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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  t unnel  and shaf t  gr out i ng 
appl i cabl e t o const r uct i ng new and r epai r i ng 
exi st i ng under gr ound st r uct ur es.   Thi s sect i on was 
or i gi nal l y devel oped f or  USACE Ci vi l  Wor ks pr oj ect s.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

1. 1   SUMMARY

**************************************************************************
NOTE:   The wor k wi l l  be under  t he di r ect i on of  t he 
Cont r act i ng Of f i cer  or  hi s aut hor i zed 
r epr esent at i ve,  i . e. ,  Gover nment  Repr esent at i ve who 
wi l l  be an engi neer i ng geol ogi st  or  geot echni cal  
engi neer  exper i enced i n t he desi gn and gr out i ng of  
t unnel s and shaf t s.

**************************************************************************

Thi s sect i on descr i bes t he equi pment ,  mat er i al s,  and pr ocedur es t o per f or m 
dr i l l i ng and gr out i ng wor k.   I t  cover s t he equi pment  and mat er i al s t o use;  
dr i l l i ng gr out ,  dr ai n and expl or at or y hol es;  i nst al l i ng gr out i ng pi pe and 
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f i t t i ngs;  connect i ons t o gr out  hol es;  f ur ni shi ng,  handl i ng,  t r anspor t i ng,  
st or i ng,  mi x i ng,  and i nj ect i ng gr out ;  handl i ng,  cont r ol l i ng,  and di sposi ng 
of  dr i l l  cut t i ngs,  wast e wat er ,  and wast e gr out ;  pat chi ng f i ni shed gr out  
and expl or at or y hol es;  f i nal  c l eanup upon compl et i on of  wor k and al l  ot her  
oper at i ons i nci dent al  t o dr i l l i ng and gr out i ng.   The wor k consi st s of  
dr i l l i ng expl or at or y and dr ai n hol es as di r ect ed or  shown and per f or mi ng 
[ cont act ] [  and ] [ t unnel  and shaf t ] [ and ] [ st eel  l i ner ] [  and ] [ r i ng cur t ai n]  
gr out i ng as shown.   Expl or at or y dr i l l i ng may be r equi r ed t o def i ne pr obl em 
ar eas or  ver i f y r esul t s ahead of  t he wor ki ng f ace or  t hr ough t he l i ni ng 
dur i ng const r uct i on.   The t ot al  amount  of  dr i l l i ng and gr out i ng r equi r ed i s 
not  known and wi l l  be det er mi ned by condi t i ons encount er ed as t he wor k 
pr ogr esses.   Gr out i ng mi xes,  pr essur es,  pumpi ng r at es,  and t he sequence i n 
whi ch hol es ar e dr i l l ed and/ or  gr out ed wi l l  be det er mi ned i n t he f i el d and 
shal l  be as di r ect ed.   Wor k under  t hi s sect i on shal l  be i n accor dance wi t h 
EM 1110- 1- 3500, EM 1110- 2- 2901,  and EM 1110- 2- 3506

1. 2   UNI T PRI CES

**************************************************************************
NOTE:   I f  Sect i on 01 22 00. 00 10 PRI CE AND PAYMENT 
PROCEDURES i s i ncl uded i n t he pr oj ect  
speci f i cat i ons,  t hi s par agr aph t i t l e ( UNI T PRI CES)  
shoul d be del et ed f r om t hi s sect i on and t he 
r emai ni ng appr opr i at el y edi t ed subpar agr aphs bel ow 
shoul d be i nser t ed i nt o Sect i on 01 22 00. 00 10.

**************************************************************************

1. 2. 1   Mobi l i zat i on and Demobi l i zat i on

1. 2. 1. 1   Payment

Payment  wi l l  be made f or  cost s of  assembl i ng al l  pl ant  and equi pment  at  t he 
s i t e pr epar at or y t o i ni t i at i ng t he wor k and f or  r emovi ng i t  when t he 
dr i l l i ng and gr out i ng has been compl et ed.   Si xt y ( 60)  per cent  of  t he 
cont r act  l ump sum pr i ce f or  mobi l i zat i on and demobi l i zat i on wi l l  be pai d 
f ol l owi ng compl et i on of  movi ng ont o t he s i t e,  i ncl udi ng compl et e assembl y,  
i n wor ki ng or der ,  of  al l  equi pment  necessar y t o per f or m t he r equi r ed 
dr i l l i ng and gr out i ng oper at i ons.   The r emai ni ng f or t y ( 40)  per cent  of  t he 
cont r act  l ump sum pr i ce wi l l  be pai d when al l  equi pment  has been r emoved 
f r om t he s i t e.

1. 2. 1. 2   Uni t  of  Measur e

Uni t  of  measur e:   l ump sum.

1. 2. 2   Dr i l l i ng Gr out  Hol es

1. 2. 2. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h dr i l l i ng and r edr i l l i ng 
gr out  hol es;  washi ng and pr essur e t est i ng of  gr out  hol es;  cont ai ni ng and 
di sposi ng of  wast e wat er  and wast e gr out ;  c l ean- up of  t he s i t e;  f ur ni shi ng,  
handl i ng,  t r anspor t i ng and st or i ng of  gr out  mat er i al s;  and f or  f ur ni shi ng 
al l  l abor  and suppl i es i nci dent al  t o t he wor k.   [ Unl ess ot her wi se 
speci f i ed,  no] [ No]  separ at e payment  wi l l  be made f or  any mat er i al  
const i t uent  of  t he gr out ,  i ncl udi ng cement  and/ or  chemi cal  gr out  mat er i al s 
pl aced i n t he per f or mance of  cont r act  gr out i ng.   No payment  wi l l  be made 
f or  gr out ,  or  t he mat er i al  const i t uent s t her eof ,  wast ed due t o i mpr oper  
anchor age of  gr out  pi pe or  connect i ons,  or  whi ch i s wast ed due t o 
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negl i gence on t he par t  of  t he Cont r act or ,  nor  f or  gr out  whi ch i s r ej ect ed 
by t he Cont r act i ng Of f i cer  because of  i mpr oper  mi x i ng.   Payment  wi l l  be 
made at  t he appl i cabl e cont r act  uni t  pr i ces f or  mat er i al s cont ai ned i n 
gr out  whi ch ar e wast ed,  wher e t he wast i ng i s not  due t o negl i gence on t he 
par t  of  t he Cont r act or .

1. 2. 2. 2   Measurement

Dr i l l i ng of  gr out  hol es wi l l  be measur ed f or  payment  on t he basi s of  t he 
l i near  met er s f eet  of  hol es act ual l y dr i l l ed i n concr et e,  r ock or  soi l ,  as 
shown or  as di r ect ed,  i ncl udi ng al l  i nt er medi at e hol es at  l ocat i ons wher e 
pi pe was not  i nst al l ed.

1. 2. 2. 3   Uni t  of  Measur e

Uni t  of  measur e:   l i near  met er  f oot .

1. 2. 3   Dr i l l i ng Dr ai n Hol es

1. 2. 3. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h dr i l l i ng of  dr ai n hol es 
act ual l y dr i l l ed i n concr et e,  r ock,  or  soi l ,  as shown or  as di r ect ed.

1. 2. 3. 2   Measurement

Dr i l l i ng of  dr ai n hol es wi l l  be measur ed f or  payment  on t he basi s of  t he 
l i near  met er s f eet  of  hol es act ual l y dr i l l ed i n concr et e,  r ock,  or  soi l ,  as 
shown or  as di r ect ed.

1. 2. 3. 3   Uni t  of  Measur e

Uni t  of  measur e:   l i near  met er  f oot .

1. 2. 4   Dr i l l i ng Expl or at or y Hol es

1. 2. 4. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h dr i l l i ng of  expl or at or y 
hol es. [   Cor e boxes shal l  be pr ovi ded at  no addi t i onal  cost  t o t he 
Government.]

1. 2. 4. 2   Measurement

Dr i l l i ng of  expl or at or y hol es wi l l  be measur ed f or  payment  on t he basi s of  
t he l i near  met er s f eet  of  hol es act ual l y dr i l l ed i n concr et e,  r ock,  or  
soi l ,  as di r ect ed by t he Cont r act i ng Of f i cer .

1. 2. 4. 3   Uni t  of  Measur e

Uni t  of  measur e:   l i near  met er  f oot .

1. 2. 5   Pl aci ng Gr out

**************************************************************************
NOTE:   Sel ect  appr opr i at e al t er nat i ves.

Under  cer t ai n condi t i ons i t  may be desi r abl e t o 
i ncl ude a pay i t em f or  st andby t i me f or  Gover nment  
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di r ect ed suspensi on of  dr i l l i ng or  gr out i ng 
operations.

**************************************************************************

1. 2. 5. 1   Payment

[ Payment  wi l l  be made f or  cost s associ at ed wi t h sat i sf act or i l y  pl aci ng 
gr out  i n cont act  gr out  hol es[  and behi nd st eel  l i ner ] ,  whi ch i ncl udes f ul l  
compensat i on f or [  f ur ni shi ng al l  mat er i al s, ]  pr opor t i oni ng t he mi x as 
di r ect ed, [  dr i l l i ng gr out  hol es i f  necessar y, ]  and mi xi ng and i nj ect i ng t he 
gr out  as speci f i ed or  as di r ect ed. ] [ Payment  wi l l  be made f or  cost s 
associ at ed wi t h sat i sf act or i l y  pl aci ng gr out  i n gr out  hol es,  whi ch i ncl udes 
f ul l  compensat i on f or  pr opor t i oni ng t he mi x,  mi x i ng,  and i nj ect i ng t he 
gr out  as speci f i ed or  as di r ect ed.   Separ at e payment  wi l l  be made f or  al l  
mat er i al s used i n [ cont act  ] gr out  as pr ovi ded i n uni t  pr i ce pay i t em( s)  
" Por t l and Cement  i n Gr out "  " Mi ner al  Fi l l er  i n Gr out " ,  " Sand i n Gr out " ,  
" Fl ui di f i er  i n Gr out " ,  and " Chemi cal s i n Chemi cal  Gr out " . ]

1. 2. 5. 2   Measurement

The oper at i on of  pl aci ng gr out  wi l l  be measur ed f or  payment  on t he basi s of  
t he number  of [  cubi c met er s cubi c f eet  of  t he component  mat er i al s ( bul k 
mat er i al s) ,  sat i sf act or i l y  pl aced,  excl usi ve of  wat er  [ and f l ui di f i er ]  and 
r egar dl ess of  t he pr opor t i ons of  t he mi xes,  measur ed i ndi v i dual l y as 
speci f i ed i n uni t  pr i ce pay i t ems " Por t l and Cement  i n Gr out " ,  " Mi ner al  
Fi l l er  i n Gr out " ,  and " Sand i n Gr out " . ] [ hour s of  sat i sf act or y pl aci ng 
r egar dl ess of  t he pr opor t i ons of  t he mi xes.   Measur ement  wi l l  begi n wi t h 
t he i ni t i at i on of  gr out  i nj ect i on at  t he pr oper  el evat i on or  st age and 
cont i nue unt i l  gr out  i nj ect i on ceases,  f or  a gi ven hol e,  excl usi ve 
downt i me.   Downt i me i s def i ned as any f ai l ur e t o i nj ect  gr out  cont i nuousl y,  
except  f or  i nt er mi t t ent  gr out i ng as di r ect ed by t he Cont act i ng Of f i cer .   
Ti me wi l l  be measur ed cumul at i vel y t o t he next  whol e hour  of  oper at i on.   
Payment  f or  pl aci ng gr out  i n hol es wi l l  be based on t he t ot al  amount  of  
t i me r equi r ed f or  sat i sf act or i l y  pl aci ng gr out ,  det er mi ned by r educi ng t he 
t ot al  number  of  mi nut es of  oper at i on t o t he near est  whol e hour . ]

1. 2. 5. 3   Uni t  of  Measur e

Uni t  of  measur e:   [ cubi c met er  f oot ] [ near est  whol e hour ] .

1. 2. 6   Connect i ons t o Gr out  Hol es

1. 2. 6. 1   Payment

**************************************************************************
NOTE:   The pr i ce t o be i nser t ed i n t hi s par agr aph 
shoul d be det er mi ned on t he basi s of  t he est i mat ed 
cost  t o t he Cont r act or  f or  t he oper at i on of  movi ng 
t he gr out  suppl y l i ne ont o t he hol e.   Thi s pr i ce 
shoul d not  i ncl ude any al l owance f or  pi pe or  ot her  
mat er i al s used i n maki ng t he connect i ons.   Thi s uni t  
pr i ce pay i t em may be opt i onal  f or  gr out  payment  on 
an hour l y basi s.

**************************************************************************

[ Payment  wi l l  be made f or  cost s associ at ed wi t h connect i ons t o gr out  hol es 
at  a r at e of  [ _____]  dol l ar s per  connect i on. ]  [ Payment  f or  onl y one 
connect i on wi l l  be made f or  each hol e r egar dl ess of  t he number  of  set t i ngs. ]
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1. 2. 6. 2   Measurement

Connect i ons t o gr out  hol es wi l l  be measur ed f or  payment  per  connect i on f or  
each t i me t he gr out  suppl y l i ne i s connect ed t o t he r i ng gr out  hol e or  an 
expl or at or y hol e f or  t he pur pose of  i nj ect i ng gr out ,  r egar dl ess of  t he 
number  of  t i mes such connect i ons ar e made per  hol e or  t he amount  of  gr out  
act ual l y i nj ect ed.

1. 2. 6. 3   Uni t  of  Measur e

Uni t  of  measur e:   each.

1. 2. 7   Por t l and Cement  i n Gr out

1. 2. 7. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h Por t l and cement  i n gr out .

1. 2. 7. 2   Measurement

Por t l and cement  i n gr out  wi l l  be measur ed f or  payment  on t he basi s of  t he 
number  of  cubi c met er s ( 42. 6 kg)  cubi c f eet  ( 94 pounds)  of  cement  used i n 
t he gr out  sat i sf act or i l y  pl aced i n r i ng gr out  hol es and i n f i l l i ng 
expl or at or y hol es,  or  wast ed when such wast i ng i s not  due t o t he 
Cont r act or ' s negl i gence.

1. 2. 7. 3   Uni t  of  Measur e

Uni t  of  measur e:   met er  ( 42. 6 kg)  cubi c f oot  ( 94 pounds) .

1. 2. 8   Mi ner al  Fi l l er  i n Gr out

1. 2. 8. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h mi ner al  f i l l er  i n gr out .

1. 2. 8. 2   Measurement

Mi ner al  f i l l er  i n gr out  wi l l  be measur ed f or  payment  on t he basi s of  t he 
number  of  cubi c met er s ( 36. 3 kg)  cubi c f eet  ( 80 pounds)  of  f i l l er  used i n 
t he gr out  and sat i sf act or i l y  pl aced i n gr out  hol es.

1. 2. 8. 3   Uni t  of  Measur e

Uni t  of  measur e:   cubi c met er  ( 36. 3 kg)  cubi c f oot  ( 80 pounds) .

1. 2. 9   Sand i n Gr out

1. 2. 9. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h sand i n gr out .

1. 2. 9. 2   Measurement

Sand i n gr out  wi l l  be measur ed f or  payment  on t he basi s of  t he number  of  
cubi c met er s cubi c f eet  of  sand [ ,  dr y r odded measur ement , ]  used i n t he 
gr out  sat i sf act or i l y  pl aced i n r i ng gr out  hol es or  i n f i l l i ng expl or at or y 
holes.
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1. 2. 9. 3   Uni t  of  Measur e

Uni t  of  measur e:   cubi c f oot .

1. 2. 10   Fl ui di f i er  i n Gr out

1. 2. 10. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h f l ui di f i er  i n gr out  [ ,  
i ncl udi ng f ul l  al l owance f or  t he payment  by t he Cont r act or  of  al l  r equi r ed 
royalties].

1. 2. 10. 2   Measurement

Fl ui di f i er  i n gr out  wi l l  be measur ed f or  payment  on t he basi s of  t he number  
of  pounds of  f l ui di f i er  used i n t he gr out  sat i sf act or i l y  pl aced i n r i ng 
gr out  hol es.

1. 2. 10. 3   Uni t  of  Measur e

Uni t  of  measur e:   k i l ogr am pound.

1. 2. 11   Chemi cal s i n Chemi cal  Gr out

1. 2. 11. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h chemi cal s i n chemi cal  gr out .

1. 2. 11. 2   Measurement

Chemi cal s i n chemi cal  gr out  wi l l  be measur ed f or  payment  on t he basi s of  
t he number  of  gal l ons of  chemi cal s act ual l y used i n gr out  mi xt ur es 
sat i sf act or i l y  pl aced i n r i ng gr out  hol es.

1. 2. 11. 3   Uni t  of  Measur e

Uni t  of  measur e:   k i l ogr am pound.

1. 2. 12   St eel  Pi pe and Fi t t i ngs

1. 2. 12. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h embedded gr out  and dr ai n 
hol e pi pe and f i t t i ngs r emai ni ng i n t he per manent  wor k,  whi ch i ncl udes 
cost s f or  r emoval  of  pi pe and f i t t i ngs,  and pat chi ng and cl eanup pur suant  
t o Sect i on 31 73 00 TUNNEL AND SHAFT GROUTI NG,  par agr aph PATCHI NG AND 
CLEANUP.   Al l  pi pe and f i t t i ngs r emoved shal l  become t he pr oper t y of  t he 
Contractor.

1. 2. 12. 2   Measurement

Embedded pi pe and f i t t i ngs t hr ough whi ch hol es wi l l  be dr i l l ed and gr out ed,  
as shown and as di r ect ed or  appr oved,  wi l l  be measur ed f or  payment  on t he 
basi s of  t he act ual  [ k i l ogr ams] [ l i near  met er s]  [ pounds] [ l i near  f eet ] [ ,  as 
di f f er ent i at ed by pi pe s i ze and schedul e number , ]  of  sat i sf act or i l y  
i nst al l ed pi pe and f i t t i ngs l ef t  i n pl ace.   No addi t i onal  al l owance wi l l  be 
made f or  [ over wei ght ] [ di f f er ences]  caused by i nst al l at i on of  over si zed pi pe 
( di amet er  or  l engt h)  and pi pes t hat  ar e not  speci f i ed or  appr oved.   Upon 
compl et i on of  t he gr out i ng,  no addi t i onal  al l owance wi l l  be made f or  cost s 
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of  cut t i ng of f  and r emovi ng f r om t he pr oj ect  s i t e al l  gr out  pi pe 
connect i ons pr ot r udi ng f r om t he i nsi de f ace of  t he concr et e l i ner .

1. 2. 12. 3   Uni t  of  Measur e

Uni t  of  measur e:   k i l ogr am pound.

1. 2. 13   Pr essur e Washi ng and Pr essur e Test i ng

1. 2. 13. 1   Payment

Payment  wi l l  be made f or  pr essur e washi ng,  and pr essur e t est i ng of  gr out  
hol es and pr essur e t est i ng of  expl or at or y hol es,  whi ch i ncl udes t he cost  of  
pr el i mi nar y washi ng,  mat er i al s f or  washi ng and t est i ng,  and maki ng and 
br eaki ng connect i ons i nci dent al  t o t he wor k.   Payment  wi l l  be based upon 
t he t ot al  amount  of  t i me r equi r ed f or  pr essur e washi ng and pr essur e 
t est i ng,  det er mi ned by r educi ng t he t ot al  number  of  mi nut es of  oper at i on t o 
t he near est  whol e hour .   No payment  wi l l  be made f or  t i me l ost  due t o f aul t  
or  negl i gence of  t he Cont r act or ,  or  due t o def ect i ve equi pment  f ur ni shed by 
t he Cont r act or .

1. 2. 13. 2   Measurement

Pr essur e washi ng and pr essur e t est i ng wi l l  be measur ed f or  payment  on t he 
basi s of  t he act ual  t i me wat er  pumps ar e oper at i ng.   Pr essur e washi ng and 
pr essur e t est i ng wi l l  be measur ed f r om t he t i me pumpi ng i s begun on a hol e 
or  sect i on of  a hol e unt i l  t he t i me pumpi ng i s compl et ed on t he hol e or  
sect i on of  t he hol e as det er mi ned by t he Cont r act i ng Of f i cer .   Ti me wi l l  be 
measur ed cumul at i vel y t o t he next  whol e mi nut e of  oper at i ons.

1. 2. 13. 3   Uni t  of  Measur e

Uni t  of  measur e:   near est  whol e hour .

1. 3   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
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basi c desi gnat i on onl y.

ASME I NTERNATI ONAL ( ASME)

ASME B16. 3 ( 2016)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2012)  St andar d f or  Fact or y- Made Wr ought  
St eel  But t wel di ng Fi t t i ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2018)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM C117 ( 2017)  St andar d Test  Met hod f or  Mat er i al s 
Fi ner  t han 75- um ( No.  200)  Si eve i n 
Mi ner al  Aggr egat es by Washi ng

ASTM C136/ C136M ( 2014)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C150/ C150M ( 2018)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C494/ C494M ( 2017)  St andar d Speci f i cat i on f or  Chemi cal  
Admi xt ur es f or  Concr et e

ASTM C618 ( 2017a)  St andar d Speci f i cat i on f or  Coal  
Fl y Ash and Raw or  Cal c i ned Nat ur al  
Pozzol an f or  Use i n Concr et e

ASTM C937 ( 2016)  Gr out  Fl ui di f i er  f or  
Pr epl aced- Aggr egat e Concr et e

ASTM C939/ C939M ( 2016a)  St andar d Test  Met hod f or  Fl ow of  
Gr out  f or  Pr epl aced- Aggr egat e Concr et e 
( Fl ow Cone Met hod)

ASTM C940 ( 2016)  St andar d Test  Met hod f or  Expansi on 
and Bl eedi ng of  Fr eshl y Mi xed Gr out s f or  
Pr epl aced- Aggr egat e Concr et e i n t he 
Laboratory

ASTM C942 ( 2010)  Compr essi ve St r engt h of  Gr out s f or  
Pr epl aced- Aggr egat e Concr et e i n t he 
Laboratory

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

COE CRD- C 400 ( 1963)  Requi r ement s f or  Wat er  f or  Use i n 
Mi xi ng or  Cur i ng Concr et e

EM 1110- 1- 3500 ( 1995)  Engi neer i ng and Desi gn - -  Chemi cal  
Grouting
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EM 1110- 2- 2901 ( 1997)  Engi neer i ng and Desi gn - -  Tunnel s 
and Shaf t s i n Rock

EM 1110- 2- 3506 ( 2017)  Gr out i ng Technol ogy

EM 385- 1- 1 ( 2014)  Saf et y and Heal t h Requi r ement s 
Manual

1. 4   SEQUENCING

Per f or m gr out i ng i n t he wor k sequence as shown and as speci f i ed.   [ [ Cont act  
gr out i ng] [  and/ or  ] [ gr out i ng behi nd st eel  l i ner ]  shal l  be done at  a 
r easonabl e t i me f ol l owi ng i nst al l at i on of  t he per manent  l i ner  and pr i or  t o 
any appl i cat i on of  i nt er nal  or  ext er nal  wat er  pr essur e,  ai r  shock,  or  
v i br at i on. ] [   Tunnel  and shaf t  gr out i ng or  r i ng gr out i ng shal l  be done at  
t he appr opr i at e t i me dur i ng t he excavat i on/ muck/ suppor t  mi ni ng cycl e t o 
achi eve t he desi r ed wat er  f l ow r educt i on or  st abi l i zat i on pr i or  t o t he 
passage of  any wat er  wi t hi n t he t unnel  or  shaf t . ]   Gr out i ng,  once st ar t ed,  
shal l  nor mal l y pr oceed t o compl et i on wi t hout  s i gni f i cant  i nt er r upt i on.

1. 5   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.
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Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Dr i l l i ng Oper at i ons
Pr essur e Washi ng and Pr essur e Test i ng Oper at i ons
Cement  and Chemi cal  Gr out i ng Oper at i ons

SD- 03 Pr oduct  Dat a

Qualifications
Gr out i ng Equi pment ;  G[ ,  [ _____] ]
Gr out  Appl i cat i on;  G[ ,  [ _____] ]

SD- 04 Sampl es

Gr out i ng Mat er i al  Sampl es;  G[ ,  [ _____] ]

1. 6   QUALIFICATIONS

Gr out i ng shal l  be per f or med by a speci al t y Cont r act or  or  subcont r act or  
exper i enced and compet ent  i n [ cement  gr out i ng]  [ chemi cal  gr out i ng]  [ bot h 
cement  and chemi cal  gr out i ng] .   Submi t  evi dence t hat  t he gr out i ng 
speci al i s t  or  gr out i ng f or eman has had at  l east  3 year s exper i ence wi t hi n 
t he past  5 year s on s i mi l ar  gr out i ng t ype pr oj ect s.   

Per f or m al l  gr out i ng wor k under  t he di r ect  f i el d super vi s i on of  a qual i f i ed 
gr out i ng speci al i s t  or  gr out i ng f or eman whose qual i f i cat i ons have been 
pr ovi ded t o t he Cont r act i ng Of f i cer .   The f or eman or  speci al i s t  shal l  
super vi se t he per f or mance of  t he wor k i n compl i ance wi t h t hese 
specifications.

PART 2   PRODUCTS

2. 1   GROUTI NG MATERI ALS

Pr ovi de gr out  of  a nonshr i nk t ype and nor mal l y composed of  wat er ,  cement ,  
and f l ui di f i er  wi t h shr i nkage compensat or s ( expandi ng agent s) .   Use sand,  
admi xt ur es t o var y gr out  pr oper t i es,  and mi ner al  f i l l er s as speci f i ed or  
appr oved.   The gr out  mi xes wi l l  be desi gned or  appr oved by t he Cont r act i ng 
Of f i cer  and wi l l  be var i ed t o meet  t he char act er i s t i cs of  each hol e or  
s i t uat i on as det er mi ned by t he condi t i ons encount er ed.   The var i ous 
mat er i al s f ur ni shed shal l  conf or m t o t he f ol l owi ng par agr aphs.

2. 1. 1   Water

[ Fur ni sh t he wat er  used i n t he gr out .   I t  shal l  be f r esh,  c l ean,  and f r ee 
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of  sewage,  oi l ,  or  or gani c mat t er  and i nj ur i ous amount s of  aci d,  al kal i ,  
and sal t s or  ot her  damagi ng subst ances as det er mi ned by COE CRD- C 400.][Water 
sui t abl e f or  use i n t he wor k wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de 
any necessar y connect i ons and ext ensi ons t o t he Gover nment  suppl y l i ne. ]

2. 1. 2   Cement

**************************************************************************
NOTE:   Desi gner  shoul d i nser t  t he Sect i on number  and 
t i t l e t hat  speci f i es t he st or age r equi r ement s f or  
cement.

**************************************************************************

Pr ovi de cement  used i n gr out  conf or mi ng t o t he r equi r ement s of  
ASTM C150/ C150M,  por t l and cement  Type [ _____] .   St or e cement  i n accor dance 
wi t h Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE]  [ 03 30 00. 00 10 CAST- I N- PLACE CONCRETE]  [
03 31 01. 00 10 CAST- I N- PLACE STRUCTURAL CONCRETE FOR CI VI L WORKS]  [ _____] .   
Empl oy met hods of  handl i ng,  t r anspor t i ng,  and st or age t hat  ar e sat i sf act or y 
t o t he Cont r act i ng Of f i cer .   Onl y cement  f ur ni shed i n c l ot h or  paper  bags 
wi l l  be accept ed f or  use i n t he wor k unl ess bul k cement  i s  appr oved.   St or e 
a suf f i c i ent  quant i t y of  cement  at  or  near  t he s i t e of  t he wor k t o ensur e 
t hat  gr out i ng oper at i ons wi l l  not  be del ayed due t o shor t age of  cement .   
Car e shal l  be t aken i n st or age and handl i ng t o pr ot ect  t he cement  f r om 
cont ami nat i on and moi st ur e.   I n t he event  t he cement  cont ai ns l umps or  
f or ei gn mat t er  t hat  wi l l  not  pass t hr ough a st andar d #100 mesh scr een,  
r emove t he cement  f r om t he wor k s i t e and r epl ace i t  at  no cost  t o t he 
Government.

2. 1. 3   Sand

Sand f or  gr out  shal l  consi st  of  har d,  t ough,  dur abl e,  uncoat ed par t i c l es.   
I t  may be composed of  [ nat ur al  sand] [ manuf act ur ed sand] [ a combi nat i on of  
nat ur al  and manuf act ur ed sand] .   The shape of  t he par t i c l es shal l  be 
gener al l y r ounded or  cubi cal  and shal l  not  cont ai n mor e t han 5 per cent  of  
f l at  or  el ongat ed pi eces havi ng a maxi mum di mensi on i n excess of  f i ve t i mes 
t he mi ni mum di mensi on.   I f  t he sand i s a combi nat i on of  separ at el y 
pr ocessed si zes,  c l assi f i cat i on,  or  a combi nat i on of  nat ur al  and 
manuf act ur ed sands,  t he di f f er ent  component s shal l  be bat ched separ at el y,  
or ,  subj ect  t o wr i t t en appr oval ,  bl ended pr i or  t o del i ver y t o t he mi xi ng 
pl ant .   The sand shal l  be wel l - gr aded f r om f i ne t o coar se,  and t he 
gr adat i on,  as det er mi ned i n accor dance wi t h ASTM C136/ C136M and ASTM C117, 
shal l  conf or m t o t he f ol l owi ng r equi r ement s:

SI EVE DESI GNATI ON
( U. S.  STANDARD SQUARE MESH)

CUMULATI VE PERCENTAGE BY WEI GHT

PASSING RETAINED

8 100 0

16 95-100 0-5

30 60-85 15-40
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SI EVE DESI GNATI ON
( U. S.  STANDARD SQUARE MESH)

CUMULATI VE PERCENTAGE BY WEI GHT

PASSING RETAINED

50 20-50 50-80

100 10-30 70-90

200 0-5 95-100

I n addi t i on t o t he gr adi ng l i mi t s shown,  al l  sand used i n t he wor k shal l  
have a f i neness modul us wi t hi n t he r ange of  1. 50 t o 2. 00.   The gr adi ng of  
t he sand as del i ver ed t o t he mi xes,  dur i ng any 24- hour  per i od of  oper at i on,  
shal l  be cont r ol l ed so t hat  t he f i neness modul i  of  sampl es t aken wi l l  not  
var y mor e t han 0. 10 f r om t he aver age f i neness modul us.   The r esul t s  of  
pr evi ous t est s and t he ser vi ce r ecor d may be used t o det er mi ne t he 
accept abi l i t y  of  t he sand.   Sand shal l  be st or ed i n a manner  t o f ac i l i t at e 
dr ai nage and avoi d t he i ncl usi on of  any f or ei gn mat er i al s i n t he gr out .   
The st or age pi l es shal l  be const r uct ed t o pr event  segr egat i on and 
contamination.

2. 1. 4   Admixtures

An admi xt ur e i s any mat er i al  ot her  t han wat er ,  sand,  and cement  added t o 
t he gr out  i mmedi at el y bef or e or  dur i ng i t s mi xi ng t o al t er  i t s  chemi cal  or  
physi cal  pr oper t i es t o a desi r ed char act er i st i c  dur i ng i t s f l ui d or  pl ast i c 
st at e.   Admi xt ur es shal l  conf or m t o ASTM C494/ C494M at  t he t i me of  
accept ance t est i ng sampl e submi t t al ;  f ur ni sh cer t i f i cat i on f r om t he 
manuf act ur er  t hat  t he mat er i al  meet s al l  t he r equi r ement s of  t hese 
speci f i cat i ons.   Al l  admi xt ur es t o be used i n each bat ch of  gr out  shal l  be 
separ at el y packaged and wei ghed pr i or  t o use.   Gr out  f l ui di f i er  and 
expandi ng agent s shal l  conf or m t o t he r equi r ement s of  ASTM C937.   
Accel er at or  addi t i ve shal l  be cal c i um chl or i de ( CaCl 2)  i n amount s up t o 2 
per cent  of  t he cement  by wei ght  or  an appr oved pr oduct  manuf act ur ed f or  t he 
speci f i c  pur pose of  accel er at i ng gr out  set - up t i me.   The cal c i um chl or i de 
shal l  be gr anul ar  or  f l aked and added t o t he gr out  by di ssol v i ng i t  i n a 
por t i on of  t he mi x wat er .

2. 1. 5   Mi ner al  Fi l l er

Fi l l er s used i n gr out  as r epl acement  f or  a por t i on of  t he cement  shal l  be 
f l y  ash composed of  f i nel y di v i ded s i l i ceous r esi due and i n accor dance wi t h 
ASTM C618,  Cl ass F.   The maxi mum amount  of  f l y  ash shoul d not  exceed 30 
per cent  of  t he cement  by wei ght .

2. 1. 6   Chemi cal  Gr out i ng Mat er i al s

**************************************************************************
NOTE:   Desi gner s shoul d seek i nf or mat i on f r om 
chemi cal  gr out  suppl i er s and manuf act ur er s and ot her  
r ef er ence mat er i al  on t he subj ect  about  whi ch 
t ype( s)  of  chemi cal  gr out  i s  best  sui t ed f or  t hei r  
par t i cul ar  appl i cat i on and j ob.

**************************************************************************

Gr out i ng mat er i al s shal l  be nonf l ammabl e and t he t ype used i n gr out s t hat  
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ar e ei t her  wat er - based ( gel  f or mi ng)  or  wat er - r eact i ve ( f oam f or mi ng) .   
Onl y t he f ol l owi ng wat er - based chemi cal  t ypes shal l  be used;  s i l i cat es,  
acr y l at es,  pol yacr yl ami des,  acr yl ami des ( onl y cer t ai n pr oduct s) ,  modi f i ed 
t anni n,  and epoxy r esi ns.   Onl y t he f ol l owi ng wat er - r eact i ve chemi cal  t ypes 
shal l  be used;  pol yur et hanes and el ast omer s.   Chemi cal  compounds shal l  be 
EPA appr oved.   A suf f i c i ent  quant i t y of  chemi cal  gr out i ng mat er i al s  shal l  
be st or ed at  or  near  t he wor k s i t e t o ensur e t hat  gr out i ng oper at i ons wi l l  
not  be del ayed due t o st or age of  t hese mat er i al s.   St or age r equi r ement s,  
mi x i ng,  and handl i ng of  al l  component  mat er i al s as wel l  as t he gr out  
mi xt ur e i t sel f  shal l  be i n accor dance wi t h t he manuf act ur er ' s or  suppl i er ' s  
recommendations.

2. 2   EQUIPMENT

Dr i l l i ng and gr out i ng equi pment  shal l  be of  a t ype,  capaci t y,  and 
mechani cal  condi t i on sui t abl e f or  t he wor k,  as appr oved by t he Cont r act i ng 
Of f i cer .   Power ,  compr essed ai r ,  al l  ot her  equi pment ,  and t he l ayout  
t her eof  shal l  meet  t he r equi r ement s of  l ocal ,  St at e,  and Feder al  
r egul at i ons and codes,  bot h wi t h r espect  t o saf et y and ot her wi se.   The use 
of  gasol i ne i nt er nal  combust i on engi nes f or  oper at i on of  dr i l l i ng and 
gr out i ng equi pment  under gr ound i s  not  per mi t t ed.   I nt er nal  combust i on 
engi nes shal l  be di esel  power ed f i t t ed wi t h sui t abl e and ef f i c i ent  
scr ubber s and i n compl i ance wi t h EM 385- 1- 1.

2. 2. 1   Dr i l l i ng Equi pment

Use st andar d dr i l l i ng equi pment  of  t he r ot ar y,  per cussi on,  or  
r ot ar y- per cussi on t ype t o per f or m gr out  hol e,  dr ai n hol e,  and expl or at or y 
hol e dr i l l i ng.   The use of  hand- hel d equi pment ,  such as j ackhammer  or  
j ackl eg per cussi on- t ype dr i l l s  f or  dr i l l i ng hol es above t he hor i zont al ,  i s  
not  per mi t t ed.   The equi pment  shal l  be of  a t ype and condi t i on t hat  wi l l  
al l ow a dr i l l i ng r at e whi ch wi l l  not  del ay t he wor k and wi l l  be adequat e t o 
mai nt ai n an al i gnment  wi t hi n a t ol er ance of  4 per cent  or  l ess of  t he 
dept h.   Al l  dr i l l i ng equi pment  shal l  be pr oper l y mai nt ai ned and a 
suf f i c i ent  suppl y of  bi t s,  t ool s,  and spar e par t s shal l  be kept  at  t he j ob 
s i t e t o avoi d del ays.   I n t he case of  equi pment  br eakdown,  r epai r s shal l  be 
made pr ompt l y.   Expl or at or y dr i l l i ng shal l  be accompl i shed usi ng r ot ar y 
cor e dr i l l i ng r i gs and equi pment .   A st andar d bal l  bear i ng,  swi vel  t ype,  
t r i pl e- t ube,  or  doubl e- t ube cor e bar r el  shal l  be used at  al l  t i mes when 
dr i l l i ng expl or at or y hol es.   The cor e bar r el  shal l  be of  a l engt h,  gener al l y
 1. 5 or  3 met er s 5 or  10 f eet ,  appr opr i at e f or  t he wor ki ng space and t he 
t ype of  mat er i al  bei ng dr i l l ed.   Appr opr i at e cor i ng bi t s f or  expl or at or y 
hol es and dr ai n hol es shal l  be NW si ze except  wi r e l i ne bi t s shal l  be NQ i n 
s i ze or  as di r ect ed.   Gr out  hol e s i zes shal l  be EW.   A wi r e l i ne syst em 
shal l  be used on downwar d i ncl i ned hol es t hat  ar e [ 15] [ _____]  met er s 
[ 50] [ _____]  f eet  or  gr eat er  i n dept h.

2. 2. 2   Gr out i ng Equi pment

2. 2. 2. 1   Cement  Gr out i ng Equi pment

Submi t  a pl an of  t he pr oposed gr out i ng equi pment  t ypes and l ayout  f or  
appr oval .   An exampl e of  a t ypi cal  gr out i ng equi pment  l ayout  i s  i nc l uded at  
t he end of  t hi s sect i on.   The gr out  pl ant  shal l  be capabl e of  suppl y i ng,  
mi xi ng,  st i r r i ng,  and pumpi ng t he gr out  as speci f i ed.   The pl ant  shal l  have 
a mi ni mum capaci t y of  [ 0. 11] [ _____]  cubi c met er s per  mi nut e [ 4] [ _____]  
cubi c f eet  per  mi nut e ( cf m)  of  gr out  i nj ect ed at  a pr essur e not  gr eat er  t han
 [ 690] [ _____]  kPa [ 100] [ _____]  pounds per  squar e i nch ( psi ) .   I t  shal l  be 
mai nt ai ned i n f i r st - c l ass oper at i ng condi t i on at  al l  t i mes,  and any gr out  
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hol e l ost  or  damaged due t o mechani cal  f ai l ur e of  equi pment  or  i nadequacy 
of  gr out  suppl y shal l  be r epl aced at  no expense t o t he Gover nment .    
Gr out i ng equi pment  t o be f ur ni shed shal l  i ncl ude t he f ol l owi ng:

2. 2. 2. 1. 1   Gr out  Pump

Ai r  or  el ect r i cal l y  power ed gr out  pump( s)  of  t he pr ogr essi ve cavi t y  
( hel i cal  scr ew)  t ype t hat  i s  f r ee of  sur gi ng ar e capabl e of  pumpi ng a gr eat  
r ange of  gr out  consi st enci es,  pr ovi de c l ose cont r ol  of  pumpi ng pr essur es 
and var i abl e r at es of  i nj ect i on,  and can be easi l y  and qui ckl y ser v i ced 
dur i ng gr out i ng oper at i ons.   A mi ni mum of  one spar e gr out  pump and spar e 
pump par t s shal l  be avai l abl e on s i t e dur i ng al l  gr out i ng oper at i ons.

2. 2. 2. 1. 2   Gr out  Mi xer

Gr out  mi xer s ei t her  mechani cal l y dr i ven,  hi gh- speed,  shear - t ype t ub mi xer s 
wi t h ei t her  ver t i cal  or  hor i zont al  dr um,  or  hi gh- speed col l oi dal  mi xer s.   
Mi xer s shal l  be capabl e of  ef f ect i vel y mi xi ng and st i r r i ng a capaci t y of  at  
l east  0. 11 cubi c met er s 4 cubi c f eet  of  gr out  wi t h wat er  t o cement  r at i os 
f r om 0. 6: 1 t o 6. 0: 1 and achi eve mi xi ng by const ant  r api d c i r cul at i on of  
gr out .   The mi xer  shal l  be equi pped wi t h a sui t abl e vol ume- measur i ng wat er  
met er i ng devi ce f or  bat chi ng wat er  f or  t he gr out  mi x.   The wat er  met er  
shal l  be cal i br at ed t o r ead i n cubi c met er s and t housandt hs cubi c f eet  and 
t ent hs and desi gned i n a manner  t hat  af t er  each del i ver y t he hands can be 
conveni ent l y set  back t o zer o.   The wat er  met er  shal l  have a cer t i f i cat e of  
cal i br at i on f r om an i ndependent  l abor at or y.   Pr i or  t o each use,  t he wat er  
met er  shal l  be checked f or  accur acy and,  i f  necessar y,  r ecal i br at ed.

2. 2. 2. 1. 3   Hol di ng Tank or  Sump

Hol di ng t ank( s)  or  sump( s)  of  t he mechani cal l y agi t at ed t ype t o pr ovi de a 
hi gh vol ume and cont i nuous i nj ect i on of  gr out .   The sump shal l  be capabl e 
of  hol di ng t he sol i ds of  t he mi x i n suspensi on and have a capaci t y of  at  
l east  0. 34 cubi c met er s 12 cubi c f eet  of  gr out  or  t hr ee t i mes t he capaci t y 
of  t he mi xi ng syst em.   Vol ume of  gr out  used f r om t he agi t at or  hol di ng 
t ank( s)  or  sump( s)  shal l  be measur ed by a ver t i cal  gr aduat ed st i ck or  mar ks 
at  di f f er ent  l evel s i n t he t ank( s) / sump( s) .

2. 2. 2. 1. 4   Suppl y and Pr essur e Cont r ol

Val ves,  pr essur e gauges,  gr out  l i nes,  header  ar r angement s,  and accessor i es 
as necessar y t o pr ovi de a cont i nuous suppl y of  gr out  and accur at e pr essur e 
cont r ol .   Gr out  shal l  be conveyed bet ween t he pump and t he hol e usi ng a 
[ s i ngl e- l i ne syst em consi st i ng of  a pi pe or  hose or  combi nat i on of  bot h 
ext endi ng f r om t he pump di schar ge t o t he header  at  t he hol e col l ar  wi t h 
gr out  i nj ect i on r at e cont r ol l ed by t he pump speed] [  or  ] [ c i r cul at i ng 
doubl e- l i ne syst em composed of  a suppl y l i ne t o t he header  at  t he hol e 
col l ar  and a r et ur n l i ne f r om t he header  t o t he gr out  pump,  sump,  or  
hol di ng t ank] .   Gr out  l i nes shal l  consi st  of  ei t her  bl ack st eel  pi pe or  
r ei nf or ced r ubber  or  pl ast i c hose or  a combi nat i on of  bot h.   The maxi mum 
i nsi de di amet er  of  al l  gr out  l i nes shal l  be 25 mi l l i met er s 1 i nch.   The 
gr out  i nj ect i on r at e f or  t he s i ngl e- l i ne syst em shal l  be cont r ol l ed by t he 
pump speed so t hat  set t l ement  of  sol i ds wi t hi n t he l i nes wi l l  not  occur  
when pumpi ng at  or  above t he mi ni mum di schar ge capaci t y of  t he pump.   The 
pr essur e i n t he doubl e- l i ne syst em shal l  be cont r ol l ed by one or  mor e 
val ves on t he cont r ol  l i ne.   The di st ance bet ween t he hol e and t he pump or  
hol di ng t anks shal l  be as shor t  as possi bl e t o mi ni mi ze t he accumul at i on of  
sol i ds and possi bl e c l oggi ng.   Pr essur e gauges shal l  be hi gh pr eci s i on,  
gr aduat ed wi t h di v i s i ons not  gr eat er  t han 10 kPa 2 psi  on t he di al  f ace,  
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cal i br at ed and cer t i f i ed cor r ect  pr i or  t o use.   Gauges shal l  be t est ed f or  
accur acy[  dai l y]  dur i ng t he wor k by cr oss compar i son wi t h a st andar d set  of  
oi l - f i l l ed gauges.   The movi ng par t s of  al l  gauges shal l  be pr ot ect ed f r om 
dust ,  gr i t ,  and di r ect  cont act  wi t h gr out .

2. 2. 2. 1. 5   Fl ow Cone

Fl ow cone( s)  t o ascer t ai n t he f l ui di t y of  gr out  mi xt ur es.   The f l ow cone 
and met hod of  t est  shal l  be i n accor dance wi t h ASTM C939/ C939M.

2. 2. 2. 1. 6   Communications

Tel ephone or  r adi o communi cat i ons bet ween t he gr out  pl ant  and t he hol e 
bei ng gr out ed when t he s i t e condi t i ons such as di st ance,  noi se l evel ,  or  
v i sual  obst r uct i ons negat i vel y i mpact  on t he pr oper  cont r ol  of  gr out i ng 
operations.

2. 2. 2. 2   Chemi cal  Gr out i ng Equi pment

The chemi cal  gr out  pl ant  shal l  be of  t he cont i nuous mi xi ng and pumpi ng 
t ype.   Pr ovi de al l  chemi cal  gr out i ng equi pment  i n st r i c t  compl i ance wi t h 
t he gr out  manuf act ur er  or  suppl i er  r ecommendat i ons f or  t he speci f i c  gr out  
and The met hod t o be used i n gr out  appl i cat i on appr oved by t he Cont r act i ng 
Of f i cer .   Al l  equi pment  shal l  be of  a t ype,  capaci t y,  and mechani cal  
condi t i on sui t abl e f or  doi ng t he wor k,  compat i bl e wi t h t he chemi cal  t o be 
handl ed,  and mai nt ai ned i n f i r st - c l ass oper at i ng condi t i ons t hr oughout  t he 
job.

2. 3   GROUT

2. 3. 1   Cement  Gr out

Desi gn t he gr out  mi xt ur e t o expand [ 3 t o 5 per cent ] [ 2 t o 4 per cent ]  when 
t est ed i n accor dance wi t h ASTM C940.   Gr out  f l ow t i me- of - ef f l ux,  when 
t est ed i n accor dance wi t h ASTM C939/ C939M shal l  be [ bet ween 10 and 30 
seconds] .   The unconf i ned compr essi ve st r engt h of  t he sol i di f i ed gr out  
shal l  r ange bet ween [ 3. 5 and 13. 8] [ 13. 8 and 20]  MPa [ 500 and 2, 000] [ 2, 000 
and 3, 000]  psi  when t est ed i n accor dance wi t h ASTM C942.

2. 3. 2   Chemi cal  Gr out

Chemi cal  gr out  shal l  be composed of  commer ci al l y  avai l abl e mat er i al s 
consi st i ng of  base mat er i al ,  r eact ant ,  wat er ,  and accel er at or  i f  r equi r ed.   
Set  t i mes f or  chemi cal  gr out  shal l  be cont r ol l abl e f r om 1 t o 30 mi nut es 
f ol l owi ng i nj ect i on.   Al l  component s shal l  be compat i bl e wi t h each ot her  
and wi t h t he r ock or  soi l  and gr oundwat er .   The Cont r act or  and manuf act ur er  
shal l  cer t i f y  t hat  t he pr oposed gr out  i s  chemi cal l y st abl e and wi l l  not  
r ender  sur r oundi ng gr oundwat er  unpot abl e. [   The gr out  mi x shal l  be such 
t hat  when i nj ect ed i n medi um dense Ot t awa 20- 30 sand and t est ed by an 
appr oved met hod,  t he unconf i ned compr essi ve st r engt h of  t he gr out ed sand 
shal l  aver age at  l east  690 kPa 100 psi . ]

2. 3. 3   Gr out i ng Mat er i al  Sampl es

**************************************************************************
NOTE:   The Desi gner  shoul d i nser t  t he name and 
addr ess of  t he Di v i s i on Labor at or y wher e mat er i al  
sampl es ar e t o shi pped and t est ed.

**************************************************************************
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Shi p gr out i ng mat er i al  sampl es f or  accept ance l abor at or y t est i ng t o:

[ _____]  Di v i s i on Labor at or y
[_____]
[_____]

The sampl es shal l  i ncl ude:

Cement 5 sacks ( or  213 kg 470 pounds)

Additive(s)  2. 25 kg 5 pounds of  each

Sand 0. 75 cubi c met er  1 cubi c yar d

Mi ner al  Fi l l er 68 kg 150 pounds

Chemi cal  Gr out  ( t o i ncl ude r eact ant  and 
catalyst)

4 L 1 gal l on

Each sampl e shal l  be f r om t he manuf act ur er  or  suppl i er  and r epr esent at i ve 
of  t he mat er i al s  t o be used i n t he wor k or  f r om t he shi pment  r ecei ved at  
t he wor k s i t e.   Shi pment  shal l  be made t o per mi t  ar r i val  at  t he l ab 28 
cal endar  days bef or e t he ear l i est  st ar t  of  gr out i ng.   Any subst i t ut i on of  
mat er i al s af t er  mi x desi gn i s appr oved wi l l  r equi r e a new mi x desi gn and an 
addi t i onal  28 days.   St at e t he i nt ended gr out  pumpi ng t emper at ur e r ange.   
Gr out  mi xes wi l l  be desi gned and appr oved onl y f or  t he st at ed t emper at ur e 
range.

2. 4   PI PE AND FI TTI NGS

Al l  pi pe shal l  conf or m t o ASTM A53/ A53M st andar d wei ght .   The f i t t i ngs 
shal l  be mal l eabl e i r on Type I  i n accor dance wi t h ASME B16. 3, ASME B16. 5, 
and ASME B16. 9,  Cl ass 150.   Pi pe shal l  be bl ack st eel  of  t he di amet er  shown 
or  as di r ect ed.

PART 3   EXECUTI ON

3. 1   GROUT,  DRAI NAGE,  AND EXPLORATORY HOLES

Hol es t hr ough shot cr et e or  concr et e or  i nt o t he sur r oundi ng r ock,  f or  t he 
pur pose of  i nj ect i ng gr out  or  ai r  r el ease and pr ovi di ng dr ai nage,  shal l  be 
at  t he l ocat i on i n t he di r ect i on and t o t he dept hs shown or  as di r ect ed or  
appr oved.   For m hol es by embeddi ng pi pe i n t he concr et e or  shot cr et e at  t he 
t i me of  pl aci ng or  made by dr i l l i ng t hr ough t he concr et e,  shot cr et e,  or  
r ock as i ndi cat ed bel ow f or  t he var i ous k i nds of  hol es.   Al l  gr out ,  
dr ai nage,  and expl or at or y hol es shal l  be dr i l l ed usi ng onl y wat er  or  
compr essed ai r .

3. 1. 1   Embedded Pi pe

Pr ovi de al l  met al  pi pe and f i t t i ngs r equi r ed f or  const r uct i ng gr out  hol es,  
gr out  hol e connect i ons,  and ai r  vent s.   Al l  pi pe and f i t t i ngs embedded i n 
concr et e shal l  be c l eaned t hor oughl y of  di r t ,  gr ease,  gr out ,  and mor t ar  
i mmedi at el y bef or e embeddi ng and shal l  be f i r ml y hel d i n posi t i on and 
pr ot ect ed f r om damage or  di spl acement  whi l e t he concr et e i s bei ng pl aced.   
Gr eat  car e shal l  be t aken t o avoi d pr emat ur e c l oggi ng of  pi pes and any pi pe 
t hat  becomes cl ogged or  obst r uct ed bef or e compl et i on of  oper at i ons shal l  be 
c l eaned out  i n a sat i sf act or y manner  or  r epl aced at  t he expense of  t he 
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Cont r act or .   Al l  pi pi ng r equi r ed f or  t he wor k shal l  be cut ,  t hr eaded,  
f abr i cat ed,  and i nst al l ed,  as r equi r ed.

3. 1. 2   Gr out  and Vent  Hol e Dr i l l i ng

Gr out  and vent  hol es shal l  be l ocat ed as shown and as di r ect ed.   Gr out  
hol es dr i l l ed t hr ough shot cr et e or  concr et e shal l  be of  suf f i c i ent  s i ze t o 
per mi t  t he caul k i ng or  gr out i ng of  shor t  l engt hs of  40 mm 1- 1/ 2 i nch 
di amet er  pi pe i nt o t he hol e f or  at t achment  of  t he gr out  suppl y l i ne.   Gr out  
hol e di amet er s i n r ock shal l  be as shown wi t hi n a t ol er ance of  6 mm 0. 25 
i nch and not  l ess t han 35 mm 1- 3/ 8 i nch at  t he poi nt  of  deepest  
penet r at i on.   The si ze of  compl et ed gr out  hol es shal l  be checked f r equent l y 
dur i ng t he wor k t o assur e pr oper  hol e di amet er s ar e achi eved.   I t  i s  
ant i c i pat ed t hat  t he r equi r ed dept h of  [ r i ng] [ t unnel  and shaf t ]  gr out  hol es 
wi l l  not  exceed [ 15] [ _____]  m [ 50] [ _____]  f eet .   Pr ot ect  each hol e dr i l l ed 
f r om becomi ng cl ogged or  obst r uct ed by means of  a cap or  ot her  sui t abl e 
devi ce on t he col l ar .   The use of  gr eases,  " r od dope, "  or  ot her  l ubr i cant s 
on t he dr i l l  r ods or  i n gr out  hol es wi l l  not  be per mi t t ed.   No cor e 
r ecover y wi l l  be r equi r ed,  and t he dr i l l i ng f l ui d shal l  be wat er  or  
compr essed ai r .   Dur i ng t he dr i l l i ng of  gr out  hol es,  t ake al l  pr ecaut i onar y 
measur es t o cont r ol  dust ,  f umes,  and noi se i n conf or mi t y wi t h [ ot her  
sect i ons of  t hese speci f i cat i ons and]  t he appl i cabl e l ocal ,  St at e,  and 
Feder al  l aws,  codes,  and r egul at i ons.   No dr i l l i ng of  t unnel  and shaf t  or  
r i ng gr out  hol es shal l  be accompl i shed unt i l  al l  cont act  gr out i ng wi t hi n 
[ 60] [ _____]  m [ 200] [ _____]  f eet  has been compl et ed.

3. 1. 3   Dr ai n Hol e Dr i l l i ng

Dr ai nage hol es shal l  be l ocat ed as shown and as di r ect ed,  and dr i l l ed 
t hr ough t he per manent  l i ner  af t er  al l  gr out i ng f r om hol es wi t hi n 
[ 60] [ _____]  m [ 200] [ _____]  f eet  has been compl et ed.   Dr ai n hol e di amet er s 
shal l  be as shown but  not  l ess t han [ 50] [ _____]  mm [ 2] [ _____]  i nches wi t h a 
t ol er ance of  6 mm 0. 25 i nch f or  t hei r  f ul l  l engt hs.

3. 1. 4   Expl or at or y Hol e Dr i l l i ng

Per f or m expl or at or y dr i l l i ng as di r ect ed when r equi r ed t o det er mi ne t he 
condi t i on of  t he r ock pr i or  t o gr out i ng or  t he ef f ect i veness of  t he 
gr out i ng oper at i ons.   Such dr i l l i ng may be r equi r ed at  any i ncl i nat i on and 
i n advance of  t he excavat i on f ace or  f r om t he per i met er  of  t he t unnel  or  
shaf t .   Expl or at or y dr i l l  hol e dept hs may var y but  wi l l  not  exceed a 
maxi mum of  [ 15] [ _____]  m [ 50] [ _____]  f eet .   The ent i r e l engt h of  each 
expl or at or y hol e shal l  be cor e dr i l l ed usi ng wat er  or  compr essed ai r .   Cor e 
s i ze shal l  be[  ei t her ]  NW ( 54 mm 2- 1/ 8 i nch di amet er ) [  or  HQ ( 54 mm 2- 1/ 2 
i nch di amet er ) ] .   Cor e dr i l l i ng shal l  be per f or med by compet ent  and 
exper i enced dr i l l er s and speci al  car e shal l  be t aken t o obt ai n cor es i n as 
good condi t i on as possi bl e.   Cor e l oggi ng [ wi l l ] [ shal l ]  be per f or med by 
[ t he Gover nment  Repr esent at i ve] [ a qual i f i ed geol ogi st  exper i enced i n cor e 
l oggi ng] .   Sui t abl e wooden cor e boxes [ wi l l  be f ur ni shed by t he 
Gover nment ] [ as shown i n Sect i on [ 02 32 00 SUBSURFACE DRI LLI NG,  SAMPLI NG,  
AND TESTI NG]  [ 03 37 29 CONCRETE FOR CONCRETE CUTOFF WALLS] ]  [ shal l  be 
f ur ni shed by t he Cont r act or ]  f or  cor e st or age i n a sui t abl e ar ea on s i t e.   
Cor e boxes shal l  be pr ot ect ed f r om t he weat her  pr i or  t o bei ng del i ver ed t o 
t he st or age ar ea upon compl et i on of  each expl or at or y dr i l l  hol e.   Pl ace t he 
cor e i n t he boxes i n t he cor r ect  sequence wi t h each r un mar ked by 
accur at el y l abel ed wooden bl ocks accor di ng t o t he measur ed di st ances i n t he 
hol es.   No box shal l  cont ai n cor es f r om mor e t han one hol e.
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3. 1. 5   Di sposal  of  Dr i l l  Cut t i ngs

Remove dr i l l  cut t i ngs and wat er  pr oduced dur i ng t he dr i l l i ng pr ocess f r om 
t he t unnel  or  shaf t  ar ea on a r out i ne basi s t o avoi d bui l dup t hat  may 
i mpede t he f unct i on of  t empor ar y or  per manent  dr ai nage syst em component s 
such as s l ot t ed pi pe,  sumps,  and pumps.   Dr i l l  cut t i ngs shal l  be di sposed 
of  at  an appr oved l ocat i on out s i de t he t unnel  or  shaf t .

3. 2   GROUTI NG PROCEDURES

Per f or m gr out i ng i n t he pr esence and under  t he di r ect i on of  t he Cont r act i ng 
Of f i cer .   Remove cement  gr out ,  whi ch i s not  i nj ect ed i nt o t he hol e wi t hi n 1 
hour  af t er  mi xi ng ( 30 mi nut es i f  t he mi x cont ai ns f l ui di f i er  wi t h expandi ng 
agent ) ,  f r om t he mi xer ,  sump,  and suppl y l i ne and wast e i t .

3. 2. 1   Washi ng and Pr essur e Test i ng Hol es

**************************************************************************
NOTE:   Devel op t he appr opr i at e f or m t o r ecor d t est  
r esul t s and at t ach i t  t o t he end of  t hi s sect i on.

**************************************************************************

I mmedi at el y bef or e t he i nj ect i on of  gr out  i nt o any hol e dr i l l ed f or  t he 
pur pose of  t unnel  and shaf t  gr out i ng or  expl or at or y dr i l l i ng,  t he hol e 
shal l  be t hor oughl y washed under  pr essur e and t hen pr essur e t est ed t o 
pr ovi de an i ndi cat i on of  pot ent i al  gr out  t ake.

a.   Al l  i nt er sect ed r ock seams and cr evi ces cont ai ni ng c l ay or  ot her  
washabl e mat er i al s shal l  be washed wi t h wat er  and ai r  under  pr essur e t o 
r emove as much of  t hese mat er i al s  as pr act i cabl e ( nor mal l y t hi s means 
unt i l  t he r et ur n wash wat er  r uns c l ean) .   The maxi mum pr essur e at  whi ch 
ai r  and wat er  ar e i nt r oduced f or  any separ at e washi ng oper at i on shal l  
be as di r ect ed.

b.   Al l  hol es suf f i c i ent l y t i ght  t o bui l d up t he maxi mum r equi r ed pr essur e 
shal l  be washed at  such pr essur e,  and t he washi ng shal l  cont i nue as 
l ong as t her e i s  any i ncr ease i n t he r at e at  whi ch wat er  i s  t aken.   
Hol es i n whi ch t he r equi r ed pr essur e cannot  be r eached or  mai nt ai ned 
shal l  be washed as l ong as t her e i s any i ncr ease i n t he r at e of  f l ow or  
dr op i n pr essur e when t he pump i s del i ver i ng a capaci t y f l ow.   Open 
hol es i n whi ch no pr essur e can be bui l t  up shal l  be washed f or  a per i od 
of  5 mi nut es or  f or  such a per i od of  t i me as f r act ur e- f i l l i ng i s bei ng 
r emoved,  as det er mi ned by t he vent i ng of  muddy wat er  t hr ough sur f ace 
openi ngs or  ot her  gr out  hol es.   Wat er  pr essur e t est i ng shal l  al so be 
r equi r ed i n gr out  hol es and expl or at i on hol es f or  t he pur pose of  ei t her  
assessi ng t he gr out  t ake pot ent i al  or  t he i mper vi ousness of  a gr out ed 
area.

c.   The necessar y f i t t i ngs,  a gauge f or  measur i ng hydr aul i c wat er  pr essur e 
up t o [ 690] [ _____]  kPa [ 100] [ _____]  psi  and a met er  l ar ge enough t o 
measur e 0. 14 cubi c met er  per  mi nut e t o t he near est  0. 001 cubi c met er  5 
cf m t o t he near est  0. 1 cubi c f oot  shal l  be pr ovi ded.   The vol ume of  
wat er  avai l abl e at  t he dr i l l  hol e shal l  be a mi ni mum of  [ 0. 11] [ _____]  
cubi c met er s per  mi nut e [ 4] [ _____]  cf m.   Dr i l l  hol es shal l  be t est ed as 
di r ect ed wi t h c l ean wat er  under  a cont i nuous pr essur e as det er mi ned i n 
t he f i el d.   Af t er  t he wat er l i ne or  header  has been secur ed t o t he 
col l ar  of  t he hol e,  wat er  shal l  be pumped i nt o t he syst em unt i l  
appr oxi mat el y [ 100] [ _____]  kPa [ 15] [ _____]  psi  pr essur e i s obt ai ned.   
The pr essur e shal l  be mai nt ai ned by cont r ol  of  a bypass val ve and t he 
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f l ow t est  cont i nued f or  5 mi nut es.   I f  no f l ow occur s,  t he pr essur e 
shal l  be shut  i n and hel d f or  5 mi nut es and any pr essur e dr op 
r ecor ded.   Bot h t he hol d t est  and t he f l ow t est  may be r epeat ed i n t he 
same i nt er val  i f  necessar y t o conf i r m i ndi cat i ons of  gr out  t ake or  
t i ght ness of  an al r eady gr out ed ar ea.   Dur i ng each t est ,  r ecor d t he 
dat a on t he Gover nment  suppl i ed f or m [ ,  ___ For m ___,  dat ed ______] .   
Dr i l l i ng,  washi ng,  and wat er  pr essur e t est i ng i n pr evi ousl y gr out ed 
ar eas shal l  not  t ake pl ace bef or e 24 hour s f ol l owi ng t he compl et i on of  
al l  t he pl anned gr out i ng i n t hat  par t i cul ar  ar ea.

3. 2. 2   Cont act  Gr out i ng

Cont act  gr out i ng i s def i ned as t he i nj ect i on of  gr out  behi nd cast - i n- pl ace 
concr et e l i ni ng ( shaf t  and/ or  t unnel ) ,  or  gr out i ng behi nd t he i ni t i al  
suppor t  syst em,  t o achi eve cont i nuous cont act  bet ween t he l i ni ng and t he 
sur r oundi ng r ock or  soi l .   Tunnel  pl ug cont act  gr out i ng i s al so i nc l uded i n 
t hi s def i ni t i on.   Per f or m cont act  gr out i ng i n such a manner  as t o ensur e 
t hat  al l  voi ds bet ween t he concr et e or  i ni t i al  suppor t  member s and t he r ock 
or  soi l  f ace wi l l  be f i l l ed wi t h gr out .   No pr essur e washi ng or  t est i ng i s 
r equi r ed pr i or  t o i nj ect i ng gr out .   Cast - i n- pl ace concr et e f i nal  l i ni ng 
shal l  have been i n pl ace at  l east  [ 7] [ _____]  days bef or e gr out i ng 
commences.   Gr out  shal l  be a [ neat  ] [ sanded ] [ [ cement ] [ chemi cal ]  gr out ]  
mi xt ur e.   The gr out i ng of  any hol e shal l  not  be t er mi nat ed unt i l  al l  voi ds 
have been f i l l ed t o t he maxi mum ext ent  pr act i cabl e and t he Gover nment  
Repr esent at i ve di r ect s t he Cont r act or  t o st op gr out i ng.   Vent  pi pes,  f or  
t he r el ease of  ai r  and wat er  dur i ng gr out i ng of  cr own over br eak cavi t i es[  
whi ch may not  be f i l l ed wi t h concr et e] ,  shal l  be pr ovi ded as shown and i n 
such l ocat i ons as di r ect ed or  appr oved.   The i nst al l at i on r equi r ement s of  
par agr aph EMBEDDED PI PE shal l  appl y t o vent  pi pes.   Cont act  gr out i ng shal l  
be done at  t he hi ghest  saf e pr essur e as di r ect ed but  i ni t i al l y  not  exceedi ng
 [ 69] [ _____]  kPa [ 10] [ _____]  psi .   Gr out i ng shal l  be i ni t i at ed f r om t he 
l ower  end and at  t he i nver t  of  a t unnel  and t he gr out  behi nd t he l i ner  
di spl aced upwar d.   Gr out i ng i n t he t unnel  cr own ar ea may r equi r e secondar y 
gr out i ng t o compl et el y f i l l  al l  t he voi d space due t o over br eak.   Such 
secondar y gr out i ng shal l  be done wi t h expansi ve gr out  mi xt ur es af t er  t he 
i ni t i al  cont act  gr out  has been i nj ect ed and set  up.   For  shaf t  l i ni ngs,  
gr out  hol es or  ni ppl es shal l  be r adi al l y  l ocat ed and gr out ed f r om i nsi de 
t he shaf t .   Spl i t  spaced gr out  i nj ect i on hol es or  ni ppl es may be necessar y 
i n shaf t  l i ner  gr out i ng.

[ 3. 2. 3   Gr out i ng Behi nd a St eel  Li ner

Thi s t ype of  gr out i ng,  of t en cal l ed " ski n"  gr out i ng,  shal l  consi st  of  
pl aci ng neat  cement  gr out  i n t he annul ar  space sur r oundi ng a st eel  l i ner  or  
" can"  t o f i l l  t he voi d bet ween t he st eel  l i ner  and t he cast - i n- pl ace 
concr et e f i nal  l i ni ng.   Gr out i ng pr ocedur es ar e t he same as t hose descr i bed 
i n par agr aph CONTACT GROUTI NG wi t h t he f ol l owi ng except i ons:

a.   Gr out  hol es and seal i ng pl ugs shal l  be pr ovi ded i n t he st eel  l i ner  
pl at es dur i ng f abr i cat i on.   The pat t er n shal l  be as shown.

b.   Gr out i ng equi pment  shal l  be such t hat  sudden sur ges i n pr essur e at  
r ef usal  do not  occur .

c.   Gr out  hol e pl ugs shal l  be gr ound f l ush wi t h t he st eel  l i ner  and 
f i ni shed smoot h.

d.   Af t er  gr out i ng i s compl et ed,  t he Gover nment  Repr esent at i ve wi l l  sound 
t he l i ner  wi t h hammer  bl ows t o det er mi ne i f  al l  voi ds ar e f i l l ed.  I f  
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di r ect ed,  addi t i onal  gr out  hol es shal l  be dr i l l ed and t apped t o r ecei ve 
a ni ppl e.   The use of  a cut t i ng t or ch t o cut - i n and wel d- on a ni ppl e i s 
prohibited.

] 3. 2. 4   Tunnel ,  shaf t ,  and Ri ng Cur t ai n Gr out i ng

**************************************************************************
NOTE:   Tunnel ,  shaf t ,  and r i ng cur t ai n gr out i ng ar e 
def i ned as t he gr out i ng i n ar eas of  t he wor k 
i ncl udi ng,  but  not  l i mi t ed t o,  ahead of  t he t unnel  
or  shaf t  f ace or  al ong any r each of  t unnel  or  shaf t  
t o cont r ol  wat er  f l ows or  ai d i n st abi l i z i ng and 
f i l l i ng voi ds i n t he f or mat i on.

**************************************************************************

Accompl i sh t unnel ,  shaf t ,  and r i ng cur t ai n gr out i ng at  t he l ocat i ons shown 
and/ or  as di r ect ed.   Any gr out  hol e t hat  i s  l ost  or  damaged due t o 
mechani cal  f ai l ur e of  equi pment ,  i nadequacy of  gr out  suppl y,  or  Cont r act or  
er r or  shal l  be r epl aced by anot her  hol e or  hol es at  t he Cont r act or ' s 
expense.

3. 2. 4. 1   Gr out  I nj ect i on ( Cement  Gr out )

a.   I f  t he wat er  pr essur e t est i ng i ndi cat es a r el at i vel y t i ght  hol e,  st ar t  
gr out i ng wi t h a t hi n gr out  mi xt ur e.   For  an open hol e condi t i on,  t he 
wat er - cement  r at i o shal l  be r educed accor di ngl y and,  wi t h t he gr out  
pump oper at i ng as near l y as pr act i cabl e at  const ant  speed at  al l  t i mes,  
t he r at i o shal l  be r educed f ur t her ,  i f  necessar y,  unt i l  t he r equi r ed 
pr essur e has been r eached.   I f  t he pr essur e t ends t o r i se t oo hi gh,  as 
det er mi ned by t he Gover nment  Repr esent at i ve,  t he wat er - cement  r at i o 
shal l  be changed as di r ect ed.   Gr out  mi xes shal l  be i n t he pr opor t i ons 
di r ect ed by t he Gover nment  Repr esent at i ve who wi l l  di r ect  changes t o 
sui t  t he condi t i ons exi st i ng i n t he par t i cul ar  gr out  hol e.   The 
wat er - cement  r at i o by vol ume wi l l  be var i ed t o meet  t he char act er i s t i cs 
of  each hol e as r eveal ed by t he pr essur e washi ng and t est i ng oper at i ons 
and wi l l  nor mal l y r ange bet ween [ 3. 0: 1. 0 and 0. 6: 1. 0] [ [ _____]  and 
[_____]].

b.   Gr out i ng pr essur es shal l  be var i ed as di r ect ed wi t h condi t i ons 
encount er ed i n t he r espect i ve hol es.   I f  i t  i s  f ound i mpossi bl e t o 
r each t he r equi r ed pr essur e af t er  pumpi ng a r easonabl e vol ume of  gr out  
at  t he mi ni mum wor kabl e wat er - cement  r at i o,  a sanded gr out  mi x shal l  be 
used,  t he pumpi ng speed shal l  be r educed,  or  pumpi ng st opped 
t empor ar i l y  and i nt er mi t t ent  gr out i ng shal l  be per f or med,  al l owi ng 
suf f i c i ent  t i me bet ween gr out  i nj ect i ons f or  t he gr out  t o st i f f en.  I f  
necessar y t o r el i eve pr emat ur e st oppage,  per i odi c appl i cat i ons of  wat er  
under  pr essur e shal l  be made at  t he di r ect i on of  t he Gover nment  
Repr esent at i ve.   I f  t he desi r ed r esul t s ar e not  obt ai ned wi t h t hi s mi x,  
gr out i ng i n t he hol e shal l  be di scont i nued,  i f  so di r ect ed.

c.   I n such event ,  t he hol e shal l  be c l eaned,  t he gr out  al l owed t o set ,  and 
addi t i onal  dr i l l i ng and gr out i ng be done i n t hi s hol e or  i n t he 
adj acent  ar ea,  as di r ect ed,  unt i l  t he desi r ed r esi st ance i s bui l t  up.   
Under  no condi t i ons shal l  t he pr essur e or  r at e of  pumpi ng be i ncr eased 
suddenl y,  because ei t her  may pr oduce a wat er - hammer  ef f ect  whi ch may 
pr omot e st oppage.   Af t er  t he gr out i ng of  any hol e i s compl et ed,  t he 
pr essur e shal l  be mai nt ai ned by means of  a st opcock or  ot her  sui t abl e 
devi ce unt i l  t he gr out  has set  t o t he ext ent  t hat  i t  wi l l  be r et ai ned 
i n t he hol e.
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3. 2. 4. 2   Refusal

The gr out i ng of  any hol e shal l  not  be consi der ed compl et e unt i l  t hat  hol e 
r ef uses t o t ake gr out  at  a r at e of  l ess t han [ 0. 015 cubi c met er  0. 5 cubi c 
f oot  of  sol i ds ( cement )  per  1/ 2 hour ] [ 0. 03 cubi c met er  1. 0 cubi c f oot  of  
sol i ds ( cement )  per  10 mi nut es]  at  what ever  gr out  mi xt ur e and pr essur e i s 
bei ng used.

3. 2. 4. 3   Gr out  i n Dr ai ns

I f  l eakage of  gr out  i nt o dr ai ns occur s,  i mmedi at el y st op t he gr out i ng 
oper at i ons and r emove al l  gr out  f r om t he dr ai ns by washi ng,  t o t he 
sat i sf act i on of  t he Cont r act i ng Of f i cer .   No separ at e payment  wi l l  be made 
f or  such wor k.   Such st oppi ng of  gr out i ng oper at i ons and washi ng of  dr ai ns 
shal l  be r epeat ed as of t en as r equi r ed t o compl et e t he gr out i ng.

3. 2. 4. 4   St age Gr out i ng

St age gr out i ng i s t he pr ocedur e by whi ch a gr out  hol e or  a r i ng cur t ai n 
hol e i s dr i l l ed,  pr essur e t est ed,  and gr out ed i n successi ve st ages wi t hi n 
pr ogr essi vel y deeper  zones f r om t he t op of  t he gr out  hol e,  ei t her  f r om t he 
gr ound sur f ace or  f r om t he t unnel  or  shaf t  wal l ,  t o t he dept h shown or  as 
di r ect ed,  pr epar ed f or  gr out i ng,  and t hen gr out ed.   Af t er  t he gr out  has 
achi eved an i ni t i al  set ,  t he hol e shal l  be washed,  c l eaned,  and deepened 
and t hen gr out ed t o t he bot t om of  t he next  st age.   I f  t he Cont r act or  al l ows 
t he gr out  t o har den wi t hi n t he gr out  hol e,  no payment  wi l l  be made f or  
r edr i l l i ng t he gr out  hol e.   A mi ni mum per i od of  [ 24] [ _____]  hour s shal l  
el apse bet ween t he compl et i on of  gr out i ng i n one st age and t he st ar t  of  
dr i l l i ng f or  t he next  st age.   Thi s pr ocedur e shal l  be r epeat ed f or  t he f ul l  
dept h of  t he gr out  appl i cat i on.   Gr out i ng pr essur es shal l  be i ncr eased [ as 
di r ect ed] [ as shown]  as successi ve st ages deepen t he gr out  hol es.   Nor mal l y 
t he gr out  hol es shal l  be spl i t  spaced by l ocat i ng secondar y hol es mi dway 
bet ween t wo pr evi ousl y dr i l l ed and gr out ed pr i mar y hol es,  and t he st age 
gr out i ng pr ocess shal l  be r epeat ed unt i l  t he desi r ed r esul t s ar e at t ai ned 
f or  t he f ul l  dept h of  t he gr out  appl i cat i on.   Ter t i ar y and succeedi ng 
ser i es of  spl i t  spaced hol es shal l  al so be dr i l l ed and gr out ed i n st ages i f  
di r ect ed by t he Gover nment  Repr esent at i ve.

3. 2. 4. 5   Gr out  I nj ect i on ( Chemi cal  Gr out )

I n t he zones t o be chemi cal l y gr out ed,  chemi cal  gr out i ng shal l  be per f or med 
i n such a way as t o pr oduce a cont i nuous cyl i nder  or  mass of  chemi cal l y 
gr out ed gr ound out s i de t he excavat i on per i met er  of  t he t unnel  or  shaf t  i n 
ei t her  soi l s  or  f i nel y f i ssur ed r ock st r at a,  i ncr easi ng t he st r engt h and 
r educi ng t he per meabi l i t y  of  t he mat er i al .   Gr out  i n pl ace shal l  be 
chemi cal l y st abl e and nont oxi c f or  t he envi r onment  i n whi ch i t  i s  pl aced.   
Excavat i on t hr ough gr out ed ar eas shal l  not  commence unt i l  t he gr out i ng wor k 
has been compl et ed and appr oved by t he Gover nment  Repr esent at i ve.   
Regr out i ng shal l  be per f or med i f  t he r equi r ed degr ee of  wat er pr oof i ng 
and/ or  st abi l i zat i on i s not  achi eved by t he f i r st  appl i cat i on.   The met hod 
of  i nj ect i on shal l  be t he cont i nuous mi xi ng met hod,  wi t h t he pr oper  amount s 
of  gr out  base mat er i al ,  wat er ,  r eact ant ,  and accel er at or  aut omat i cal l y  
pr opor t i oned and cont i nuousl y suppl i ed at  pr oper  f l ow r at es and pr essur es.   
The bat ch syst em of  mi xi ng gr out  shal l  not  be per mi t t ed unl ess hi gh vol umes 
of  chemi cal  gr out  wi t h shor t ened gel  t i mes ar e necessar y i n f l owi ng wat er  
condi t i ons.   The base mat er i al  and t he wat er - accel er at or - cat al yst  sol ut i on 
shal l  pass t hr ough par al l el  separ at e hoses t o a sui t abl e baf f l i ng chamber  
near  t he t op of  t he hol e.   A sampl i ng cock,  t o al l ow f r equent  gel  t i me 
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checks,  shal l  be pl aced af t er  t he baf f l i ng chamber .   Sui t abl e check val ves 
shal l  be pl aced i n t he gr out  l i nes at  t he pr oper  l ocat i ons t o pr event  
backf l ow and uni nt ent i onal  gel at i ons.   Al l  mi x i ng,  handl i ng,  pumpi ng,  and 
i nj ect i on oper at i ons shal l  be i n accor dance wi t h t he manuf act ur er ' s  
r ecommendat i ons.   A t echni cal  r epr esent at i ve of  t he manuf act ur er  or  
suppl i er  shal l  be pr esent  at  t he wor k s i t e dur i ng t he i ni t i al  gr out i ng 
operations.

[ 3. 2. 4. 6   Gr out  I nj ect i on Pi pes

**************************************************************************
NOTE:   The f ol l owi ng par agr aph may be speci f i ed f or  
gr out i ng when i t  i s  desi r abl e t o exer ci se maxi mum 
cont r ol  over  t he gr out  i nj ect i on pr ocess,  i . e. ,  t o 
gr out  or  r egr out  at  any speci f i c  dept h.

**************************************************************************

Gr out  pi pes ar e commer ci al l y  avai l abl e or  f i el d f abr i cat ed as i l l ust r at ed 
by t he at t ached sket ch.   Per f or m i nst al l at i on wi t h car e t o assur e t he 
seal i ng gr out  encapsul at es t he ent i r e pi pe and compl et el y f i l l s  t he 
annul us.   Gr out  used t o f i l l  t he annul us shal l  consi st  of  por t l and cement ,  
bent oni t e and f l y  ash,  be t hi ck enough t o pr event  i nf i l t r at i on i nt o t he 
soi l  or  r ock,  and be of  l ow st r engt h and br i t t l e.

] 3. 2. 5   Wast e Wat er  and Gr out

Wast e gr out  t hat  cannot  be pl aced or  i nj ect ed pr i or  t o i ni t i al  set  or  
maxi mum speci f i ed t i me l i mi t .   I f  such gr out  i s  mi xed at  t he di r ect i on or  
appr oval  of  t he Gover nment  Repr esent at i ve,  i t  wi l l  be pai d f or  at  t he 
appl i cabl e cont r act  uni t  pr i ces f or  t he mat er i al  const i t uent s of  t he wast ed 
gr out .   Dur i ng t he pr ogr ess of  t he wor k,  pr ovi de f or  adequat e di sposal  of  
al l  wash and wast e wat er  and r emove al l  wast e gr out ,  on a dai l y basi s i f  
necessar y,  t o mai nt ai n a saf e and ef f ect i ve gr out i ng oper at i on.

3. 3   PATCHI NG AND CLEANUP

Upon compl et i on of  t he gr out i ng oper at i ons,  r emove al l  gr out  suppl y 
connect i ons f r om embedded pi pe t o a mi ni mum dept h of  25 mm 1- i nch,  measur ed 
f r om t he f ace of  t he concr et e [ shot cr et e] .   Hol es or  depr essi ons t hus 
f or med shal l  be pat ched wi t h a damp- pack mor t ar  composed of  wat er ,  one par t  
por t l and cement  t o t wo par t s sand.   One t easpoonf ul  of  al umi num powder  wi l l  
be added t o each sack of  cement  used i n t he mor t ar  mi x t o compensat e f or  
shr i nkage.   An unpol i shed,  nonl eaf i ng powder  of  hi gh pur i t y and l ow gr ease 
wi l l  be used.   Damp- pack mor t ar  shal l  be j ust  moi st  enough t o f or m a bal l  
i n t he hands.   I t  shal l  be t hor oughl y t amped i nt o t he hol e usi ng har d 
wooden t ool s.   The pat chi ng shal l  be done i n a neat  wor kmanl i ke manner  t o 
pr ovi de a sur f ace smoot hness at  l east  equal  t o undi st ur bed ar eas of  t he 
f i nal  l i ni ng.   Expl or at or y hol es whi ch have not  been gr out ed shal l  be 
packed t o t he f ul l  dept h of  t he f i nal  l i ni ng wi t h t i ght l y r ammed dr y mor t ar  
and t hen pat ched as descr i bed above.   Pr i or  t o f i nal  accept ance of  t he 
wor k,  t he i nt er i or  sur f ace of  t he f i nal  l i ni ng shal l  be c l eaned of  excess 
cement  or  chemi cal  gr out ,  mor t ar ,  oi l ,  and gr ease t o t he gr eat est  ext ent  
pr act i cabl e,  as det er mi ned by t he Gover nment  Repr esent at i ve.

3. 4   RECORDS

**************************************************************************
NOTE:   At t ach ENG FORM 1836 t o t he end of  t hi s 
section.
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**************************************************************************

Pr epar e,  on a dai l y basi s,  r ecor ds of  al l  gr out  hol e and dr ai n hol e 
dr i l l i ng oper at i ons,  al l  pr essur e washi ng and pr essur e t est i ng oper at i ons 
and al l  cement  and chemi cal  gr out i ng oper at i ons.   These r ecor ds shal l  
i ncl ude:   dr i l l er ' s  l ogs of  al l  gr out  hol es,  dr ai n hol es,  and expl or at or y 
hol es;  pr essur e washi ng i nf or mat i on and pr essur e t est i ng r esul t s[  on 
Gover nment  pr ovi ded f or m] ;  gr out i ng dat a i ncl udi ng t i me of  each change of  
oper at i on,  r at e of  pumpi ng,  gr out i ng pr essur es,  changes i n wat er - cement  
r at i o,  changes i n pr opor t i ons of  addi t i ves such as f l ui di f i er ,  accel er at or ,  
or  sand,  and amount s of  var i ous mat er i al s i nj ect ed[  on Gover nment  pr ovi ded 
f or m] ;  [ cor e l oggi ng dat a on Gover nment  pr ovi ded ENG FORM 1836 at  a 
ver t i cal  scal e of  1 i nch equal s 1 f oot ] ;  and ot her  dat a consi der ed 
necessar y as det er mi ned by t he Gover nment  Repr esent at i ve.   Bl ank r epor t  
f or ms of  t he t ype t o be used ar e at t ached at  t he end of  t hi s speci f i cat i on.

Dupl i cat e r ecor ds of  al l  gr out  hol e and dr ai n hol e dr i l l i ng oper at i ons,  al l  
pr essur e washi ng and pr essur e t est i ng oper at i ons,  and al l  cement  and 
chemi cal  gr out i ng oper at i ons.   The Gover nment   must  r ecei ve t he or i gi nal s 
of  al l  such r ecor ds bef or e f i nal  payment  wi l l  be pr ocessed.

3. 5   CONTRACTOR QUALI TY CONTROL

I n accor dance wi t h Sect i on 01 45 00. 00 1001 45 00. 00 2001 45 00. 00 40 
QUALI TY CONTROL,  est abl i sh and mai nt ai n qual i t y  cont r ol  t hat  speci f i cal l y  
i ncl udes,  but  i s  not  l i mi t ed t o,  i nspect i ons t o assur e t hat :

a.   The speci f i ed qual i f i cat i on r equi r ement s ar e met .

b.   Dr i l l i ng and gr out i ng equi pment  i s  pr ovi ded as speci f i ed and mai nt ai ned 
i n sat i sf act or y condi t i on.

c.   The r equi r ed amount  of  [ cement  i s ] [ chemi cal  gr out  mat er i al s ar e]  kept  
on hand dur i ng gr out i ng oper at i ons.

d.   Gr out i ng i s per f or med i n t he pr esence of  a Gover nment  Repr esent at i ve.

e.   Requi r ed r ecor ds ar e kept  and submi t t ed as speci f i ed.

f .   Accur at e [ cement ] [ chemi cal ]  gr out  mi xt ur e pr opor t i ons ar e mai nt ai ned 
[ as di r ect ed] [ as r ecommended by t he manuf act ur er  or  suppl i er ] .

g.   Mat er i al s ar e pr oper l y pr ot ect ed f r om moi st ur e and cont ami nat i on af t er  
del i ver y and t r anspor t at i on t o t he s i t e.

h.   Onl y appr oved mat er i al s ar e used.

i .   The quant i t y  of  bul k mat er i al s used equal s t he comput ed amount .

       - -  End of  Sect i on - -
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