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SOMMARY OF it

July 6, 1970

pégés)  Ju1y 13, 1970

-_3-226?3(2 — 'Juiy 28, 1970
6:778§j(2 pages) '
6-7789 | _

'6 //89.(2 nages) . - Sept. 10, 1970

6‘7891'(2 pages) Oct. 2, 1970

6-7891 (2 pages)  Oct. 22, 1970

10/23/70

August. 27, 1970

August 27, 1970

CONCRETE DESIGN
Laboratocy Report
Number , Date Tyre o Lrst

3fL~tteL (° nhas) July 6, 1970 -

8~ 2707 July 6, 1970 fine Aggregais Dot (Woudville

_ Lime & Chemical I,y
. _8422015_ ’ July 6, 1970 Mine Aggrepgate e (White
oo e e ' ; Rock Quarry)
8-2207 .Jhlylé, 1970 Cba*s Agzregate Pent (Woodviile

Lime & Chemical Co.)
Concrete Mix Jexiu. C-2-87

Soundness of F11~ A;;“o,ate

" {(Woodvilie Lime & Cuumical Col) -

s

Concrete MNix Pesign $-2-57

Concwete Mix Jdesign C-2-5F-2

Freezing Test of Concrate

*. Concreta Mix Design G-2-8F-2

Concrete xix Design C-2-8F-3
and C-2-SF-L4

Concrete Mix Design C-2-57-3

and C~2-5K-4




Exhibit 11

Il

", Pramdom C

) JOHNF GISLAGON P.
L. Exéeutivo Vice Prosid
NORMAN E. HENNING

7 VicePrenidont Engino

A ALBERT C. HOLLER. ¢.A

T Vica-Pradidant Che

. OLINTON R, BUE

. Becietary-Trassurer

t _r'e’n’gths ar‘e a'lso

ortland cement and: ...

'y campressive strength
gayﬁand 2560

From past experien
t'is used in the mixture; the

1 &9 d ha mprassive trength of about 2600 p.i afteh I
d.3400"psY  after2 days curt Tind 0w o SE
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July 6 1970

: '_Funmsnso BY:Woodvil e Lime & Chemi a:
_Q.OPIEE;TQ!;- WoodviLe, Ohio :

S Crushed iiﬁ{éé'ﬁdne: iy Hédufﬁétgrg'd Sand -

. :'Lng‘agg:ejg‘e.t‘,é fox port
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ENGIN"ERb AND CHEMISTS
662 Cromwell Avenuo . 5, Poul Minn, 55114

meport or:  FINE AGGREGATE TEST )
. -_-:;,%gtggg-‘-‘gfxégx POWER & LIGHT | ATE: July 6, 1970

i Fagles Construction Company _ FURNISHED BY: VWhite Roc.k‘Q_\'zzn:lz:'yj
' .2110°Nicollet Avenue : o . s g

: TO:
‘,.-;';._Mimeapolis, \iinnesot:a 55604 TorEE T

Cruéhgd"'pimescoxje —",'Mahu'fa'ct:ured Sand.

SPE CIFICATION

Nl-l’UbLln AND QUNUILVS Al.l. RE DR

DYKOTION vo CLIENYS,
or &1 ENTA, GONCLURI

L BUDLICATION

UIHH’TCD A ‘ﬁ! GONPIDKNNAL PAOPERYY OF OL RY8,
OYh. PAOM OR .REGAADING OUN REPOATS 13- REERAVED PEH
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E:'NGINEERS AND: CHEM!STS _' )
662 Cromwcll Avonuo St. Poul Mlnn 55114 ;
COARSE- AGGREGATE TEST -

o—E'nx"sb\'PowER sLIeHr :
. TOLEDO, OHIO - - . pare | 'my S 3456

:'I-"Fegleﬂ C°nStrU°ti°“ CONPGI\Y L FURNISHED sYiWoodville Lime & Chem cal o
; ‘ ’ Woodvillc. Ohio

apolis, Minnesota '55404 b _i_ 9°P'.=5xT°_"
Mr. John Ellison g T .

:.,'c"fus':had L;.Amgs_toxie

W T e T e B a _.Composlte,‘ ‘
AT g 060t
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July 6, 1970

FURNISHED ay: Nicholson COncrete

icollet Avenue g
‘olis, Minnasota 554__04

'i;comssro:

. C=2-SF_
4000 psd. -

: .Toundation Walls R
vfover 12” Thick

stic Concreta '
_M?nzssrvu srnzncrne,,(s" Di:matet x

Day Scrangth (psi)
~Cylinder {2
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e N’(ﬂ\! "'L‘“B" ngﬁ AND EZNG&NLLRENG Lc« s
ENGINEERS AND LHEMISTS

© . 662 Cromwall Avenue- St. Paul, Minn, 55114
EPORT OF: - CONCRETE MIX DESIGN'

. DATE: July 6, 19?0}
PAGE: 2

(6" Diameter X 12" high cylindexs) - Continued

{QQ RES IVE STRENGTH'

Y trength (pai)

2520
2600
.r2560

'fﬂTo be reported later

hown above ‘are on an oven dry basis and should ba adjusted for
aggregates'at the time of bacching.

' ngt"apa'imens were cured 1n laboratory air in the molds foxr 'th
“The' ambient. tempe a;ure was - approximately-73°F and the relative humidity approximate;
, : : o 1ah , ; .

“;ﬁtdiﬁ.tﬂe spé¢i£iEd'§$:.qqd€g

orsarlon 1o o' LiERYe, TH NB GUNBELVES, ALLIRRBON
UEIOND. OR BXTRACTE PAOM
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ENGINEL‘.RS AND CHEMISTS ‘ :

662 Cromwall Avanue - §t, Paul, Minn, 55114

. REPORT OF: SOUNDNESS TEST OF FINE AGGREGATE

- TOLEDO-EDISON POWER & ‘LIGHT . : ;

. TOLEDO,. OHIOQ DATE: July 13,1970

. .Fegles Construction Company . FURNISHED BY: Woodville Lime & Czemical C
2110 Nicollet Avenue - : Woodville, Ohio

. “'Minneapolis, Minnesota 55404 .« GORIES TOI

Attnr Mr. John Ellison

’ No - 8-2207

~ Manufactured Sand CGrushed Limestone

ASTMﬁDeéignaﬁion C88f§3 (5 cyele)

. Sodiun Sulfate

" Walghted

v Yest Bracic © . ‘ost Fractlon © " Matorls! Possing Finor Slave
R 32':5,2'_%:}"- “Aftar Tost - ~ Aftor Tast [Actual Loss)
crany. e - (grams) ‘ %)

T Avirpge
tom ().

13

In che calculation of the weighted average 1oss, the sizes smaller than a. 050'
shall be assumed to have no.loss. The soundness loss of this material meats
specifications. This report 1ig an addendum to ours of July 6, 1970. Satiple:
submi:ted to tha laboratoty and received here on June 18, 1970, A

YUAL Pao'llcﬂoN vo ummu THE PUDLIA AND ounuwn.é\\.t. ntroh‘r: ARE wlmtnoouu 1u: COHPIDERTIAL PROARRYY OF GLIENYS
\; ARD AR
: - -+ s S

Nl’l ‘a0 HQLU.IONI on:
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210 6 7 3 9 o
INE ERﬁ'\']G LAL @hATORY H\«
. . ) ENGINEERS AND OHEMISTS .
L . . 662 Cromwell Avenuo-St. Paul Minn.- 55114
PORT. IOF': SOUNDNESS TEST: OF COARSE AGGREGATE

_.'romano-nmsou POWER & 'LIGHT _
‘LOLEDO, OHIO . L July 13, 1970

Fesles Conscruction Company . PURNISHED BY: Woodville Lime &_Chemical [of
' ' w:odville, Ohio # 3l

v_,_jéfisiz“f:S"Y {6 o e

COPIES TOY

PLE IDENTIFICATION: 402 1 1/2"~3/4" and"6.0_2_.3/4"-#6 Crushed Limestone

ASTW Designation 088-63 (5 cycla)

Sodium Sulfate

'AHT.ut'Fuuti'ohA e "rm Frastlon' MnmlalPasﬂnoﬂnﬂl-v-.“:'
_Bofon Tost . Aftu Test .l . AﬂuTni (Amul Loss)

(gums) T (gnms) T = (%),

5 o’;_"o_i

- 02 o

éound’ ;

A uoueno Yo t.uwu.m nm.\ AND' GURAELVES; A _ VeMITTED AB Y ‘ :mm.rno"mv oF. aut
R.AL L'cA"o SORLBYAYEMENYS, CONOL! OR. XC 5 > 0 L L. g I‘L‘!‘Nlln PINOI“ ‘QUR
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;;Qlf&a f‘-'

hNGINECRS AND CHEMISTS
662 Cromweall. Avenuo St. Paul ‘Minn. 55114

) REPORT OF: . . CONCRETE .MIX DESIGN .
TOLEDO-EDISO\I POWER & LIGHT DATE: , July 28 1970

;g TOLEDO, OHIO' o
'_.‘_U}_Fegles Construction Company _ ~ FURNISHED 8Y: Nicnolson Concrete & auppl
2110 Nicollet. Avenue . -

Mihneapolis Minnesota . 55404 T CRRES YO

Attn: Mr. John Ellison

' 8-2207 .

C~2-8F -
4000 psi-
Foundation Walls
over 12" Thiek

1 1/2"-04 2
4|| i,

3%=-6%"

Type k. 3 Portland Cement . (ASTM CISO) g
Manufaccured Sand furnished by wO'dvx

5.54#

ﬁ9 ounces

?2oo-u ?ozzolith

_sivn STRLNGTH:. (6“ Diameter X 2“ high cylin“ern)

"tb A® YHR CONPIOEN 1AL FADFKAYY OF SLIENY
RYS

2 |= VED PXNBING OUR ﬁ“"ﬂ" AN mni
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e M U__.__'_"__ _____
e EiloiNEaENG ﬂw&m
ENQlNE!ZRS ‘AND OHEMIBTS

662 Cromwell Avonu6 St Puul H\inn. 55"4
‘ COVCRBTE MIX DESIGN

DAf&
. PAGE:

ompraasive st ength specimens were cured in 1aboratory air 1n the molds for the .
eht temperat:ure was approximately 73°F and the- relative humidity
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: '"'u\?e; A'Q;)':Eammﬁ%é:h% ff. _‘

R ENmNs:Rs AND cnsws*rs
: 662 Cromwull Avanuo St. Paul, Minn, 55114
covcm:ra \ﬂx nzs:cv 8,

: TOLE_QQLOHIO s 5575, B Augusc 27, 1970
.{FegLes Consttuction Company '

:.f'fﬂinn,bpolis, Minnesota
' “;iActn Mr. John Ellison

‘ A ,._b“'C-'2 SF-2 |
ngth @ 28 Days R 31*54000 psi
tuy s 2ok o L LjFoundation Walls ovér

) ‘“.-_'.f_‘;.Medusa Type . II Porcland Cement (I\STM 0150)
 Manufactured Sand furn. by WOodville Lime &_Chemi

5 3/4"
5.1
145.8°

1360
1260

e — e ———
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0.8 %

G L nmow
ENGINEERa AND CHEM!STS

662 Cromwoll Avenuo S*. Paul, Minn. 55114

COVCRIZTE MIX DESIG‘I

DATE:

PAGE: . 2

1520
1570
1545

3320
3610
- 3365

To be reported . later By

A YROYION YO SLIKN
0N PUELIGATION joF !
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' LNG!NELRS AND c&-qsmns‘rs
662 Cromwe!l Avonua-St. Paul, Minn. 55114

rRI-.!‘&I\(‘ 'I‘L.ST O“ CONCRETE '
-‘I‘OLEDO»- EDISON POWER AND LIGHT DATE: ‘August 27, 1970

* TOLEDQ, ORIO . ' o gl
- Fegles Construction Company - =~ FURNISHEDBY:

2110 Nicollet Avenue

e Minn_eapol is, Minnesota
] Mr. John Ellison

TORY No, 6 7789

COPIES TO»

ers wete subjected to freezing when the. concrete had reach approximately _
gt The cy‘l-inderq were cured in the molds 'the laboratory air at approximately 73 F and’ 50%
Ly +£01 3 days. “After 3 days the cylinders were removad from the molds and: 9ealed

¢ bag” [ Lace in. 4 freezer at -0 F for 2 days .. After 2 day the cylin lexs

ROYKQYION. YO CLIKNTYR, THE PUBLIC AR ac SUAMITTED m THE CONFIORNTIAL no'n:po ‘SMIENY
UBLIGAYION. OF “SYAYEMENYS. QONGLURIONS 18 nou:oa AEAA 0iNG Qur uxmn 18 RESERVIN" NOVN




) ENG!NEERS AND CHEM!STS
.662 Cromwoll Avenuo St Paul Minn. 551!4
”REPORT oF: - CONGRETE MIX DESTCV
,_VTOLEDO - EDTSOV POWER A\D LLGHT . : o T
. TCIEDO, OHMIN . DATE: . - September 10, 1970

: - Tegles Construction Company EE T . RN
‘2110 Nicollaw Avatiue ‘ o FURNISHED BY: Nxcholson‘Concffgg

'{fiﬁq“eapolis, MinneSOCa .7 . comEs TO:

C-2- SF-Z'
4000 psi -
Foundation Walls over
129 thxck
s %"—#4
4!1 . '. o
% = 6% ,

' "_Veduea Type II Portland Cement: (ASTM c150) -

. - Manufactured Sand furn. by Woodville Lime & Chemica

;.. Crushed Limestone furn, by Woodville Lime’ & Chem
1. Master Buildexs. Pozzolith Type 200-N -

v'f ?2 MBVR AEA furn.‘by Master Builders company

5.3/4"
5.1
145.8

340
1260
. 1300

Exhibit 11



Exhibit 11

‘CUNCRETE MIX DESIGN

'DATE:  Septembar: 10

. PAGE:

1520
1570
1545

" 3320
3410

uuwu. ruoug o N 'le uulnn. ‘ml ruul.!a AND nuLvu L Ax Y8 ARK - womwto A iennrmzmuu. rkenmv oy aul
10N _VOR FUBLICAYIGN. OF: SYATRHURNYS,  GONGLUS L) lﬁm'n PROM O HXAARDING OUR KEPORY!'IB REBKNVED BENDING QU
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PO OEF 2T 06 @8 7 45
,\u*~$"ﬁ € anp i \IMME“EWEG LAB@RAT@RY BNC.

‘ ENGINECRS ‘AND CHEMISTS

: : 662 Cromwell Avenve - St. Paul Minn. 55114
REPORT OF: CONGRETE MIX DSSIGN

rou:no EDISON POWER & LICH"‘ CoT - Fle
TOLEDO, OHIO - T 'oATzz'- - Qutober 2, 1970
. Fagles Construction Company ' ’
" 2110 Nicollet Avenue . = )

. Minneapolis, Minnesota 554064 - COPIES TOx
a4 5 Mr. John Ellison ‘ R '

~ FURNISHED BY: N:icholson Concrete &.Suppl

© . C=2~SF=-3 .-

.. 4000 psi - : . .3

. -Foundation: Wdlls - Foundation Wal

. over 12 Thick o7 h cover 12" Thick
S LMl . . 11%"-#4 L

) ' ' - 3% - 64 Sl

4000 psi

}'Iype I Porcland Cement (AS?M C150) ¥,
: .. Manufactured Sand furn. by WOodville Lime &” '

 Crushed ‘Limestone. furn, by Woodville Lime:
. 1 Master Builders Pozzoliﬁh Type.. ZOO-N

"588# 2a
.17.6 ounces -
4,0 ounces¥
LU 14608
S 6204 .
9608
15608
3600 gals
- 5,8 gal/sk
gw

6,25 sx/yd

TS5 %
:7144 8 pcf

LENYIAL PROPERYY OP GLIENY
REEAVED: SENBING . OUN:WR)
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ENGINEERS AND CHEMISTS
662 Cromwall Avenue St Paul, an. 55114 .

: REFO T 0 s
Lo O cowcm:m Mm DESIGN

October 2,
- :

Diametgf x 12" high Cyiinders) (cont.)

YAL PROYKGYION vo- oum\' 71K PUALIG AND OUR 9, ALY RRFONTE AR S L AKRD AUTHO
FON PUBLICATION O1t: BYATEMKHTS, - GONOLUAIOND- ‘ah. kx\‘kAd\’! 8,/ FRON GANZENADING. oun AKRGRYE- 1o, nq\up PANBING OUR wm\'rtu M-ruovM.
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mnmaota 55404
ohn Ellison =

DA"' Octobar 21, 1970
FURN!!H!D UY- Ni cholson COnctete
comu 'ro:
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MUYUAL PROTRBYION ¥0.GLil

mmm mn cHEMISTS
662 Cromwoll Avenve - $1. Poul Minn, 55114

mcnn'rzggc_ DESIGN

2600 -

L2640 -
' '2629'1 "

¥y | : 3(,50

33300
3390

C "4,"5,30

aa Approxima:aly 73° F. and thu telntiv ‘himi d:

'HI NILIO AND QUI

). AL
HT8, CONGLUBIDNS OR’ l"Mﬂl

4650

OATe" $niyTED
:a‘on QR uchmko QUR lirovm

GH . FOR PUBLIGATION QF 8T

DAI m MN"DIK‘IAL PROPEATY QF QLIRNTE, - :
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2
19 . MORRYE Jl"nlﬂ! OUR WRITTRN - AMPRY
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A APPARENT CAUSE: ENGR'G CONSTR, S8.U, TEST PROC, OPER, ERROI}

| N oy PP IR L,‘{ 1

o Dol d g m.;, | Fhnigk 12

}3ECI1TLJ . ’Q; (‘ ]
[JOB NO, 1749 “/  INTERIM FIRLD RJ'PORT SHEET 1 or 1

o

A !OWNER TECO & CEI PLANT Davis-Besse Nuclear Station UNIT 1.
. ! .t 3

- STARTUPSYSTEM: NO.__ _N.A, NAME__ " N, A.

Qc \zo‘\l 2220“ NON CONFORM, HOLD TAG NO. N.A.

SISO of

SURBJECT: Shield Buildmg Slipform Concrete
Mikx Design C2-~SF-4
Contract 7749-18

PROBIL.EM: Water cement ratio of mix design C2~-5F-4 was exceeded for
48 cu.yds of concrete placed at el, 583'-6" in the containment shield
building walls. Minimum temperature was below the specified
requirement of 70 degress F, as per attached reports. ) .

Attachments; Concrate cylinder test reports for cylinder Ros. - ,

1?0 171, 172 and 175, .

*

P

REFERRED TO: ENGR'G_CONSTR, STARTUP

SOLUTION OR SUGGESTED ACTION:

The attached cylinder strength reports and mix plant inspection
report indicate acceptable strengths were attained. Request
Engineering approve this deviation from specification require-
ments on the basis of acceptable 28 day cylinder strengths. Code
requirements 1o way of low cemperacures for the placemezzt area

' were not violated,

H

REPLY REQUESTED OF H. W. Wahl ' " BYDATE 6/18/71
(USE FIELD REPORT REPLY FORM) REPLY RECEIVED DATE_ 7/3 7/57
AUTHORIZATION TO PROCEED WITHOUT A WRITTEN REPLY  ———" 4. o

- 2y 2oe D Wt 0 .1 e
o it oo o

e Py
-

D};S'lféi BUTION: ) 7 T
3 - Y -~ o A
v C/PFE ~ FILE : PREPARED }EG

2~ QAE :
3 - ENGR'G ' ' ' Signed/Date /7. it m«ff'”éf 9

BECHTEL P&l DIVISION ‘Revised 6/70 STARTUP FORM 47




ey (: ,’”‘/’ "'g@ ARG ! S f‘%@ * | REPORT NO.. 1 Exhibit 12
' ' , * T { " FILE NO,0513, ¢C-18

3 frt

\/"\\:"f%‘ i i 4 i FA S SR
BECHTEL| & "*”""",:*,':.‘,:...,;f.'w3 & ———7/ - 3(,747 /

{ - JOB NO, 739 : IRTERIM FIELD REPORT REPLY { SHEET 1 oF
' Power Station
.. OWNER TECo -~ CEIX PLANT I)av:.sa-Besse Nuclear/. UNIT 1

STARTUP SYSTEM: NO, __ N.,A. NAME N.A,

QC NO, __1.2220 - NONCONFORM. HOLD TAG NO. N.A.

SUBJECT: Shield Building Slipform Concrete
: Mix Pesign C-2-8F-4
~ Contract 7749-18

COMMENT‘ (SOLUTION OR CORRECTION ACTION TAKEN)

Engineering. has reviewed the Interim Field report and its at:t:achments,
relating to an excess of water.in concrete mix C-2-SF-4,

All conerete breaks are considerable higher than the 4000 psi specified
No other harmful effects have been noted in the subject concrete,

Consequ‘ently',' Engineering approves the structure as it is constructed,

TMPORTANT: THE FOLLOWING ITEMS MUST BE FILLED OUT:

FIELD CHANGE NOTICE REQUIRED YES NO X
F1ELD CHANGE NOTICE ISSUEDR NUMBER
AS BUILD DRAWING CHANGE REQUIRED YES NO_ X
DISTRIBUTION: ST e,
1 - QC/PFE e TN
2 - QAE ',5:(‘. ‘J:j"x..,i,: Lj V\:)
3 - FIIE @ VUL B e, T
Sl Be; '”j’ Ej
LU - 'PREPARED BY BECHI’E f
U 2 Szgned/’Da}{m / 7{_,.,
Joseph P. 2‘0-
) July 14, 19717
BECHTEL P&I DIVISION Revised’ 6/70 o STARTUP FORM 48

t ;
‘&@7/75 Page 2 of 9
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OUR AEFONRTE 18 NISQNVCD PCADING OUR WHIYTCHN APPHOVAL,

A 2l

ate of'! Inspoct jon

.
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Beehsel Cororation

Temp, °F

P I |

AB A MUTUAL FXOTECTION YO CLICNTS, THL nUBLIC AYD OUASLLYTR, ALL ®rsOHTA
ARE SUDMITTED AB THE COHFIDENTIAL PAODLHTY OF CLIENSD, AND AUTHROMIZATION
FOR PUBLICATION OF BYATLMENTS, CONCLUSIONS Ofi EXTRACYS FPOM OR RECANDING

I-». (‘4 l\
e
Py S SN RPN
B U Ny ‘(‘:‘-N"'ri?(
‘ésw.wrf.m —;

EXhlblt 12
vu’uu.*.’
/)
Report No. d ’/‘f
~Dute //({ -7 f
. — N
Reloti g::"”
Humidity, ... LY

av

(‘;‘or%eo To!

lo,.cuo Bdison Company

roject Identificotion: _

Davis-Bosss Nuclear Power STATION

onstryction Manoger: _BCChL

¢l Cornoration

atch Plont:

Nicliolson

CONCRETSE & SUPPLY CO,

sacrete Closs ’-z -5‘/:",/

MIX PLANT INSPE

ICTION

L

/ ?n

Mlxéxg

No. Cu. YéS..____._(Z./g___ No. Locds Tromadt
Quantities per Cu, Yd. DESIGN Brand or Sovrce
ement, ids. ST4¢ REZA pledy ey Tl 7
3nd, Lbs, (s 5.0 /"/17& o':f/7u( [ﬁ,)t)c‘((ﬁzkf{: . //nit’z’ q’:(”//.’&’tb’//
-A”C-: Li‘s' (SSD}*’?/ C.:'I..S (57,{ ’ Y4 ) 2.1 (4
SRR LEs, 7 E7 TS P/ ‘e
zter, Gals, (Total) 3 $2.°¢ kX /,o,{/a- .f',/"/c -
2A, O=. AN P 200 42w - I s J;J//A oot f e
A, Oz, A 2. Yy I A L™ (lra s
AGGREGATZ GRADATION - % PASSING ’
MIYE Lveo | so |30 [t | s | 4 Jamr | aum | v | o [gy| vOBTURES
:_Spees, 10 {10-30125-60]85-8¢70-9505-104 100
ng ~Manul, | Ge | szl 3z v lst s iohr | soa | sG0 AT L5 To 70
ng ~wanul, Jo
A N x 5 Y PY LYYW WD . L
FAYAL I A ALY LY 7 T8 TR — 173 TS
h2e.Xo. 67 w24 | A2 1323 FA6 | sco e 10~
Ace. Soecs, Yo, L 0-5 | 1C-15 PO-55 90-10G ..OQ i
Aps. Stec Yo 07 | 05 10-10120-55 1 €0~100i 100 | | | 3
FINT AGGREGAT S | RESULTS SPZCS %mf COARSE AGGRTIGATE W Liia7 ] SEECEMANE
i Fme- than 20 Wash A b Met’l Finar then 220 Ahtj et .C
Lumes L2 el i.8 ICloy Lymns g | O e £.25
ai & Lionite e L2 0.5 Cocl & Lignite - oo 0.25
senic Impurities: Lo 7’/@“} ke Z No. 3 rict & Elong. 3-1 L C | 50 5.0
s¢ific Gravity 5, 72 ' Soecitie Gravity .04 .70
sosptien PR Absorption JePG |t &
) | Soft Fropmen’s oo lows 3.0
‘CATION OF CONCRETE PLACEMENT: _ L & geiy S ag
TE87T CYLINDERS CALT | .
st —t 1 PP sy regsr v :vcnll -;‘;‘-v.aurn\ ‘;/é;"
, CY Lo ::}u:\Ta ! 5.’—’0“]? :2 % 5 u..u . l -;, J"'"n: he:.;;;' ‘ E t\é- « s >
72, A AT /éz'y e '\.,; NZZDED )
! ! . ]
i J T v ;
= M MUOJrrn g S z_/% i pemed | CINITWEIOEY SR ;
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o ¥ BECHTEL €2 4 SR AU S 6 - —ZFEDBivit 13

& OB NO. 7769 S INTERIM FIELD REPORT =92 'SHEET 1 OF 1
OWNER TECo - CEI PLANT Da{ris—ﬂesse Power Station UNIT 1
STARTUP SYSTEM: NO.__M.A. NAME . N.A,

QC NO<T.2421] . NON CONFORM. HOLD TAG NO, _ N.A.
\\_‘“NW/ *

SUBJECT: Concrete placement Contract 7749-18

PROBLEM: Fegles Power Services, Ine,, placed 6 yds, of C 1-3
concrete in pour #2 at elevation 215'-6"., Fly ash was not used in
the batch. The batch plant operator apparently did not change the
batch plant mix design punch card before producing the aforementioned

conerete,

("

APPARENT CAUSE: ENGR'G CONSTR. S.U, TEST PROC, OPER, ERROR

REFERRED TO: ENGR'G CONSTR, STARTUP

SOCLUTION OR SUGGESTED ACTION:

The Field recommends that Engineering approx;e this concrate as placed,
The mix design is approved for use in Q-listed structures, the batch
did not contain fly ash and is designed for the 4000 PST strength

requirements,
- ]

The concrete batch ticket was checked and reveals acceptable quantities
of all materials were used to produce the concrete in question,

| | LW[ ofil 7’

REPLY REQUESTED OF H, W. Hahl BY DATE 6/18/71
(USE FIELD REPORT REFLY FORM) REPLY RECEIVED DATE
AUTHORIZATION TO PROCEED WITHCUT A WRITTEN REPLY

DISTRIBUTION:
- AC/..PFE - FILE , ' PREPARED BY BECHTEL ,««
2 - QAE . 2
' Signed/Date . -t

3 - ENGR'G o
BECHTEL P&l DIVISION Revised 6/70 STARTUP Foﬁ % ©




BECHTEL P&I DIVISION

»

3 Exhibit 13

was placed in the shield building pour No, 2 @ elev. 2157~6",

Gy
o g REPORT NO,
. ' RS " FILE,NO,0513, €C-5Q-
- .. A T
BECHTEL = — -7
JOB NO, 7749 INTERIM FIELD REPORT REPLY 3 SHEET 1 - OF _1
OWNER " TECo~CEL PLANT Davis-Besse Nuclear = UNIT
- , Power Station
STARTUP SYSTEM: NO. N. A, NAME N. A.
S22 20 . '
QC NO, 12421 NONCONFORM, HOLD TAG NO, _ N.A,
SUBJECT: Concrete Placement Contract 7749-18~ 6 yd# OF C-1-3 concrete mix
Fly

ash was not used in the mix.

COMMENT:

(SOLUTION OR CORRECTION ACTION TAKEN)

* %
Pittsburg Testing Reports Nos..275, 276, 277 & 278 on Concrete Cylindef
Compressive Strength indicate that the concrete inadvertently placed
-4n the shield building meets the specified minimum strength of .
4000 psi with considerable margin. No other concrete defects are

discernible,

Consequently, Engineering approves the concrete as it has been placed
- dn the structure. No remedial action 1s required.

-

QA

IMPORTANT:

THE FOLLOWING ITEMS MUST BE FILIED OUT:
FIELD CHANGE NOTICE REQUIRED
FIELD CHANGE NOTICE ISSUED
AS BUILD DRAWING CHANGE REQUIRED®

YES NOX__
NUMBER

YES NOX

DISTRIBUTION:
1 - QC/PFE
2 - QAE
3 - FILE

il

, N

L PREPARED BY B c§?§%§222;§512¢;iiz;§?
Lo Sigﬂed/Date S ERYS . // 7 (0PN

Revised 6/70

Joeseplt ¥ McGeady
July 14, 1971

STARTUP FORM 48

Page 2 of 4




Exhibit 13 :

0

0

e T et B2 0 L VA €T
[ B A

-

v

B T T R e

ey

Page 3 of 4

-



St

Exhibit 13

CONCRETE and SUPPLY CO.

MAILING ADTRESS BUSINESS OFFICE
P.0. BOGX 2F0Y STATION' 8 2201 ALBION ST
TOLEDO. OHIO 43608 PHONE S39.2602

DAVIS-BESSE PLANT

/7 DB 02764
i RED YO ‘:‘7114/

- VYD( G ks smn.
o AC L:::ZNS. ;/t J 7

AL

bz’

EOLD 7O

A i
~ ~
s . AR W)
T 17497
52 103 \
T 20090 N
TR 32 &
2 602 AN
AL S350 g
4 A3 1Yoy
~ooo v o -
S Y™ [ i 4w
AT E 5
o S N
g L0

A

L pReO T

.

:7?0&,(),@7 . /0((/;,

S
2
5
v
1835 Puin T JRRIVE 202 LERYE 08 FRF L £ 238"
ﬁ’t% oHe= 2 5‘[" Q}.J o
.
H S )s._.\ ud
} ;
-
14
4

i ) - ¥OTIL 208 Y VL

+ 1

- /7T

* - & LEREE et —
H ktctt;&p“ﬁ? i B Pl

e /

e ERIVER'S COPY

A Pt

Page 4 of 4 *




Exhibit 14: NCR 57 — Wrong Cement Type
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Exhibit 16: Rebar Cover Spacing
(FENOC Document — Not Included as
an Attachment to this Report)
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,",&m Power and Indusisiad Specification No.  7749.C-29
«fii‘ 24 Division

y £/
TECHNICAL S'ECIFICATIONS
FOR
FURNISHING. BETAILING, FABRICATING AND DELIVERING
REINFORCING STEEL

1.0 GENERAL

The WORK inchudes the Yumsdiog of all phint, Wabor. materials, tooly and equipment and the
perfornsnee of all operstions and jucideials necessary Lo detail, furnish, fabricate, deliver,
unfoad and store reinforcing steel ol wire mesh fabrie, as speoified horein oy as shown on the

desipn drawings and in this Contiaet.

2.0 ABBREVIATIONS

< The abbrevintions listed below, when used in these Specifications, shelf have the following
meanings amd shall refer Lo the fatest edition in eficct on the dute of the Contract.
ACY - American Concrete Institute
- ASTM - American Saciety for Testing and Materials
{ 3 AIST ~ American fron and Steel Institute
\-. ..
. 3.0  CODES AND STANDARDS
Except as olherwise specified or shown in the final design drawings, the detailing, fabrication,
— il tagging of all reinforcing steel shiall be in accordance with the “Munua) of Stundard
Practice for Detailing Reinforced Concrete Structures” (ACI Standard 315),
< 40  MATERIAL
o)

4.1 All material shall be new and unused] free from loose rust, seale, or coatings whic
would reduce or destroy bond, Reinforomyr T TGN

bending shall not be used.
4.2  Reinforcing bars shall conform to the “3tandard Specifications for Deformed Billet

Steel Bars for Concrete Reinforcement™ (ASTM A 615). Reinforcing bars shall be
Grade 60 unless noted otherwise on the drawings.

Pagc 1 of 4
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Specitication No,

4.3 Welded wite fabric for concrete reinforcement shall conform to “Spocifications for

Welded Sieel Wire Fabric for Conerete Reinforcement™ {ASTM A 183).

TESTS
5.1 The CONTRACTOR shall furnish the required number of certified copies of all Mifl
Test Reparts 1o the respective partics hsted on Form ED 6058 covering the chemival
audd phyvsical propestivs of the seinforcing steel. as deseribed in the referenced
specilications and stanchuds, Fach delwery shadt be jdentificd by its appiicable Mill
Test Repert.

$.2 The CONSTRUCTION MANAGER may, for the purpose of making chemical anulysis
chevks and physical praperty s, at bis oplion, select maadom somples of the steel
delivered 10 perionm user's tests as follows:

a. Ne. F bar size and samdler -~ ope ramdom diameter size sumple from each 50
tons of ba delivered for tensicn and bead ests.

b. No. 1t and Na. {8 bar sizes - one sumple far each har size from cach 100 tons
of bar delivered for tension test only.

5.3  The OWNFRE Independend Testing Laboratory will perfonm the vser’s tests and if the
st smnple bar does not meet the mininnnm strength requirements ss defined in ASTM

e

6.0

—
¥

-

A-615 o second-fnlisize-sample-fromtre-same-heat-with-be takenand-tensitrtestedIF
the Ialter test result meets the mininvun strength requirements, results from these two
tests will be combined with the mill tensile test result and averaped. I the averaged
result is found 1o meet the nminiowum strength requirement, the heat will he aceeptcd.

In the event that the averaged result of all three tests does not meet the minimum
strength requirements, the heat will be redooted,

The method of testing will conforn 10 the ASTM A 615 requirements,

The CONTRACTOR shull furnish sufficicnt bars with cach shipment to satisfy the
testing needs of Paragraph 3.2,

INSPECTION

The WORK shall include receiving inspection at the jobsite by the CONTRACTOR. The re-
vejving inspection shall determine that the requirements of ASTM-A61S5 have been met, that
adeqguate documentation ay required by parapraph 10.3.1 asccompany the delivery, and that
fugring conforms to pantgraph 7.3 and the shop detail drawings.

2 oo 4
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" Divivion

7.0 DETAIL DRAWINGS
7.1 The OWNERS will furnish prints of the design drawings which will give alt information } "
requived for the shop detasifing of the reinfisrcing stecl, -
7.2 For approval and distnbulion of reinforcing steel detail thawings, see Section V;
parapraph 37,0, addeadam agmber 2,
7.3 Al reinforcing steel should be tagged. Tags <hould be made of durable material and A
smacked in o lepible smtoner, vt Jess than one tag per bundle, wtached by wire, ¢ -
Identification tags shiould show the grade, the puak or size, the lengtl of the bars. and | 3
beat nueibiers or reference therelo,
8.0 SHOP ERRORS
Material improperly detailed or wrongly fabricoted, so that its placing in the Held necessitates
exus work, shall be the vesponsibitity of the CONTRACTOR, The CONTRACTOR shall pay
o the entire cost of replwement or of field cotrections, including alt shipping costs,
Yy 9.0 HANDLING, SHIPPING AND STORAGE OF MATERIALS
VV ALl materials shall be stored at the jobsite in a manner that will protect them from beiml
') contaminated by any deloterivus materials such is grease. off and mud, Also see Section X1l o
the Contract Document.
o 10.0 QUALITY CONTROL REQUIREMENTS
-y
10.3  Sce Section X1 of the Contract Document.
- |
- 10.2  Shop Inspection
<. See nuragraph 6.0 of this specification. |2 14
[

10.3  Quatity Control Decumentation Reauired
10.3.1 The CONTRACTOR shall furnish certiflicd copics to the CONSTRUCTION
MANAGER of the Mill Test Report, containing the following properties. for

each heat delivered to the jobsite,

a . Chemical Analysis

b, Ladic Analysis

e 3 of 4
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Exhibit 17

1.0 MEASUREMENT AND PAYMENT

LE R

Powee and Industiial Si‘\.‘\‘iﬁt‘;ﬂiu» N M908

Divition

<. Tension Test

d. Bemding Test (except No. 14 and No. 18 bars)

‘w

«

Elongation Test

The Lump Sum Price for the complete WORK {o1 the Shicld Building shail include the
reinforcing stevl spesiticd hevein, The unit prices bid in Pargaaph 2.2 and 0.3 of the
Prapasal shall be wsed for additions 10 or deletions o the Lamp Sum bid in lems
200 and 202, yospechively, of the Proposal. Only pet changes In quantities as
ditected by the CONSTRUCTION MANAGER ar the ENGINGER shall constitufe
additions to or defetions from the Lump Sisn bids.

Net changes in quantitics shat) be caleulicad on the theoretical lengths of the bars as
detailed, and nt the thearedeal weighits a5 given in the Stigdard Specifications for
Deformed Billet Stecl Bars for Concrete Reinforcement™ (ASTM A 614 5).

Yige 4 of 4
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Exhibit 19: Out-of-Plumb Interim Field Reports
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Exhibit 20

Page 1 of 3

Davis-Besse Containment Shield Building Records

Davis-Besse Containment Shield Building Construction

Data taken from slip form record

| Date | Shift OTu:z‘;e | Deck Elevation | Footage jacked | Shift Concrete | Total Concrete Comments
| 01/25/71 [ 1 31 40" | 0 108 108 1 6 cy batch rejected 81/4 slump
ov2sm | 2 | 37 5% 18" 132 240 )
01/26/71 3 38 88 30" 108 348 16cybatchrejected 7 slump B
| 01726/71 | 1 29 108" 20 42 390 ‘Pour stopped at 10 am due to high winds ,
020171 | 1 5 ? ]
020171 | 2 9 1410 30 Weather cold B
020171 | 3 0 178 210 108 -
02/02/711 | 1 -2 198" 28" 108 867? = )
020271 | 2 12 210" 102 1968 6 cu yd dumped on 2"9 shift because to tower crane down time |
| 02/02/711 | 3 16 249 30" 114 1092 R
L 020371 | 1 19 288" 311 162
02/03/71 | 2 22 3111 38 132
02/03/71 | 3 21 342" 28" 90
02/04/71 | 1 376 34 192 —_
02/04/71 2 32 386" 10 66 Pour stopped at 583'6" at el. Waterstop inserted and key way poured
, [Pour apparently stopped. Maybe due to cold weather!
04/26/71 | 1 434 39 - 150 1314 Date?
04/26i71 | 2 A7Y 4 144 1458
- -_ The concrete below the moving forms after being finished was
gﬁm 34 i i 145 i sprayed with clean seal #12 b)? Drace Co. ’ —
- o Engineering on 12 hour shifts
Henmy | o " e i Thg concre%e below moving form cured with Brace’s clear seal #12
0412771 | 2 43 170 2504 B
| 0472971 | 1 687" 51" 168 2672 B )
04/29/71 | 2 736" 11" 156 2822 i
04/29711 | 3 s 5% 144 2972 Concrete below moving form cured with Graces's clear seal #12
04/30/71 | 1 94y 49" 210 3710 B
04/30/711 | 2 99'8" | 411" 198 3906

Page 1



Exhibit 20 ~ ~ - - "~ Page 20f3

Davis-Besse Containment Shield Building Records

Construction joint water cured and water cut before starting next

05/01/71 3 103'11" 55" 156 4064 pour. Concrete below moving form cured with Graces's Clear Seal
#12

050371 | 1 108'6" 5'5" 216 4280

05/03/71 | 2 1132 48 192 4472

4 story poles checked on 5-1-71 by taping up from B.M. el 549'0" on
inside wall pole near yoke #1 1/16" short

05/04/71 3 176" 44 192 4464 -pole near yoike #21: 1/16” short;

-pole near yoke #41: 3/16" short

- pole near yoke #61: 1/16” short

05/04/71 1 122'6" 46" 198 4862
05/04/71 | 2 126'6" 46" 204 5066
05/05/71 3 130'3" 39’ 180 5246 Concrete below moving form cured with Grace's clear seal #12
05/06/71 1 140 411 216 6092
05/06/71 | 2 153'3" 410 234 6314
05/07/71 3 158'4" 51 207 6577 Concrete below moving from cured with Grace's clear seal #12
05/07/71 1 1634 50 234 6776
05/07/711 | 2 167'10" 48" 204 6980
Concrete below moving form cured with Grace’s clear seal #12
05/08/71 3 17110” 40" 204 7184 Construction joint water cured and water cut before starting the next
pour
05/10/71 1 176'9" 411 215 7477
051071 | 2 183'3" 46" 198 7598
4 story poles checked on 5-8-71 by taping up from B.M. el. 549°0" on
inside wall:
e - Story pole near yoke #1 0'01/8"short
0511771 3 18510 4T 204 7802 Stog gole near ioke #21 0'01/8" short
Story pole near yoke #41 0’ 01/4” short
Story pole near yoke #61 0" 4" short
051171 1 189'5” 37 180 7982
051171 | 2 193'4" 44" 184 8162

6 cy of concrete was sent back to the batch plant due to time factor
051211 3 19710" 44" 210 8372 (governed by the spec) due to a break down in the tower crane.
Concrete below moving form cured with Grace's clearseal #12

0512171 1 44 192 8564

051271 | 2 205'11" 39 174 8738

Page 2



Exhibit 20 Page 3 of 3
Davis-Besse Containment Shield Building Records
0511371 | 3 2104 45 198 8932 Concrete below moving form cured with Graces Clear seal #12
05137t | 1 2145° 41 180 9116
051371 2 2189 310" 174 9290
0514/71 | 3 222" 43 192 9482 Concrete below moving form cured with clear seal #12
0514171 . 1 226'10" 44" 195 9677
051477 | 2 2309 I 180 9857
4 Story poles checked on 5-15-71 by taping up B.M. el. 549'0" on
inside wall;
Story pole near yoke #1 - (' 0 1/8” short
Story pole near yoke #21 — ¢ 03/16” short
- o Story pole near yoke #41 — 0’ 0 3/16" short
051871 | 3 2342 35 181.5 10038.5 Story pole near yoke #61 - 0' 05/16” short
On 5/14/71 2™ shift truck #82 ticket DB02764 delivered 02764
delivered 6 cuyds of concrete with Type Il cement instead of Type |
cement,
Concrete below moving form cured with Braces Clear Seal #12.
0517711 1 2389 49" 192 10230.5
051771, 2 242%" 3 156 10, 386.5
051871 | 3 2489 43" 192 10578.5 Concrete below moving form cured with Graces Clear Seal #12
05181 | 1 2504" 3T 168 10726.6
051871 | 2 2530" 28 108 10854.5
On 5-18-71. about 9:30 pm the concrete mix was noted as being
sticky and not as consistent a mix as it should be. The slump was
' g o ' 1sm 3. The problem appeared to be the cement —to try to correct the
01871 3 256° 611, 6% 108 10962.5 prablem the mix was changed to type i cement at about 11:30 pm
5-18-71.
Concrete cured with Graces Clearseal #12 before moving form.
Concrete struck off @ 256'0 12" & 256'6 4" water stop and keyway in
05/19/71 1 256' 61/2" 00" 66 11028.5 place and water is beting p_iped fo the top of the shield wall for curing
the concrete for required time. .
Concrete below moving form cured with Graces Clearseal #12
Page 3
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\. TECHNICAL

&) GUIDELINES

Prepared by the Intemational Concrete Repair Institute September 2004

Guide for the Preparation
of Concrete Surfaces

for Repair Using
Hydrodemolition Methods

Guideline No. 03737

I © 2004 International Concrete Repair Institute
All rights reserved.

International Concrete Repair Institute

3166 8. River Road, Suite 132, Des Plaines, IL. 60018
Phone: 847-827-0830 Fax: 847-827-0832

Web: www.icri.org

E-mail: info@jcri.org
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CONCRETE REPAIR MANUAL

About ICRI Guidelines

The International Concrete Repair Institute (ICR])
was founded to improve the durability of concrete
repair and enhance its value for structure owners. The
identification, development, and promotion of the most
promising methods and materials is a primary vehicle
Jor accelerating advances in repair technology.
Working through a variety of forums, ICRI members
have the opportunity to address these issues and
to directly contribute to improving the practice of
concrele repair.

A principal component of this effort is to make
carefully selected information on important repair
subjects readily accessible to decision makers. During
the past several decades, much has been reported in

Technical Activities Committee
Rick Edelson, Chair
David Akers
Paul Carter
Bruce Collins
William “Bud” Earley
Garth Fallis
Tim Gillespie
Fred Goodwin
Scott Greenhaus
Robert Johnson
Kevin Michols
Allen Roth
Joe Solomon

Synopsis

This guideline is intended to provide an
introduction to hydrodemolition for concrete
removal and surface preparation, the benefits
and limitations of using hydrodemolition,
and an understanding of other aspects to be
addressed when incorporating hydrodemolition
into a repair project. This guideline provides
a description of the equipment, applications,
safety procedures, and methods of water
control and cleanup.

literature on concrete repair methods and materials
as they have been developed and refined. Neverthe-
less, it has been difficult to find critically reviewed
information on the state of the art condensed into
easy-to-use formats.

To that end, ICRI guidelines are prepared by
sanctioned task groups and approved by the ICRI
Technical Activities Committee. Each guideline
is designed to address a specific area of practice
recognized as essential to the achievement of
durable repairs. All ICRI guideline documents
are subject to continual review by the membership
and may be revised as approved by the Technical
Activities Commitlee.

Producers of this Guideline

Subcommittee Members
Pat Winkler, Chair

Don Caple

Bruce Collins

Eric Edelson
Ken Lozen

Bob Nittinger

Steve Toms

Contributors

Scott Greenhaus
Rick Toman
Mike Woodward

Keywords

Bond, bonding surface, bruising, chipping
hammer, coating, concrete, delamination,
deterioration, full depth repair, hand lance,
high-pressure water, hydrodemolition, impact
removal, mechanical removal, micro-fracture,
post-tensioning, rebar, reinforced concrete,
reinforcing steel, robot, rotomill, safety, sound
concrete, surface preparation, surface profile,
surface repair, tendon, vibration, wastewater,
and water jet.

This document is intended as a voluntary guideline for the owner, design professional, and
concrete repair contractor. It is not intended to relieve the professional engineer or designer of
any responsibility for the specification of concrete repair methods, materials, or practices. While
we believe the information contained herein represents the proper means to achieve quality
results, the International Concrete Repair Institute must disclaim any liability or responsibility
to those who may choose to rely on all or any part of this guideline.
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Purpose

This guideline is intended to provide owners,
design professionals, contractors, and other
interested parties with a detailed description of
the hydrodemolition process; a list of the benefits
and limitations of using hydrodemolition for
concrete removal and surface preparation; and an
understanding of other aspects to be addressed
when incorporating hydrodemolition into a repair
project. The guideline provides a description of
the equipment, applications, safety procedures,
and methods of water control and cleanup. This
guideline is not intended as an operating manual
for hydrodemolition equipment as that information
is specific to each equipment manufacturer.

The scope of this guideline includes the
use of hydrodemolition for the removal of
deteriorated and sound concrete in preparation
for a concrete surface repair. In addition, the use
of hydrodemolition for the removal of coatings
is discussed.

While the procedures outlined herein have
been found to work on many projects, the
requirements for each project will vary due to
many different factors. Each project should be
evaluated individually to ascertain the applica-
bility and cost-effectiveness of the procedures
described herein. Other methods of surface
preparation are discussed in ICRI Technical
Guideline No. 03732, “Selecting and Specifying
Concrete Surface Preparation for Sealers,
Coatings, and Polymer Overlays.”

Introduction

Hydrodemolition is a concrete removal technique
which utilizes high-pressure water to remove
deteriorated and sound concrete. This process
provides an excellent bonding surface for repair
material. First developed in Europe in the 1970s,
this technology has become widely accepted for
concrete removal and surface preparation
throughout Europe and North America.
Hydrodemolition can be used for horizontal,
vertical, and overhead concrete removals and
surface preparation on reinforced and non-
reinforced structures. It is effective in removing
concrete from around embedded metal elements
such as reinforcing steel, expansion joints,
anchorages, conduits, shear connectors, and shear
studs. Hydrodemolition can be used for localized
removals where deterioration is confined to small
areas and for large area removals in preparation
for a bonded overlay. This technology can also be
used to remove existing coatings from concrete.

Hydrodemolition has been used on the following
types of structures:
+ Bridge decks and substructures
« Parking structures
+ Dams and spillways
«  Water treatment facilities
» Tunnels and aqueducts
* Nuclear power plants
* Piers and docks
+ Stadiums
*  Warehouses
» Retaining walls

The Effects of
Mechanical
Impact Techniques

Mechanical methods such as chipping hammers,
rotomills, scabblers, and scarifiers remove concrete
by impacting the surface. These procedures crush
(bruise) the surface, fracture and split the coarse
aggregate, and create micro-fractures in the
substrate (Fig. | and 2). As a result, the ability of
the fractured substrate to provide a durable

Fig. 1: Damage created by chipping hammer

Potemtenl Riekvr Damige

Fig. 2: Damage created by rotomilling
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bond with the repair material is compromised,
requiring a second step of surface preparation to

remove the damaged region.

P"""""‘

Furthermore, impact methods may damage the
reinforcing steel and embedded items such as
condurt shear studs and connectors, and expansron

joint hardware. lmpact methods transmlt vibrations *

further cracking, delamination, and loss of bond *
between the reinforcing steel and the existing |
_concrete. Vibration and noise created by the ]
mechanical im pact twill travel through the structure
disturbing the occupants. During repair of thin
slabs and precast tees, chipping hammers may
shatter the substrate resulting in unanticipated full
depth repairs.

For a discussion on surface bruising and the
mechanics of concrete removal by impact methods,
refer to ICRI Technical Guideline No. 03732,
“Selecting and Specifying Concrete Surface Preparation
for Sealers, Coatings and Polymer Overlays.”

Hydrodemolition
Benefits
and Limitations

The benefits of hydrodemolition can be placed into
two groups: structural benefits that improve the
quality of the repair, and environmental benefits
that improve the quality of the work place.
Hydrodemolition also has limitations, which need
to be considered.

Structural Benefits

* Avrough, irregular surface profile is created
to provide an excellent mechanical bond for
- - [Epair materials; |
» Exposed aggregates are not fractured or split;
* Lower strength and deteriorated concrete is
selectively removed;, _
Vibration is minimal; :
«" "Reinforcement is ¢ cleaned eliminating the need
for a second step of surface preparation; and
» Reinforcing and other embedded metal elements
areundamaged______________________“
During concrete removal, the water jet is directed
at the surface, causing high-speed erosion of the
cement, sand, and aggregate. The water jet does
not cut normal weight aggregate which remains
intact and embedded as part of the rough, irregular
surface proﬁle (Fig. 3) The aggregate interlocks

DR R R N

v+, . Surface micro-fracturing (bruising) is eliminated:

Fig. 3: Surface prepared by hydrodemolition has a
rough irregular profile with protruding aggregate and
is excellent for creating a mechanical bond

mechanical bond and composite action between
the substrate and the repair material.

The rough, irregular surface profile provided
by hydrodemolition can result in bond strengths
that equal or exceed the tensile strength of the
existing concrete. The concrete surface profile
can exceed CSP-9 (very rough) as defined in
ICRI Technical Guideline No. 03732.

Rotomills and scarifiers remove concrete to
a uniform depth and may leave deteriorated
concrete below the specified depth. Alterna-
tively, the water jet moves in a consistent pattern
over the surface and will remove unsound
concrete even 1f it is below the speCIﬁed depth.

- " "Since fi tne water Jet-d-oes- n'ol create mec'hamcal .
: 1mpact, vibration is not transmitted into the structure ,
:from the hydrodemolition operation. Delami- ,

. nation beyond the repair area caused by vibration

Durmg hydrodemolmon, sand and cement
particles mix with the water jet. The abrasive action
of theses particles is usually sufficient to clean
uncoated reinforcing bar and embedded metal
items without damaging them. Corrosion material
is removed from the reinforcing bar and metal
items, allowing for easy inspection and identifi-
cation of cross-sectional area loss. The reinforcing
bar is cleaned without any loss of deformations.
Cleaning of the entire reinforcing bar, however,
will not occur if the reinforcing bar has not been
completely exposed during hydrodemolition.

Environmental Benefits

« Minimizes disruptions to users of occupied
space by significantly reducing transmitted
sound through the structure;

» Increased speed of concrete removal can
reduce construction time;

¢ Minimizes dust; and

Exhibit 21



PREPARATION OF CONCRETE SURFACES FOR REPAIR USING HYDRODEMOLITION METHODS

* Robotic units reduce labor and minimize
injuries as compared to chipping hammers.
Concrete removal by hydrodemolition can take

place inside an occupied structure, such as a hotel,

apartment building, office building or hospital
with minimal noise disruption to the occupants.
Hydrodemolition can quickly remove concrete.

As such, project duration can be reduced, mini-

mizing the impact on the users of the structure.
During demolition, cleanup, and final wash

down, the concrete debris and repair surface remain
wet, minimizing dust in the work area. Since hydro-
demolition cleans the reinforcing steel, the need
to sandblast is eliminated unless additional concrete
removal is required using chipping hammers. As
such, silica dust in the work area is reduced,
thereby providing a safer work environment.
The use of chipping hammers and other
impact methods are labor intensive and physically
demanding, which can cause injury to the employee.

Robotic hydrodemolition equipment reduces the

use of these tools and the possibility of injury.

Limitations

* The hydrodemolition process consumes a
significant amount of water (6 to 100 gpm
[25 to 380 Ipm]). A potable water source must
be available. The cost of the water should
be considered;

* Wastewater containing sand and cement fines
(slurry) must be collected, treated, and returned
to the environment. Wastewater disposal may
require a permit;

 Projects requiring total demolition can be done
faster and more economically with crushers
and similar equipment;

» Water can leak through cracks in the concrete
and damage occupied space below the repair
area. Hydrodemolition should not be used over
occupied areas due to the risk of blow-through
(unanticipated full-depth removal);

» Repair areas of varying strength will result in
non-uniform removal. Areas of high strength
may need to be removed using hand lances or
chipping hammers;

« The water jet is blocked by reinforcing steel
resulting in concrete shadows under the
reinforcing bar that may need to be removed
using hand lances or chipping hammers;

+ Since the water jet of a robotic unit is contained
in a metal shroud, some robots are unable to
completely remove concrete up to a vertical
surface such as a curb, wall or column. The
remaining concrete may have to be removed
using hand lances or chipping hammers;

» The water jet will remove the sheathing from
post-tensioning tendons and may drive water
into the tendon;

* The hydrodemolition robot may be too large to
access small or confined areas of the structure;

« The water jet can damage coatings on reinforcing
steel and other embedded items;

= The water jet can introduce water into electrical
system components, especially if embedded
in the concrete and already deteriorated or not
properly sealed; and

+ If cleanup is not properly performed in a
timely manner, further surface preparation
may be required.

The Hydrodemolition
System

The hydrodemolition system consists of a
support trailer or vehicle, high-pressure
pump(s), a robotic unit to perform the demolition,
and high-pressure hoses to connect the pump(s)
to the robot. Hand lances are also available
to remove concrete in areas inaccessible to
the robot.

Support Trailer

Hydrodemolition units are typically transported
on 40 to 50 ft trailers (Fig. 4). The robot may

Fig. 4: Hydrodemolition support trailer. A self-
contained unit transports pumps, robot, hoses,
and spare parts

be transported on the same trailer or separately
on a smaller trailer. The support trailer usually
contains a supply of spare parts, tools, maintenance
area, fuel and water storage, supply water
hoses, and filters. These units are designed
to be self-sufficient on the job site with adequate
spare parts to perform routine maintenance
and repairs.
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High Pressure Pumps

Thehigh-pressure pumps used for hydrodemolition
are capable of generating pressures from
10,000 psi to 40,000 psi (70 to 275 MPa) with
flow rates from 6 to 100 gpm (25 to 380 Ipm).
The pumps are driven by a diesel or electric
motor, typically operating between 100 and
700 horsepower. The engine size will vary
based on the flow and pressure rating of the
pump. The pumps operate most efficiently at their
design pressure and flow. High-pressure hoses
connect the pumps to the robot. The pumps may
be located a significant distance (500 ft [150 m])
from the actual removal area. However, due to
a drop in pressure and flow through the high-
pressure hoses, the pumps should be located as
close as possible to the removal area, typically
within 300 ft (100 m).

Robotic Removal Unit—
Horizontal Surfaces

The force created by the high-pressure pump(s)
is controlled using a robotic removal unit (Fig. 5).
The robot is a diesel or electric powered, self-
propelled, wheeled or tracked vehicle. It is used
to uniformly move and advance the water jet over
the surface during concrete removal.

Fig. 5: Typical hydrodemolition robot

The water jet is mounted on a trolley that
traverses over the removal area along a cross feed
or traverse beam (Fig. 6) perpendicular to the
advance of the robot. The water-jet nozzle may
either oscillate or rotate (Fig. 7). The oscillating
nozzle is angled forward in the direction of the
traverse. Rotating nozzles are angled from the
center, creating a cone effect while rotating
(Fig. 8 and 9).

The nozzle assembly is enclosed within a steel
shroud with rubber seals around the perimeter to
contain the debris during demolition (Fig. 10).

CONCRETE REPAIR MANUAL

Fig. 6: Nozzle is mounted on a traverse beam

Rotation Oseillation

Fig. 7: Rotating or oscillating nozzles
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Fig. 8: Rotating nozzles are angled from center
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Fig. 9: Rotation of the angled nozzle creates a water cone

Exhibit 21



PREPARATION OF CONCRETE SURFACES FOR REPAIR USING HYDRODEMOLITION METHODS

Fig. 10: Nozzle is enclosed within a steel shroud

The rotation/oscillation of the nozzle combined
with the traverse and advance of the robot
provide a uniform and continuous motion of the
water jet over the removal area (Fig. 11). Each of
these functions is fully adjustable. The depth of
concrete removal is determined by the length of
time the water jet is directed at the removal area.

-
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Fig. 11: The water jet traverses back and forth perpen-
dicular to the forward advance of the robot

Adjusting the following parameters will increase

or decrease the depth of removal:

a. Total traverse time (time of each traverse x
number of traverses); and

b. Distance of the advance.

Once these parameters are set, the robot will
reproduce the settings in a programmed sequence
to provide consistent removal of the concrete. For
example, during deep removal to expose the
reinforcing bar 3 to 4 in. (75 to 100 mm), the
traverse speed may be 8 seconds (the time
required for the water jet to move from one side of
the traverse beam to the other) and the water jet
may traverse 3 times before the robot advances
forward 1to 2 in. (25 to 50 mm). On the other hand,
for light scarification 1/4 to 1/2 in. (6 to 13 mm)
or coating removal, the traverse speed may be

3 seconds and the water jet may traverse only one
time before the robot advances 2 to 4 in. (50 to
100 mm).

The depth of concrete removal is controlled
at the robot. Since the pumps are designed to
operate at a specific pressure and flow rate, it is
unusual to reduce the pressure (and subsequently
the flow rate) to adjust the depth of removal.

Narrow areas may be removed by adjusting
sensors that limit the movement of the water jet
along the traverse beam. The traverse and advance
functions limit the removal to a rectangular area
along the advance path of the robot. Because the
water jet is contained within a steel shroud, most
robots are unable to remove concrete within 3 to
6 in. (75 to 150 mm) of vertical surfaces.

Specialized Robotic Equipment—
Vertical and Overhead Surfaces

Various types of robotic equipment are available
to perform removals on walls, soffits, substructures,
beams, columns, and tunnels. These robots are
often built on wheeled or tracked vehicles and
have the ability to lift the traverse beam into
the vertical or overhead position. The primary
functions of traverse and advance are utilized in
order to provide uniform concrete removal during
vertical and overhead repairs.

As an alternative to the robot, the water jet may
also be attached to a frame that allows the jet to
move in a two dimensional “X-Y” plane. The X-Y
movement of traverse and advance are present in
these units to provide uniform concrete removal.
The X-Y frames can be lifted and positioned over
the removal area using a crane, backhoe, all-
terrain forklift or other similar equipment.

Hand Lance

Hand lances operate at pressures of 10,000 to

40,000 psi (70 to 275 MPa) while delivering

approximately 2 to 12 gpm (8 to 45 Ipm) of water.

Hand lances are not as fast or as precise for

concrete removal as a programmed robot and are

slower than chipping hammers. Hand lances are
effective in performing light scarification and
coating removals. It should be noted that the
water jets on hand lances may not be shrouded,
increasing the risk of debris becoming airborne.

Hand lances can be used for removal of:

» Concrete shadows below reinforcing bar;

« Concrete adjacent to walls, columns, curbs,
and in tight and confined areas not accessible
to the robotic equipment; and

+ Coatings.

Exhibit 21
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Safety

Hydrodemolition involves the use of potentially
dangerous specialized equipment. At all times, the
manufacturer’s instructions for the safe operation
of the equipment and personal protective equipment
should be followed, as well as all local, state, and
federal regulations. Hydrodernolition units should
be supervised and operated by qualified personnel
certified by the equipment manufacturer.

Hydrodemolition employs high-velocity water
jets to demolish concrete and peirform surface
preparation. Even though the water jet is shrouded
on robotic units, debris can be propelled from
beneath the shroud with sufficient velocity
to cause serious injury. Serious injury or death
can also occur if struck by the water jet. Hand
lances are typically not shrouded and care must
be exercised to avoid injury when using these tools.

Workers, equipment operators, and any indi-
viduals entering the work area are required to
wear hard hats, safcty glasses, hearing protection,
safety shoes, gloves, long pants and long-sleeve
shirts, and must be trained in the proper use of
personal protective equipment. When using a
hand lance, the operator should wear a full-face
shield, rain suit, and metatarsal and shin guards.
Additional protective clothing may also be required
for use with hand lances. Everyone involved with
the hydrodemolition operation should receive
specific training outlining the dangers associated
with the use of high-pressure water.

Prior to starting demolition, an inspection of
the area should be performed including the area
under the work area. All barricades, partitions,
shielding, and shoring must be installed and
warning signs posted to prevent unauthorized
entry into the work area. The area below the work
area must be closed off and clearly marked
“Danger— Do Not Enter.” Electrical conduits or
other electrical equipment in the work area should
be deenergized to avoid electrical shock.

Special precauiions are required for posi-
tensioned structures as referred to in the section
“Considerations for Hydrodemolition Use.”

Hydrodemolifion
Applications
Scarification

Scarification is perforined to remove the surface

concrete and provide a rough profile (Fig. 12 and
13). Scarification is often used in preparation for

it

Fig 12: Scénﬁed surface with 1 in.-aggregate
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Fig. 13: Scarified surface with 3/4 in. aggregaie

a concrete overlay. If the surface was previously
rotomilled, the minimum removal depth using
hydrodemolition should equal the size of the
coarse aggregate to remove all concrete micro
fractures and damaged or crushed aggregate.
Scarification may not remove all unsound
concrete due o the rapid rate at which the water jet
moves over the surface. It may be necessary to
resurvey the scarified surface and identify delami-
nated or deteriorated areas for further removal.

Pariial Depth Removal
Partial depth removal is commonly required if
chloride contamination has reached the top mat
of reinforcing steel or deterioration, delamination
or spalling occurs within the top mat of reinforcing
steel. Partial depth concrete removal can expose
the top mat of reinforcing steel and provide
clearance, typically a minimurn of 3/4 in. (19 mm),
below the bottom reinforcing bar of the top mat
(Fig. 14 and 15). Determining the reinforcing bar
size and concrete cover are crilical to determine
the required removal depth.

Concrete removal using hand lances or chipping
harnmers may be required to remove shadows
under the reinforcing bar, previously repaired areas

i
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Fig. 15: Partial a’ebz‘h removal on a retaja'zing wall
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Fig 1 4: Partial depth removal
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or high areas resulting from variations in the
strength of the concrete. In addition, concrete
removal may be necessary adjacent to vertical
surfaces such as curbs, walls and columns. Saw
cufting of the perimeter of the repair area, if
required, should be performed after hydro-
demolition to prevent damage to the saw cut. This
will require additional concrete removal along
the repair perimeter with hand lances or chipping
hammers. IT the saw cut is made first, the aiea
outside the saw cut should be protected using a
steel plate. The steel plate will allow the water jet
to slightly over run the saw cut without damaging
the surface outside the saw cut while compleiely
removing the concrete within the repair area.

Full Depth Removal

Hydrodemolition can be used for full depth
removal where delamination has occurred in the
lower mat of reinforcing or chloride contami-
nation exists throughout the entire thickness of the
slab. Full depth removal can be performed along
expansion joints and other areas where there is a
high concentration of reinforcing steel that may
be damaged if conventional removal methods are

used. Other structural elements such as shear
connectors, shear studs, and sieel beam flanges
can be exposed without damage.

During full depth removal, the removal rate
slows as the depth increases because the water
jet stream dissipates as it moves away from the
nozzle and the water jet raust push more water
and debris from its path prior to contacting the
surface to be removed.

Full depth removal is often necessary on
waffle or pan joist slab systems (Fig. 16).

-
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Fig. 16: Full depth removal-—waffle slab

Goating Removal

Hydrodemolition can be used for the removal
of epoxy, urethane, hot applied membrane, and
other coatings from concrete surfaces (Fig. 17).
When performing coating removal, a multiple
jetnozzle is used. The multiple jets allow the
water to penetrate the coating without damaging
the concrete. However, if the concrete below the
coating is deteriorated, it may be removed along
with the coating.

pra head
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The Hydrodemolition
Process

Concrete removal by hydrodemolition is impacted

by the following factors:

+ Size and density of the aggregate;

» Concrete strength;

» Uniformity of concrete strength;

» Extent of cracking;

* Deterioration and delamination;

» Surface hardeners;

* Previous repairs with dissimilar strength
material; and

» Size and spacing of reinforcing steel or other
embedded items.

In sound concrete, the variation in the depth
of removal will generally equal the size of the
coarse aggregate (Fig. 18). For example, if the
coarse aggregate is | in. (25 mm), D =1 in.
(25 mm) and the specified depth of removal is
2 in. (50 mm), the range of removal will be 2 in.
(50mm) = D/2 (1/2 in. or 13 mm), or 1-1/2 in.
(38 mm) to 2-1/2 in. (63 mm).

=N

RN S ST e
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If the strength of the concrete increases or
a high-strength repair area is encountered
during hydrodemolition, the removal depth will
decrease (Fig. 19). The decrease in depth may not
be immediately detected by the operator, resulting
in an area of shallow removal (Fig. 20). To obtain
the required depth in higher strength concrete,
the total traverse time is increased and the
advance of the robot is decreased. If the high-
strength repair area is large enough, it may be
possible to set up the hydrodemolition robot over
the area and remove to the specified depth. This

Dense Conerete -
6,000 1 8,000 psi

Norma Deck Camrete -
3500 10 4,000 s

Fig. 18: The depth of removal depends on the size of the
course aggregate

During hydrodemolition, a high-pressure
water jet is uniformly moved over the surface
and, provided the concrete is sound and the
strength does not change significantly, the
removal depth will remain consistent. Depth
variations occur when the concrete strength
changes, cracking or delamination is present, the
concrete is deteriorated or the surface has been
previously repaired using a different type and
strength of material. In comparison, rotomilling
or dry-milling equipment can be set to a specific
depth and the milling drum will mill the surface
to that depth regardless of any variations in the
concrete strength, quality or level of deterioration.

Fig. 19: High-strength concrete is removed at a slower
rate than normal concrete, which can result in a non-
uniform removal
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Fig. 20: High-strength repair area within the hydro-
demolition area

procedure can be problematic for two reasons.
First, if the water jet overruns the high-strength
repair area, it may result in a blow-through or full
depth removal at the perimeter of the high-strength
repair area. Second, since the water jet must
be slowed significantly, it may cause excessive
removal below the high-strength area once it is
removed and the softer base concrete is exposed.
For these reasons, it is often preferable to use
chipping hammers in high-strength repair areas.

The opposite effect is encountered if the
concrete strength decreases or there is cracking,
deterioration or delaminations (Fig. 21). Concrete
that is deteriorated, low strength or delaminated
is removed faster than the surrounding sound
concrete by the water jet. For example, if the
average removal depth is 2 in. (50 mm) and there
is a delamination that is 2 in. (50 mm) deep, the
actual removal within the delaminated area could
be 3 to 4 in. (75 to 100 mm) deep. For this reason,
removal in an area that is seriously deteriorated
and delaminated may not be consistent.

This effect is often described as “selective
removal of deteriorated concrete.” While the water
jet is traversing and advancing uniformly over
the surface, it is removing unsound, delaminated,
deteriorated, cracked, and low strength concrete
selectively below the specified removal depth.

Selective removal is not without limitations.
Forexample, if the robot is traversing and advancing
rapidly as during scarification, it may not remove
deeper delaminations.

Size and spacing of the reinforcing steel will
also influence the removal depth. The reinforcing
steel blocks the water jet and shields the concrete
below, creating concrete “shadows” (Fig. 22 and
23). Removal of concrete shadows becomes more
difficult as the reinforcing bar size increases and

Selsrimaljon Soand L oaerere

Ares o ¥yl Dielarmmammig

Remenal I Doeper Bglow D laminemnon Ares

Plan Removal Depth - Deep

Fig. 21: Delaminated or deteriorated concrete is
removed at a faster rate leading to non-uniform removal

is most difficult at reinforcing bar intersections.
Increasing the specified depth of removal will
minimize the amount of shadowing.

Pointing the water jet under the reinforcing
bar can reduce concrete shadows. This can be
accomplished by using a rotating or oscillating
nozzle (refer to Fig. 7-9). Rotating nozzles are
typically angled 10° and 30° from center. The
nozzle rotates between 100 and 1800 rpm, creating
a demolition cone that will undercut both the
transverse and parallel reinforcing bar provided
the specified removal depth is greater than the

£
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Fig. 22: Reinforcing steel blocks the water jet leaving a
concrete “shadow” under the reinforcing. Increasing the
removal depth will decrease the amount of shadowing

depth of the reinforcing bar. Similarly, the oscil-
lating nozzle moves from side to side as it traverses,
directing the water jet at an angle to the surface,
cutting under the reinforcing bar. The nozzle is
angled forward as it traverses left, and at the end
of the traverse, flips to face forward as it traverses
right. To minimize concrete shadows, the required
depth of removal should be at least 3/4 in. (19 mm)
below a #5 reinforcing bar. Larger reinforcing
bars will require a greater removal depth to
minimize shadowing. While this additional

CONCRETE REPAIR MANUAL

Fig. 23: “Shadow " under the rebar (note tie wire
undamaged and in excellent condition)

removal may result in the removal of sound
concrete, it will minimize the need for concrete
removal under the reinforcing bar with chipping
hammers or hand lances.

Considerations for
Hydrodemolition Use

Issues that should be considered when evalu-
ating the use of hydrodemolition for a repair
project include:

Limited quantity of repair: Mobilization and
set up of the hydrodemolition equipment can be
expensive. If there are only minor repairs or a
limited quantity of repairs, the mobilization cost
may make the process uneconomical.

Increase in repair quantity: The traverse and
advance function of the hydrodemolition robot
results in removal areas that are rectangular. The
removal areas may have to be “squared up” in
order for the hydrodemolition equipment to
efficiently remove the concrete. “Squaring up”
the repair areas may lead to an increase in the
removal quantity and the cost of the project.

Reinforcing bar size and concrete cover:
Partial-depth removal normally requires clearance
below the bottom reinforcing bar of the top mat
of reinforcing. The size and quantity of the
reinforcing bar and the concrete cover over the
reinforcing bar should be determined in order to
specify the correct removal depth to achieve the
required clearance.

Potential for full-depth blow-throughs: Hydro-
demolition of severely deteriorated structures
may result in full-depth blow-throughs. Blow-
throughs may take place where full depth slab
cracks occur, especially if deterioration is evident
on the slab underside. Shielding may be required

Exhibit 21
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to protect the area below from damage. Shoring
below the blow-through may be damaged or
destroyed. When the water jet is in the open air,
as will happen when the water jet blows through
the deck, it is extremely noisy (may exceed
130 db) and dangerous. Sound resistant partitions
should be installed to contain the noise within the
structure if blow-throughs are expected.

Extent of previous repairs: Repair materials
may have a different compressive strength than
the original concrete. Since the hydrodemolition
jetis set to move at a uniform rate, the presence
of dissimilar strengths of material will result in a
variation in the depth of removal. Higher strength
areas may require further concrete removals using
chipping hammers or hand lances to achieve the
specified depth of removal. Lower strength areas
may result in deeper removals and possibly full-
depth blow-throughs.

Occupied areas adjacent to or under the repair
area: Occupied spaces such as stores or offices
may occur in the structure. It may not be practical
to perform hydrodemolition adjacent to or over
these areas. Water from the hydrodemolition may
leak to the occupied level below. As such, the
repair area should be protected to prevent water
from entering the occupied area.

Shoring requirements: During structural
repairs, concrete may be removed from around
the top reinforcing. An analysis of the structural
capacity of the remaining slab section should be
made by a qualified engineer to determine if
shoring will be required. The weight of the
hydrodemolition robot should be considered
when determining shoring requirements.

Equipment location: The hydrodemolition
equipment is transported on a trailer. If possible,
the pumps should be located within 300 ft of
the repair area. A suitable location next to the
structure must be selected. Pump units that are
powered by diesels engines should not be located
next to the air intake of adjacent buildings. In
congested metropolitan areas, the pumps may be
removed from the trailer and placed within the
structure. Diesel powered pumps will need to be
located close to an exhaust shaft and the exhaust
from the pumps piped to this location. A fuel tank
will also have to be placed in the pump area and
provisions made to fill the tank as required.
Although electric pumps may be used inside the
structure eliminating the fueling and exhaust
concerns, they have a substantial power requirement
and will need an electrical service installed. Due
to the weight of the pumps, they may need to be
placed on the slab on ground or in a shored area

of the structure. Temporary shoring may be
needed to move the pumps into the structure.

Available water sources: Pumps used for
hydrodemolition require a steady supply of clean
water at a sufficient volume to perform the work.
Generally, local municipal water is used for
hydrodemolition. Sources close to the work area,
such as a nearby fire hydrant or water line feeding
the structure, should be adequate. Specific water
requirements will vary, depending on the hydro-
demolition unit used for the project and the
method of cleanup. Cleanup performed using a
fire hose operating at [00 to 200 gpm (380 Ipm
to 760 Ipm) will use substantially more water
than an 8000 to 10,000-psi (55 to 70 MPa) water
blaster operating at 8 to 12 gpm (30 to 45 Ipm).
In remote areas, water can be drawn from wells,
fresh water lakes, rivers, or streams. This water
must be pre-filtered to remove any suspended
solids to avoid damage to the high-pressure
pumps. Recycled water has been used for hydro-
demolition, however, it can add substantially
to the cost of the project due to collection and
filtration of the water and the added wear to
the equipment caused by dissolved minerals in
the recycled water. When available, potable
water is used. Water may have to be trucked into
remote locations.

Post-tensioned structures: The use of hydro-
demolition on post-tensioned structures has
potentially severe risks and must be carefully
evaluated to maintain a safe working environment,
maintain structural integrity, and to preserve the
long-term durability of the structure. Sudden
release of anchorages can result in dangerous
explosive energy and flying debris capable of
causing damage to equipment and serious injury
or death to workers. Tendons should be de-tensioned
prior to removing concrete from around anchorages
to prevent the sudden release of the anchorages
and loss of pre-stress forces. The loss of pre-stress
forces may result in the loss of structural integrity
and result in the need for shoring. Careful eval-
uation must also be exercised when removing
concrete around post-tensioning tendons. Removal
of concrete around tendons can result in a change
of tendon profile, which may also result in the
loss of prestressing force and structural integrity.

The wires or strands of post-tensioning tendons
are usually undamaged during hydrodemolition,
however the sheathing and protective grease will
be removed from unbonded tendons. In bonded
post-tensioning tendons, the water jet may penetrate
the duct and remove the grout inside. In either
case, the hydrodemolition water may enter the
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tendon at the edge of the repair area and can be
driven into the tendon outside the work area.
Water remaining in the tendon can cause future
corrosion affecting the long-term durability of the
post-tensioning system. Each tendon must be
carefully examined and any water that has entered
the tendon removed. Both the grease and the
protective sheathing must be restored.

It may not be possible to remove moisture that
has entered the post-tensioning system during the
hydrodemolition process. In addition, verification
of the presence of moisture is difficult and
may not be possible. Refer to ICRI Technical
Guideline No. 03736, “Guide for the Evaluation
of Unbonded Post-Tensioned Concrete Structures,”
for suggested procedures to detect water in post-
tensioning tendons. Long term monitoring for
future corrosion may also be prudent.

Conduit and embedded metal items: Embedded
aluminum and steel conduit will not be damaged
by hydrodemolition if they are in good condition.
However, deteriorated portions of aluminum and
stee] conduit will be damaged and water will
enter the conduit system. PVC conduit will be
damaged during hydrodemolition. As a safety
precaution, all conduits should be deenergized
during demolition. Other metal items within
the removal area such as shear connectors, shear
studs, and anchorages will not be damaged
by hydrodemolition.

Noise limitations: Hydrodemolition does not
produce sound that is transmitted through a
structure, however, the noise from the hydro-
demolition unit in the work area is sufficiently
loud to be objectionable to the public. Further-
more, noise can be excessive during full-depth
repairs or blow-throughs. Sound reducing partition
walls that separate the public from the work area
may be required. Acoustical studies indicate that
the sound waves created by hydrodemolition are
low frequency and are best controlled using dense
material such as sheet rock or concrete board.
There are a variety of sound deadening materials
supplied by various vendors that have proven
effective in controlling noise. Partition walls
should be protected from moisture. If properly
sealed at the base, a water resistant sound reducing
partition wall will also assist in containing the
water within the work area.

Protection of lighting, sprinklers, and other
services: Light fixtures, fire protection systems,
and other services may be damaged by airborne
debris from the hydrodemolition or clean up
operation. If full depth removal or blow-throughs
are anticipated, light fixtures may need to be removed

and stored and temporary lighting installed.
Sprinkler heads may need to be protected. Mist and
high humidity in the work area could damage
electrical panels and other services. Items remaining
in the work area should be protected.

Temperature: When the temperature falls
below freezing, the structure must be heated or
the hydrodemolition stopped to prevent water
from freezing in the work area.

Test Area

A test area should be designated to establish the
operating parameters and to demonstrate that the
equipment, personnel, and methods of operation
are capable of producing satisfactory concrete
removal results. The test should include sound
and deteriorated concrete areas, each a minimum
of 50 ft? (5 m?). First the robot is set to remove
sound concrete to the specified depth. Once the
operating parameters have been determined,
the equipment is moved to the deteriorated area
and a second test is performed using the same
operating parameters. If satisfactory results are
achieved, the quality and depth of removal
will become the standard for the project. If hand
lances are to be used to perform concrete
removals, they should also be demonstrated to
show satisfactory results.

[t is noted that the hydrodemolition robot will
move the water jet over the surface in a constant
motion and if the concrete is of uniform strength,
the removal depth will be consistent. However,
since concrete is seldom uniform, there will be
variations in the removal depth on the project.
Other factors affecting the removal depth include
the extent and depth of deterioration, the size and
quantity of reinforcing bar, the concrete cover
over the reinforcing bar, and the presence of
surface hardeners. As the equipment is used,
nozzles will wear, changing the force created
by the water jet. As such, the hydrodemolition
equipment operator must monitor the depth and
quality of removal and adjust the parameters of
the robot to provide consistent removal through-
out the project.

Wastewater Gontrol

Controlling the wastewater has often been viewed
as one of the more difficult tasks associated with
the use of hydrodemolition. However, with pre-
planning and proper installation of a wastewater
control system, the water can be properly managed
(Fig. 24). Hydrodemolition wastewater should be
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Fig. 24: Typical wastewater handling system

discharged to the storm or sanitary sewer or to
the ground for absorption and/or evaporation
under permit from the controlling authority.
Discharge into an existing storm or sanitary line
may occur in the structure or to a nearby storm
or sanitary line accessed through a manhole. A
4-in. (100 mm) connection should be adequate.
Wastewater may not be discharged directly to a
wetland, stream, river or lake.

Hydrodemolition wastewater contains suspended
particles and typically hasapH of 1] to 12.5. The
wastewater is initially placed in settling tanks
or ponds to reduce the suspended solids. The
particles are heavy and settle out quickly as
the water is allowed to stand. This can also be
accomplished by allowing the water to pass
through a series of berms that are lined with filter
fabric or hay bales.

The controlling authorities for discharge have
varying requirements for the level of suspended
solids and the range of pH for discharge into their
system. Typically the water should be clear and
the pH range between 5 and 10. Ponding the
water will clarify it, however, the pH of the
wastewater may have to be reduced prior to
discharge. This can be accomplished by the
introduction of acid, CO, or other pH reducing
materials into the wastewater. Adding flocculants
can assist in reducing suspended solids. A location
for settling ponds or tanks and pH reducing
equipment should be determined.

The cost to discharge wastewater ranges from
the cost of a discharge permit to charges for the
actual water consumed and discharged. The cost
of water consumed is generally that of commercial
water usage within the community. The controlling
authority may require monitoring and testing of
the wastewater. Local ordinance requirements must
be reviewed and met prior to discharge, including
the obtaining of proper permits.

Water containment and collection systems will
vary depending on the structure. Where possible,
it is best to take advantage of gravity to move the
water to the treatment area. In many structures,
the slab on ground can be used to collect and treat
the water. The water may be allowed to flow
through the structure to the lowest level or
through the existing drains, which have been
disconnected just below the underside of the first
supported Jevel. All slab-on-ground drains should
be plugged and water should not be allowed to
enter the drainage system prior to treatment. Once
the water is clear and the pH adjusted, it can be
pumped directly to the discharge point. Additional
treatment capacity may be necessary if rainwater
cannot be separated from the wastewater.

Floor slabs and decks are commonly crowned
or sloped to provide drainage. Since water will
run to the low area, a simple method of water
control involves the use of hay bales or aggregate
dams, which can be set up along curb lines or the
perimeter of the work area. As the water ponds
in front of the hay bales or aggregate dams, the
suspended solids will settle out. In areas where
the drains are plugged, the water is forced to pass
through the hay bales or aggregate dams. Retention
ponds can be built at the end of the structure and
the water directed or pumped to these ponds.
Settling tanks can also be used and the water
pumped from the structure to the tanks.

Debris Cleanup
and Disposal

Hydrodemolition debris consists of wet sand,
aggregate, chips or chunks of concrete, and slurry
water. Slurry contains cement particles and ranges
from muddy water to a thick paste. Removal of the
debris should occur as soon as possible to prevent
the debris from solidifying and adhering to the
surface, making cleanup more difficult.

Tools used for cleanup include: fire hoses,
pressure washers, compressed air, sweepers, skid
steer loaders, vacuum trucks, and manual labor.

The types of cleanup will vary based on the
type of removal performed as follows:
|. Above the reinforcing bar—any removal depth

above the top reinforcing bar of the top mat of

reinforcing and the reinforcing bar remains
supported by the concrete;

2. Below the reinforcing bar—any removal depth
below the top mat of reinforcing bar in
which the top reinforcing bar mat becomes
unsupported by the original concrete; and
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3. Full-depth removal.

During above the reinforcing bar clean up,
equipment such as skid steer loaders, sweepers,
and vacuum trucks may be driven over the surface
to assist with the cleanup (providing they meet
the weight requirements of the structure). The
debris can be swept, pressure washed or air blown
into piles where it is picked up by a loader. A
vacuum truck may be used to vacuum the debris
from the surface. In all cases, the surface must
be pressure washed to remove any remaining
cement slurry.

If the removal is below the reinforcing bar and
the reinforcing bar is unsupported, it is difficult
and possibly unsafe to drive equipment into the
removal area. The debris can be removed by
washing with a fire hose (large water consumption),
pressure washing or blowing it onto the adjacent
original surface where it can be picked up with a
loader. A pressure washer operating at 8000 to
10,000 psi (55 to 70 MPa) and 8 to 12 gpm
(30 to 45 lpm) is effective. Vacuuming has proven
very effective in removing debris from around
the reinforcing steel, however, the surface will
require pressure washing to remove the cement
slurry and paste.

During full-depth removal, the debris simply
falls to the floor below where it can be picked up
with a loader.

The debris, which consists of wet sand,
aggregate, chips or chunks of concrete, and
slurry is placed in dumpsters or hauled away in
trucks and may be recycled or placed in a landfill
in accordance with the requirements of the
controlling authority.

Removal Depth
Measurements

Following hydrodemolition, the surface profile
is very rough and three depth measurements are
possible (Fig. 25):

1. Minimum removal—original surface to the
shallowest removal point.

2. Maximum removal—original surface to the
deepest removal point.

3. Average depth of removal—The difference
between the minimum and maximum removal
at the same location.

Measuring the depth of removal can be
accomplished using:

1. A straight-edge placed on the original surface;

2. A string-line pulled over the removal area; and

3. Asurveyor’s level.
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Fig: 25: Measuring depth of removal using a
straight edge

The most common practice of measuring the
depth of removal is to place a straightedge on top
of the original surface and extend it over the
removal area. Measurements are taken from the
bottom of the straightedge to determine the depth
of removal. This quick and simple technique can
only be used during the removal process and is
not applicable for final measurements in large
removal areas.

A string line may be pulled over the removal
area and measurements taken below the string.
However, this method could provide incorrect
results if slopes or crowns occur in the original
surface. Surveying equipment may be used and
is very accurate; however, to account for slopes,
pitches and crowns in the original surface, a detailed
survey must be made of the original surface
prior to removal and measurements taken at the
same locations after removal for comparison and
determination of the actual removal depth.

Summary

Effective concrete removal and proper surface
preparation are key elements to a successful repair
project. A surface prepared using hydrodemolition
is rough, irregular, and is excellent in creating a
mechanical bond with the repair material.
Hydrodemolition eliminates micro-fractures and
damage to reinforcing steel, minimizes transmitted
noise and dust, and cleans the reinforcing steel.

The use of hydrodemolition may not be appro-
priate for every structure and a careful review of
the benefits and limitations of the process relative
to each structure should be undertaken. Proper
safety procedures must be observed at all times
when using hydrodemolition.
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