurry properties. In the case of the CB wall,

cement 18 welghed and added in the correct proportions to the slurry

a8 it ia placed into the trench. The SB backfill ie composed of
suitable soil material mixed with additional slurry to attaln a smooth
consistency with a sluap of 4 to 6 inches; the resultant mix is

bladed into the trench. Care is taken to assure that the backfill
woves continuously forward in the zrench, displacing the alurry and
not folding over it.

.Of
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SUMMARY

Slurry cut-off walls have achleved wide recognition in a variety of
applications as seepage barriers for dewatering and pollurion comtrol.
The twe principal techniques, soil-bentonite and cement-bentonite,
have different relative advantuges, but under some conditions are
technically interchangeable. Typlcal projects fnvolve the prevention
of water Inflow into excavations, seepage cut-offs under or through
dikes, and dame, and underground barriers to prevent lateral flow

of polliuted water or other fluids.

A design for a slurry cut-off wall should take into consideration
vhether the wall is for permanent or temporary use, the loadings
anticipated, and other construction coustraints in selecting the
technique to be used and the extent to which the work should be
contralled by the engineer. Specifications should take account of
the built-in safety factore in slurry cut-offs (e.g. more thickness
than required in most cases) and allow the variability in-slurry
properties normally experienced during this type of work and give
maxfoun flexibility to the contractor in seldcting materials,
equipment and technique. The economy, convenience and positive
control of seepage afforded by slurry cut-off walls wil bring them
acceptance and application on an increasing number of construction
projects in:the United States.
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" CURRENT USA PRACTICE: SLURRY
5 'WALL SPECIFICATIONS
By Richard A. Millet' and Jean-Yves Perez,’ Members, ASCE
Ivnnowcnoi ‘ .

To establish diaphragm and cutoff slurry wall design criteria and, thus,
specifications, the designer must clearly establish the objectives or end resuits
that are to bg obtained. This paper considers the critical design criteria and
the resuliing specifications for both slurry trench diaphragm walls and cutoff
walls. '3 '

Diaphragm and cutoff walls ase initiated with a common process. This process

- is the excavation of a narrow trench without the use of significant laterat support

other than that provided by a bentonite-water slurry which is pumped into the

* rench so that the slurry level is maintained a1 or near the top of the trench

throughout the excavation process.

In the diaphragm wall process, after completion of a segment of excavaied
trench, either cast-in-place concrete (tremie process) or precast panels are used
to displace the stabilizing mud and construct a load-bearing wall (vertical and
Iateral). : . '

There are two types of slurry cutoff walls: (1) Soil-bentonite; and (2) cement-
bentonite. In the soil-bentonite cutoff process, the benionite slurry is displaced
by a soil-bento;nile mixture similar in consistency to high slump concrete. The
so0il backfili forms a low permeability highly plastic cutoff wall. In the cement-
bentonite cutofl process, cement is added to a fully hydrated bentonite-water
slurry. The cement-bentonite-water slurry is then used to both stabilize the
slurry wall during excavation, and upon seuting of the cement, for the permanent
cutoff wall itself.

The critical design criteria for the two types of slurry walls are

l. Dinphugm: walls: (1) Structural strength and integrity; (2) permanence;
and (3) permeability. - '

'I’rincipll. Woodward-Clyde Consultants, 3 Embarcadero Center, Suite 700, San F rancis-
co, Calif. 94111, | )
Assoc., Woodward-Clyde Consultants, |1 East Adams Sureet, Suite 1500, Chicago,
1, 60603, '
Note.—Discussion open uaiil January 1, 1982, To extend the closing date one month,
8 wrilten request must be filed with the Manager of Technical and Professional Publications,
ASCE. Manuscript was submitted for review for possible publication on June 26, 1980.
This paper is purt.of the Journal of the Geotechnical Engineering Division, Proccedings
of the American Society of Civil Engincers, ©ASCE, Vol. 107, No. GTS, August, 198].
ISSN 0093-6405 /81 / 0008- 1041 /$01.00.
1
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2 Cutoi‘l‘ walls: (1) Permeability; (2) deformability; and (3)'per‘manem:e. : !
| These critical criteria can be subdivided and tie c_oq're'spondincsir ?:.u:;:g :;:cu::
- ofa specification developed. It is important to realize ﬁ:t spe iy
"'be no more restrictive than is necessary to a!:hle‘vem ncleaun:cle o
. To make specifications more t:mnplcxth and mtr::i\; han o :re:sazd by resule
i ising id prices, delaying the progr ) ) ) | "
luI: o tenlﬁeoll', .:o:inct litigation. Rumcuve.speul_'lc_mo:'ls 3{ :il::; ltl;::: ':
sl:xillnlhe specialty contractor from trying new idess in difficult. s |
- S‘;ill ::;teéom:ll'gr‘:::;:e-guiranleed) spéciﬁcalions are acceplablde if t(:::1:’:1 x
. En i::pol‘tnn‘:eil) the owner, engineer, and. conluctqr truly r:l:n:nensin“m
can 1 ree on what end results are 10 be obu.uned. Unlfl owne fary ity
::c:mse more familiar with slurry trench lec.hmques, lpphutlonéhowever' oo
o maed ko, T b ol e . Hover, i
pecilicati tailored to of the ;
'Sicut‘olf::;l;n;: l;::llcll el::lmin: in more detail the basic criteria for slurry w?,ll
P )

- . - ' i
construction. : - } [

- . . 0 . ‘ I f

recast panel placement, or both; (3) concrete placement (tremie process); -
or p! v

é t ratiq);
4) concrete Muidity (slump test); (5) concréte strength (w:i::l:a?k:“:(c;;a a?‘L
:6; panel connections; (T} support sysiems (slrlillts. ;akeu:l.l butmin |;ressum*.
" (8) internal excavation procedures (control of soil and gro |
' avation o L
) cmnn“mE‘x::vs:l:?';";l::f:;..—Spedﬁdaﬁom normally will mn'llca‘te lhe -
Cﬂ:::lth and depth of the wall. In addition, it is noruu:i to :mywidmmth. -
mum ¥ from plumbness for the wall. With respect to dep ¢ the disghrae
de’::::o:re‘usually established by the structural requ.nr:ml::t:h: o eoudiul"own:
va i ght m riate tions,
: i uipment thought most appropriat . e
:r:;l.;l:;e:;a;:’u:l: :2;'31. the geologic formations into which the diaphragm

wall is to be founded al, i ince icularly,

i Y he excavation lolerances, and particu .

th alig::nemr:f t:e d;i;hsr:ﬁ v:rntll.ecm be better controlled when adequate
c ‘

: » C oo . |
guide walls are construcied ahead of the trenching operations,

1 ienti i nsiderations
With regard to plumbness, structural or potential architectural considerations

§ i lis have been built to depths
i state of the art is such that walls have P
of lmPO‘I';D ;t (T:; ::;;itﬁ less than 6 in. (152 mm) deviation l‘:monlh: e‘::m _
) ? : ovlt':;w' However, one lhou:: ‘sp;:il'ynsqch le\i'err.:l ::::::: S O imendégl
aly in his is deemed 10 be & necessary : _ |
'onlr::;eu::sl:: e:':ltlmol:l most projects, lolerances of 1:80-1:100 have begn
. pu . .

used and found (o be satisfactory. :

H

. TR . . l )
" Properties.—The propettics of the_lrenc'h’subllmn; lll.ll:r: li; em;z;m |
. Slu"’h control to & great extent the stability of the wrenc , the movat.
ulI‘ lh.c‘n:nr:d material, and the adequacy of coiicrete plicemeént. Prilmary .
of ex , '

GT8 .

SLURRY WALL SPECIFICATIONS
‘properties thought ¢ be important and typically spe
*-unit weighl or specific gravity, filtrate loss, and pH

1043
cified are viscosity, den'sity,

scosity’ls’ a Wicasube of the abilivy of a fluid ‘to resist shéarlng; n"fhlhlmla

ity M

construction. This value of viscosity has been
‘reasonable results in ensuring the satisfactory exca

- of the trench.

Minimum density of slurry has typicaily been set sli

- water. Some specifications have set

with bentonite alone, the mixture would n

can only be obtained if fine sands
with the slurry. Because
sand content of (he slurry so that
are not impeded, it s important

to rely on control of the viscosity),

measured directly by screen tests or,
of the i '

\ To ensure j.sluny of adequate quality,

upper limit for the standard filtrate loss
',-_ g NREE etiall oo o “

f

dramatically change the. pH of the bent
range for the slurry pH s in the order of 6.5-1080TF

»! n LN
- o

1 this point it ma

"hroby Jrae i

¥ et 8 HiaViteifieni

Oy M-m;m .

arsh seconds i appropriate for slurry wall

foimd' to give ‘consistently
vation, stability, and concreting

ghtly over that of ground

minimum deasities so high thay, if prepared
Ot even flow. Such high densities.

or other excavaled materia) are mixed in '

it is important in a diaphragm wall 1o Mminimize the

the eventual tremie concreting operations

that &8 minimum density for a disphregm wal).
should not be made a severe limitation (actually,

itis probably more appropriate
Specified

maximum g y
X 4 m:ﬁﬂd

ueh 8¢ Salls of dclids, w

the engineer should specify a reasonable )

eni-Ded ‘ :

onite slurry mixture. The most desirable

| ek y be hecessary 1o require the addition o
i ®defloculating agent (o ensure continued effrrtivamens or ar. . 2
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Groundwater Conditions.—It is extremely important that ground-water condi-
tions in the area of the trench and excavation be thoroughly undersicod. This
will include a sound undersianding of the scasonal variations, as well as the
potential for dramatic changes in ground-water leveis due to anomalous weather!
conditions. Conditions such as artesian pressures and other geologic anomalies;
such as springs and man-made soutces of water (such as broken sewers) also;
should be thoroughly understood in order to avoid difficulties with the stability
of the trench excavation. Once ground-water conditions are defined, specifications,
should require that the slurry in the excavation be kept a minimum of 3 fi.
(1 m)-5 ft {1.5 m) above the maximum. ground-water level. The ability to set:
the minimum distance that the slurry should be above highest ground-water:
level is directly related to the ability one has in establishing that ground-water’
level, i.c., the less certainty, the greater the distance one should stay above;
the estimated ground-water table. ;

Subsurface Conditions.—As with ground water, it is important to thoroughly;
understand the subsurface soil or bedrock conditions in the arca of the proposed |
excavation, or both. Areas of problem excavation, such as boulders, cemented’
layers, broken rock, extremely pervious horizons, impervious layer boundaries,
foundation levels, etc., must be thoroughly understood and presented 10 the’
contractor if the diaphragm wall is to be properly excavaled and constructed. |

Steel Reinforcement Placement ;
The steel reinforcement requirements for a concrete diaphragm wall fullow;

standard .America Iron and Steel gpecifications or other ‘appropriate steel;
specifications. In addition to these basic reinforcing specifications, it is importam;
to recognize that the steel should be such that tremie concrete can be easily,
and thoroughly placed around the sieel without honeycombs and slurry-filled |
voids. Consequently, il is important that steel reinforcement not be so dense!
and tightly placed as to present problems in concreting, Spacers on the external:
reinforcing bars on the reinforcing cage must be installed to ensure proper
placement of the reinforcing cage in the slurry wall and ensure proper concrete;
coverage of the sieel on the external faces of the wall. To facilitale future!
construction, sieeves and trumpets for [uture ticbacks, bearing plates for future!
struts and structural members, knockout panels, and shear keys can be inciuded;
in the reinforcing cage. It is important to remember that because the reinforcing
"cage is placed in sections panecl by panel, it must be checked 10 ensure the
integrity of the cage while and prior to its placement into the excavation.’
Techniques td connect reinforcing cages across panel joinis are available.

The adherence of slurry to the reinforcing bars does affect the concrete-to-siecl
bond, but not sufficiently to control design. Reduction factors of 0.8-0.6 have
been used. '

Placement'of precast panels imoa‘ cemeni-bentonite slurcy trenchisa rclatively:
new advancement of diaphragm walls. As with any diaphragm wall, the most
difficult part of the precast panel operaticn is to ensure panel connections are

intact and properly aligned. Proper spacers must again be used and wvertical:

and horizontal alignment of the panels must be monitored, during and after;
installation. Existing proprietary precast panel techniques usually include a special:
surface treatment of the excavation side of the panels to facilitate removal

of the hardened cement-bentonite slurry.

GTo
SLURRY waLL SPECIFICATIONS
Concrete Piacement (Tremibe Process)

The standard tremie ¢ i ,
! © concreting processes are i i
of concrete in bentonite slurry diaphragm walt con:lli?llcl:‘l:i::le - pllacemcm
W®. When concreting s id TreSH Eghct AN sty o
it is recommended thay ;ln o“; ;l ar::lm:ls, ¢ panels wider than 30 11 (9.2 m)
.. one tremie pj i : :
18 0 use one tremie per 15 (4.6 m;e::;lls:::el T goncd. A rule of thumb
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.!; “:cf:‘::t; ';3‘::’ the spacing of steel reinforcement
It is i'“POrtlnyt lhils::r:)l{lev::cos'“y' density, and consequently, sand content
emie pro ; ’ ‘

ade. process, sufficient
quately backfil} a panel section withoug in!érmpliozol::e;: ::t (IHl band to
O cause g

formation of horj
nzontal cold joi - )
process, Jouts and, ‘thus, shurry seams during the concreting

- The tremie process also

Concrete Fluidity (Slump Tesr) !

ll 13 hor lﬂn"y COIISIdc p . y y t b
d good T
e actice 1o Epeclf COIICleIc 'Iuldll as |||cagl"ed
by the 8land.-|d CDIlCIcle slu"lp lesl) m lhe l‘ﬂnge Of ’ In."g m. (|8U min '230
""“)- lhls Wlu ensure .dequ.te ﬂOW Ol lhe conc ele mn “le IlClIIlc Syslcll] a"d
T

ll‘IC dlspllccmcnl Of lhe S!lll'l’y mn lhe wa" pﬂncls Sllffc mixes u " I

. T L, L3 H] y ead

te VOlds !lld Open ltOl‘leyCOIl'lb n IIC ancls pal “(:ulllly WIICIC lhe lc"l!olclﬂ
. I

Cl;l_l:l::etle Stre::gth (Water-Cement Ratio)
strength of th i .
(0 the wates € concrete in the backfilled diaphragm wall js

I-c ment ratio 0' the COIICIe € mix CO."S uent Y orma AIIICIICB
L i 1X. cq l y N I
n

Concrete Instityte (ACI i
¢ ) specifications and i
the required structura) strength of the coﬁc‘r}:: e conbe followedin Ppecilying

directly related

Pane! Connections

others have become
X standard practice. |
to re ) : ' - Ih many cases, this ; y
quire an end-resujq Specification, j.e., require lhnlslhteh:rl:n :‘hSOf)c: plfncc
v INtCERILY,

ntin [v] ni lned lnd .llow lhe COII(I‘ICIDI lo use '“s

ccessfully with diaphragm

In addition cantilever desi
» cantik esign by internal stiffen; i i i
and by Post-tensioning, sre recent dewelop::l:anr::““s i vertieal si members,

+
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Internal Excavption Procedures (Control of Soil and Ground-Water Pressures)

Many timpes} structural support of diaphragm walls has been detenmined by
the design engincer only in a final excavated condition, whercas internal support
systems described previously and ground water and soil conditions inside the
excavation area, are left totally up to the contractor. This can cause difficulties

" in that there may be certain combinations of construction conditions, i.e., ground
water, excavated soil and rock conditions, and installation procedure of retention
system, which can lead to higher stresses during excavation than considered
for the permanent conditions. ‘

_'If the engincer feels this may be the case, it may be necessary to ecither .
work out a compatible system with the eventual contractor or place limits in
the specification on the procedures that must be followed in installing the support
system for the concrete diaphragm wall, and on the sequence of excavation.

A simple example of a possible problem would be permitting total dewstering
of the interior of the excavalion and removal of a large lift thickness of excavated
material without the placement of the first interior support, €.g., ticback, raker,
ctc. These conditions must be examined in close detail on a job-by-job basis
and then the engineer must decide what are the paximum limits he can permit
the contractor to develop, and where he must specify control Lo ensure the
structural strength and integrity of the wall. )

Permanence.—Permanence of a concrete diaphragm wall is of eminent impor-
tance. In most cases, the concrete diaphragm wall has become a permanent
part of the structure and, thus, must ;ndure' for the life of the structure. There
are four areas of general concern and interest: (1) Active rele in foundation;
(2) reinforced concrete permanence; (3) ticback permanence; nad (4) architectural

considerations.

Active Role in Foundatior:
As previously identified, many typical concrete diaphragm walls become an
intcgral part of the foundation of the proposed structure, either as a permanent
" retaining wall. or vertical load-bearing member, ‘or both. In this regard, ali
' considerations that are involved in any permanenti foundation unil must be
" reviewed and evaluated in controlling and specifying the desired end-result.

~

Relnforced Concrete Permanence
As for any other subsurface structures, time-dependent corrosion must be
taken into account for diaphragm slurry walls, The quality of the concrete may
. ‘be altered with time by aggressive ground water. In some cases, sulfale resistant
cemenl may have to be specified. In other cases, the concrete may have to
be designed to withstand the long-term corrosive action of saline or acidic waters.
Because the concrete in a diaphragm slurry wall is actually cured under rather
ideal humidity and temperature condilions, shrinkage cracks arc not usually

of concern,

Tieback Permanence . .
A recent practice that has been developed in Europe concerns the use of

permanent carth ticbacks to support permanent concrete diaphragm walls. This
practice consists of providing access to the jacking head of earth anchors; Lhis
permits the rejacking of the anchors over the life of the structire.

potential of the soil and rock mass surrounding
such as proteclive

Architectural Considerations .

in man icati S .
be left 'e:P:l:z:uil:m” ‘[l:e  cHior portions of concrete diaphragm wails can
buildings, etc W'he're"thz: s the caee vations, basements of parking garages in
into the excavation may t: T;P::;cf ‘:cm.;i: limitations on concrete projections

. - " nate. There ha A A
:::rze tehner;x:lt::c:;_ :er the diaphragm wals, whenvee:;::e:rn auﬂ;f'mfll ::c:m?-m‘
o be quite safj . vation,
applications, Quute satisfactory for use withous any additional cosmetic
Pérmenbility,—wij

wall, it is ll;g:cal“l,::lhs "esi:_rd to the permeability of the concrete diaphragm
wall, but depending u::: tl{ema‘h'-h‘"e be Do free-water leakage through lshe

architectural and i ; .

f social us

Of the exposed slurry wall, dampness of the wall may l:e (:‘e:hmcit:::lenl'(:ri: ar't_
. . 4]

th; ::)epceiﬁcali::s. the greater the likely bid costs
rmeability, five primary criteria’ I ' :
o pem e na are recommended f, i ion:
I(l :idi:)m(l:l:"y l‘nd stability of excavation; (2) concrete placem‘:rﬁl":m;mde'muon'
_v( mp); (4) panel <onnections; and (3) sleeves and other u;ail )incs:lrllc e
S,

Cogtlnu':;y and Stabllity of Excavation
onsi crations are identical (o those listed ynd
:I; :i:pcl:aggn. wnllg. i.e., critical excavation tech::(:l:es
— [h:nl::n’. and subsurface cpndilions. If th
- m:o iwmf:e(::s s:_:page. leakage, ordampness is certain.
aTe two : )' € contact conditions at the botiom
. rtight cutofTl: and {(2) the 1olerances in the wal}
panels are closed. . we

Of particular concern
of the wall ensuring
ensure that corners

ctural strength and integrity

applies; i
ppies; the tremie Process must follow the same good practices as required

for any tremie pr .
Concrete Fluidity (Sllmp)

To ensure low permeability of the wall,

prevent bad concrete joints and honeycombs. ftkd coneret mis is nesded N

thus permit the contracy is i
OF to use his ingenuity in g
problems at these panel connection ininta Y
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Sleeves and Other Wall Inserts - <
- As mentiongd. previously, for future construction case, various sleeves and |
inserts, ¢.g., for tiebacks, can be inswalled in the reinforcing cage prior to
concreting. Often these inserts constitule a preferential scepage path for outside

, ground water. To avoid unacceptablé water infiow, grouting behind the sleeves.i
and inserts may have 10 be specified.

Cutorr WawL

The use of concrete diaphragm walls has had much exposure in the technical
and construction literature; however, the use of Lhé so-called plastic slurry cutoff !

CUTOFF UNDER DAM, DIKE, LEVEE CONTROL OF SEEPAGE or LEEKAGE FAOM
or COFFEADAM PONDS AND LAKES

Imparvious Format
& \\\\\\ﬂ.\\\\m\k

CONTROL GROUND WATER INFILTRATION

DEWATERING OF AREA TO BE EXCAVATED N FROM REFUSE DISPOSAL SITES

\\\\\\\JK&R\\

e e S

GROUND WATER RESEAVOIR AND WASTE COLLECTION FROM
ISOLATION or MAINTENANCE CHEMICAL or DIL STORAGE FARMSE
OF WATER TABLES ) {iighaer than weter)

Tat Farm

Lon

;\\\s \\\\\\\:.m\\\\& k

\\\\a\\\\m\\\\".\\‘\

FiQ. 1.—Typicsl Appiications of Slurry Trench Cutoff Wall

wall has not had such wide-spread exposure. Fig. | presents typical applications
of the cutoff wall as constructed with the slurry method. As can be seea from
Fig. 1, applications can range from forming an impervious cutoff for a dam
or dike empoundment to the containment of subsurface oil and chemical pollutants.
- At the present state of the praclice,- two types of plastic cutoff walls are

\\\\\\\\t\ \\\\\& . [ I .
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used: (1) Walls excavated with a bentonite-water slurry and backfilled with
4 soil-bentonite mixture; and (2) walls excavated with a cement-bentonite-water
slurry which does not need to be backfilled as cement causes. the slurry to
harden to strengths comparable to that of & stiff clay. With the aforementioned
applications and types of culoff walls in mind, there are three prinicpai design
criteria which we belicve to be important considerations in the ‘preparation
specifications for construction of plastic cutoff walls. These criteria are per-
meability, deformability, and permanence.

Permeability.—Permesbility is, of course, the most important characteristic
of the cutoff wall in that the major reason this type of slurry trench/wall
is constructed is to minimize the passage of fluid. Cutoffs can prevent infiltration
into an excavation, retain water in a reservoir, or prevent a leakage of polluted
chemicals, oils, gasoline, etc., out of a contsinment area. The following five
factors are important to the eventua! permeability of a slurry trench cutoff
wall: (1) Continuity and integrity; (2) thickness of wall (hydrostatic head); (3)
cutoff backfill properties; (4) backfill placement for soil-bentonite cutofl; and
(3) connection detail with surface stzuctures.

Continuity and Integrity

It is quite important that the slurry trench excavation be continuous so as
nol to permit setpage zones or zones of pervious material to breach the cutoff.
In this regard, the following factors must be considered.

Critical Excavation Tolerances (Width, Deptb, and Vertical Inclnation).—The
same factors considered in the diaphragm wall section are applicable here. The
depth will be controiled in many, cases by the subsurface conditions, i.e., the
depth to an aquiclude and the type of containment or permeability barrier that
is to be constructed. The width will be dependent upon the required permeability
of the cutoff wall, the matetials that make up the wall, the waterhead across
the wall, and the size of available excavation equipment. These latter items

" will be considered subsequently. The inclination and deviation from verticality

will only be important as they affect the continuity ‘and integrity of the wall
and should be specified accordingly. '

Sturry Propertles.—The slurry properties important to ensuring stability of
the wall during excavation and backfilling are identical 10 those specified for
disphragm walls, i.e., viscosity, density, liltrate loss, pH, and to a lesser extent
for the cement-bentenite sturry sand content. ' :

Ground-water Conditions.—Ground-water conditions must be thoroughly un-
derstood along the entire length of the cutoff wall in order 1o prevent difficulties
with regard to caving of the trench due to high hydrostatic pressures encountered
during the excavation. As was considered for diaphragm walls, it is important
that & minimum of 3 ft-5 ft (1 m-1.5 m) of slurry head be maintained in the
cxcavation above tbe level of the maximum anticipated ground-water conditions.
Scasonal fluctuation of ground-water levels must be established in this regard.

Subsurface Counditions.—Potential anomalous subsurface conditions that will
impede either the continuity of the cutoff wall as it is being excavated or the
tie-in with the subsurface aquiclude must be understood. Solutions for closures
of windows in the walls must be evaluated. The minimum penctration into
an aquiclude at the base of the wall must be thoroughly examined before it
is specified. If the aquiclude is & competent impervious bedrock, a very minor
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penctration may be satisfactory. A considerable cost penaity would posd

M . a_a . l

;n.th'e project by. requiring a 2-ft (0.6-m) penetsation into nye:hpete‘; m
it is not truly required. If, however, the excavation is to be carried inio

-a clay aquiclude, then it might be reasonable to specify & 2-ft or 3-t (0.5 m

' - or 1 m) peneiration into the aquiclude. 8
. in . Such penetrati -avoid probl,
:'.I;hnresnrb;le to clea.nmg .tbe bottom of the exl::uio::m ume:ngxfl aumpen?’
“ow.'npmwdedmwhichwﬂwhichhsmuedbuioflhedmyy' '
. co ectmlhoulcauain;naeemepalhlhm;hilnwnﬂ -
. b . ) - :

n se minimum thickness of the cutoff wall ydrosu‘ ic head ; :
meabilty of e backill materials must be evaiaie A typical reh‘:i’:nshlpm-
en developed for the use of loil-benlonite. i
th;l the wall should hnye a thickness of 5 t-7.5 fu (1.5 mb-flc :l'ﬁ) Hurry walls B
of ur.:r a I::mem—bentomte slurry trench cutoff wall, the mcreasedshear strength'
° m'q ckfilled wall has typically permitted the wall thickness to be set o
» i;mn::n(:; physical excavation thickness, i.c., somewhere between 24 i "
- (610 mm-910 mm). This width is satisfactory up to a depth of nl:' 'I:::u"l

100 ft (30 m) of hydrosiatic head. Beyond that point, more detailed and’

sophisticated engineering evaluations shoul : : .
of cement-bentonite cutoffl walls to resist :y:o?,::‘d out to evaluate the lbiliq

Cutoff Backfill Properties - : '
‘Soll-Bentonite Backfil,—In many pecifica lished “
. . X Ly cases, s i i j
| igr:d:uo!:I of :sou-benton.ite backfill ﬁnt compares to ‘tr:'ohv:l::t:lbch ull.{
‘ c'o;ten‘t" s: nng: of p-a!ﬂcle sizes from coarse to fine with the resultant. bentyonit :
content :-new ere in lh.e-ran;e of 2%-4% by weight and on the orde -o:
U.S. si mes (lOﬂp_INcles finer. than the openings of a No zmumdudr |
'or;i . s:;ve)._?ermeablhﬁea of such mixtures have been 'meuure;l 10 be on the
m:r’:l. er . mm/s. It must be poiated out that other gradations hav:n mq
isfactorily for soil-bentonite backfiil, including fine sands and clays :

The second factor with res i
. ctor pect lo specification of the ba i
:onsmency._ Typically, the consistency of soil-bentonite bl:kkl"-:ll“ i:o :::m!
! :. talicn:::i:‘lcrele alu.mp test. To control the slope of the backfill aad .to - ;
t ‘heqrm:lu;y“u Lt \upped in the Backfil, i has becn found that » slump
e | . .6 in. m-150¢ mm) is  appropriate. if is.
::eottl:;s lhq.lththu. then a very flat backfill slope?obll’un;l gh::: ;Inummp- ui‘
" Voids, md“:nmttﬂ:ffﬁﬂe‘ncyof excavation. If the stump is less, honeycombs,
o the ol enirapment of pefvious materials may result which can cause bruchesi
Cement-  (SeM-Hardes : ) '
pemuﬁﬁmu (Self-Hardenlng Slurry).—The principal factors affecting the
permesd y of the eemem-l?emonite slurry (which is also the slurry used during :
icavation process) are cement-water ratio,” bentoaite-water ratio, and, of |

course, mechanical procedure in making ev
_ entual panel connectio ‘ ;
the fresh cement-bentonite slurry and the set cement-bentonite. It i:l mb;to:e.:: B

to recognize that the cutoff wall is formed
T : : med by the cement ite mi :
| yich e te s mdeil i a1 bl th rach duig e cavedo.
[+ - H . . .
of 10~ mm/s. Y ent-bentonite slurry cutoff wall is also on the order ;
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It is important to specify in the cement-bentonite process that the bentonite
be fully hydrated with water prior to the addition of any cement. When this
procedure is foliowed, the cement-walter ratio typically will be the controlling
factor in the eventual strength, deformability, and permeability of the backfill.

It is important, when panel connections are made between two excavation
units, that a thorough overlapping is obtained to ‘ensure that no windows or
cold joints are created. Expericnce has indicated that connections may be made

- as long as one week later into set cement-bentonite and adequate continuity
" pas been obtained. In some cases, retarder can be added to the cement-bentonite -

slurry to prevent flash set and cracking and, therefore, permit plastic contact
between adjacent panel units. In many cases, the cement-beniotite slurry trench
process has been used in a continuous fashion, with connections made along

the ‘wall on a daily basis.

Backfill Placement for Soll-Bentonite Cutofl
“The initia) backfilling procedure for a soil-bentonite cutoff wall requires that
the soil-bentonite mixture be placed by a tremic process in the slurry-stabilized
cutoff trench. The initial ‘process continues until sufficient- material has been
placed in the excavation to permit the backfill material to become exposed
at the top of the trench. Standard practices with regard to tremie should be
maintained. Backfill also has been successfully tremied with a clamshell bucket.
After exposure of the backfili material at the top of the trench, the remainder

of the backfill is pushed with a dozer onto the exposed backfill at the top
of the slurry wall. Free fall through slurry is not permitted. Pushing the backfill
forces the material to slide down into the trench under its own weight. This
process is continued until ihe entirc excavation has been backfilled. Typical
slopes of the backfill surface during the backfilling process range from 5:1-10:1;
the slope depends upon the stump of the backfill material and the gradation
‘ of the material involved. The higher the slump and the more uniform the gradation,
the greater or flatter the slope of the backfill surface will be, A low slump
and a coarse grade of material reversely will have the steepest slopes. Of course,
- the steeper the slope and the lower the slump, the greater the possibility of
trapping scdiment, partially excavated material, or fuid slurry in the cutofl

wall,

Connection Detall with Surface Structures o '
Fig. 2 demonsirates the application of a soil-bentonite cutofl wall bencath
a dam or dike embankment. It is important to recognize in. the engineering
application of ‘cutoff walls that there- will be ‘some settlement and consolidation
of a soil-bentonite cutoff wall. Fig. 2(a) presents a typical. application of a
. ‘slurry wall in such a circumstance. Note that if proper connection details are
pot carried out, there is potential for- a. seepage path to develop, due to
consolidation of the backfill material, at the top of the soil-bentonite cutofl
wall. However, & simple construction’detail of forming an imopervious dike,
which probably would be needed to provide a working platform for the construc-
tion of the slurry wall anyway [see Fig. 2(b)], reduces the potential risk’ for
such a seepage path to develop. Considerations such as this connection .detail
arc a fundamental part of proper application of slurry wall cutoffs.
Deformability.-—1t is important to recognize that under major dam embankments
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Cement-Bentonite.—The factors which effect ihe deformability of cement-ben-
tonite slurry trench cutoff walls are the cement-water ratio and the bentonite-water
ratio. Significant laboratory testing has been carried out 10 relate the cement-water
ratio and, to a lesser degree, bentonite-water ratio to the deformability (without -
cracking) of various cement-bentonite mixtures. It has been determined thai
the higher the strength, i.e., the higher the cement-water ratio, the stiffer, more
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FiG. 3.—Typice! Strength Deformsbility Tests for Cement-Bentonite Slusries

rigid, and thus, less deformable, the eventual cement-bentonite wall. Correspond-
ingly, investigation of the bentonite-water ratio indicates that the higher the
bentonite-water ratio, the more flexible, the more deformable the wall may
be. Fig. 3 presents a summary of typical test resulis for a particular application
of a cement-bentonite wall. It can be seen from this plot that the cement-water
ratio has a dramatic effect on deformability of the cement-bentonite backfill.
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In this particular case, a 10% deformation was required. Because of the more
complex relationships that must be evaluated in the application of a cement-ben-
tonite slurry trench cutoff wall, more sophisticated tesling may be required
on a specific project basis 10 ensure the desired end result will be obtained.
Permanence.—The use of slurry trench cutoff walls may or may not have

a permanent application. If a slurry cutoff wall is used around an excavation |

to provide a temporary dewatering expedient, then the life of the wall may
be only on the order of | yr-2 yr. If, on the other hand, the slurry wall cutoffl
has been applicd as a cutofl or seepage barrier beneath a dam or pollutant
containment pond, then of course the slurry wail must last for the life of the
siruciure. :

Under normal environmental and geotechnical conditions, properly construcled
soil-bentonite -apd cement-bentonite backfilled slurry walls can be considered
permanent structures.

Continued research is being carried on by the bentonite producers to develop
bentonites that may be used in corrosive environments and, thus, provide
permanence even under severe environmental conditions. For specific applica-
tions of bentonites for anomalous or corrosive ground water,, soil conditions,
or containments, it is important that the correct tgpe of bentonite be specified.

In this regard, it is Tecommended. that advice and consullation be obtained
from bentonite producers. '

Construcmion Quaury ControL / Quaury I\ssumuc&

It is often required, in specifications, that the contractor be made responsible
for running basic quality control tests on the various specified control points,
ix,, viscosily of the slurry, density of the slurry, slump of the backfiil material,
eic. This testing is usually reported on a periodic basis, typically daily. Depending
upon the size, volume, and scope of the project, the number of tests should
bé delineated. ‘ _

In addition to the contractor's ql_lélity control, it is strongly recommended
.that the owner and engincer provide, through a geotechnical organization,
construction &ﬁglily assurance. This is especially true if the engineer/owner

" are not familiar With slurry walis and their applications. Such geotechnical quality
assurance services would include spot testing of the appropriate specified criteria,
i.e., again, slugry viscosity, slurry density, slump of back{ill, concrete slump,
depth of trench, proper tie-in with aquiclude or bearing tratum, verticality,

" cleaning of rench bottom, etc. The frequency of the spot checks and spot

testing would be dependent upon, again, the volume and production of work. ...

and the discrepancy, if any, between spot checks and the contractor’s qﬁ'alily—
control testing. Such an independent quality assurance organization provides
the owner wilh the necessary controls over the desired products and criteria
that had been established in the specifications. It should be emphasized that
there should not be ilems in the specifications that require quality control if
these items are not, in fact, important to the end results or desired objective
of the construction. In other words, quality control and quality assurance should

be specified only for those items that truly have an effect on the desired end
product. :
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ConcLUSIONS

: i icati he. use of slurry diaphragm and
ny and varied applications for ¢ F
slThe::it:r:f ::ll:. Their full application and exposure_hns not yet been t;:l;z:«i
inu:hrye United States. Because of this fact, the specialty :0:1::‘:‘3:“34  bave
nEAag i an
.0 slurry wall construction efforts overseas i cot
'i=n theegu‘;e:l Smes have developed a degree of expestisc above that of own

i ini , owners and architect Jengineers
and aichitect/engineer firms. Consequently e e ations (o work

i i her awkward
i i i the expert. This can lcad to rather awkv
e e afeaion mn:lr‘ar::::i;shieps. F;f\d can often resull in specifications

ifications an . : ations
f::l‘:::‘uisr‘;e :innecessary controls and limilations which only generate additiona

jori {r. It is
i i ty of the wall or cuto
d nothing to the technical su?enor_t s
;E:dﬁ“:l‘n,‘?hcref ore,slhnl in preparing spcf:tficnl'lon? fi (:; : :?::I;vat:;:etz:t::’gi "
ino of the desired end result 1s majntaine _ cific
ul{?qr_!ill:::z%rem the end result be addressed and comrolle_d by the spe;_nﬁ;zt::n;r
cnlle T; important to recognize. that there are many portions or ;l)p‘;)c:' :}pm‘c
truly an end-result specification may te.
sy Wh&?I.e ifications in the present praclice
¢ application of end-result specihi i
!!OT:: e:a;rhoﬁ ::lil the owners and enginecys gain a more thoroggh l:nd:r's[:a:l:::
fn'd knsowledge of the technical and construction procedures involved 1

trench work.
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ABSTRACT: The critical design criterin snd the resulting specifications for slurry
trench disphragm walls and cutoff walls wre discussed. To establish diaphragm and
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procedures involved in slusry trench work.
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APPLICATIONS OF SLURRY WALLS
1N CiviL ENGINEERING

By Safdar A. Gill,' F. ASCE

INTRODUCTION

P

The use of sturry walls (also called diaphragm walls) for civil cngineering
projects has increased tremendously during the Jast two decades. The technique
was developed in the post-war years. in Europe and has spread steadily all
over the world since then. Less than two decades 820, there were just & few
specialist- contraclors in slurry wall construction. They still dominate the ficld
but experience is spreading among the foundation CORLIACIOTS many of whom
are listing sturry wall construction as one of their specialties. Popularity of

slurry walls can also be judged from the number of conlerences held on the
. subject in the past few years devoted to techniques (1,8,23,26.) Conferences

have also been held by the dealers of slurry
contractors with the different types of products,
about the applications of sturry walls. Each of therece
on Soil Mechanics and Foundation Engincering conlains severa

walls and slurry trenches. Certainly the slurry wall technigque fits i

of an outstanding innovation in below-ground construction.

The slurry wall rechnique is still relatively ncw an
many engineers and contractors. This paper covers some
of the slurry wall system for a variety of projects.
the immense versatifity of the
for difficull subsoils.-A briel description of construclion
principies is also given. The purpose of the paper is

slutry walls for underground construction, for situa
ically competitive.

and the engincering community
o1 International Conferences
1 papers on shurry
nto the calegory

Noie.——Discussion open until November
a writlen request must be filed with the Mana
ASCE. This paper is part of the copyrig
Proceedings of the American Saciety of Civil Engin
Manuscripl was subnuticd fue review for possibic publication on: Decemb
~ "Prin. Engr.. Soil Testing Services, inc., Northbrook, SU. :

cr 13, 1974

15%

e
Chrrs Japsen

wall equipment to familiarize

d femains 8 myslery 10
of the applications
The cxamples will show
system for good pround conditions as well as
procedures and design
1o examine lhe use of
lions where no other system

would have been feasible or cconom

1, 1980. To extend the closing date ane month,
ger of Technica! and Professional Publications.
hied Journal of the Construction Divisian,
cers, Vol 106, No. CO2, Junc, 1980

co2

" +and involves the following

orable, Of course, special

| for successful installation

dash .(I9) gives details of
applications.

serve as a template and
trenching equipment and
of reinforced concreie, 3
* cm) thick, spaced about
lurry wall.

cavation is done in panels

3 and other considerations *

: wall. During the removal
g bentonite slerry. There
ted while others are not.
ded or kelly-operated grab
s category {rom ordinary
ited grabs. Different types
developed for excavating
project. Other excavating
apan,

d material. If a reinforced
nent cage is inserted into
ull of slurry. Concrete is
~all is required, concrete
I. Prior to concreling, the
a wide MNange-steel beam
pe provides a half circle
50 s¢rves as reinforcement

smaller in diameter than
he slurry ‘'wall. The pipes:
[ the l-beam is used for
lypes of joinis developed
nstructed in panels, there
< Jjoints with overlapping
:limes been used, although -

| with a precast concrele
vas developed in Europe.
oprielary precast syslems
Corporation has & similar
' In the Panasol syslem,
mrdens with time so that
gth somewhal higher than

can be cast in the pancls

€Qo2 -SLURRY WAI

-to post tension the elements for additional

slurry wali has been constructed, work the
The sequence of construction of the slurry +
of c.:h_owe which may be dictated by the shap
activity, or by the need to protect adjacent s
- The concrete for the slurry wall is usualls
in. (18 cm-20 cm) using plasticizers if nece
arrangement of reinforcement is kept simple
and ?vm_d scgregation and pockets in the wal
iremie pipe for one panel while others use t
tremicing could also create pockets and void

Desian Punciries

The design of a slurry wall must conside
and the final requirement for the completes
a5 a Fronnd-wner culoff, c.g., under a dai
wall is suflicienlly away from the face of c
hn:e only -differential hydrostatic pressures
whlch_will have one side exposed will be M.ij:l

Besides soil conditions (4,16), laieral press:
upon the bracing system, sequence of cxci
of the bracing. Walls have been designed for
urll, pressure, and the various empirical |
mod:ﬁ}:d by experience of the designers (12)
walls in a variely of soils have shown soi
’md Peck empirical diagram f{or braced cuts
is most commonly used. The contract docume
Area Transit Authority Subway Sysiem, and‘
System, specify a trapezoidal pressure dia
llurry‘vull support system; Waler‘pressnres
even in the cise of cohesive soils since, ¢
that fl.lll hydrostatic pressures would acl. b
of a circular shaft where no yiclding of the
be based on al-rest pressures. There are no
for suc‘hl walls to suggest using a different pr

Su_ab:luy of the slurry trench during excavi
consideration. Ground-water level has the gr
The level of slurry must be mainfained f(_)

waler ?ablc in. granular. soils and at least 3
.[ormat_m of a filter cake on the walls of
in stabilizing the treach, For this, the just m

Using conventional stability nn;};fct—:ii?'
as the Rankine active pressures. The main
th'e hydro;sulic pressure of the slurry. A mere

aith the inside pressures would in mosi cas

In spite of research study’
1n spite of rescarch study’as well as field obs
_are stili not fully undersiood. The panel lengt
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arching cffects und reduce outside pressuses. The effect of arching can ibe
considered by using the method suggested by Piskowski and Kowalski (20)
and by, Huder (14).

A review of the slab:luy investigations by scveral authors suggcsl that a
slurry trench rémains slahle if*the computed _hydroststic pressure of the slurry
inside the trench js greater than 65%-80% of the outside .pressures (2), Ii_is
behcved lhat the fFemeining stability is imparted by such incalculable forces.
such n gel str englh, resistance of the fi _Lg[__g_kg elsctric potential belween
lhe slurry and the soil, dynamic gradicnt of slucry flowing into the soil, rigidity
‘impanied to the slurry by the bentonite as well as by the .Suspended cuttings, .
thc ¢ffect of permeating slyrry on the soil strength,_etc. Scveral theories of

‘trench stability have been proposed by different authors in an altempt to
theoretically verify observed siability of slurry trenches (2). However, with
the present slale of knowledge, these methods can onty be uscd as guides.
Siurry trenches have been found to be stable ¢ven in situations where these
theories would predict instability. On the other hand, collapse of the trenches
has been ‘observed where most conservative computations would show siable
coenditions,

ln actual pracllcc, sophisticated analyses arg varcly done and reliance is placed

on_experience in_similar_soil and ground-water_ conditions. When faced with
unslable condmom. adjustments are made in the construction procedures, level

and denmy df the slurry, length of the panels; and in the. shape and jyp;“_

of culting tools, Thq presence of artesian waler pressuse, large graveland bouldcrg,

very loose soils. soft clays,. recently placed hydravlic fill with undissipated pore

pressures, and sudden changes 'in the soil sirata_are potential_conditions of
instability and require careful con g._u_i_c_rg;;on prior 1o deciding upon the construction
p;occdurcs For conditions of high ground-water table and for artesian preégﬁfe—s.
the remedial measures include lowering of the waler table by deep wells or
well poinis or increasing the working platform level 10 maintain s higher level
of slutry,

Surchasge loads become more importamt when the slurry wall is located ¢lose
to existing_footings: the scitlement of the structure supporied thereon is also_
important. Such a case occurred secently at one of the station _excavations
for the Balllmore Subwgy Syalcm The slurry wall was placed so close to the

exisling structures that sofie of the foolings will Jequire 1o be cut off by as
much as 23% Anulysls of the slurry wall stabslny during the excavation was

) pcrformcd by considering the effect of soil arching as suggested by Plakowskl
and Kowalski (20). In spite of the minimum practical Jength for slurry wall
pancls, it was necessary 10 improve the soils by grouting to & depth of about
15 ft (4.6 m) below the footings 1o get adequate safety factor against caving
of the trench walls,

b
X

Arrucations oF Sturay Walls

Slurcy walls have been used for a varicly of civil engincering pro;ecls and -
their poiential use is routinely investigaled in underground construction projects
'whcn (1) There is likely 10 be a ground-water problem; (2) adjacent slruclures
have 1o be protected against seitiement; (3) noise from sheetpile driving is nol

. ) .
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acceptable; and (4) the excavation has (o extend through' difficult soils. The
following examples consider some of the applications of slurry walls. -

Curorr ron ConraoiLuna Smnim

. Slurry wnll and trench cutofl walls have been used exiensively for comrollm;
scepage from under dams, navigation locks, and cxcavation for pumping stations
and power plants. Such walls have been construcied to depths of over 200
ft (6] m) through a varicty of soil conditions, in granular soils, rocky formations,
through cavernous formations (5), through soils containing very large boulders,
etc. For the construction of the second powerhouse at Bonneville Dam on
the Columbia River near Portland, Oreg,, the Portland District of the U.S.
Army Corps of Engincers designed a 2-ft (61-cm) thick concrete slurry wall
for control of ground water inio the power station éxcavation (23). This slurry
wall extends through formations of old landslides that contain extremely large
rock chunks, gravel, and sands. No other method of secpage control would
have been cconomically practical at the site. The wall has been very effective
in preventing scepage into the power station excavation.

Wolf Creek Dam on the Cumberland River in Kentucky prescated a very
difficult situation where the slurry wall method was used to install a cutoff
to arrest seepage from under the dam (6). Excessive secpage through the limestone
foundation of the 200-ft (ol-m) high rolled earthfill embankment threatened its
salcty. A detailed subsurface investigation revealed large caverns in the foundation
limestone. Test grouting showed installation of a grout curtain to be impractical.
The slurry wall method was the only feasible method for constructing a cutoff
and a very ingenious system consisting of circular elements and intermediaic
panels was utilized. This was the first lime that a slurry wall was installed
through 200 ft (61 m) of carth embankment and extending 80 [t (24 m) into
the foundation rock (full of caverns and solution chennels) while maintaining
a high reservoir pool. Similar systems of circular.elements and intermediate
pancls were used for culoff at Manicougan Dam in Northern Quebec, Canada.

In the case of slurry irench cutoffs, which has been used exiensively by
the U.S. Armmy Corps of Engineers in the Mississippi Delta, the cxcavated
soil blended with granular materials or imported granular matcrials impregnated
with bentonite slurry is backfilled into the trench. The cutoff functicn is provided
by this backfill and by the [lilter cake formed on the sides of the trench. Slurry
trenches more than 5 ft (152 cm) thick and as much as 10 ft (305 cm) are
not uncommoan for deep excavations. Tests conducted in conjunction with the
slurry trench under Wanapum Dam'showed a gradient of 34.6 caused rupture
of the filter cake (17). In the actual design a safety factor of approx 4 was
provided. For propgr functioning of the slurry trench cutofT, the gradation of
the backfill material is important. Backfill of clay malerials causes segregation
wilh consequent future setilement a1 which time the filter cake could be dnmagcd
and render the slurry trench defective. .

Backfill for cutoff trenches may consist of cement- bemomte mixturquwhich
solidifies Lo atiain a low strength (comparable to soil strength) plastic backfill.
Cement solution may be introduced into the bentonite slurry after the excavation
or the mixture may be used as the slurry during the excavation. A special
patented method for constructing shallow cutof(s to about 50 M1 (15 m) is the
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s0-called “vibrating beam'* method. This method results in a thin cutoff spprox
"4 in. (10 cm) thick made of cement-bentonite mixture:

Constaucrion Suarrs
., ] !
Slurry walls have been used for the consiruction of deep shafts in conjunction
.with mine shafis, pumping stations, and deep tunncls. Two of the construction
shafis for the Metropolitan Sanitary District of Greater Chicago Deep Tynnel
Project were constructed utilizing slurry walls. In the latest consiruction completed
in 1978, the round shalt 34-fi (10.4-m) clear inside diam, 73 fi (22.3 m) deep,
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.- Fig. I.—Cn;mtmetlan Shatt Slurry WQH
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was replaced - with & polygon of 18 sides. Each paael consisted of two sides
of the polygon. As previously mentioned, such walls are not likely 10 yicld
to mobilize active pressure and thus, the walls were designed for the at-rest

pressure conditions as shown on Fig. . The, joint between the panels consisied °

of wide flange sections. Complicated joints with continuous reinforcement through
the panel junctions were not considered necessary as the compressive thrust
from the outside pressures would keep the joints tight. Excavation inside the
shaft ptoceeded rapidly and no seepage occurred through the joints, even though
the shaft was located within 35 i (10.7 m) of a river (see Fig. 2).

Although an equivalent circle through the 25-in. (63-cm) thick concrete walls
would show that the thickness provided is adcquate to resist the compressive

coz2 . SLURRY WALLS . 1
thrust considering a circular ring, horizontal reinforcement in the panels was

designed for a simple beam supported at the junctions. Since hydrostatic pressure

ight angles to the face of the wall, it is desirable to keep the panel
I.::::l;t ll::l lo':educe the bending moment. In order to l_‘unhe.r reduce the
bending moment in the panels, different angles were prov'lded in the panels
as shown in Fig. 1. The possibility of uncqual surcharge Iondm_gs on-lhe‘ u.:rface
as well as the possibility of failure of the adjoining dock wall, was nlso‘mw‘:sugncd
by considering the shaft as a tube cmtilcverin;-l‘rom lhc. base. A remf?rf:ed
concrete ring beam at the top was designed 1o prevent slippage of the joints
from bending due to the unequanl pressures.

King bean } nh I o
'I l ‘] Yot 1cd
. { "
. T e
» , —L—-a;,-—-—
Eacstiog Wabeliwid Cs::::;‘::t

p Shetling dock wall

bo—————— 34 1D shalt ————s]
. Tember pie

ot s Slurry nlh———__.____._

Top of 1k

. i é L =13 N (appacm}

FIG. 2.—Locatlon of Construction Shaft

" The alurry wall will serve as the permanent lining l'or‘lhf: sh.aﬂ and it proves
economically attractive when taking into account the elimination of tem?orlry
support. of excavalion, the difficult ground-water control, and delays in the
construction of permanent lining.

+

Founoanon Pirs

A nlutrj wall, 62 ft (18.9 m) decp, was ulilized for.lhe cons'tmction of a
44-ft (13.4-m) deep foundation for a large press in Megnphfs. Tenp. The structure
was located within an existing plant in wet, nndy'so:ls.i. The use of §lurry
walls permitted rclatively large spacing between the bu-cmg levfls to suit the
machinery 10 be installed within. The top level of bracmgl consisted of a cap
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beam 2.5 ft (76 cm) thick and 6 fi {183 cm) deep which also served to cq!nnet:(

all of the panels. Slurry walls, 25 fi (7.6 m)-54 1t (16.5 m) deep, 32 m (8l

Cn.‘l) thick, wore used for the walls of an access tunnel and hopper at 8’ steel
mill cqmp!ex in Bl Hadjar, Algeria.’ The wall extended through an artesisn
l'ortpnlmn 1ato underlying clays and permilted excavation of the tunnel without
water seepage problems. -
Tbe.use_ of slurry wall for a decp sewage pump station near Portsmouth,
N.H. in difficult ground conditions is described in Ref, 24. In this case also,
II‘Ie top level bracing consisted of a reinforced concrete ring beam at the top.
The botiom 'slab was constructéd by ulilizing » system of dewsatering from
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FIG. 3.—Slurry Walls for Bulldings in Chicago

& gravel layer placed beneath a 4-ft (122-cm) thick tremic seal, Mulisided slurry
walls have been uscd in replacement for circular shafts at many locations. |

Broae Founoanons ;
|

1_\ slu.rry wall system was utilized for fhe Barton anchorage of the Humiber
_[lndger in England (15). Cellular blocks were created by the slurry walls and
it pzrmiited excavalion in each cell and construction of the structure within,

wilhout allowing for the heave expecied in the underlying Kimmeridge clay.:

. i
Basement Waiis

Slyrry walls have been extensively used for basement walls both as load
bearing ¢lements and as the perimeter wall for carth retention and ground-water
control. In the Chicago area, slurry walls have been used for the Sears Tower, -
the Water Tower Place, the Standard Oil Building, the CNA Building, the'

- ¢
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Northwestern Memorial Hospital Addition, (Fig. 3) and recently for the Provident

. Hospital Addition and for the Westinghouse Schoo!,

In the case of the Standard Oil Building, only a 2l-in. (53-cm) thick wall,
40 It (12.2 m) deep, was used and it was supported on sicel H Piles of 150-ton

" capacity driven into hardpan soils. The piles were driven through the treach

full of slurry and no detrimental effects were observed on trench stability from
the pile vibrations. It was the first time that a slurry wall was utilized to serve
as a pile cap (22). The slurry wall was laterzlly supported by a deadman anchor
outside the excavation at the top. Although the bottom of the wall stopped
in soft clay with a shear strength of about 700 psf (33.5 XN/m’) and according
to the classical theory, passive pressure was less than the aclive pressures for
the eatire embedded section of the wall, reliance for stability of the wall was
placed on the resistance to fateral movement of the piles embedded in the
wall. Inclinometer observations showed inward movements of the walls by about
Iin. (25 mm) below the excavation which extended to 23 ft (7 m) in & width
of 50 ft (15.2 m) from the wall and to 34 ft (10.4 m) in the interior (7). Similar
application of a slurry wall supported on piles was utilized for the basemeny
wall at the First Wisconsin Center in Milwaukee, Wisc. Here again, piles driven *
through the slurry did not cause any instability of the trench walls. -

"For the Water Tower Place project, the slurry wall was consiructed between
the perimeter caisson foundations for the building. The connection of the slurry
wall with a caisson was made through a shectpile for which the female portion
was welded 10 the sieel shell around the caisson. Considerable difficulty was
encountered to keep the interlack hole clean to permit placement of the male
sheetpile section from the slurry wall. A greased cable was inserted in the
interlocking hole to prevent contamination from the slurry as the panel was
being excavated and the cable was thea removed prior to inserting the sheeling
section (13). © )

All of the previously mentioned slurry walls served as the. permanent wall
of the building basements and required little sucface treatment. There have
been no complaints of secpage through the joints or from elsewhere through
the walls. Ground movements adjoining these excavations were insignificant

. compared with the scttlements and displacements that would be common for

excavations of similar depth utilizing the conventional shecting and bracing.
Unoenrinming ALteanative

Slurry walls have served effectively as an altemative to underpinning structure
foundations adjacent to excavations (21). Ground movemenis during a bentonite
supported excavalion were measured for a est excavation in London clay as
described by Farmer (10). These movements are quite small and less than the
movements expected during the underpinning operation. Of course, the move-
ments can be reduced by limiting 1he size of the pancls opposite the foundations.

The movements in the ground adjoining an excavation supposted by a slurry
wall depend upon the bracing levels, the strul prestressing loads, and the depth
of excavation below a strut level before the bracing system at that level is
installed, The slurry walls are usually so stiff that elastic deformations belween
the levels of suppori are negligible. The major portion of the deformation occurs
while the ground is excavated and prior Lo the installation of the bracing system.
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With an interna) bracing consisling of cross struts, the post installation elastic
deformations of the strut would induce the corresponding movement in the
wall. However, such deformations arc also quite small, In the case of tie-back
suppaited walls, observations of jnstrumented excavations have shown move-
ments related 10 the prestressing dnd relaxation of the anchors {(4,8,26). In any
cvent, by proper conslruction sequence and good workmanship, ground movement
adjacent to slurry walis can be minimized to limits tolerable by the structures.
Composite slurry walls consisting of soldier piles and tremic concrete have
been very effective in minimizing ground movemenis as shown by the application
of this system during the Bay Area Rapid Transit Subway tonstruction in the
San Francisco area. The spacing of soldicr piles reduces the panel length and
thus, helps in the soil arching with consequently lesser ground movement.

The use of slurry walls in liey of underpinning has recently been accepted
by the authorities for targe biiildings as high as 23 stories and supported on
footings with bearing pressures as high as 12,000 psf (57.5 N/mm?), adjacent
(o b subway stalion in Baltimore, Md. The subway excavation will extend 30

. -50 11 /(9.1 m-15.2 m) below the base of the footings. It is proposed Lo use

& composite siurry wall 24 in. (61 cm) thick, consisting of 24-in: (61-cm) wide
flange beams at 3.5 fi (1.07 m) on centers with concrete in between. The wall
will be built in 7-f1 (2.13-m) panels. The most important consideration is the
stability during excavation of the pancls, To safeguard against undermining of

* the foolings by excavaling equipment or by a slip failure of the subgradc soils,

chemical grouting was used to make the existing granular soils cohesive and
stronger. The zone of grouting exlended at least 15 1 (4.6 m) below the bottom
of the footings and covered at least half the footing along the excavation. Stability
analysis utilizing the conventional method has shown that the trench should
he stable during the panel excavation, Addilional precautionary measures such
us predrilling for alternate soldier piles and supporling the heavily loaded footings
from these soldier Ppiles by brackets, is also contemplated. .

Cur ano Cover Tunmewng ror Suawavs

Jobling (26) describes the uge of slurry walls for the Heathrow Extension
Subway in London, England. In this case, the slurry wall serves as part of
the permanent structure. In this country, slurry walls have been used for
¢xcavalion support on stslions and deep excavations for the subway, bul have
not been ulilized as part of the permanent structure,

Precast panels were used for several subway projects. Examples include Al3
Motorway Extension in Paris (8), Paris Metro Extension and covered (rench
at Scvian, Paris, Stutigarn Subway, Moscow Metro and a transportation {unnel
in Kyushi, Japan (18). The resulting wall has a smooth finish with tight joints.

. Any surface texture can be incorporated in the precast panels. The general

use of prefabricated structural nembers for cut-and-cover tunnelling is described
in detail by Martin. et al. (18). The advantages of utilizing sturry” walls for
cwi-and-cover lunnels would equally be applicable to the cast-in-place concrele
system. .Same principles apply for highway underpass construction,

Quars anp Docx Waus

The use of slurry walls for three large docks is_ described by Fisher (8).
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Slurry walls were constructed in the fi orm of cells and T shapes (o resist pressures
from a fairly decp dredge depth of 50 11-92 fi {15.2 m-28.0 m). Post-tensioned
tics were also utilized, :

Siors Svaswizanion

A slurry wall system for siabilization of a siope along a street in Washiflgton.
D.C. was investigated ulilizing the slurry wall sysiem. Tight space 'condmonl.
and the fear of precipitating a slide from vibrations due to pile driving or from
excavation for a retaining wall, favored the use of the slurry wall system.

Sewace Prosecrs

Slurry walls can casily be adapted for large box culverts for the conveyance
of waste water. The City of San Francisco, Channel Outfalls Consolidation
project was designed to allow the use of slurry walls for the walls of a box
culvert. The soil and ground-water conditions favored the use of slurry walls
as the best choice,

Loao Beamna ELemgnrs

Slurry walls in a variety of shapcs can be ‘used 1o serve as lofd-bc.an'ng
elements for structures. Foundations for the United Nations city in Vlf.qng
utilized slurry walls in different shapes (8). Piles and caissons installed ulihzn_ng
& slurry method are very common. Field observalions and research studies

" have been conducted o determine the effect of bentonite on skin friction.

Published information shows 1hat skin friction is not reduced (}). However,
in the case of sands, a reduction of 10%~30% is suggested. o ]

During construction of the slurry walls for the Northwesiermn Memorial Hospital
in Chicago, a 24-in. (61-cm) diam test pile was installed by the slurry mcthod
to determine skin friction in a 13-ft (4-m) layer of medijum dense to dense
sand. Loose hay was placed at the base of the pile to eliminate end bcan'n'g
resistance. It was then load-tesied to failure. Analysis of the dala from lizus
test showed average skin friction at failure of approx 2,200 psf (105.4 kN/mz).
A most liberal static analysis yielded average friction of 1,500 psf (17.9 kN/m?®).
The test indicated. practically no reduction of the. skin friction value of the
slurry constructed pile or caisson through sandy soils.

Misceuangous Use 5
. 1}

Slurry walls can be used to protect a structure from vibrations. An exfmpie
of such a use was the slurry. trench installed between a subway and a printing
flélory in Berlin (25). Slurry trench cutofls are now increasingly used for
containment of seepage from waste water ponds and Jeachate from landfills.

Concrusons

In this paper, some basic principles for the design and conslmc!ion of Sl!.lrry
walls have been described, Versatility of slusry wall as a construction lechnlqu'g- .
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Pinellas County is going to be submitting an application for
Power Plant Siting én the next two weeks. Please set up a
new module. I belifeve the next available number will be
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