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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  excavat i on f or  under gr ound 
const r uct i on by mechani cal  excavat i on usi ng Tunnel  
Bor i ng Machi ne ( TBM) ,  r oadheader ,  or  hydr aul i c r ock 
br eaker .   Thi s speci f i cat i on i s cur r ent l y f or  use i n 
t unnel  excavat i on i n bedr ock condi t i ons.   For  
mi xed- f ace or  sof t  gr ound t unnel i ng condi t i ons 
( i . e. ,  soi l - l i ke condi t i ons) ,  r evi se speci f i cat i on 
t o account  f or  ant i c i pat ed gr ound condi t i ons f or  
appr opr i at e equi pment  sel ect i on and met hods of  
gr ound suppor t  and gr oundwat er  cont r ol .   The t er m 
" mi ni ng"  i s of t en used synonymousl y wi t h 
" excavat i on"  f or  under gr ound const r uct i on 
appl i cat i ons.  Wher e t he const r uct i on of  an 
under gr ound cavi t y i s t he pr i mar y pur pose,  t he t er m 
" excavat i on"  i s mor e appr opr i at e,  and i s used her ei n.

For  l ocal i zed gr ound condi t i ons i ncl udi ng f aul t  
zones or  ot her  speci al i zed gr ound condi t i ons,  r evi se 
speci f i cat i on t o account  f or  r ock char act er i zat i on 
condi t i ons i dent i f i ed i n t he Geot echni cal  Basel i ne 
Repor t  or  ot her  geot echni cal  desi gn document s wher e 
t he r ock mass i s char act er i zed.  Thi s speci f i cat i on 
can be modi f i ed f or  mi cr o- t unnel i ng appl i cat i ons;  
however ,  exer ci se car e  f or  Execut i on r equi r ement s.  
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.

For  under gr ound const r uct i on and t unnel  excavat i on 
r equi r i ng dr i l l  and bl ast i ng met hods,  i ncl ude gui de 
speci f i cat i on 31 23 00. 00 TUNNEL EXCAVATI ON -  
BLASTI NG.

For  pr oj ect s on a naval  f aci l i t y ,  consul t  wi t h l ocal  
NAVFAC of f i ce,  and NAVSEA on r equi r ement 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 
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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 
pr esent .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  USACE:   Consul t  wi t h Subj ect  Mat t er  
Exper t s ( SME)  f r om t he Geot echni cal  Engi neer i ng,  
St r uct ur al  Engi neer i ng,  Engi neer i ng Geol ogy,  and 
Mat er i al s Communi t y of  Pr act i ce or  Di st r i ct  Of f i ce 
t hat  have compl et ed a s i mi l ar  t ype of  under gr ound 
const r uct i on pr oj ect ,  whi l e edi t i ng t hi s sect i on,  t o 
be appr ai sed of  r ecent ,  speci f i c  r equi r ement s,  
gui dance,  excavat i on met hods,  l essons l ear ned,  or  
under st andi ngs f or  t he subj ect  pr oj ect .

Consul t  wi t h or  have Speci f i cat i on r evi ewed by 
Subj ect  Mat t er  Exper t s i n Under gr ound Const r uct i on 
f or  pr oj ect s i nvol v i ng Tunnel  Excavat i on as a 
pr i mar y component  of  a pr oj ect ,  or  wher e Under gr ound 
Const r uct i on i ssues ar e par t i cul ar l y chal l engi ng.   
For  a Tunnel  Excavat i on pr oj ect  i n t he v i c i ni t y of  a 
dam or  l evee,  Subj ect  Mat t er  Exper t s i n Dam and 
Levee Saf et y must  r evi ew t he Speci f i cat i on.

Ther e ar e l i kel y deci s i ons and/ or  r equi r ement s of  
ot her  agenci es,  t he Saf et y Manual ,  and/ or  i nt er nal  
of f i ces/ di v i s i ons/  br anches,  whi ch coul d have an 
i nf l uence upon a pr oj ect ' s under gr ound const r uct i on 
speci f i cat i ons.   Some of  t hese i ssues may be:  
concer ns f r om f eder al ,  st at e,  and l ocal  
j ur i sdi ct i ons and agenci es;  publ i c use of  f eder al ,  
st at e and/ or  l ocal  pr oper t i es near  or  adj acent  t o 
t he pr oj ect ;  eval uat i ons of  accept abl e const r uct i on 
v i br at i ons,  noi se and/ or  pr essur es af f ect i ng 
i ndi v i dual s or  r eachi ng near by st r uct ur es;  nat ur al  
r esour ce i mpact  r evi ews,  negot i at i ons and/ or  
r equi r ement s;  const r ai nt s on t he excavat i on means 
and met hods;  pr e- const r uct i on i nspect i ons;  speci al  
st udi es t o f aci l i t at e l ower  cost  of  t he bi ds or  t o 
encour age mor e bi d submi ssi ons;  t he acqui s i t i on 
st r at egy f or  t he payment  f or  t he pr oj ect ;  and,  ot her  
concer ns speci f i c  t o t he pr oj ect .   Dependi ng on t he 
acqui s i t i on st r at egy,  a Desi gn Bi d Bui l d or  Desi gn 
Bui l d wi l l  r equi r e adequat e up- f r ont  pl anni ng and 
t ai l or i ng of  speci f i cat i ons dependi ng on st r at egy
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Thi s Tunnel  Excavat i on gui de speci f i cat i on cover s 
t he const r uct i on of  under gr ound f aci l i t i es by means 
of  mechani cal  excavat i on by Tunnel  Bor i ng Machi ne 
( TBM) ,  or  ot her  mechani cal  excavat i on such as 
r oadheader  or  hydr aul i c br eaker ,  and i ncl udes 
mucki ng.   The det ai l s on excavat i on ar e t ypi cal l y 
cover ed by a separ at e Rock Excavat i on speci f i cat i on 
dependi ng on t he cont r act  mechani sm used.  Tai l or  
t hi s speci f i cat i on f or  your  speci f i c  pr oj ect  needs

The f ol l owi ng mi ni mum r equi r ement s f or  pr oj ect  
i nf or mat i on wi l l  be i ndi cat ed on t he pr oj ect  
dr awi ngs:

1.   Sur f ace el evat i ons,  exi st i ng and pr oposed,  wi t h 
r ef er ence dat ums pr ovi ded f or  ver t i cal  and 
hor i zont al  coor di nat es.

2.   Al l  ut i l i t i es,  whet her  t r enched,  bur i ed,  at  t he 
sur f ace or  over head t o di st ances wel l  beyond t he 
pr oj ect ' s boundar y l i mi t s;

3.   Spat i al  l ocat i on and r ecor d of  al l  soi l  and r ock 
bor i ngs and t est  pi t s,  i nst r ument at i on,  geol ogi c 
mappi ng,  and geophysi cal  sur veys i ncl udi ng soi l  and 
r ock c l assi f i cat i ons and t he per t i nent  engi neer i ng 
pr oper t i es.   For  exampl e,  t hi s dat a may i ncl ude,  but  
i s not  l i mi t ed t o,  weat her ed r ock,  mat er i al  
st r engt h,  bi t  dr ops,  c i r cul at i on l oss,  voi ds,  gr ound 
wat er  obser vat i ons,  SPT,  Recover y,  RQD,  RMR and Q 
Syst em r ock mass cl assi f i cat i on syst ems,  l ab t est i ng 
r esul t s,  per meabi l i t y ,  st r at i gr aphy,  geol ogi c 
f eat ur es and st r uct ur e,  f aul t s and ot her  s i gni f i cant  
di scont i nui t i es,  and t opsoi l  t hi ckness encount er ed 
i n bor i ngs and mapped sur f ace exposur es.   ( NOTE:   
Thi s i s a l i s t  of  exampl es of  dat a per t i nent  t o t he 
t unnel  desi gn t hat  may be pr ovi ded i n t he pr oj ect  
dr awi ngs or  GBR/ GDR but  does not  i ncl ude al l  
possi bl e engi neer i ng pr oper t i es or  condi t i ons of  
soi l  and r ock t hat  char act er i ze a speci f i c  s i t e. ) ;

4.   Hazar dous gases,  such as met hane ar e a concer n.   
As wel l  as coal  seams,  coal  l enses,  abandoned 
gas/ oi l  wel l s,  or  gas l i nes shown on t he appr opr i at e 
dr awi ngs.

5.   Ref er ence t o pr oj ect  Geot echni cal  Dat a Repor t  
( GDR) ,  Geot echni cal  I nt er pr et at i on Repor t  ( GI R)  
and/ or  Geot echni cal  Basel i ne Repor t  ( GBR)  f or  
addi t i onal  s i t e char act er i zat i on i nf or mat i on not  
cont ai ned on t he pr oj ect  dr awi ngs.

6.   Locat i on and l i mi t s of  har d mat er i al ,  whet her  
r ock or  concr et e,  or  ot her  bui l di ng mat er i al s;

7.   Excavat i on or  demol i t i on l i mi t s,  and cl ear i ng,  
st r i ppi ng and gr ubbi ng l i mi t s,  and t ol er ances of  
excavat i on;
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8.   Locat i on of  bor r ow and di sposal  ar ea,  i f  l ocat ed 
on Gover nment  pr oper t y;  or  on s i t e ( as some si t es 
may or  may not  r emai n gover nment  pr oper t y,  and 
di sposal  s i t es may be under  cont r ol  of  pr oj ect  
par t ner s) ;

9.   Hydr ol ogi cal ,  hydr aul i c and i mpoundment  dat a,  
wher e appl i cabl e;

10.   Det ai l s of  al l  r i ght s- of - way wi t hi n t he pr oj ect  
boundar i es;  and

11.   Hi st or y of  r el evant  const r uct i on,  ear t hwor k,  
and any envi r onment al  condi t i ons of  pot ent i al  
concer n at  t he s i t e.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal  Measur ement  and Payment  l anguage i s 
t o be i nser t ed i nt o t he Measur ement  and Payment  
speci f i cat i on sect i on.   Thi s i s t ypi cal  l anguage 
used t hat  wi l l  need t o be t ai l or ed f or  t he pr oj ect  
needs.

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

1. 1   METHOD OF MEASUREMENT

Tunnel  suppor t  f or  t he var i ous suppor t  cat egor i es must  be measur ed and 
pai d by t he i ndi v i dual  component s compr i s i ng each suppor t  cat egor y ( e. g. ,  
Rock Bol t s,  Dowel s,  Hi gh- Capaci t y Anchor s,  St eel  Ar ch Ri bs,  Wel ded Wi r e 
Fabr i c,  Shot cr et e,  Rei nf or ced Concr et e) ,  under  t hei r  r espect i ve 
speci f i cat i on or  speci al  pr ovi s i on sect i on.

Tunnel  Excavat i on must  be measur ed by t he[  met er ] [  cubi c met er ] [  l i near  
f oot ] [  cubi c yar d]  excavat ed i n accor dance wi t h t he ' B'  l i ne payment  l i mi t  
shown on t he Dr awi ngs.   Tunnel  dr ai nage must  be measur ed and pai d under  
Sect i on 01 20 00 PRI CE AND PAYMENT PROCEDURES.

1. 2   BASI S OF PAYMENT

The accept ed quant i t i es measur ed as speci f i ed above must  be pai d f or  at  
t he cont r act  uni t  pr i ce f or  t he pay i t ems l i s t ed bel ow.

Pay I t em Pay Uni t

Tunnel  Excavat i on[  Met er ] [  Cubi c Met er ] [  Li near  Foot ] [  Cubi c Yar d]

Payment  f or  Tunnel  Excavat i on must  const i t ut e f ul l  compensat i on f or  al l  
excavat i on,  scal i ng,  scal i ng r epor t s,  r ock suppor t ,  r emoval ,  haul i ng and 
di sposal  of  excavat ed mat er i al s,  ai r  moni t or i ng and vent i l at i on and 
i l l umi nat i on,  i nst r ument at i on and st abi l i t y  moni t or i ng,  sur vey cont r ol ,  
cont r ol  of  wat er  and gr oundwat er  i nf l ow i ncl udi ng gr oundwat er  t est i ng,  
suppl y of  pot abl e wat er ,  saf et y,  super vi s i on and management  coor di nat i on,  
cont r ol  and over si ght  of  sai d wor k,  and al l  ot her  wor k necessar y f or  
compl et i on of  t he t unnel  i n accor dance wi t h t he Cont r act  Document s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The coor di nat i on wi t h ot her  f eder al ,  st at e,  
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and l ocal  j ur i sdi ct i ons and agenci es,  t he publ i c,  
and pr i vat e ent i t i es must  be compl et el y r esol ved 
bef or e f i nal i z i ng t he speci f i cat i ons.   A pr oj ect ' s 
excavat i on and/ or  f oundat i on r equi r ement s,  f or  
whi ch,  dense mat er i al s ar e bei ng r emoved,  may 
r equi r e navi gat i on,  hi ghway,  st r uct ur al  and/ or  ot her  
r egul at i ons and codes t o be f ol l owed.   Dependi ng 
upon t he pr oxi mi t y of  publ i c- use ar eas,  pr i vat e 
r esi dences or  busi nesses,  and t he pr oj ect ' s l ocat i on 
wi t hi n a count y or  t ownshi p,  var i ous accommodat i ons 
wi l l  need t o be r equi r ed f or  t he pr ot ect i on of  t he 
publ i c,  and t he saf et y of  pr i vat e ent i t i es r egar di ng 
l ocal  l aws,  r egul at i ons,  and or di nances.   Avoi di ng 
nat ur al  r esour ce i mpact s may over l ay ot her  measur es 
and r equi r e seasonal  or  dai l y t i me l i mi t at i ons;  
speci al  obser ver s f or  some or  al l  t he under gr ound 
const r uct i on wor k;  speci al  st udi es or  moni t or i ng;  
and ot her  pot ent i al  consi der at i ons.

Agency coor di nat i on wi l l  var y by pr oj ect .   Be 
cer t ai n t hat  al l  gover nment  st akehol der s have been 
i nvol ved wi t h pl anni ng of  t he pr oj ect  and appr oved 
of  al l  r equi r ement s f or  t he speci f i cat i ons.   Li st  
t hose i mpor t ant  navi gat i on or  saf et y st akehol der s.

I t  i s  essent i al  t hat  t he agency/ ser vi ce per son,  
usi ng t hese Gui de Speci f i cat i ons t o pr epar e Pl ans 
and Speci f i cat i ons,  coor di nat e wi t h t he pl anner s and 
envi r onment al  compl i ance speci al i st s wi t hi n t hei r  
agency/ Ser vi ce t o ensur e t hat  al l  appr opr i at e 
r est r i ct i ons and mi t i gat i on measur es f or  hazar ds 
associ at ed wi t h t unnel  excavat i on and under gr ound 
const r uct i on ar e i ncor por at ed i nt o t he Pl ans and 
Speci f i cat i ons.   Fai l ur e t o compl y wi t h t he 
r equi r ement s of  appl i cabl e Feder al  or  st at e l aws and 
r egul at i ons coul d r esul t  i n pr oj ect  del ays or  
st oppages,  as wel l  as t he pot ent i al  f or  i ncr eased 
pr oj ect  cost s.

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

1. 3   SCOPE

Thi s wor k consi st s of  excavat i on and di sposal  of  al l  mat er i al  wi t hi n t he 
r ock t unnel  l i mi t s i ndi cat ed on t he pl ans,  i n accor dance wi t h t hese 
speci f i cat i ons and i n conf or mi t y t o t he l i nes,  gr ades,  st at i ons and 
t ol er ances shown on t he pl ans or  as est abl i shed i n t he f i el d by t he 
Cont r act i ng Of f i cer .   Al so i ncl uded i s t he i ni t i al  desi gn suppor t  and 
t unnel  r ei nf or cement  r equi r ement s f or  t he r ock t unnel  t o mai nt ai n t he 
i nher ent  st r engt h and cont r ol  def or mat i ons of  t he gr ound sur r oundi ng t he 
t unnel  openi ng.   I n addi t i on,  t he wor k al so i ncl udes geot echni cal  
i nst r ument at i on f or  moni t or i ng r ock di spl acement  and wat er  management  i n 
t he t unnel ,  i ncl udi ng but  not  l i mi t ed t o:   f ur ni shi ng,  i nst al l i ng,  and 
moni t or i ng of  i nst r ument at i on and opt i cal  sur vey t ar get s i n t he t unnel ,  
col l ect i on and i nt er pr et at i on of  dat a and f ur ni shi ng al l  ot her  necessar y 
mat er i al ,  equi pment  and l abor  i nci dent al  t o such wor k,  [ f ur ni shi ng of  
opt i cal  sur vey t ar get s] [ f ur ni shi ng of  wei r s and f l umes t o measur e gr ound 
wat er  i nf l ow and out f l ow] ,  i ncl udi ng i nst al l at i on and moni t or i ng of  
i nst r ument s i n accor dance wi t h t he speci f i cat i ons.   The Cont r act or ' s 
qual i f i ed st af f  must  moni t or  al l  geot echni cal  i nst r ument at i on and 
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i nt er pr et  t he dat a obt ai ned f r om t hem,  per f or med i n a t i mel y manner  t o 
ensur e t hat  pot ent i al  saf et y i ssues ar e i dent i f i ed and ef f ect i vel y 
mi t i gat ed.  The dat a must  be made avai l abl e t o t he Cont r act i ng Of f i cer  upon 
r equest  or  ot her wi se r equi r ed per  speci f i cat i on.

1. 4   RELATED WORK SPECI FI ED ELSEWHERE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These speci f i cat i ons f or  r el at ed wor k 
speci f i ed el sewher e ar e not  al l  i ncl usi ve.   Add and 
r emove speci f i cat i ons as needed f or  t he pr oj ect .

Li st  any speci f i cat i ons t hat  ar e r el at ed,  such as 
Ear t hwor k,  Excavat i on,  Soi l  and Rock Anchor s,  
Tempor ar y Envi r onment al  Cont r ol s,  Shot cr et e,  Nat ur al  
Resour ces,  ar e t ypi cal  specs r el at ed dependi ng on 
t he pr oj ect .

The speci f i cat i ons wi t hout  number s l i s t ed bel ow 
pr esent l y do not  have a cor r espondi ng UFGS Gui de 
Speci f i cat i on.   The desi gner  wi l l  need t o wr i t e a 
pr oj ect - speci f i c  speci f i cat i on t o addr ess t hose 
f eat ur es of  wor k,  i f  needed.

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

Sect i on 01 20 00 PRI CE AND PAYMENT PROCEDURES
Sect i on 01 35 26 GOVERNMENT SAFETY REQUI REMENTS
Sect i on 01 33 00 SUBMI TTAL PROCEDURES
Sect i on 02 32 13 SUBSURFACE DRI LLI NG AND SAMPLI NG
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE
Sect i on 03 37 13 SHOTCRETE
Sect i on 31 00 00 EARTHWORK
Sect i on 31 23 06. 00 BLASTI NG -  SURFACE
Sect i on 31 68 13 SOI L AND ROCK ANCHORS
Sect i on 31 73 19 TUNNEL AND SHAFT GROUTI NG
[ Sect i on XX XX XX GEOTECHNI CAL AND STRUCTURAL I NSTRUMENTATI ON]
[ Sect i on XX XX XX GEOTECHNI CAL DATA]
[ Sect i on XX XX XX GROUNDWATER TREATMENT SYSTEM]
[ Sect i on XX XX XX REI NFORCI NG STEEL]
[ Sect i on XX XX XX SURVEYI NG AND LAYOUT]
[ Sect i on XX XX XX TEMPORARY ELECTRI CAL SYSTEMS]
[ Sect i on XX XX XX TEMPORARY LI GHT AND POWER]
[ Sect i on XX XX XX TUNNEL AND SHAFT DEWATERI NG]
[ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT]

1. 5   REFERENCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Add and r emove r ef er ences as needed f or  t he 
pr oj ect .   Ref er ence t he appr opr i at e st at e and l ocal  
l aws,  r egul at i ons and or di nances concer ni ng bl ast i ng 
wher e t he pr oj ect  i s  t o occur .

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.
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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 si 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 basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

ASTM D5434 ( 2012)  Fi el d Loggi ng of  Subsur f ace 
Expl or at i ons of  Soi l  and Rock

ASTM D6032/ D6032M ( 2017)  St andar d Test  Met hod f or  
Det er mi ni ng Rock Qual i t y Desi gnat i on ( RQD)  
of  Rock Cor e

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

I SEE PSBS ( 2017)  I SEE Per f or mance Speci f i cat i on f or  
Bl ast i ng Sei smogr aphs

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

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

EM 1110- 1- 1804 ( 2001)  Engi neer i ng and Desi gn - -  
Geot echni cal  I nvest i gat i ons

EM 1110- 2- 1009 ( 2018)  Engi neer i ng and Desi gn - -  
St r uct ur al  Def or mat i on Sur veyi ng

EM 1110- 2- 2901 ( 1997)  Engi neer i ng and Desi gn - -  Tunnel s 
and Shaf t s i n Rock

1. 6   RELATED ATTACHMENTS AND SPECI FI CATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Geot echni cal  Dat a Repor t  ( GDR)  and 
Geot echni cal  Basel i ne Repor t  ( GBR)  I mpor t ance.   
Pr oj ect - speci f i c  s i t e dat a shoul d be pr esent ed i n 
Geot echni cal  Dat a Repor t  ( GDR) ;  desi gn 
i nt er pr et at i ons of  t he expect ed subsur f ace 
condi t i ons and expect ed behavi or  shoul d be pr esent ed 
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i n t he Geot echni cal  Basel i ne Repor t  ( GBR) .   GDR/ GBR 
dat a must  be consi st ent  wi t h i nf or mat i on pr esent ed 
i n t he pr oj ect  speci f i cat i ons and dr awi ngs wi t hout  
conf l i c t .   Agenci es may r equi r e di f f er ent  t ypes of  
document s;  t her e may be a Geot echni cal  I nt er pr et i ve 
Repor t  ( GI R) .

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

" Geot echni cal  Dat a Repor t "  ( GDR)  dat ed [ _____] ,  pr epar ed by [ _____] .

" Geot echni cal  Basel i ne Repor t "  ( GBR)  dat ed [ _____] ,  pr epar ed by [ _____] .

" Geot echni cal  I nt er pr et i ve Repor t "  ( GI R)  dat ed [ _____] ,  pr epar ed by 
[ _____] .

1. 7   DEFI NI TI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e def i ni t i ons t hat  wi l l  not  be used i n 
t he speci f i cat i on t ext  f or  a speci f i c  pr oj ect .   A 
compl et e l i s t  of  f r equent l y used t unnel i ng t er ms can 
be f ound i n Appendi x B of  t he EM 1110- 2- 2901 and 
ot her  r ef er ences.   Recommend onl y i ncl udi ng 
def i ni t i ons not  al r eady r ef er enced i n t he EM and 
def i ni t i ons t o f ur t her  def i ne t he wor k on t he 
speci f i c  pr oj ect  i n t he speci f i cat i on.   I t  may be 
necessar y t o add def i ni t i ons dependi ng on what  t he 
Ear t hwor k and/ or  Excavat i on speci f i cat i ons f or  t he 
pr oj ect  have t er ms f or  Rock,  Weat her ed Rock,  Sound 
Rock,  Voi ds,  or  Sedi ment .   The same r ock 
c l assi f i cat i on t er ms and def i ni t i ons used i n desi gn 
shoul d be car r i ed t hr ough const r uct i on t o avoi d 
ambi gui t i es and conf l i c t .

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

[ 1. 7. 1   Gr een Concr et e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  no concr et e pl acement  i s expect ed on t he 
pr oj ect ,  t hen del et e t hi s def i ni t i on.   Ther e needs 
t o be l i mi t s on vi br at i ons when t her e i s gr een 
concr et e because of  t he st r engt h l oss due t o 
v i br at i ons whi l e cur i ng.   I nvol ve t he St r uct ur al  
Engi neer  pr oj ect  devel opment  t eam member s i n t hese 
det er mi nat i ons.

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

Concr et e t hat  has under gone i ni t i al  set t i ng but  has not  har dened t o desi gn 
st r engt h.   Gr een concr et e al so i ncl udes t he mat er i al s of  shot cr et e or  
cement i t i ous gr out s.   Not e t he par agr aph Gr een Concr et e.

] 1. 7. 2   Vi br at i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Vel oci t y uni t s ar e expr essed i n cent i met er s 
per  second ( cps)  or  i nches per  second ( i ps) .   Tai l or  
t hi s f or  pr oj ect  pur poses.   Fr equency of  v i br at i on 
i s al so a f act or  of  pot ent i al  concer n t o be measur ed 
wi t h PPV.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Vi br at i ons ar e t he r esul t  of  var i ous wave f or ms emanat i ng f r om t he sour ce.  
Peak par t i c l e vel oci t y ( PPV)  and associ at ed f r equenci es ar e def i ned as t he 
maxi mum absol ut e val ue of  t he t hr ee gr ound vi br at i on vel oci t i es measur ed 
i n t he t hr ee mut ual l y per pendi cul ar  di r ect i ons al ong t he ver t i cal ,  
l ongi t udi nal ,  and t r ansver se pl ane over  t he per i od of  a r ecor d by a 
sei smogr aph,  capabl e of  pr oduci ng a per manent  r ecor d and capabl e of  
i nt er nal  dynami c cal i br at i on.   Peak,  t ot al  vect or - sum par t i c l e vel oci t y i s 
t he peak val ue over  t he f ul l - t i me hi st or y of  each t i me- uni t ' s  val ue of  t he 
squar e- r oot  sum of  t he squar ed,  component  vel oci t i es.

1. 7. 3   I ni t i al  Suppor t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n addi t i on,  t he i ni t i al  suppor t  syst ems 
i ndi cat ed on t he dr awi ngs f or  addi t i onal  openi ngs i n 
t he t unnel ,  must  f or m par t  of  t he Per manent  Suppor t .

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

The suppor t  syst em i nst al l ed af t er  an excavat i on advance wi t hi n t he t unnel  
f or war d ar ea t o mi ni mi ze gr ound def or mat i on and l ooseni ng and t o mai nt ai n 
st abi l i t y  and saf et y of  t he openi ng.   Pr ovi de i ni t i al  suppor t  t o mi ni mi ze 
gr ound movement  and l ooseni ng and t o mai nt ai n st abi l i t y  of  t he openi ng 
pr i or  t o const r uct i on of  t he per manent  r ock r ei nf or cement / suppor t  and 
t unnel  l i ni ng.   I ni t i al  suppor t  gener al l y r ef er s t o al l  el ement s of  r ock 
suppor t  r equi r ed t o pr ovi de a saf e,  st abl e r ock excavat i on at  al l  t i mes 
dur i ng const r uct i on.   I ni t i al  suppor t  measur es i ncl ude but  may not  be 
l i mi t ed t o [ _____] , [ r ock bol t s and dowel s f or  r ock r ei nf or cement ] ,  
[ shot cr et e l i ni ng] ,  [ st eel  r i bs] ,  [ t i mber  bl ocki ng] ,  ( cr i bbi ng) ,  
( l aggi ng) ,  ( chemi cal  gr out ) ,  [ spi l i ng or  f or epol i ng] ,  [ st eel  st r aps] ,  
[ l at t i ce gi r der s] ,  [ wel ded wi r e f abr i c] ,  [ shot cr et e] ,  and 
[ pr e- r ei nf or cement ] .

1. 7. 4   Addi t i onal  Suppor t

May i ncl ude r ock bol t s and dowel s,  cr i b and l aggi ng,  st eel  st r aps,  
spot - hol ds,  st eel  set s,  st eel  l i ner  pl at es,  chemi cal  gr out ,  shot cr et e and 
pr e- r ei nf or cement  spi l i ng i n addi t i on t o t he i ni t i al  suppor t  t ypes and 
quant i t i es f or  t he suppor t  cat egor i es as shown on t he Cont r act  Dr awi ngs t o 
st abi l i ze r ock and pr ovi de wat er  cont r ol .   I nst al l  addi t i onal  gr ound 
suppor t  measur es as condi t i ons war r ant  f or  l ocal  st abi l i zat i on and saf et y 
dur i ng t unnel i ng oper at i ons.

1. 7. 5   Fi nal  Li ni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tai l or  t hi s par agr aph t o t he t ype of  f i nal  
l i ni ng f or  t he pr oj ect ,  t hi s may be a cast - i n- pl ace 
or  pr ecast  r ei nf or ced concr et e l i ner ,  st eel  l i ner  
t hat  i s  backf i l l ed wi t h cont act  gr out ,  or  l ef t  
unl i ned,  maybe wi t h shot cr et e or  r ei nf or ced ( st eel  
f i ber )  shot cr et e or  ot her .

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

[ Cast - i n- pl ace r ei nf or ced concr et e,  st eel ]  l i ni ng t hat  i s pl aced af t er  t he 
t unnel  has been excavat ed and suppor t ed wi t h i ni t i al  suppor t .   Backf i l l  
concr et e and cont act  gr out  ar e al so i ncl uded i n t he f i nal  l i ni ng.
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1. 7. 6   Desi gn ( Excavat i on)  Li ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s nomencl at ur e shoul d be def i ned dur i ng 
t he devel opment  of  t he pl ans and speci f i cat i ons as 
i t  wi l l  be speci f i c  f or  each pr oj ect .

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

A l i ne def i ned as t hat  compl et ed excavat i on sur f ace/ l i ne wi t hi n whi ch no 
unexcavat ed mat er i al  must  r emai n.   Onl y shot cr et e,  st r uct ur al  st eel  r i b 
suppor t s wi t h l i mi t ed bl ocki ng,  r ock bol t s or  dowel s,  i ncl udi ng bear i ng 
pl at es and met al  har dwar e,  and t i e r ods may ext end beyond t he desi gn l i ne 
as shown on t he Dr awi ngs.   The mi ni mum concr et e cover  over  t hese el ement s 
i s shown on t he Dr awi ngs.   Embedment s shown on t he Dr awi ngs wi t hi n t he 
desi gn l i ne must  be pl aced as shown.   The Cont r act or  may sel ect  t he s i ze 
of  t he excavat ed openi ng pr ovi ded t hat  f i ni shed mi ni mum excavat i on 
t ol er ances ar e mai nt ai ned and t he desi gn l i ne r equi r ement s and di amet er  
const r ai nt s gi ven i n t hi s sect i on ar e sat i sf i ed.

1. 7. 7   A- l i ne ( Theor et i cal  Excavat i on Li ne)

The A- l i ne,  shown i n t he cont r act  dr awi ngs,  i s t he l i ne wi t hi n whi ch 
unexcavat ed mat er i al  must  not  be per mi t t ed t o r emai n.

1. 7. 8   B- l i ne ( Pay Li ne)

The B- l i ne shown i n t he cont r act  dr awi ngs i s t he out si de l i mi t  t o whi ch 
measur ement  f or  payment  f or  excavat i on must  be made.   Excavat i on beyond 
t he B- l i ne must  be avoi ded and wi l l  be at  t he Cont r act or ' s expense unl ess 
appr oved by t he Cont r act i ng Of f i cer .

1. 7. 9   Headi ng

A wal l  of  unexcavat ed r ock at  t he advance end of  a t unnel  ( synonymous wi t h 
t he t er m " Face" ) .  Al so use t o desi gnat e ei t her  a smal l  t unnel  or  a smal l  
t unnel  dr i ven as par t  of  a l ar ger  t unnel .

1. 7. 10   Face

The posi t i on of  t he under gr ound wor ks t hat  has been advanced t he f ur t hest  
f or  t he r espect i ve sect i on of  t he over al l  const r uct i on sequence adopt ed 
f or  t he t unnel ,  adi t  or  shaf t .   Al so r ef er r ed t o as " Wor ki ng Face"  or  
" Headi ng. "

1. 7. 11   Fi ssur e Gr out i ng

I s t he dr i l l i ng and gr out i ng of  hol es,  i ncl udi ng i n advance of  t he f ace 
bei ng excavat ed,  i n or der  t o seal  of f  wat er  passages or  sol i di f y 
di scont i nui t i es or  ot her  ar eas of  j oi nt ed or  f r act ur ed gr ound i nt er cept i ng 
t he under gr ound wor ks,  whi ch i f  l ef t  unt r eat ed coul d l ead t o i nst abi l i t y  
of  t he t unnel  excavat i on.   Al so r ef er r ed t o as " Pr e- Gr out i ng. "

1. 7. 12   For war d Ar ea

I s t hat  ar ea wi t hi n whi ch t he i ni t i al  gr ound suppor t  i s  t o be i nst al l ed 
behi nd t he headi ng i n t he v i c i ni t y of  t he f ace,  al so r ef er r ed t o as 
spi l l i ng or  f or epol i ng ( depends on r ock mass condi t i ons,  st and up t i me,  
and headi ng advance r at e) .
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1. 7. 13   I nt er medi at e Jacki ng St at i on

A f abr i cat ed st eel  cyl i nder  f i t t ed wi t h hydr aul i c j acks t hat  i s 
i ncor por at ed i nt o a pi pel i ne bet ween t wo pi pe segment s.   I t s f unct i on i s 
t o di st r i but e t he j acki ng l oad over  t he pi pe st r i ng on l ong dr i ves.

1. 7. 14   Lengt h of  Advance I nt er val

Lengt h of  t he unsuppor t ed span of  exposed gr ound opened up dur i ng one 
excavat i on i ncr ement  ( depends on r ock mass condi t i ons,  st and up t i me,  and 
headi ng advance r at e) .

1. 7. 15   Over br eak

The amount  of  gr ound uni nt ent i onal l y r emoved beyond t he pay l i ne,  or  
B- Li ne.   Mi ni mi ze over br eak,  r educe excessi ve r ock r emoval  or  
over - excavat i on.

1. 7. 16   Mi cr o- Tunnel i ng

Tr enchl ess const r uct i on of  smal l  di amet er  t unnel  used t o const r uct  ut i l i t y  
t unnel s f r om appr oxi mat el y 0. 5 t o 4m 1f t  8i n t o 13f t  1i n i n di amet er  and 
r emot el y oper at ed.

1. 7. 17   Over - Excavat i on

Excavat i on of  gr ound beyond t he t heor et i cal  excavat i on l i ne,  or  A- Li ne.

1. 7. 18   Pi pe Jacki ng

A one- pass t unnel i ng met hod by whi ch a pi pe st r i ng wi t h t he l eadi ng edge 
di r ect l y behi nd t he TBM i s pushed f or war d as t he t unnel  advances and wi l l  
ser ve as t he t unnel  suppor t  and car r i er  pi pe.

1. 7. 19   Pr obe Hol e

An expl or at or y hol e dr i l l ed i n advance of  an excavat i on t o expl or e gr ound 
condi t i ons or  wat er  i nf i l t r at i on condi t i ons.   Suppl ement al  pr obe hol es ar e 
t hose i nst al l ed i n addi t i on t o t he pr obe hol es shown on t he Dr awi ngs or  
r equi r ed her ei n and at  t he di r ect i on or  appr oval  of  t he Cont r act i ng 
Of f i cer .

1. 7. 20   Scal i ng

Consi st s of  bar r i ng,  wedgi ng,  and pi cki ng t o r emove l oose,  shat t er ed,  or  
unst abl e pi eces of  r ock ar ound t he headi ng advance.   I ndi v i dual  pi eces not  
i n accor dance wi t h t he speci f i ed t ol er ance must  al so be r emoved dur i ng 
scal i ng.   Scal i ng may be per f or med manual l y or  wi t h mechani cal  equi pment  
dependi ng on t unnel  conf i gur at i on and saf et y consi der at i ons.

1. 7. 21   Shot cr et e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   EM 1110- 1- 2907 Rock Rei nf or cement ,  Chapt er  6 
Sur f ace Tr eat ment  pr ovi des gui dance on shot cr et e 
( wet  and dr y mi x)  appl i cat i ons.

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

Mor t ar  or  concr et e conveyed t hr ough a hose and pneumat i cal l y pr oj ect ed
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at  hi gh vel oci t y ont o a sur f ace.

1. 7. 22   St aged Excavat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Advanci ng mul t i pl e headi ngs i s of t en 
per f or med i n poor  gr ound or  f or  l ar ger  f i nal  t unnel  
di mensi ons,  wher e a t op ( l ef t  and/ or  r i ght )  headi ng 
i s advanced,  suppor t ed,  t hen t he ot her  headi ng or  
bench r emoved,  pot ent i al l y  al so r emovi ng t he cent er  
suppor t  syst em separ at i ng t he headi ngs.

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

Sequence of  excavat i on by whi ch t he f i nal  excavat i on i s di v i ded i nt o a 
gr oup of  smal l er  dr i f t s,  al so r ef er r ed t o as s l ashes and cut s,  or  t op 
headi ng and bench.

1. 7. 23   Suppor t  Type
Met hod of  excavat i on and i ni t i al  gr ound suppor t  def i ned i n t he Dr awi ngs 
f or  use at  a par t i cul ar  l ocat i on.

1. 7. 24   Ti ght s or  Under br eak

Pr oj ect i ons of  r ock i n a t unnel  i nsi de t he mi ni mum excavat i on pr of i l e 
( A- l i ne)  t hat  need t o be r emoved pr i or  t o pl acement  of  l i ni ng.

1. 7. 25   Tunnel  Bor i ng Machi ne ( TBM)

A mechani zed,  shi el ded machi ne t hat  i s st eer abl e,  gui ded,  and
ar t i cul at ed.   The TBM may be oper at ed and st eer ed ei t her  f r om wi t hi n t he 
machi ne or  r emot el y.

1. 7. 26   Backf i l l  Tunnel  Gr out i ng

Fi l l i ng t he annul ar  space bet ween t he pi pe st r i ng and t he excavat ed gr ound.

1. 7. 27   Wat er  Sheet  and Dr ai n Hose

Sheet i ng and dr ai n hose used t o col l ect  and pan of f  gr ound wat er  f r om 
ar eas at  ei t her  t he excavat ed sur f ace behi nd t he shot cr et e l i ni ng or  t o 
col l ect  and dr ai n seepage t hr ough t he shot cr et e l i ni ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng r est r i ct i ons appl y t o t unnel  
excavat i on met hods usi ng Tunnel  Bor i ng Machi ne ( TBM)  
onl y.   Tunnel s may be excavat ed and suppor t ed usi ng 
a cont i nuous or  i ncr ement al  
excavat i on- obser vat i on- suppor t  appr oach t o pr ovi de 
t he necessar y and j ust i f i abl e l evel s of  gr ound 
cont r ol  and per manent  st abi l i zat i on.

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

1. 7. 28   Adi t

A hor i zont al  passage f or  t he pur pose of  access or  dr ai nage.   Suppl ement al  
t o t he mai n t unnel  headi ng and t ypi cal l y shor t er  i n l engt h.
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1. 7. 29   Roadheader

A mechani cal  excavat or  consi st i ng of  a r ot at i ng cut t er head mount ed on a 
boom;  boom may be mount ed on wheel s or  t r acks or  i n a t unnel  bor i ng 
machi ne.

1. 7. 30   Hydr aul i c Br eaker

Hydr aul i c oper at ed r ock br eaker ,  al so known as a per cussi on hammer  or  
hydr aul i c i mpact  br eaker ,  mount ed on heavy dut y excavat or  or  backhoe wi t h 
poi nt  t ool s sel ect ed f or  i mpact  r ock br eakage i n t unnel  or  r ock s l ope 
excavat i on.

1. 7. 31   Rever se Ci r cul at i on Dr i l l

Met hod of  dr i l l i ng usi ng combi ned r ot ar y dr i l l  and pneumat i c r eci pr ocat i ng 
pi st on ( hammer )  act i on,  wi t h dual  wal l  dr i l l  r ods consi st i ng of  an out er  
dr i l l  r od wi t h an i nner  t ube.   Hol l ow i nner  t ubes al l ow dr i l l  cut t i ngs t o 
be t r anspor t ed back t o t he sur f ace.   Can be used f or  shaf t  excavat i on i n 
r ock wi t hi n cer t ai n l i mi t s of  maxi mum shaf t  di amet er .

1. 7. 32   St and- Up- Ti me

The amount  of  t i me t he t unnel  wi l l  suppor t  i t sel f  wi t hout  any added 
suppor t  st r uct ur es.   The t i me t hat  el apses bet ween t he exposur e of  r ock or  
soi l  i n a t unnel  excavat i on and t he begi nni ng of  not i ceabl e movement s of  
t he gr ound.

1. 8   RESTRI CTI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi se t hese r equi r ement s t o accommodat e 
pr oj ect - speci f i c  const r ai nt s based upon var i abl es 
such as gr ound condi t i ons,  l ocat i ons of  adj acent  
st r uct ur es,  const r uct i on v i br at i on cr i t er i a,  
or dnances,  or  ot her  r equi r ement s.

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

The use of  a st aged excavat i on appr oach wi t h i nt egr al ,  concur r ent  i ni t i al  
suppor t  and per manent  st abi l i zat i on of  t he t unnel  per i pher y i s f undament al  
t o t he successf ul  execut i on of  t he pr oj ect  and r ecogni zes t hat  t unnel  
spans of  di f f er ent  di mensi ons must  be devel oped i n var i abl e and f r act ur ed 
r ock mass condi t i ons.

Do not  begi n t unnel  excavat i on unt i l  t he f ol l owi ng condi t i ons have been 
met :

1.   Requi r ed submi t t al s as l i s t ed i n Par agr aph SUBMI TTALS have been made 
and t he Cont r act i ng Of f i cer  has r evi ewed and appr oved t he submi t t al s.

2.   Pr e- const r uct i on i nspect i ons near  t he t unnel  excavat i on have been 
compl et ed by t he Cont r act or  and pr e- const r uct i on document s have been 
pr ovi ded t o Cont r act or i ng Of f i cer .

3.   I nst al l at i on of  geot echni cal  and st r uct ur al  i nst r ument at i on f or  
sur f ace st r uct ur es and gr ound near  t he t unnel  excavat i on al i gnment  
have been compl et ed and i ni t i al i zed by ot her s.

4.   Al l  i ssues r el at ed t o heal t h and saf et y have been met  and al l  
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submi t t al s have been made i n accor dance wi t h OSHA r equi r ement s,  
EM 385- 1- 1,  and ot her  appl i cabl e codes and r egul at i ons of  Feder al ,  
St at e,  and l ocal  agenci es havi ng j ur i sdi ct i on.

5.   Requi r ed per sonnel  wi t h qual i f i cat i ons speci f i ed i n par agr aph 
TUNNELI NG PERSONNEL ar e avai l abl e on si t e t o per f or m wor k.

6.   Tempor ar y const r uct i on power  subst at i on has been i nst al l ed and t est ed 
i n accor dance wi t h t he Di v i s i on 16 speci f i cat i ons.

7.   I nst al l at i on of  al l  v i br at i on moni t or i ng and ai r  qual i t y equi pment  
wi t h r equi r ed backgr ound moni t or i ng compl et ed.

1. 9   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:
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SD- 01 Pr econst r uct i on Submi t t al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng Submi t t al  r equi r ement s ar e f or  
t unnel  excavat i on usi ng any excavat i on met hods and 
shoul d be i ncl uded i n al l  pr oj ect  speci f i cat i ons.

Sever al  ot her  consi der at i ons i ncl ude Tunnel  and 
Conf i ned space r escue t eam t r ai ni ng and set t i ng up 
an i ndependent  emer gency communi cat i on l i nes wi t hi n 
t he t unnel .  The r equi r ement s f or  saf et y wi l l  need t o 
compl y wi t h EM 385- 1- 1 and addi t i onal  r equi r ement s 
i ncl uded i n saf et y sect i on.  I f  t he l ocal  f i r e 
depar t ment  i s not  t r ai ned i n conf i ned space t unnel  
or  mi ne r escue,  t hey may have t o be t r ai ned i n 
conf i ned space t unnel / mi ne r escue pr ocedur es pr i or  
t o excavat i on of  t unnel  or  a pr i vat e speci al t y 
company can be hi r ed f or  r escue ser vi ces as r equi r ed 
by l ocal ,  st at e,  and f eder al  wor k or di nances.

Haul  r out es f or  muck di sposal  can al so be an i ssue 
i n densel y popul at ed ar eas.   Haul  r out es may need t o 
be coor di nat ed wi t h l ocal  and st at e of f i c i al s as 
r equi r ed by l ocal  or di nances.

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

Power  Suppl y Requi r ement s and Ant i c i pat ed Power  Sour ce( S) ;  G[ ,  
[ _____] ]

Dust  Suppr essi on Syst em;  G[ ,  [ _____] ]

Muck Removal  Syst em;  G[ ,  [ _____] ]

Met hod and Syst em For  Mai nt ai ni ng Li ne And Gr ade;  G[ ,  [ _____] ]

Pr e- Const r uct i on Sur veys;  G[ ,  [ _____] ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when 
excavat i ng near  v i br at i on sensi t i ve equi pment .

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

SD- 03 Pr oduct  Dat a

Manuf act ur er ' s Speci f i cat i ons;  G[ ,  [ _____] ]

Sei smogr aphs;  G[ ,  [ _____] ]

Roadheader ;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

Tunnel  Excavat i on Pl an;  G[ ,  [ _____] ]

Vent i l at i on Pl an;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Dai l y Recor ds
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Dr i l l i ng Logs

Post - Const r uct i on Sur veys;  G[ ,  [ _____] ]

I ndi v i dual  Vi br at i on Moni t or i ng Repor t ;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Cer t i f i cat i on f r om t he Roadheader  Manuf act ur er ;  G[ ,  [ _____] ]

Tunnel i ng Super i nt endent  and Super vi sor s;  G[ ,  [ _____] ]

Pr of essi onal  Engi neer  or  Pr of essi onal  Geol ogi st ;  G[ ,  [ _____] ]

TBM Oper at or s and Mechani cs;  G[ ,  [ _____] ]

Vi br at i on Moni t or i ng Speci al t y Fi r m;  G[ ,  [ _____] ]

St r uct ur al  Condi t i on Assessment  I nspect i on/ Eval uat i on Techni c i an;  G
[ ,  [ _____] ]

Roadheader ;  G[ ,  [ _____] ]

SD- 10 Oper at i on and Mai nt enance Dat a

Manual s f or  Oper at i on and Mai nt enance;  G[ ,  [ _____] ]

1. 10   COORDI NATI ON
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   The f ol l owi ng par agr aph can be used i f  
wor ki ng wi t h mul t i pl e st akehol der s/ owner s.

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

Under gr ound const r uct i on met hods wi l l  be i n t he v i c i ni t y of  t he [ exi st i ng 
l ock,  r ai l r oad,  and hi ghway,  and r i ver  bar ge,  t r ai n,  hospi t al  hi ghway 
t r af f i c ,  ut i l i t i es and busi nesses]  and t hei r  oper at i on wi l l  not  be i mpeded 
or  del ayed beyond t hat  whi ch has been coor di nat ed wi t h TVA,  U. S.  Coast  
Guar d,  U. S.  Ar my Cor ps of  Engi neer s -  [ _____]  Di st r i ct ,  [ _____]  
envi r onment al  or  nat ur al  r esour ces of f i ces,  [ _____]  Depar t ment  of  
Tr anspor t at i on,  l ocal  gover nment  ent i t i es,  [  [ _____]  Rai l r oad,  r egi onal  or  
l ocal  ut i l i t i es,  and/ pr i vat e busi nesses] .   I ncl ude a coor di nat i on and 
t r af f i c  cont r ol  wi t h t he appr opr i at e aut hor i t i es t hat  mi t i gat es navi gat i on 
and t r af f i c  del ays.

Coor di nat e,  t hr ough t he Cont r act i ng Of f i cer ,  wi t h ot her  Cont r act or s 
wor ki ng onsi t e t o mi ni mi ze wor k st oppages dur i ng t unnel  excavat i on.

1. 11   LI ABI LI TY

Compl i ance wi t h pr ovi s i ons i n t he cont r act  wi l l  not  r el i eve t he Cont r act or  
of  t hei r  r esponsi bi l i t y  f or  damages or  i nj ur i es caused by,  r el at ed t o,  or  
ar i s i ng out  of  t unnel i ng or  associ at ed act i v i t i es.   The Cont r act or  assumes 
al l  l i abi l i t y  and hol d and save t he Gover nment ,  i t s  agent s,  of f i cer s,  and 
empl oyees har ml ess f or  al l  c l ai ms f or  per sonal  i nj ur i es,  pr oper t y damage,  
or  ot her  c l ai ms ar i s i ng out  of  or  i n connect i on wi t h,  under  t hi s cont r act .
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PART 2   PRODUCTS

2. 1   SAFETY EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s sect i on r equi r es t ai l or i ng f or  t he 
speci f i c  pr oj ect  desi gn,  geol ogy,  and si t e 
condi t i ons.

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

a.   Pr ovi de saf et y equi pment  and moni t or i ng i nst r ument s accor di ng t o 
r equi r ement s of  Saf et y and Heal t h Pl an i n accor dance wi t h Sect i on 
01 35 26 GOVERNMENT SAFETY REQUI REMENTS,  t o be i ncl uded i n t he 
Mat er i al s Handl i ng Pl an as r equi r ed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

b.   Pr ovi de per sonal  pr ot ect i ve equi pment  f or  pr ot ect i on agai nst  
r espi r abl e dust ,  and al l  ot her  pr ot ect i ve measur es t hat  may be deemed 
necessar y f or  dust  cont r ol  as per  Feder al  Requi r ement s.   Submi t  t he 
det ai l s of  t he Dust  Suppr essi on Syst em.

c.   Al l  r ock r ei nf or cement ,  i ncl udi ng spi l i ng and ot her  gr ound suppor t  i n 
accor dance wi t h t he r equi r ement s set  f or t h i n Sect i on 31 68 13 SOI L 
AND ROCK ANCHORS and 03 37 13 SHOTCRETE.

d.   Lat t i ce gi r der s and shot cr et e l i ni ng must  be i n accor dance wi t h t he 
r equi r ement s of  [ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT] ,  and 
Sect i on 03 37 13 SHOTCRETE.

e.   St eel  set s must  be i n accor dance wi t h t he r equi r ement s of  [ Sect i on XX 
XX XX TUNNEL EXCAVATI ON SUPPORT] ,  and [ Sect i on XX XX XX REI NFORCI NG 
STEEL] .

f .   Shot cr et e mat er i al s must  be i n accor dance wi t h t he r equi r ement s of  
Sect i on 03 37 13 SHOTCRETE.

g.   Wat er  sheet  and dr ai n hoses as par t  of  t empor ar y const r uct i on measur es 
t o dr ai n of f  l ocal  wat er  i nf l ows:

1.   PVC sheet ,  or  appr oved equal  by t he Cont r act i ng Of f i cer ,  f or  
appl i cat i on at  exposed gr ound sur f ace or  shot cr et e sur f ace.

2.   Fl exi bl e PVC hose wi t h end coupl i ngs as r equi r ed

2. 2   PROBEHOLE DRI LLI NG EQUI PMENT

A cont i nuous pr obe must  be mai nt ai ned at  [ _____]  met er s [ _____]  f eet ,  or  
l east  [ _____]  t unnel  di amet er s ahead of  t he t unnel  f ace.   I f  t he pr obi ng 
r esul t s i ndi cat e t he pr esence of  poor  gr ound r equi r i ng t he i nst al l at i on of  
pr e- r ei nf or cement ,  t he Cont r act or  must  adj ust  as necessar y t o achi eve t he 
r equi r ed excavat i on pr of i l e pr i or  t o excavat i ng t hr ough t he ant i c i pat ed 
poor  gr ound.   Dur i ng t he pr obi ng oper at i on t he Cont r act or  must  moni t or  and 
measur e t he amount  of  i n- f l owi ng wat er .

Pr obe hol e dr i l l i ng equi pment  must  be capabl e of  dr i l l i ng a mi ni mum 
[ _____] - i nch di amet er  hol es t hr ough sound and decomposed r ock [ and 
concr et e] .   Pr ovi de al l  necessar y pr obe hol e dr i l l i ng per sonnel ,  
equi pment ,  and accessor i es.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  of  r ecor d t o pr ovi de i nput  on t he 
f l ow pr essur es f or  packer  t est s.   Consi der at i on must  
be t aken by r evi ewi ng ot her  avai l abl e dat a such as 
pi ezomet er s,  pr essur e cel l s,  r ock mass f eat ur es.

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

The dr i l l  must  be sui t abl e f or  dr i l l i ng i n wet  gr ound condi t i ons,  hi ghl y 
shear ed or  f r act ur ed zones,  and t hr ough f aul t  gouge.   The dr i l l i ng 
equi pment  must  be capabl e of f set t i ng packer s i n t he hol e agai nst  a 

pr essur e of  [ _____]  kg/ cm2 [ _____]  psi .

2. 3   ROADHEADER

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng Submi t t al  r equi r ement s f or  
Roadheader  shoul d onl y be i ncl uded i f  t hi s met hod of  
mechani cal  excavat i on wi l l  be empl oyed on t he 
pr oj ect .

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

Conf or m t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES.   Submi t  f or  r evi ew at  
l east  s i xt y ( 60)  days bef or e t he st ar t  of  excavat i on wi t h t he 
r oadheader ( s)  t he f ol l owi ng:

a.   Make and model  number ,  manuf act ur er ' s speci f i cat i ons,  and manual s f or  
oper at i on and mai nt enance.

b.   Cer t i f i cat i on f r om t he r oadheader  manuf act ur er  t hat  t he pr oposed 
machi ne( s)  can excavat e t he ant i c i pat ed r ock condi t i ons as descr i bed 
i n t he Cont r act  Document s at  a r at e suf f i c i ent  t o meet  t he pr oj ect  
schedul e.

c.   Power  suppl y r equi r ement s and ant i c i pat ed power  sour ce( s) .

d.   Det ai l s of  dust  suppr essi on syst em.

e.   Det ai l s of  muck r emoval  syst em.

f .   Det ai l s of  met hod and syst em f or  mai nt ai ni ng l i ne and gr ade.

g.   For  r ef ur bi shed ( used)  machi nes,  i n addi t i on t o t he i nf or mat i on 
r equi r ed her ei n,  submi t  t he f ol l owi ng addi t i onal  i nf or mat i on:  
mai nt enance r ecor d( s)  and descr i pt i on of  l ast  t hr ee ( 3)  pr oj ect s,  
i ncl udi ng r ock t ypes excavat ed,  advance r at es,  t ot al  oper at ed hour s,  
and r ebui l d r ecor ds of  maj or  component s.

2. 4   TUNNEL BORI NG MACHI NE ( TBM)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Accur at e TBM per f or mance est i mat i on i s 
cr i t i cal  f or  const r uct i on schedul e and cost  
devel opment  f or  any mechani cal  t unnel i ng.   The 
sel ect i on of  an appr opr i at e TBM f or  excavat i on 
condi t i ons at  a s i t e depends on r ock pr oper t i es,  
r ock mass char act er i zat i on and machi ne 
speci f i cat i ons ant i c i pat ed al ong t he t unnel  
al i gnment .  TBM par amet er s i ncl udi ng t hr ust  and 
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power ,  as wel l  as cut t er  di sk spaci ng and l ayout  
t oget her  wi t h t he ant i c i pat ed r ock mat er i al  
pr oper t i es and r ock mass char act er i st i cs ar e mai n 
par amet er s used f or  TBM per f or mance est i mat i on.  
Ther ef or e,  t hese key par amet er s shoul d be quant i f i ed 
car ef ul l y al ong any t unnel  al i gnment  f or  any t ype of  
har d r ock TBM pr oj ect s.  These condi t i ons shoul d be 
def i ned i n t he pr oj ect  GDR/ GBR and/ or  GI R.  The 
i mpact  of  t hese f act or s on TBM per f or mance cannot  be 
under st at ed.  Si gni f i cant  det ai l  shoul d be gi ven t o 
j oi nt  and f r act ur e syst ems wi t hi n t he r ock mass.  The 
f r act ur e syst ems shoul d be cl assi f i ed and quant i f i ed 
by usi ng f r act ur e c l ass desi gnat i on syst em.  
Or i ent at i on of  di scont i nui t i es v i a al pha angl e and 
di st ance bet ween t he pl anes of  weakness shoul d be 
quant i f i ed and used t o make cor r el at i on bet ween t he 
geol ogy pr esent  al ong t he al i gnment  and t he r at e of  
penet r at i on f or  t he sel ect ed TBM.  These r esul t s can 
be model ed i n sever al  di f f er ent  t unnel  penet r at i on 
pr edi ct i on model s.   Rock f r act ur e i ndex ( RFI )  shoul d 
be i nt r oduced and used as an adj ust ment  f act or  f or  
f r act ur ed r ock mass condi t i ons.  Typi cal  Rock Mass 
Cl assi f i cat i ons syst ems used i ncl ude RMR,  Q,  and GSI .

Speci f i c  t echni cal  consi der at i ons f or  t he use of  
TBMs i ncl ude geol ogi cal  par amet er s ( r ock t ype,  r ock 
al t er at i on,  r ock st r engt h,  r ock abr asi v i t y,  
dur abi l i t y ,  gr oundwat er  i nf l ows) ,  di scont i nui t i es i n 
t he r ock mass ( j oi nt s,  f r act ur es,  beddi ng,  shear s,  
f aul t s) ,  dept h of  cover  and t he pot ent i al  f or  
over st r essi ng/ r ock bur st s,  s i t e access and t er r ai n,  
por t al  l ocat i ons,  TBM const r ai nt s,  mi ni mum t unnel  
s i ze,  t unnel  suppor t  r equi r ement s,  cont r act or  and 
l abor  exper i ence,  and pr oj ect  schedul e demands.   A 
t hor ough eval uat i on of  t he ant i c i pat ed gr ound 
condi t i ons shoul d be per f or med as par t  of  t he 
i nvest i gat i on and t he desi gn deci s i on t o ut i l i ze TBM 
excavat i on t echni ques.  Mi ni mum speci f i cat i ons f or  
TBMs ar e necessar y i n or der  t o pr event  t he i ncor r ect  
t ype of  TBM f r om bei ng used.  Appr opr i at e 
geot echni cal  i nvest i gat i ons ar e essent i al  i n or der  
t o pr ovi de cr i t i cal  i nf or mat i on on t he ant i c i pat ed 
subsur f ace condi t i ons f or  car ef ul  pl anni ng and 
desi gn of  t he pr oposed t unnel  al i gnment .

TBMs of f er  hi gh r at es of  t unnel  excavat i on pr ogr ess 
t hat  can be r un ar ound t he cl ock,  whi ch i s a uni que 
economi c advant age r ecogni zed f or  t unnel i ng pr oj ect s 
wher e t i mi ng i s a cr i t i cal  component  of  t he 
pr oj ect .   TBMs ar e most  appr opr i at el y appl i ed i n 
homogeneous r ock condi t i ons t hat  ar e conduci ve f or  
excavat i on,  i ncl udi ng ver y st r ong r ock var yi ng f r om 
150 MPa t o 250 MPa ( 21, 755 t o 35, 300 psi ) .

One of  t he key consi der at i ons f or  t he use of  TBMs i s 
t he dept h of  r ock cover  al ong t he t unnel  al i gnment  
and t he pot ent i al  f or  over st r essi ng.  Over st r essi ng 
wi l l  occur  under  t he f ol l owi ng condi t i ons:
1)   Hi gh r ock cover .
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2)   Low/ moder at e r ock st r engt h.
3)   Hi gh i n s i t u st r esses.

Eval uat i on of  t he uni axi al  compr essi ve st r engt h and 
i n s i t u st r esses shoul d be i ncl uded i n t he t unnel  
i nvest i gat i on pr ogr am.  Est i mat es of  r ock st r engt h 
can be made by f i el d obser vat i ons at  bedr ock 
out cr ops,  and r ock al t er at i on and j oi nt  spaci ng can 
be measur ed i n t he f i el d.   Dr i l l i ng pr ogr ams can 
col l ect  i n- s i t u sampl es f or  l abor at or y t est i ng of  
r ock bl ock or  cor e sampl es.  

The ver t i cal  al i gnment  f or  TBMs i s t ypi cal l y kept  
bel ow a maxi mum gr ade of  3 per cent ;  ot her wi se,  
speci al  br aki ng syst ems must  be i ncor por at ed i n t he 
TBM desi gn.  Hor i zont al  al i gnment s al so have si mi l ar  
l i mi t at i ons,  wi t h t ypi cal  mi ni mum r adi i  of  cur vat ur e 
of  about  250- 300 met er s 820- 954 f eet .

Pr oj ect  schedul e and pr ocur ement  ar e pr obabl y t he 
t wo bi ggest  i ssues r egar di ng TBM sel ect i on.  Ear l y or  
on- t i me compl et i on i s cr i t i cal  f or  maj or  t unnel i ng 
pr oj ect s due t o t he l ar ge amount  of  i nf r ast r uct ur e 
and manpower  associ at ed wi t h t hei r  const r uct i on.    
Some pr oj ect s may mandat e t he use of  TBMs i n or der  
t o pr ovi de an over al l  shor t er  const r uct i on 
schedul e.   Typi cal  pr ocur ement  and bui l di ng t i me f or  
new TBMs i s t ypi cal l y over  a cal endar  year .

The mi ni mum r equi r ement s f or  t he appl i cat i on of  TBMs 
on any gi ven t unnel  pr oj ect  shoul d be based on t he 
f ol l owi ng:
1)   Di st r i but i on of  mai n r ock t ypes,  st r engt h,  
qual i t y,  and dur abi l i t y .
2)   Quant i f i cat i on of  number  and ext ent  of  maj or  
f aul t  and shear  zones.
3)   Pr esence of  weak r ock uni t s and pot ent i al  f or  
over st r essi ng and squeezi ng condi t i ons.
4)   I nst al l at i on r equi r ement s f or  i ni t i al  t unnel  
suppor t .
5)   Fi nal  suppor t  and l i ni ng r equi r ement s.

The mai n di sadvant ages f or  t he use of  TBMs f or  
t unnel i ng pr oj ect s ar e as f ol l ows:
1)   Li mi t ed t o use f or  r el at i vel y st r ai ght  t unnel s 
wher e r adi us of  cur vat ur e may be r est r i ct ed
2)   TBMs ar e t ypi cal l y not  consi der ed t o be 
appr opr i at e f or  l ong,  deep t unnel s,  wher e ext ensi ve 
l engt hs may be subj ect  t o over st r essi ng due t o l ow 
r ock st r engt hs and/ or  hi gh i n s i t u st r esses.

Geol ogi cal  mappi ng and eval uat i on shoul d be 
consi der ed t he f i r st  st ep i n t unnel  pl anni ng and 
desi gn.  Thi s wor k can compr i se a desk r evi ew of  
exi st i ng l i t er at ur e and hi st or i cal  r epor t s and 
i nvest i gat i ons.  The key r equi r ement  i s t he 
i dent i f i cat i on of  r ock mass char act er i st i cs and 
engi neer i ng pr oper t i es cr i t i cal  t o t unnel  desi gn.  
Consi der at i on shoul d be gi ven t o st r uct ur al  
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di scont i nui t i es such as f aul t s al ong t he t unnel  
al i gnment  and t hen,  f i el d pr oof i ng/ mappi ng of  
suspect ed f eat ur es.   The key l essons l ear ned f r om 
past  t unnel i ng pr oj ect s wher e TBM wer e ut i l i zed ar e 
t hat  ever y t unnel  pr oj ect  and si t e l ocat i on i s 
uni que i n t er ms of  geol ogy,  access,  t er r ai n/ cover ,  
exper i ence of  candi dat e cont r act or s and pr oj ect  
compl et i on demands.   TBMs of f er  key pr oj ect  schedul e 
benef i t s r egar di ng pr oduct i on whi ch i s a uni que 
economi c advant age r ecogni zed and ut i l i zed when 
sel ect i ng TBM excavat i on met hods.

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

The TBM wi l l  be a f ul l y  shi el ded machi ne bui l t  or  r ebui l t  by an 
est abl i shed TBM manuf act ur er  wi t h at  l east  10 year s '  exper i ence 
manuf act ur i ng or  r ebui l di ng TBMs.

The TBM must  have t he f ol l owi ng speci f i c  char act er i st i cs,  capabi l i t i es,  
and equi pment :

a.   Conf i gur ed t o excavat e t o t he di mensi ons i ndi cat ed on t he Cont r act or ' s 
shop dr awi ngs and desi gned t o advance t hr ough al l  ant i c i pat ed gr ound 
condi t i ons as det ai l ed i n t he GBR.

b.   Ful l - c i r c l e shi el d,  f or  t he ent i r e l engt h of  t he TBM and t ai l  t hat  
wi l l  cont i nuousl y and f ul l y suppor t  t he gr ound as t he TBM advances.

c.   Abi l i t y  t o st eer  TBM and t r ai l i ng equi pment  t o mai nt ai n l i ne and gr ade 
wi t hi n t he speci f i ed t ol er ances.

d.   Ful l - f ace cut t er head.  Sel ect  cut t er  t ypes,  changeabi l i t y ,  and 
conf i gur at i on as r equi r ed t o excavat e t hr ough t he ant i c i pat ed gr ound 
condi t i ons.

e.   TBM per f or mance speci f i cat i ons,  i ncl udi ng cut t er head r ot at i on 
hor sepower ,  must  be speci f i ed based upon ant i c i pat ed gr ound condi t i ons 
( e. g. ,  l i t hol ogy and i n- s i t u r ock st r ess condi t i ons)  al ong t he 
pr oposed t unnel  al i gnment .

f .   The t ai l  of  t he shi el d must  have a seal i ng syst em t hat  pr event s soi l  
f r om f l owi ng i nt o t he shi el d and t unnel  t hr ough t he j oi nt  bet ween t he 
t ai l  of  t he shi el d and t he f i r st  j acked pi pe i f  r equi r ed by 
ant i c i pat ed gr ound condi t i ons.

g.   When st ar t i ng and st oppi ng TBM,  pr ovi de equi pment  and i mpl ement  
pr ocedur es t o avoi d hi gh vol t age f l uct uat i ons on t he power  
di st r i but i on syst em.

h.   TBM must  be equi pped wi t h sui t abl e saf et y syst ems i n accor dance wi t h 
appl i cabl e OSHA r equi r ement s.

i .   Equi p TBM wi t h l aser  t ar get  syst em t o per mi t  accur at e moni t or i ng of  
l i ne and gr ade.

j .   Mai nt ai n an i nvent or y of  spar e par t s and wear  i t ems r ecommended by t he 
TBM and t r ai l i ng syst ems manuf act ur er s t o ensur e cont i nued f unct i oni ng 
of  TBM and al l  essent i al  syst ems.

SECTI ON 31 71 19  Page 24



2. 5   PI PE JACKI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng on t he pr oj ect  desi gn,  i ncl ude 
l anguage f or  t he pi pe j acki ng syst em,  as needed.  
Del et e i f  pi pe j acki ng f or  t unnel  l i ner  i nst al l at i on 
i s not  r equi r ed.

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

Pr ovi de a pi pe j acki ng syst em wi t h t he f ol l owi ng f eat ur es:

a.   Has t he mai n j acks mount ed i n a j acki ng f r ame l ocat ed at  t he j acki ng 
por t al .

b.   Has a j acki ng f r ame whi ch successi vel y pushes a st r i ng of  connect ed 
pi pes f ol l owi ng t he TBM t owar ds t he r ecei v i ng por t al .

c.   Has suf f i c i ent  capaci t y t o push t he TBM and pi pe st r i ng t hr ough t he 
gr ound.  I ncor por at e i nt er medi at e j acki ng st at i ons,  i f  necessar y.

d.   Devel ops a uni f or m di st r i but i on of  j acki ng f or ces on t he end of  t he 
pi pe by use of  spr eader  r i ngs and packi ng,  measur ed by oper at i ng 
gauges.

e.   Pr ovi des and mai nt ai ns a l ubr i cat i on syst em at  al l  t i mes t o l ower  t he 
f r i c t i on devel oped on t he sur f ace of  t he pi pe dur i ng j acki ng.

f .   Use t hr ust  r eact i ons f or  pi pe j acki ng t hat  ar e adequat e t o suppor t  t he 
j acki ng pr essur e devel oped by t he mai n j acki ng syst em.  Speci al  car e 
must  be t aken when set t i ng t he pi pe gui de r ai l s at  t he j acki ng pi t  t o 
ensur e cor r ect ness of  t he al i gnment ,  gr ade,  and st abi l i t y .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Expansi ve gr out s wer e i nt r oduced as an 
al t er nat i ve r ock br eakage met hod but  wer e not  used 
ext ensi vel y i n mi ni ng due t o l ow pr oduct i v i t y r at e 
and cost  per  excavat i on vol ume r at i os.  Expansi ve 
gr out s can be used t o i nduce f r act ur es i n sat ur at ed 
condi t i ons.  Ef f ect i veness i s gener al l y det er mi ned by 
wat er  cont ent ,  ambi ent  t emper at ur e,  and bor ehol e 
di amet er .   Expansi ve gr out s can have l ow 
ef f i c i enci es and t ake a l ong t i me t o set  and expand 
t o i nduce r ock br eakage.   Dependi ng on access l i ne 
dr i l l i ng can be per f or med wi t h an ai r  t r ack or  
hydr aul i c hammer  dr i l l i ng set  ups.    Local i zed smal l  
br eaks can be done wi t h a r ot ar y hammer  dr i l l ed l i ne 
pat t er ns.

Expansi ve gr out  i s ut i l i zed t o el i mi nat e f l y- r ock,  
noi se,  bl ast  or  mechani cal  excavat i on v i br at i on,  and 
st r uct ur al  damage r el at ed t o ai r  bl ast  over pr essur e 
or  mechani cal  excavat i on.  I t  does not  r equi r e 
speci al  per mi t s,  or  speci al  bl ast i ng cer t i f i cat i ons.  
Expansi ve gr out s ar e t ypi cal l y used i n speci al i zed 
gr ound condi t i on condi t i ons t hat  necessi t at e i t s use 
( exampl es:  r ock excavat i on adj acent  t o embankment  
st r uct ur es or  gr out  cur t ai ns,  or  i n c l ose ur ban 
envi r onment s wher e bl ast i ng t echni ques woul d exceed 
l ocal  var i ances on peek par t i c l e vel oci t i es and/ or  
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vi br at i on and dust .

To best  ut i l i ze t hi s t echni que bedr ock i nf or mat i on 
shoul d be col l ect ed r egar di ng r ock t ype,  gr ai n s i ze,  
pl anes of  weakness,  f ol i at i on,  st r engt h,  
cement at i on,  f r act ur e spaci ng,  r ock mass 
char act er i zat i on and engi neer i ng par amet er s.  Test  
panel s t o speci f i cal l y devel op expansi ve gr out  
excavat i on t echni ques coul d be ut i l i zed and 
f i nal i zed pr i or  t o cr i t i cal  excavat i on i n 
envi r onment al l y sensi t i ve near  cr i t i cal  st r uct ur es 
at  t he s i t e.

A hydr aul i c spl i t t i ng machi ne i s anot her  mechani cal  
means of  excavat i on t hat  ut i l i zes pr edr i l l ed 
pat t er ns i n t he r ock.   I t  i s  compr i sed of  t wo par t s:  
a spl i t t er  and a power  st at i on.  The spl i t t er  
consi st s of  a power  cyl i nder  wi t h mul t i pl e pi st ons 
or  wedges ( based on a machi ne model )  t hat  appl y 
pr essur e i nt o a bor e hol e wal l ,  pushi ng t he r ock 
t owar d a f r ee f ace.  The power  st at i on consi st s of  a 
hydr aul i c pump,  hydr aul i c pi pe,  and cont r ol  panel .    
These can be ut i l i zed l ocal l y i n cr i t i cal l y 
sensi t i ve ar eas i n pl ace of  expansi ve gr out  
t echni ques.

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

PART 3   EXECUTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s speci f i cat i on i s f or  use f or  t unnel  
excavat i on.  For  mi xed f ace t unnel i ng condi t i ons,  
r evi se speci f i cat i on t o account  f or  ant i c i pat ed 
gr ound condi t i ons.  Thi s speci f i cat i on r equi r es a 
Geot echni cal  Basel i ne Repor t  ( GBR)  t hat  def i nes t he 
gr ound pr oper t i es,  condi t i ons,  and behavi or  r el at ed 
t o t unnel  excavat i on,  suppor t ,  and const r uct abi l i t y  
al ong t he t unnel  al i gnment ,  por t al s,  or  al ong 
separ at e t unnel  segment s t hat  i s  expect ed.  The 
Geot echni cal  Dat a Repor t  ( GDR)  cont ai ns al l  t he 
t est i ng and r ock mass char act er i zat i on dat a used t o 
char act er i ze t he condi t i ons and behavi or  of  t he 
gr ound al ong t he t unnel  al i gnment  t o est abl i sh t he 
base l i ne condi t i ons f or  t he pr oj ect .   The GBR 
def i nes what  const i t ut es a di f f er i ng s i t e condi t i ons 
f or  c l ai m r esol ut i on per  t he f r amewor ks of  t he 
cont r act .

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

3. 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph shoul d agr ee wi t h t he 
desi gnat i ons under  par agr aph SUBMI TTALS.

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

a.   Car e must  be exer ci sed t o mi ni mi ze over br eak,  t o pr event  i mmedi at e or  
subsequent  r ock f al l s  f r om wi t hi n t he t unnel  or  f r om por t al  ar eas and 
ot her  r ock s l opes out si de t he t unnel ,  and t o pr eser ve t he i nt egr i t y of  
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t he r ock out si de t he l i mi t s of  t unnel  excavat i on.

b.   Cl ean wor ki ng condi t i ons must  be al ways mai nt ai ned i nsi de t he t unnel .  
Al l  muck,  s l ush gr out ,  gr out  spi l l s ,  and any ot her  mat er i al  not  
r equi r ed f or  t unnel i ng must  be r emoved f r om t he t unnel  i n a t i mel y 
manner .

c.   Det ai l ed const r uct i on sequenci ng must  be t he r esponsi bi l i t y  of  
Cont r act or ,  consi st ent  wi t h t he r equi r ement s of  t hese Speci f i cat i ons,  
and t hose shown on t he Cont r act  Dr awi ng and i n agr eement  wi t h t he 
appr oved submi t t al s.

d.   Per f or m wor k i n a manner  t hat  mi ni mi zes saf et y hazar ds and exposur e of  
per sonnel  and equi pment  t o hazar dous and pot ent i al l y  hazar dous 
condi t i ons i n accor dance wi t h speci f i ed saf et y r equi r ement s and 
Cont r act or ' s Saf et y and Heal t h Pl an.

e.   Mi ni mi ze gr ound movement  at  t he t unnel  f ace and i n t he sur r oundi ng 
excavat i on,  and pr event  gr ound l oss,  subsi dence,  and movement  i n 
sur f ace f eat ur es,  over l y i ng st r uct ur es,  and ut i l i t i es above and ar ound 
t he vi c i ni t y of  t he t unnel  excavat i on.

f .   Pr ovi de addi t i onal  f ace and excavat i on st abi l i zat i on by means of  
di scr et i onar y gr ound suppor t  wher ever  gr ound condi t i ons di ct at e.

g.   I n case of  st oppages f or  any r eason,  mai nt ai n qual i f i ed per sonnel  
on- dut y t o moni t or  condi t i ons t hat  may t hr eat en st abi l i t y  of  t he 
headi ng.

h.   I f  moni t or i ng of  gr ound vi br at i ons i ndi cat e t hat  v i br at i on l evel s ar e 
exceedi ng r esponse l evel s as def i ned under  par agr aph t i t l ed Gr ound 
Vi br at i on and Def or mat i on Ef f ect s Moni t or i ng,  and [ Sect i on XX XX XX 
GEOTECHNI CAL AND STRUCTURAL I NSTRUMENTATI ON]  t hen adj ust  pr ocedur es 
f or  excavat i on and i ni t i al  suppor t  i nst al l at i on i n accor dance wi t h t he 
accept ed Cont i ngency Pl an t o r educe t he l evel s t o wi t hi n accept abl e 
l i mi t s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The need t o mai nt ai n enough t unnel  suppor t  
mat er i al s/ equi pment  wi l l  var y per  pr oj ect .   Def i ne 
t hi s quant i t y dur i ng desi gn phase and i ncor por at e i n 
GBR.   The f ol l owi ng par agr aph shoul d be t ai l or ed f or  
t he speci f i c  pr oj ect  r equi r ement s.

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

i .   Mai nt ai n enough shot cr et e mat er i al s at  t he t unnel  f ace,  r eady f or  
i mmedi at e appl i cat i on,  dur i ng t he ent i r e excavat i on per i od.  Excavat i on 
wi l l  not  be per mi t t ed wi t hout  t hi s r equi r ement  bei ng met  or  as 
appr oved by t he Cont r act i ng Of f i cer .

j .   As t he excavat i on pr ogr esses,  t he Cont r act i ng Of f i cer  wi l l  per f or m 
i nspect i on,  [ phot ogr ammet r y, Li DAR scanni ng]  and geol ogi c mappi ng or  
ot her  document at i on of  t he exposed t unnel  sect i ons.   Thi s mappi ng wi l l  
be accompl i shed af t er  excavat i on and ei t her  bef or e or  i n conj unct i on 
wi t h suppor t  i nst al l at i on.   The Cont r act or  must  pr ovi de cl eani ng of  
t he headi ng and compl et ed cr own and si dewal l s and a saf e means of  
access t o t hese ar eas t o al l ow t hi s mappi ng.   Mappi ng of  t he cr own and 
si dewal l s wi l l  be conduct ed f or  document at i on of  t he act ual  geol ogi c 
condi t i ons encount er ed and assessment  of  r ock mass char act er i st i cs of  
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t he headi ng.   The Cont r act or  must  assume t hat  t hi s i nspect i on and 
mappi ng wi l l  be per f or med once each shi f t  f or  a per i od of  mi ni mum [ 20]  
mi nut es i n each headi ng.   Li ght i ng,  vent i l at i on,  and access wi l l  be 
pr ovi ded f or  c l ose i nspect i on of  t he f ace.   Wher e necessar y t he 
excavat ed sur f aces may need t o be cl eaned by ai r  or  wat er  j et s t o 
pr ovi de sur f aces sui t abl e f or  mappi ng,  as di r ect ed by t he Cont r act i ng 
Of f i cer ;  pr ovi ded,  however ,  such cl eani ng wi l l  be mi ni mal  i n ar eas 
wher e sof t er  mat er i al s can be gouged out  t o dept hs gr eat er  t han t hr ee 
i nches.   The Cont r act or  must  cease oper at i ons t o t he ext ent  necessar y 
t o per mi t  such mappi ng as di r ect ed by t he Cont r act i ng Of f i cer .   Such 
wor k wi l l  be coor di nat ed by t he Cont r act i ng Of f i cer  i n a manner  t o 
avoi d undue di sr upt i on t o Cont r act or ' s oper at i ons.

k.   Est abl i sh and mai nt ai n sur veyed t unnel  st at i on mar ker s t hr oughout  bot h 
l i ned and unl i ned excavat ed t unnel .  Pl aced st at i on mar ker s i ndi cat i ng 
t he t unnel  st at i oni ng at  15. 24 met er s50 f eet  i nt er val s by spr ay 
pai nt i ng t he r ock or  shot cr et e sur f ace i n a col or  t o cont r ast  wi t h 
backgr ound.  I nt er medi at e st at i on mar ker s wi l l  be made at  3. 05 met er s
10- f oot  i nt er val s wi t h v i s i bl e pai nt  mar ks l ocat ed at  or  near  t unnel  
spr i ng- l i ne.

l .   Sequence and di r ect i on of  t unnel i ng t o be as shown on t he Dr awi ngs and 
as r evi ewed by t he Cont r act i ng Of f i cer .

m.   Tempor ar y ni ches or  adi t s,  t empor ar y or  f ut ur e pump sump pi t s and 
ot her  t empor ar y openi ngs:

1.   Excavat e t hese t empor ar y openi ngs conf or mi ng t o excavat i on and 
suppor t  cr i t er i a of  t hi s Speci f i cat i on and as r evi ewed by t he 
Cont r act i ng Of f i cer .

2.   Seal  al l  t empor ar y openi ngs wi t h [ 27. 58 MPa] [ 4, 000- psi ]  28- day 
st r engt h concr et e i n accor dance wi t h t he r equi r ement s of  Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE when no l onger  needed,  bef or e 
Cont r act  compl et i on and as r evi ewed by t he Cont r act i ng Of f i cer .

o.   Sur vey:

1.   Cont r act or  i s r esponsi bl e f or  t he devel opment  and i mpl ement at i on 
of  a sur veyi ng pr ogr am capabl e of  sat i sf y i ng al l  sur vey and 
accur acy r equi r ement s.  Thi s pr ogr am i s subj ect  t o t he r evi ew of  
t he Cont r act i ng Of f i cer  pr i or  t o t he commencement  of  t he wor k.  The 
r evi ew does not  r el ease t he Cont r act or  of  l i abi l i t i es associ at ed 
wi t h or  dependent  on t hi s par t  of  t he wor k.

2.   Desi gn and i mpl ement  a f unct i onal  under gr ound net wor k and 
det er mi ne al l  r equi r ed measur ement s and t he r equi r ed accur acy of  
each measur ement  i ncl udi ng hor i zont al  angl es,  zeni t h angl es,  
azi mut h angl es,  di st ances,  and hei ght  di f f er ences.  I ncl ude 
anal ysi s of  r equi r ed r edundancy and measur e of  i nt er nal  
r el i abi l i t y  associ at ed wi t h each pl anned obser vat i on.

3.   Desi gn and i mpl ement  a f unct i onal  sur f ace cont r ol  net wor k,  
st at i ons,  posi t i ons,  measur ement s,  and accur aci es.  Measur ement s 
may i ncl ude Gl obal  Posi t i oni ng Syst em ( GPS)  vect or s,  hor i zont al  
angl es,  zeni t h angl es,  azi mut h angl es,  di st ances,  and hei ght  
di f f er ences.  I ncl ude anal ysi s of  r equi r ed r edundancy and measur e 
of  i nt er nal  r el i abi l i t y  associ at ed wi t h each pl anned obser vat i on.
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4.   Obt ai n sur vey i nf or mat i on pr i or  t o compl et i ng t he l ast  [ _____]  
met er s [ _____]  f eet  of  t he t unnel  excavat i on.   Adj ust ment s t o l i ne 
and gr ade t o t he t unnel  over  t he l ast  30. 48 met er s100 f eet  may be 
necessar y t o meet  pr oj ect  r equi r ement s.   The pur pose of  conduct i ng 
t he sur vey i s t o obt ai n t he t r ue cent er l i ne al i gnment  i n 
3- di mensi ons t o l ocat e t he connect i ons as shown on t he dr awi ngs.   
Ver t i cal  and hor i zont al  al i gnment  must  be t aken al ong bot h 
i nver t / s i dewal l  const r uct i on j oi nt s.   The cent er  poi nt  on t he 
i nver t  i s  assumed as t he di v i di ng l i ne bet ween bot h 
i nver t / s i dewal l  j oi nt s.

5.   Obt ai n st ar t  poi nt  al i gnment  f or  t he sur vey f r om t he sur f ace at  
[ _____]  dat a f or  al i gnment  consi st i ng of  at  l east  2 benchmar ks 
wi t h known el evat i on and geogr aphi c coor di nat es enabl i ng t i e- i n t o 
[  NAVD88]  el evat i on and t he [ _____]  St at e Pl ane Coor di nat e Syst em,  
r espect i vel y.

6.   Per f or m i n- t unnel  sur vey t o an accur acy of  one- hal f - i nch i n t he 
hor i zont al  and ver t i cal  di mensi ons.  Recor d suf f i c i ent  sur vey 
poi nt s t o enabl e t he compl et e hor i zont al  and ver t i cal  pr of i l e of  
t unnel  al i gnment  t o be det ai l ed.  Some t unnel  al i gnment  cur ves may 
not  necessar i l y  be ci r cul ar  ar cs;  t hey may be based on compl ex 
par abol a or  ot her  geomet r i c shape f or ms.

7.   Assume t hat  st at i on of  benchmar ks or  sur vey monument s ar e as 
i ndi cat ed i n hi st or i cal  document s.  Al l  new sur vey st at i oni ng must  
r ef er ence t hese st at i ons.

8.   A sur vey was compl et ed on [ _____] .  Thi s i nf or mat i on i s avai l abl e 
and must  be r evi ewed by t he Cont r act or ,  pr i or  t o conduct i ng t he 
t unnel  sur vey.

9.   Shaf t  cent er l i ne i s t he basi s of  al l  t unnel  st at i oni ng up and down 
st at i on of  t he shaf t  cent er l i ne.

10.   Cal i br at i on and dat a pr ocessi ng:

a.   Cal i br at e al l  sur vey i nst r ument at i on as r equi r ed and as 
r ecommended by i nst r ument  manuf act ur er .  Submi t  al l  cal i br at i on 
r ecor ds t o t he Cont r act i ng Of f i cer .

b.   Dat a r educt i on must  i ncor por at e cal i br at i ons and 
met eor ol ogi cal  cor r ect i on,  and r educt i on of  measur ement s t o t he 
el l i psoi d and t hence t o t he [ _____]  St at e Pl ane Coor di nat e Syst em.  
Cor r ect  di st ance measur ement s by el ect r o- opt i cal  di st ance 
measur ement  i nst r ument  ( EODMI )  f or  scal e,  cycl i c er r or ,  zer o 
er r or ,  and met eor ol ogi cal  ef f ect s.  Cor r ect  azi mut h angl es usi ng 
t he Lapl ace cor r ect i on and i ncl ude t he def l ect i on of  t he ver t i cal  
component s on angl es and azi mut h measur ement s.

c.   Dat a r egr essi on pr ocessi ng must  i ncl ude l east  squar es 
adj ust ment s,  as r equi r ed.  Empl oy dat a out l i er  det ect i on.  Det er mi ne 
hor i zont al  and ver t i cal  conf i dence i nt er val s.

3. 2   TEMPORARY SYSTEMS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew appl i cabl e consi der at i on i n EM 385- 1- 1 
and/ or  consul t  wi t h a saf et y pr of essi onal  wi t h 
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t unnel i ng backgr ound.   Ensur e gr oundwat er  condi t i ons 
and over al l  r egi me t hr ough r ock mass i s wel l  
under st ood by t unnel  r each and r ock t ype.   The 
saf et y r equi r ement s f or  t he cont r act  shoul d be 
speci f i ed i n Sect i on 01 35 26 GOVERNMENTAL SAFETY 
REQUI REMENTS.   Thi s speci f i cat i on sect i on bel ow can 
be t ai l or ed t o r emove some i t ems i f  t hey wi l l  be 
i ncl uded i n Sect i on 01 35 26.

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

1.   Pr ovi de,  oper at e,  and mai nt ai n a compl et e backup gener at or  syst ems f or  
al l  t unnel  vent i l at i on,  l i ght i ng and dewat er i ng syst ems.

2.   Pr ovi de,  oper at e,  and mai nt ai n a compl et e gr oundwat er  cont r ol /  
t r eat ment  syst em t o col l ect  wat er  f r om wi t hi n t he t unnel  and shaf t  and 
sui t abl y t r eat s i t  bef or e di schar ge i n accor dance wi t h t he 
r equi r ement s of  [ Sect i on XX XX XX TUNNEL AND SHAFT DEWATERI NG] .

3.   Wat er  ent er i ng t he t unnel  f r om al l  sour ces must  be cont r ol l ed,  
managed,  and di sposed of  i n a manner  t o pr event  damage t o t he t unnel  
and sur r oundi ng pr oper t y and i n accor dance wi t h al l  Feder al ,  St at e,  
and l ocal  r egul at i ons.

4.   Desi gn,  f ur ni sh,  i nst al l ,  oper at e,  and mai nt ai n a t empor ar y l i ght i ng 
syst em i n al l  under gr ound and ot her  wor ki ng ar eas i n st r i ct  compl i ance 
wi t h al l  appl i cabl e Feder al ,  St at e,  and l ocal  r egul at i ons and i ndust r y 
st andar ds.

5.   The syst em must  pr ovi de a mi ni mum l i ght  l evel  i n accor dance wi t h OSHA 
r equi r ement s and EM 385- 1- 1.  I n case of  f ai l ur e of  t he l i ght i ng 
syst em,  pr ovi de an emer gency l i ght i ng syst em i n al l  wor k ar eas i n 
st r i ct  compl i ance wi t h al l  appl i cabl e Feder al ,  St at e,  and l ocal  
r egul at i ons,  and i ndust r y st andar ds.

6.   Desi gn,  f ur ni sh,  i nst al l ,  oper at e,  and mai nt ai n t empor ar y vent i l at i on 
dur i ng al l  phases of  const r uct i on compl yi ng wi t h al l  appl i cabl e 
Feder al ,  St at e,  l ocal  r egul at i ons,  and i ndust r y st andar ds.   Oper at e 
and mai nt ai n t he ent i r e t empor ar y vent i l at i on syst em.   Det ai l s of  t he 
Cont r act or ' s vent i l at i on syst em must  be pr esent ed t o t he Cont r act i ng 
Of f i cer  f or  hi s agr eement  at  l east  60 days pr i or  t o i t s i nst al l at i on.

7.   Two bat t er y- oper at ed handl amps of  20- Wat t s mi ni mum power  must  be 
pr ovi ded and mai nt ai ned at  each wor ki ng f ace and por t al  f or  
emer genci es and i nspect i on of  t he wor k.

8.   El ect r i c heat er s or  r adi at or s havi ng exposed coi l s or  el ement s must  
not  be al l owed i n t he t unnel s.

9.   Al l  mai n el ect r i cal  cabl es i nst al l ed wi t hi n t he t unnel s must  compl y 
wi t h al l  appl i cabl e Feder al ,  Muni ci pal ,  and Local  Requi r ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  wi l l  need t o ensur e saf et y 
r equi r ement s i n speci f i cat i on at  a mi ni mum f ol l ow 
OSHA/ EM 385- 1- 1/ MSHA.

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

10.   Pr ovi de addi t i onal  f l oodl i ght i ng and vent i l at i on l ocal l y as r equi r ed 
at  act i ve gr ound suppor t  i nst al l at i on,  shot cr et e,  and ot her  l ocat i ons,  
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and pr ovi de por t abl e f l oodl i ght i ng and vent i l at i on equi pment ,  as 
needed,  f or  l ocal i zed const r uct i on oper at i ons.   Equi pment  f or  
shor t - t er m use may be bat t er y- oper at ed.

11.   For  Cont r act  r equi r ement s r egar di ng t empor ar y const r uct i on power ,  
r ef er  t o [ Sect i on XX XX XX TEMPORARY LI GHT AND POWER]  [ and]  [ Sect i on 
XX XX XX TEMPORARY ELECTRI CAL SYSTEMS] .

12.   I n al l  par t s of  t he Under gr ound Wor ks,  t he at mospher e i nhal ed by 
t hose pr esent  must  cont ai n not  l ess t han 19. 5% nor  gr eat er  t han 23. 5% 
of  oxygen and must  not  cont ai n a concent r at i on of  cont ami nat es such as 
gases,  vapor s,  and dust s gr eat er  t han i s saf e f or  t he heal t h of  t he 
const r uct i on per sonnel ,  consi der i ng t he ef f ect s of  exposur e t i me,  
t emper at ur e,  humi di t y,  and t he combi ned ef f ect s of  sever al  
cont ami nant s.   The concent r at i on of  i nf l ammabl e cont ami nant s must  not  
exceed 10 per cent  of  t he l ower  expl osi ve l i mi t  ( mi ni mum expl osi ve 
concent r at i on) .

13.   Use of  wet  dr i l l i ng met hods.   Car r y out  dr i l l i ng usi ng hol l ow bi t s 
wi t h cont i nuous wat er  f eed t o r educe dust .   Al ways wear  sui t abl e 
pr ot ect i ve equi pment .

14.   The Cont r act or  must  be r esponsi bl e f or  obt ai ni ng al l  i nf or mat i on 
necessar y t o det er mi ne what  concent r at i ons of  cont ami nant s ar e 
har ml ess,  wi t hout  pr ej udi ce t o t he adopt i on of  such l ower  f i gur es as 
may be st at ed by compet ent  aut hor i t i es or  di r ect ed by t he Cont r act i ng 
Of f i cer .   The at mospher e i nhal ed by t he wor kmen and ot her  aut hor i zed 
per sons i n al l  par t s of  t he t unnel  must  not  cont ai n mor e t han 5 ppm of  
ni t r ous f umes ( measur ed as NO2)  f or  l onger  t han 10 mi nut es af t er  each 
bl ast ,  30 ppm of  ni t r ous f umes as an absol ut e maxi mum,  50 ppm of  
car bon monoxi de as an absol ut e maxi mum,  5, 000 ppm of  car bon di oxi de as 
an absol ut e maxi mum,  or  f or  ot her  cont ami nant s.   The Saf et y 
Pr of essi onal  must  f i el d cal i br at e ai r  qual i t y moni t or i ng 
i nst r ument at i on i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

15.   I n al l  par t s of  t he Under gr ound Wor ks,  t hr oughout  t he per i od i n whi ch 
mat er i al s pr oduci ng cont ami nant s ar e used,  and at  such t i me as may be 
necessar y t o mai nt ai n t he st andar d of  pur i t y of  ai r  r equi r ed i n t hi s 
subsect i on,  c l ean f r esh ai r  must  be suppl i ed by f or ced vent i l at i on,  
usi ng an exhaust  syst em at  t he f ace or  ot her  met hod as agr eed by t he 
Cont r act i ng Of f i cer ,  at  a r at e not  l ess t han t he gr eat er  of  t he 
f ol l owi ng:

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   OSHA 29 CFR 1926. 800( k) ( 2)  r equi r es each 
empl oyee wor ki ng under gr ound have at  l east  200 cu f t  
( 5. 7 m3)  of  f r esh ai r  per  mi nut e.   OSHA 29 CFR 
1926. 800( k) ( 3)  addr esses mi ni mum vel oci t y of  ai r .

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

a.   [ _____]  cubi c met er s[ _____]  cubi c f eet  per  hour  per  per son pr esent  
i n a t unnel ;

b.   [ _____]  met er s[ _____]  f eet  per  hour  per  k i l owat t  of  
combust i on- engi ne gener at ed power  oper at i ng s i mul t aneousl y i n t he 
headi ng.

16.   The Cont r act or  must  t ake speci al  measur es t o mi ni mi ze t he ef f ect  of  
f umes.   These measur es must  i ncl ude t he use of  ef f i c i ent  and pr oper l y 

SECTI ON 31 71 19  Page 31



mai nt ai ned exhaust  smoke washer s ( scr ubber s)  f or  al l  i nt er nal  
combust i on engi nes i n t he t unnel .   Gasol i ne engi nes must  not  be 
per mi t t ed i n t he t unnel .

17.   Not wi t hst andi ng any r equi r ement s of  t hi s subsect i on t he met hod of  
vent i l at i on and t r eat ment  of  f umes or  ai r bor ne par t i cul at e mat t er ,  
must  be submi t t ed t o t he Cont r act i ng Of f i cer .   The Cont r act or  must  
pr ovi de,  mai nt ai n,  and use as di r ect ed by t he Cont r act i ng Of f i cer ,  an 
i nst r ument  appr oved by t he Cont r act i ng Of f i cer  t o measur e t he vel oci t y 
of  ai r ,  and an appr oved gas det ect or .   Mai nt enance of  t he gas 
det ect or s must  i ncl ude t he suppl y of  al l  det ect or  t ubes.

3. 3   PUBLI C MEETI NGS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Communi cat e wi t h t he pr oj ect  manager  and 
st akehol der s about  whet her  speci f i c  r equi r ement s f or  
a meet i ng or  mul t i pl e meet i ngs ar e needed.   I t  may 
be necessar y t o adver t i se t he meet i ng i n a l ocal  
newspaper  and speci f y t he meet i ng r oom capaci t y.   
Sever al  pl anni ng meet i ngs wi t h st akehol der s wi l l  
need t o t ake pl ace dur i ng desi gn and t he need and 
cont ent  of  t he publ i c meet i ngs det er mi ned and t hi s 
speci f i cat i on t ai l or ed appr opr i at el y.

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

Fi f t een cal endar  days pr i or  t o commenci ng t unnel i ng oper at i ons,  pr ovi de 
t he appr oved Pr oj ect  Manager ,  Tunnel i ng Super i nt endent  and Vi br at i on 
Speci al i st ,  t o at t end a publ i c meet i ng t o be conduct ed on an eveni ng t o be 
det er mi ned by t he Cont r act i ng Of f i cer .   Thi s meet i ng wi l l  i nf or m t he 
publ i c about  t he ant i c i pat ed t unnel i ng and under gr ound const r uct i on 
oper at i ons.   The Pr oj ect  Manager  and Tunnel i ng Super i nt endent  must  make a 
shor t  pr esent at i on on t unnel i ng and under gr ound const r uct i on.   [ The 
Vi br at i on Speci al i st  must  make a pr esent at i on expl ai ni ng t he pot ent i al  
i mpact s t unnel i ng act i v i t i es may have on near by st r uct ur es. ]   Answer  any 
quest i ons per t ai ni ng t o publ i c concer ns t hat  may i mpact  t he publ i c.

3. 4   TUNNELI NG PERSONNEL

3. 4. 1   Tunnel i ng Super i nt endent  and Super vi sor s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The nomencl at ur e of  t unnel i ng " super vi sor s"  
coul d var y based on geogr aphi c l ocat i on.   For eman,  
Shi f t er s or  Wal ki ng- Boss ar e common t er ms f or  
super vi sor .

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

Submi t  f or  appr oval  t he qual i f i cat i ons.  Per f or m t he wor k under  t he di r ect  
super vi s i on of  an exper i enced t unnel i ng super i nt endent  and t unnel i ng 
super vi sor s wi t h exper i ence r equi r ement s i n accor dance wi t h Sect i on 
[ _____] ,  or  as di r ect ed by t he Cont r act i ng Of f i cer .   I n addi t i on,  t he 
Tunnel i ng Super i nt endent s '  exper i ence must  i ncl ude at  l east  one pr oj ect  of  
a compar abl e s i ze t o t hi s Pr oj ect  wi t hi n t he pr evi ous t en year s ( or  as 
appr oved by t he Cont r act i ng Of f i cer ) .   Dut i es of  t he t unnel i ng 
super i nt endent  and t unnel i ng super vi sor s wi l l  i ncl ude t he r equi r ement s set  
f or t h i n Sect i on [ ____] .   Subst i t ut i ons f or  t he t unnel  super i nt endent  
dur i ng t he Cont r act  per i od wi l l  not  be made wi t hout  pr i or  wr i t t en 
accept ance by t he Cont r act i ng Of f i cer .   Subst i t ut e per sonnel  must  have t he 
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same qual i f i cat i ons speci f i ed her ei n f or  t he posi t i on t o be hel d.

Tunnel i ng super i nt endent s and super vi sor s must  have a mi ni mum of  15 year s 
of  compar abl e exper i ence i n super vi s i ng t he excavat i on and suppor t  of  
t unnel s i n s i mi l ar  gr ound usi ng t he si mi l ar  const r uct i on met hods and must  
have al l  necessar y l i censes and per mi t s r equi r ed by l ocal  agenci es or  
ot her s havi ng j ur i sdi ct i on.   Super vi sor s and super i nt endent s must  have 
exper i ence on at  l east  t wo pr oj ect s wi t h f ul l  f ace har d [ r oadheader ,  TBM]  
excavat i on.   Tunnel i ng must  not  be per f or med unl ess t he t unnel i ng 
super i nt endent ,  super vi sor s,  dr i l l er s,  and mi ner s meet i ng t he above 
exper i ence r equi r ement s ar e on si t e and i n act ual  super vi s i on of  t hi s 
por t i on of  t he wor k.

The f ol l owi ng dut i es ar e al so par t  of  t he r esponsi bi l i t i es of  t unnel i ng 
super vi sor s and super i nt endent s:

a.   Super vi s i ng excavat i on t o ensur e saf et y and qual i t y of  const r uct i on.

b.   Meet i ng dai l y [ at  t he st ar t  of  each shi f t ]  wi t h t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s desi gnat ed r epr esent at i ve at  t he 
t unnel  f ace t o di scuss gr ound condi t i ons encount er ed and cor r espondi ng 
excavat i on and suppor t  r equi r ement s i ncl udi ng addi t i onal  i ni t i al  
suppor t  and keepi ng r ecor ds t her eof .

c.   Devi s i ng and i mpl ement i ng addi t i onal  i ni t i al  suppor t  measur es as 
r equi r ed by gr ound condi t i ons or  as di r ect ed by t he Cont r act i ng 
Of f i cer ,  coor di nat i ng r emedi al  measur es when gr ound l oss at  mi ned 
t unnel  headi ng or  i nst abi l i t y  of  mi ned t unnel  occur s,  or  appear s 
l i kel y t o occur .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nomencl at ur e of  t hese posi t i ons may var y 
dependi ng on geogr aphi c ar ea.   The l evel  of  
exper i ence of  t he TBM Oper at or  ( and Mechani cs)  
shoul d be a f unct i on of  t he s i ze and compl exi t y of  
t he pr oj ect .   Ten year s shoul d be a mi ni mum f or  most  
smal l  pr oj ect s.

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

3. 4. 2   TBM Oper at or s and Mechani cs

TBM oper at or s and TBM mechani cs must  have at  l east  [ t en]  year s ( or  as 
appr oved by t he Cont r act i ng Of f i cer )  of  demonst r at ed exper i ence i n 
oper at i ng bedr ock TBM( s) .

3. 4. 3   Pr of essi onal  Engi neer  or  Pr of essi onal  Geol ogi st

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A l i censed pr of essi onal  must  be used,  t hat  
may var y on t he st at e,  s i nce some do not  l i cense 
Engi neer i ng Geol ogi st s or  Geot echni cal  Engi neer s.   
Tai l or  t hi s sect i on appr opr i at el y f or  your  pr oj ect  
needs.   Ther e coul d be di f f er ent  f unct i ons f or  t he 
di f f er ent  posi t i ons,  wi t h t he geol ogi st  exper t  i n 
def i ni ng t he r ock condi t i ons and under st andi ng t he 
desi gn r equi r ement s,  whi l e pr ovi di ng i nput  i n desi gn 
of  t unnel  and under gr ound suppor t .   Exper t i se i n 
bot h desi gn and const r uct i on aspect s of  t he wor k i s 
needed -  how t hat ' s accessed mi ght  be di f f er ent  
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whet her  Desi gn Bui l d or  Desi gn Bi d Bui l d.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cont r act or ' s Pr of essi onal  Engi neer  or  Pr of essi onal  Geol ogi st  must  be a 
l i censed Ci vi l  Engi neer ,  Geot echni cal  Engi neer ,  Geol ogi st ,  or  Engi neer i ng 
Geol ogi st  i n t he St at e of  [ _____]  wi t h a mi ni mum of  10 year s '  exper i ence 
desi gni ng under gr ound excavat i ons and const r uct i ng such excavat i ons,  
i nst al l i ng s l ope st abi l i zat i on suppor t ,  desi gni ng t unnel  and under gr ound 
suppor t ,  eval uat i ng r ock mass pr oper t i es,  and gr oundwat er  condi t i ons f or  
l ar ge under gr ound excavat i ons.  The Ci vi l  Engi neer ,  Geot echni cal  Engi neer ,  
Geol ogi st ,  or  Engi neer i ng Geol ogi st  must  have wor ked on a mi ni mum of  t wo 
pr oj ect s wi t h f ul l  f ace har d r ock t unnel  excavat i on.   Tunnel i ng must  not  
be per f or med unl ess t he Ci v i l  Engi neer ,  Geot echni cal  Engi neer ,  Geol ogi st ,  
or  Engi neer i ng Geol ogi st  meet i ng t he above exper i ence r equi r ement s i s on 
si t e and i n act ual  super vi s i on of  t hi s por t i on of  t he wor k.  Submi t  f or  
appr oval  t he qual i f i cat i ons.

The Cont r act or ' s Pr of essi onal  Engi neer  or  Pr of essi onal  Geol ogi st  as 
def i ned above wi l l :

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng upon t he nat ur e of  t he Cont r act ,  
t he Cont r act or ' s Pr of essi onal  Engi neer  or  
Pr of essi onal  Geol ogi st  may pr ovi de geol ogi c mappi ng 
or  ot her  ser vi ces pr evi ousl y speci f i ed as 
r esponsi bi l i t i es f al l i ng under  t he Cont r act i ng 
Of f i cer .  The desi gner  shoul d det er mi ne whi ch par t y 
wi l l  be r esponsi bl e f or  pr ovi di ng t hese ser vi ces.

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

a.  Pr ovi de i nspect i on of  excavat i ons and eval uat e r ock and gr oundwat er  
condi t i ons dur i ng const r uct i on.

b.   Per f or m pr e- const r uct i on and per i odi c s i t e v i s i t s t hr oughout  
const r uct i on t o assess si t e condi t i ons.

c.   Updat e t he excavat i on,  dewat er i ng pl ans,  r ock suppor t ,  and r ock mass 
char act er i zat i on as const r uct i on pr ogr esses t o r ef l ect  changi ng 
condi t i ons and changes i n cont r act  r ock suppor t  based on i n- s i t u 
condi t i ons obser ved.

d.   Submi t  a wr i t t en Mont hl y Excavat i on St at us Repor t  t hat  i nf or ms t he 
Cont r act or  and Cont r act i ng Of f i cer  of  t he st at us of  t he excavat i on and 
pr ovi de an account i ng of  t he Cont r act or ' s adher ence t o t he pl ans and 
addr ess pr esent  or  pot ent i al  pr obl ems or  i ssues wi t h ongoi ng 
const r uct i on.

e.   Be avai l abl e t o meet  wi t h t he Cont r act i ng Of f i cer  and Gover nment  
r epr esent at i ves t hr oughout  t he Cont r act  dur at i on.

3. 4. 4   Vi br at i on Moni t or i ng Speci al t y Fi r m

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s r equi r ement  i s a new f or mat  f r om 
pr evi ous speci f i cat i ons.   The f i r m i s submi t t ed f or  
appr oval ,  havi ng t he appr opr i at e exper i ence and t he 
f i r m must  have on st af f  t he Vi br at i on speci al i st s 
and Sei smogr aph Techni c i ans,  t ypi cal l y a f i r m i s 
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subcont r act ed by t he Cont r act or  and havi ng mul t i pl e 
exper i enced peopl e appr oved al l ows t hem t o have 
f l exi bi l i t y  on suppor t i ng t he s i t e wor k.   The peopl e 
comi ng t o t he pr oj ect  or  r espondi ng t o t he wor k must  
be wi t hi n t he gr oup appr oved but  does not  need t o be 
a s i ngl e per son anymor e.

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

Ret ai n t he ser vi ces of  a v i br at i on moni t or i ng speci al t y f i r m t hat  
speci al i zes i n t he pr edi ct i on,  moni t or i ng,  and cont r ol  of  gr ound 
vi br at i ons.   The f i r m must  have exper i ence conduct i ng i nst al l at i on of  
sei smogr aphs f or  v i br at i on moni t or i ng and communi cat i ng v i br at i on 
r esul t s.   The f i r m must  have on st af f  at  l east  [ _____]  Vi br at i on 
Speci al i st s t hat  speci al i ze i n v i br at i on moni t or i ng and anal ysi s.   The 
f i r m must  have on st af f  at  l east  [ _____]  Sei smogr aph Techni c i ans t hat  have 
f i ve year s or  mor e exper i ence wi t h sei smogr aph i nst al l at i on and vi br at i on 
moni t or i ng.   Submi t  r esumes f or  al l  per sonnel  and f or  t he f i r m f or  
appr oval  c i t i ng,  i n addi t i onal  t o ot her  per t i nent  dat a,  exper i ence,  
t r ai ni ng,  and educat i on,  at  l east  60 days pr i or  t o t he commencement  of  
wor k.   The Sei smogr aph Techni c i ans must  be per sons capabl e of  set t i ng up 
t he sei smogr aphs at  desi gnat ed l ocat i ons,  ef f ect i vel y r ecor di ng t he wor k,  
and appr opr i at el y i nt er pr et i ng r esul t s.   The Vi br at i on Speci al i st s must  
i nt er pr et  t he sei smogr aph r ecor ds t o ensur e t hat  t he sei smi c dat a must  be 
ef f ect i vel y ut i l i zed i n t he cont r ol  of  oper at i ons wi t h r espect  t o t he 
exi st i ng st r uct ur es.   The Sei smogr aph Techni c i ans must  super vi se t he 
pl acement ,  oper at i on,  and mai nt enance of  t he sei smogr aphs.  The Cont r act i ng 
Of f i cer  may r equi r e t he Vi br at i on Speci al i st s and Sei smogr aph Techni c i ans 
t o be pr esent  dur i ng t he pr oduct i on t unnel i ng wor k.

3. 4. 5   St r uct ur al  Condi t i on Assessment  I nspect i on/ Eval uat i on Techni c i an

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s may be r equi r ed f or  shaf t / por t al  
const r uct i on.   Dependi ng on pr oxi mi t y of  t he t unnel  
i t  may be needed t o document  condi t i on of  st r uct ur es 
and gr ound i n pr oxi mi t y t o t he wor k.   Desi gner s wi l l  
need t o det er mi ne i f  t hi s i s necessar y.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fi ve year s i s t he mi ni mum exper i ence 
r equi r ement ,  dependi ng on t he pr oj ect  i t  mi ght  be 
necessar y t o i ncr ease t he mi ni mum i f  t her e i s a 
speci al  concer n or  sensi t i ve st r uct ur es,  consul t  
wi t h USACE SME t o hel p det er mi ne.

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

Pr e and Post  Const r uct i on st r uct ur al  i nspect i ons must  be per f or med by 
t echni c i ans wi t h at  l east  [ f i ve]  year s '  exper i ence i n pr e- const r uct i on and 
post  const r uct i on sur veys i n t he St at e of  [ _____] .   [ The i nspect i ons must  
be done under  t he super vi s i on of  a pr of essi onal  engi neer  and be st amped by 
t he engi neer ] .   Submi t  a copy of  t he qual i f i cat i ons and cer t i f i cat es t o 
t he Cont r act i ng Of f i cer .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The par agr aph bel ow shoul d be used when 
Tunnel  Bor i ng Machi ne ( TBM)  excavat i on t echni ques 
ar e r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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3. 5   PRE- CONSTRUCTI ON DOCUMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng submi t t al  r equi r ement s ar e f or  
t unnel  excavat i on usi ng Tunnel  Bor i ng Machi ne ( TBM)  
and shoul d onl y be i ncl uded i f  t hi s met hod of  
excavat i on wi l l  be empl oyed on t he pr oj ect .

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

Tr ai ni ng cer t i f i cat i ons and/ or  r esumes of  TBM oper at or s and mechani cs,  
exper i enced i n oper at i ng and mai nt ai ni ng TBMs sui t abl e f or  t he Pr oj ect  
condi t i ons,  at  l east  60 days bef or e TBM assembl y or  excavat i on commences.

Sequence and met hods f or  mobi l i z i ng each TBM t o Assembl y Chamber ,  
l aunchi ng TBMs i n St ar t er  Tunnel s,  par t i al  or  compl et e di sassembl y,  
backi ng up and r e- assembl i ng TBMs and r e-  l aunchi ng i n St ar t er  Tunnel s f or  
subsequent  t unnel  dr i ves,  as appl i cabl e.

Cont i ngency pl an f or  pr ovi di ng addi t i onal  i ni t i al  suppor t  of  t unnel  
s i dewal l s and advanci ng TBM i f  r ock mass has i nsuf f i c i ent  bear i ng capaci t y 
t o suppor t  r equi r ed gr i pper  pr essur e.

3. 5. 1   Tunnel  Excavat i on Pl an

3. 5. 1. 1   Gener al

The f ol l owi ng document s must  be submi t t ed t o t he Cont r act i ng Of f i cer  at  
l east  60 days pr i or  t o commenci ng excavat i on:

1.   A scal e dr awi ng of  pr oposed t unnel i ng oper at i ons.  The dr awi ng must  
i ncl ude det ai l ed wor ki ng dr awi ngs of  mobi l i zat i on,  pr oposed met hods,  
and sequence of  excavat i ng and di sposi ng of  mat er i al s f or  each por t i on 
of  t he wor k,  vent i l at i on,  i l l umi nat i on,  i dent i f i cat i on of  known 
shear s/ f aul t s/ weak r ock,  sur vey cont r ol ,  t ype and l ocat i on of  
v i br at i on and st abi l i t y- r el at ed i nst r ument at i on,  i nst al l at i on of  
gr ound suppor t  i ncl udi ng pl aci ng of  shot cr et e,  st eel  set s and r ock 
r ei nf or cement ,  di mensi ons f or  excavat i on and t ypes of  equi pment  t o be 
used.

2.   Dr awi ngs and det ai l s of  t he i ni t i al  suppor t  of  al l  excavat i ons.

3.   Pr ocedur es f or  t he cont r ol  and di sposal  of  gr oundwat er  and wat er  
suppl i ed f or  use dur i ng t unnel i ng.

4.   Met hods and equi pment  f or  measur i ng and r ecor di ng gr oundwat er  i nf l ow.  
Met hods,  equi pment ,  gui del i nes,  and cr i t er i a f or  t he use of  f i ssur e 
gr out i ng must  be pr oposed by t he Cont r act or  i n hi s met hod st at ement  as 
r equi r ed i n Sect i on 31 73 19 TUNNEL AND SHAFT GROUTI NG.

5.   I nst r ument s f or  moni t or i ng ai r  qual i t y.

6.   The f ol l owi ng r ecor ds of  wor k accompl i shed must  be submi t t ed t o t he 
Cont r act i ng Of f i cer  wi t hi n one day of  t he i nst al l at i on of  any 
geot echni cal  i nst r ument at i on measur i ng t unnel  conver gence:

a.   A l i s t  of  i nst r ument s i nst al l ed,  i ncl udi ng i nst r ument  
i dent i f i cat i on number s,  cal i br at i on,  el evat i on,  or i ent at i on,  
st at i oni ng,  of f set ,  and i ni t i al  coor di nat es as appl i cabl e t o each 
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i nst r ument  or  i nst al l at i on.

b.   Dr awi ngs showi ng det ai l s of  i nst al l ed i nst r ument s.  Al l  di mensi ons 
and mat er i al s used must  be f ul l y i dent i f i ed.

c.   A st at ement  descr i bi ng t he pr ocedur e used f or  t he i nst al l at i on of  
each i nst r ument .

7.   A met hod st at ement  of  t he pr oposed t unnel i ng oper at i ons.  Thi s met hod 
st at ement  must  i ncl ude det ai l s of  t he Cont r act or s pr oposed 
t unnel - l oggi ng syst em such as t he NGI  " Q"  syst em or  Rock Mass Rat i ng 
( RMR)  syst em f or  det er mi ni ng gr ound suppor t ,  as def i ned i n t he GBR,  i n 
concer t  wi t h gui del i nes pr ovi ded i n Chapt er  7 Desi gn of  I ni t i al  
Suppor t ,  EM 1110- 2- 2901.   The r epor t  must  pr esent  det ai l s of  pr oposed 
met hods and sequences of  excavat i ng and di sposi ng of  mat er i al s f or  
each por t i on of  t he wor k,  pr obi ng ahead of  t he t unnel  f ace,  
pr e- gr out i ng,  vent i l at i on,  i l l umi nat i on,  pl aci ng shot cr et e,  st eel  set s 
and r ock r ei nf or cement ,  sur veyi ng,  moni t or i ng,  and const r uct i on 
equi pment  t o be used.

8.   Cat al og cut s of  excavat i on,  dr i l l i ng,  mucki ng and t r anspor t at i on 
equi pment  t o be used.

9.   Cont i ngency Pl an f or  t he excavat i on and suppor t  of  t he t unnel s i n t he 
event  t hat  moni t or i ng of  excavat i on oper at i ons i n accor dance wi t h 
Sect i on [ _____]  and moni t or i ng of  gr ound def or mat i ons i n accor dance 
wi t h [ Sect i on XX XX XX TUNNEL I NSTRUMENTATI ON]  i ndi cat e v i br at i ons or  
movement s exceedi ng t hr eshol d val ues def i ned i n t he dr awi ngs.   Ref er  
t o EM 1110- 2- 1009 f or  f ur t her  gui dance on i nst r ument at i on.

10.   The f ol l owi ng Sur vey Det ai l s must  be submi t t ed t o t he Cont r act i ng 
Of f i cer  f or  appr oval :

a.   Manuf act ur er ' s addr ess,  phone number  and name of  t he cont act  
per son.

b.   Li st  and descr i pt i on of  speci al  modi f i cat i ons i f  t her e ar e changes.

c.   Descr i pt i on of  i nst r ument ' s oper at i onal  pr i nci pl e.

d.   Pl ans or  di agr ams of  i nst r ument .

e.   Mai nt enance r equi r ement s.

f .   Readi ng pr ocedur es,  i ncl udi ng sampl e dat a,  and dat a pr ocessi ng 
cal cul at i ons.

g.   Compl et e dat a on al l  t est s done t o cal i br at e i nst r ument s or  ver i f y 
accur acy.

11.   Wor ki ng Dr awi ngs -  The f ol l owi ng must  be submi t t ed i n accor dance wi t h 
t he speci f i cat i ons:

a.   Dr awi ngs and det ai l s of  t he i ni t i al  and per manent  r ei nf or cement
and/ or  suppor t  of  al l  excavat i ons.

b.   Pr ocedur es f or  t he cont r ol  [ ,  t r eat ment  ] and di sposal  of  
gr oundwat er  and wat er  suppl i ed f or  use dur i ng t unnel i ng.
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c.   Met hods and equi pment  f or  measur i ng and r ecor di ng gr oundwat er  
i nf l ow.  Met hods,  equi pment ,  gui del i nes,  and cr i t er i a f or  t he use 
of  f i ssur e gr out i ng must  be pr oposed by t he Cont r act or  i n a met hod 
st at ement  as r equi r ed i n Sect i on 31 73 19 TUNNEL AND SHAFT 
GROUTI NG.

12.   I nst r ument s f or  moni t or i ng ai r  qual i t y and vent i l at i on.

13.   The f ol l owi ng r ecor ds of  wor k accompl i shed must  be submi t t ed t o t he 
Cont r act i ng Of f i cer  wi t hi n 24- hour s of  t he i nst al l at i on of  
geot echni cal  i nst r ument at i on measur i ng t unnel  conver gence and any 
ot her  devi ces t o moni t or  t unnel  st abi l i t y :

a.   A l i s t  of  i nst r ument s i nst al l ed,  i ncl udi ng i nst r ument  
i dent i f i cat i on number s,  cal i br at i on,  el evat i on,  or i ent at i on,  
st at i oni ng,  of f set ,  and i ni t i al  coor di nat es as appl i cabl e t o each 
i nst r ument  or  i nst al l at i on.

b.   Dr awi ngs showi ng det ai l s of  i nst al l ed i nst r ument s.   Al l  sur veyed 
l ocat i ons,  di mensi ons and mat er i al s used must  be f ul l y i dent i f i ed.

c.   A st at ement  descr i bi ng pur pose and t he pr ocedur e used f or  t he 
i nst al l at i on of  each i nst r ument .

14.   Compl et e wor ki ng dr awi ngs and syst em descr i pt i on of  pr oposed 
equi pment ,  mat er i al s,  and met hod f or  handl i ng wat er  wi t hi n t he t unnel ,  
measur ement  of  pumped wat er ,  and di sposal  met hods.

3. 5. 1. 2   Roadheader

Submi t  f or  r evi ew at  l east  s i xt y ( 60)  days bef or e t he st ar t  of  excavat i on 
wi t h t he r oadheader ( s) t he f ol l owi ng:

1.   Make and model  number ,  year  manuf act ur ed,  manuf act ur er ' s 
speci f i cat i ons,  and manual s f or  oper at i on and mai nt enance.

2.   Cer t i f i cat i on f r om t he r oadheader  manuf act ur er  t hat  t he pr oposed 
machi ne( s) can excavat e t he ant i c i pat ed r ock condi t i ons as descr i bed i n 
t he Cont r act  Document s at  a r at e suf f i c i ent  t o meet  t he pr oj ect  
schedul e.

3.   Power  suppl y r equi r ement s and ant i c i pat ed power  sour ce( s) .

4.   For  r ef ur bi shed ( used)  machi nes,  i n addi t i on t o t he i nf or mat i on 
r equi r ed her ei n,  submi t  t he f ol l owi ng addi t i onal  i nf or mat i on:  
mai nt enance r ecor d( s)  and descr i pt i on of  l ast  t hr ee ( 3)  pr oj ect s,  
i ncl udi ng r ock t ypes excavat ed,  advance r at es,  t ot al  oper at ed hour s,  
and r ebui l d r ecor ds of  maj or  component s.

5.   Roadheader  Shi f t  Repor t :   Pr epar e a r oadheader  shi f t  r epor t  f or  each 
shi f t  i n whi ch t he r oadheader ( s)  was oper at i ng and submi t  t o t he 
Cont r act i ng Of f i cer  f or  r evi ew by noon t he f ol l owi ng day i n a f or m and 
f or mat  accept abl e t o t he Cont r act i ng Of f i cer .   The f ol l owi ng mi ni mum 
i nf or mat i on shoul d be i ncl uded wi t h t hese r epor t s:

a.   Ti me and posi t i on of  cut t er / pi ck changes.

b.   I dent i f i cat i on of  al l  r oadheader  downt i me,  i ncl udi ng 
cl assi f i cat i on and dur at i on.   Cat egor i es of  downt i me i dent i f i ed 
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shoul d i ncl ude r oadheader  r epai r ,  cut t er / pi ck changes,  
i nst al l at i on of  i ni t i al  suppor t ,  gr oundwat er  i nf l ow,  gas i nf l ow,  
power  out ages and el ect r i cal  r epai r ,  muck di sposal  del ays,  
mechani cal  r epai r s,  al i gnment  sur vey,  gr out i ng,  r out i ne 
mai nt enance,  or  ot her  cat egor y as descr i bed by t he Cont r act or .

6.   Cont i ngency Pl an f or  addi t i onal  i ni t i al  suppor t  of  pi l l ar s wi t h s i gns 
of  i nst abi l i t y  or  i f  excessi ve gr ound def or mat i ons ar e det ect ed.   
Cont i ngency Pl an must  i ncl ude a backup r oadheader .   Cont i ngency Pl an 
f or  t he excavat i on and suppor t  of  t he t unnel s i f  moni t or i ng of  
excavat i on oper at i ons and moni t or i ng of  gr ound def or mat i ons i n 
accor dance wi t h [ Sect i on XX XX XX GEOTECHNI CAL AND STRUCTURAL 
I NSTRUMENTATI ON]  i ndi cat e v i br at i ons or  movement s exceedi ng t hr eshol d 
val ues def i ned i n t he dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he XX XX XX TUNNEL EXCAVATI ON SUPPORT 
Speci f i cat i on wi l l  be used,  t he pr oceedi ng sect i on 
can be del et ed.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng Submi t t al  r equi r ement s f or  
Roadheader  shoul d onl y be i ncl uded i f  t hi s met hod of  
mechani cal  excavat i on wi l l  be empl oyed on t he 
pr oj ect .

Pr edi ct i on of  r oadheader  per f or mance pl ays a 
s i gni f i cant  r ol e i n t he pl an of  t unnel  and 
under gr ound const r uct i on i n r egar d t o cost ,  
schedul e,  and excavat i on assessment .   The 
r oadheader s advancement  r at es under gr ound ar e 
i nf l uenced by r ock st r engt h,  abr asi v i t y,  r ock mass 
di scont i nui t i es,  r ock t ype,  br i t t l eness,  machi ne 
speci f i cat i ons ( r ot ar y r ot at i on speeds and t eet h or  
pi ck met al  t ype,  and wei ght  and power  of  r oadheader  
machi ne)  combi ned wi t h t he t i me t o i nst al l  r ock 
suppor t  and muck out .   Roadheader  per f or mance 
r esul t s i l l ust r at e t hat  r ock mass pr oper t i es have a 
consi der abl e i mpact  on t he appl i cabi l i t y  and r at e of  
t he r oadheader  advancement .   Sever al  model s 
demonst r at e and accur at el y pr edi ct  t he r oadheader  
per f or mance as a f unct i on of  r ock mass pr oper t i es.   
The ver y l ow vi br at i on emi ssi ons and pr eci se pr of i l e 
of  a r oadheader  excavat i on may f aci l i t at e excavat i on 
near  embankment  i nf r ast r uct ur es or  v i br at i on 
sensi t i ve i nf r ast r uct ur e.   Dust ,  and associ at ed 
mi t i gat i ve measur es shoul d be consi der ed car ef ul l y 
as wel l .   The hi gher  suscept i bi l i t y  of  t hi s 
excavat i on met hod i n r egar d t o t he r ock and r ock 
mass char act er i st i cs does i mpl y a s i gni f i cant  r i sk 
pot ent i al  t o t he appl i cat i on of  t hi s met hod i n 
r egar d t o t he var i abi l i t y  of  t he excavat ed r ock 
mass.   For  t hese r easons a compr ehensi ve s i t e GBR 
shoul d be per f or med dur i ng t he si t e char act er i zat i on 
pr ocess out l i ned i n USACE 1110- 1- 1804 and ut i l i zed 
wi t h t hi s speci f i cat i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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3. 5. 2   Vent i l at i on Pl an

Pr ovi de,  oper at e,  document ,  and mai nt ai n f or  t he dur at i on of  t unnel  
const r uct i on oper at i ons a t empor ar y vent i l at i on syst em and ai r  qual i t y 
moni t or i ng syst em whi ch conf or ms t o t he r equi r ement s of  al l  f eder al ,  
st at e,  and l ocal  r egul at i ons i n accor dance wi t h EM 385- 1- 1.   Remove 
syst em( s)  f r om t he si t e when wor k i s compl et ed.

3. 5. 3   Pr e- Const r uct i on Sur veys

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dur i ng desi gn consul t  wi t h t he adj acent  
busi nesses/ st akehol der s/ j ur i sdi ct i ons t o det er mi ne 
what  Pr e- Const r uct i on Sur vey needs t o be conduct ed 
and whet her  access i s al l owed,  or  speci al  
consi der at i ons ar e needed.   Thi s needs t o be 
out l i ned i n t he speci f i cat i ons f or  a pr oper  bi d t o 
be made f or  t he scope.   I t  i s  i mpor t ant  t o i ncl ude 
t he ent i r e Pr oj ect  Devel opment  Team i n desi gn t o 
ensur e al l  pr oj ect  f eat ur es of  i mpor t ance ar e 
document ed bef or e t unnel  const r uct i on.

Speci al  at t ent i on shoul d be gi ven t o c l ear  
i dent i f i cat i on of  Real  Est at e pr oper t y and boundar y 
i nf or mat i on i n suppor t  of  desi gn and const r uct i on.

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

Pr i or  t o t he commencement  of  const r uct i on,  conduct  a Pr e- Const r uct i on 
Sur vey of  any near by bui l di ngs,  st r uct ur es,  and ut i l i t i es wi t hi n [ _____]  
met er s [ _____]  f eet  f r om t he const r uct i on ar ea,  or  ot her wi se del i neat ed by 
pl an dr awi ng,  t hat  may pot ent i al l y  be at  r i sk of  v i br at i on damage t o 
document  pr e- exi st i ng condi t i ons.   The sur vey ext ent  and met hod used must  
be accept abl e t o bot h t he Cont r act or ' s i nsur ance company and t he 
Cont r act i ng Of f i cer .   The Cont r act or  i s r esponsi bl e f or  any damages or  
i nj ur i es r esul t i ng f r om const r uct i on.   Submi t  al l  Pr e- Const r uct i on Sur veys 
60 cal endar  days bef or e t he st ar t  of  wor k.   Ther e wi l l  be no const r uct i on 
al l owed unt i l  t he Pr e-  Const r uct i on Sur vey i s submi t t ed and appr oved by 
t he Cont r act i ng Of f i cer .   Pr ovi de owner s of  sur veyed f eat ur es a copy of  
t hei r  f eat ur e' s Pr e- Const r uct i on Sur vey r esul t s bef or e or  wi t h t he not i ce 
of  wor k commencement .   Not i f y owner s and occupant s of  l ocal  bui l di ngs 
pr i or  t o t he commencement  of  wor k.   Per f or m t he f ol l owi ng when conduct i ng 
Pr e- Const r uct i on Sur veys:

a.   Each [ Ci v i l  Wor ks]  st r uct ur e must  be document ed ( i ncl udi ng hi gh 
r esol ut i on phot ogr aphy and/ or  v i deot api ng)  as t o i t s const r uct i on,  
f oundat i on t ype,  condi t i on,  and cl osest  di st ance t o excavat i on.   The 
gener al  condi t i on and al l  obser vabl e def ect s of  each st r uct ur e must  be 
document ed.   Thi s i ncl udes measur ement s of  t he def ect s.

b.   The f aci l i t i es t hat  may be i mpact ed by const r uct i on must  be addr essed 
by t he Cont r act or  f or  saf et y and cont i nued oper at i on dur i ng t he t unnel  
pr ogr am.

c.   Fr eest andi ng st r uct ur es ( such as r et ai ni ng wal l s)  must  be i nspect ed on 
t he ext er i or  and on t he i nt er i or  i f  connect ed t o a st r uct ur e.   Al l  
concr et e wal ks,  dr i veways,  or  adj acent  st r uct ur es must  be i nspect ed 
f or  cr acks,  l evel  condi t i on,  hol es,  and def ect s.

d.   I ndust r i al  st r uct ur es,  s i l o/ el evat or s and speci al  f aci l i t i es,  and 
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of f i ce space must  be descr i bed r el at i ve t o t hei r  pr esent  condi t i on and 
t ol er ance t o v i br at i on.   Besi des t he i nspect i on of  wal l s,  col umns and 
st ai r wel l s,  t he Cont r act or  must  sur vey t he wor k ar eas and st r uct ur es 
f or  di st r ess.

e.   Sur vey t he cur r ent  condi t i on of  above and under gr ound ut i l i t i es t o 
i ncl ude wat er ,  power ,  gas,  sewer ,  and communi cat i on l i nes,  and any 
associ at ed above- gr ound connect i ons t o sai d under gr ound ut i l i t i es such 
as f uel  t anks and har d connect i ons t o st r uct ur es.

f .   An i nspect i on of  accessi bl e st r uct ur es must  be made and a l i s t  of  al l  
s t r uct ur es,  whi ch coul d not  be sur veyed or  r ef used t o al l ow sur vey,  
must  be compl et ed.   The dat es of  possi bl e subsequent  sur veys and 
physi cal  const r ai nt s pr ohi bi t i ng t he sur vey must  be document ed.   The 
r equi r ement  t o per f or m Pr e- Const r uct i on Sur veys i s not  an i ndi cat i on 
of  Ri ght - of - Ent r y by t he Cont r act or .   Any Ri ght - of - Ent r y associ at ed 
wi t h Pr e- Const r uct i on Sur veys,  moni t or i ng dur i ng const r uct i on and 
Post - Const r uct i on sur veys ar e t he r esponsi bi l i t y  of  t he Cont r act or .   
I n t he event  a pr oper t y or  pr oper t i es i dent i f i ed as s i gni f i cant  or  
i nt ended t o be i ncl uded i n t he Sur veys and moni t or i ng ar e not  i ncl uded 
because access was deni ed,  i ndi cat e t hi s occur r ence i ncl udi ng t he 
poi nt s of  cont act ,  dat es cont act ed,  and any r easons pr ovi ded f or  
deni al  of  access ( i f  gi ven. )

g.   Cer t i f y t hat  t he sur vey was pr epar ed pr i or  t o t he st ar t  of  any 
const r uct i on under  t hi s Cont r act .   Submi t  a copy of  t he 
Pr e- Const r uct i on sur vey i n conj unct i on wi t h t he Tunnel  Excavat i on Pl an.

3. 6   RECORD KEEPI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The par agr aph bel ow appl i es t o al l  excavat i on 
t echni ques.

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

3. 6. 1   Dai l y Recor ds

Mai nt ai n dai l y r ecor ds as excavat i on pr ogr esses and one copy of  such 
r ecor ds must  be submi t t ed t o t he Cont r act i ng Of f i cer  bef or e 12: 00 PM of  
t he f ol l owi ng wor kday.   Keep such ot her  r ecor ds as deemed necessar y.   The 
f ol l owi ng dat a must  be i ncl uded i n t he dai l y r ecor d f or  each t unnel  
headi ng:

1.   St at i on of  t unnel  headi ng f aces at  st ar t  and end of  each wor k shi f t .

2.   Type,  quant i t y,  and l ocat i on of  i ni t i al  suppor t  and addi t i onal  i ni t i al  
suppor t  i nst al l ed.  Dr af t  Geol ogi c mappi ng and excavat i on r ecor ds t hat  
compl y wi t h EM 1110- 1- 1804 Appendi x B and C.

3.   Eval uat i on of  i n- t unnel  moni t or i ng r esul t s.

4.   Pr obe hol e r ecor ds i n accor dance wi t h Dr i l l i ng Logs  par agr aph of  t hi s 
Sect i on.

5.   Number  of  wor ker s empl oyed per  shi f t  f or  each wor kday cat egor i zed by 
uni on t r ade,  i dl e equi pment ,  act i ve equi pment ,  and si t e v i s i t or s.

6.   Wat er  i nf l ow measur ement s.
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7.   Ai r  qual i t y Measur ement s.

8.   Vi br at i on Moni t or i ng Measur ement s.

9.   Tunnel  Def or mat i on Moni t or i ng Measur ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when Tunnel  
Bor i ng Machi ne ( TBM)  excavat i on t echni ques ar e 
r equi r ed.

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

10.   Dai l y shi f t  r epor t s on TBM oper at i on and per f or mance dat a must  be 
pr epar ed commenci ng on t he f i r st  day of  TBM assembl y and cover  a 
cont i nuous per i od unt i l  t he TBM( s)  ar e r emoved f r om t he t unnel .   One 
copy of  t he shi f t  r epor t s,  s i gned by Cont r act or ' s r epr esent at i ve,  must  
be pr ovi ded t o t he Cont r act i ng Of f i cer  bef or e 12: 00 PM t he f ol l owi ng 
wor kday.   Use manual  and aut omat i c r ecor di ng dat a col l ect i on syst ems 
i n accor dance wi t h [ Sect i on XX XX XX GEOTECHNI CAL AND STRUCTURAL 
I NSTRUMENTATI ON] .   I ncl ude t he f ol l owi ng i nf or mat i on,  as a mi ni mum,  i n 
t he shi f t  r epor t s f or  each t unnel  headi ng excavat ed by TBM:

a.   TBM per f or mance i nf or mat i on,  i ncl udi ng st at i ons of  each advance of  
t he TBM,  t he TBM cl ock t i me at  t he st ar t  and end of  each shi f t .

b.   For  each shove or  st r oke of  t he TBM,  t he dat e,  t i me,  and t unnel  
st at i on at  st ar t  of  shove,  t he dur at i on and l engt h of  shove.

c.   TBM and excavat i on syst em downt i me,  i ncl udi ng cl assi f i cat i on,  
det ai l s,  and dur at i on.   I i ncl ude t he i mpact  on excavat i on 
pr ogr ess.   Cat egor i es of  downt i me may i ncl ude,  but  not  be l i mi t ed 
t o,  TBM r epai r ,  cut t er  head changes,  i nst al l at i on of  i ni t i al  
suppor t ,  gr oundwat er  i nf l ow,  gas i nf l ow,  power  out ages and 
el ect r i cal  r epai r ,  downt i me of  backup equi pment ,  muck di sposal  
syst em del ays,  hydr aul i cs r epai r ,  gr i pper  pr obl ems,  al i gnment  
sur vey,  pr obe hol e dr i l l i ng,  wai t i ng t i me due t o l ack of  gr out ,  
and r out i ne mai nt enance.

d.   Cut t er  head changes,  i ncl udi ng t i me,  dat e,  and r eason f or  
r epl acement ,  cut t er  posi t i on,  or  number .

e.   TBM cl ock r ecor d of  ut i l i zat i on and penet r at i on r at es.

f .   Ai r  qual i t y and gas moni t or i ng dat a.  Li ne and gr ade sur vey r epor t s.

g.   Wat er  i nf l ows,  i f  any,  wi t h l ocat i ons and est i mat es of  r at es.

h.   Over br eak

i .   Any ot her  geol ogi cal  and/ or  unusual  f eat ur es such as f aul t s,  
shear s,  cr ushed or  sof t  zones,  and r avel i ng ar eas.

3. 6. 2   Dr i l l i ng Logs

The dr i l l er s ar e r equi r ed t o keep pr eci se dr i l l i ng l ogs on each pr obe hol e 
t o show t he dept h and posi t i on of  t he geol ogi cal  f eat ur es.   At  mi ni mum,  
each dr i l l i ng l og must  i ncl ude:

a.   Bor ehol e desi gnat i on and l ocat i on st at i on number ;
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b.   Bor ehol e dept h,  gr oundwat er  dept h,  i ncl i nat i on,  azi mut h,  and di amet er ;

c.   El evat i on of  t op of  bor ehol e;

d.   Dept h( s)  of  geol ogi c st r uct ur al  f eat ur es,  e. g. ,  voi ds,  gouge or  mud 
seams,  sof t  weat her ed or  al t er ed zones,  Ocher  i r on- st ai ned i nt er val s,  
changes i n r ock chi p col or ,  and ot her  f eat ur es encount er ed i n t he 
pr obe hol e;

e.   Rel at i ve penet r at i on r at es;

f .   St ar t  and end t i mes of  dr i l l i ng;

g.   Li st  hol e mi sal i gnment ;

h.   Sof t  seams wi t hi n t he r ock and sudden f eed pr essur e changes on t he 
dr i l l ;

i .   Seepage and gr oundwat er  f l ow f r om t he bor ehol e;  and 

j .   Dr i l l  make,  model ,  and ser i al  number .

k.   I f  qual i t at i ve descr i pt or s ar e used ( e. g. ,  sof t ,  moder at el y har d,  
har d,  ver y har d,  decomposed,  hi ghl y weat her ed,  moder at el y weat her ed,  
s l i ght l y weat her ed,  unweat her ed) ,  ensur e consi st ency bet ween dr i l l  
oper at or s i n l oggi ng usi ng t hese t er ms.   [ Log soi l  and r ock i n 
accor dance wi t h ASTM D2487,  ASTM D5434,  ASTM D6032/ D6032M. ]   Submi t  an 
exampl e of  t he Dr i l l i ng Logs wi t h t he Tunnel  Excavat i on Pl an.  Copi es,  
bot h har d and el ect r oni c PDFs,  of  t hese dr i l l i ng l ogs must  be pr ovi ded 
wi t hi n 24 hour s t o Cont r act i ng Of f i cer .

3. 6. 3   Post - Const r uct i on Sur veys

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr e-  and Post - Const r uct i on I nspect i ons and 
t he St r uct ur al  I nspect i on/ Eval uat i on Speci al i st  
woul d onl y be r equi r ed i f  t her e ar e st r uct ur es or  
f aci l i t i es r equi r i ng such i nspect i ons.   El i mi nat e 
t he par agr aphs r ef er enci ng Pr e-  and 
Post - Const r uct i on I nspect i ons and t he St r uct ur al  
I nspect i on/ Eval uat i on Speci al i st  i f  t he pr oj ect  does 
not  have a r equi r ement  f or  t hese i nspect i ons.

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

Post - Const r uct i on Sur vey must  be conduct ed at  any st r uct ur e pr evi ousl y 
sur veyed dur i ng pr e- const r uct i on and l ocat i ons wher e a r easonabl e not i ce 
of  damage f r om const r uct i on has been pr ovi ded.   Post - Const r uct i on sur veys 
wi l l  be conduct ed by,  or  under  t he super vi s i on of ,  t he St r uct ur al  
I nspect i on/  Eval uat i on Speci al i st ,  who wi l l  al so s i gn and dat e each 
sur vey.   The sur vey ext ent  and met hod used must  be accept abl e t o bot h t he 
Cont r act or ' s i nsur ance company and t he Cont r act i ng Of f i cer .   The 
post - const r uct i on sur veys must  be conduct ed wi t hi n a week of  t he not i ce of  
damage.   The Cont r act or  i s r esponsi bl e f or  any damages or  i nj ur i es 
r esul t i ng f r om const r uct i on.   Submi t  a copy of  al l  post - const r uct i on 
sur veys wi t hi n t wo busi ness days of  t he on- pr emi ses sur veys t o bot h t he 
st r uct ur e' s owner  and t he Cont r act i ng Of f i cer .
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3. 6. 4   Pr obe Hol e Dr i l l i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gn t eam must  eval uat e expect ed gr ound 
condi t i ons i ncl udi ng but  not  l i mi t ed t o:   zones of  
i nt ensel y j oi nt ed r ock mass due t o f aul t s,  shear s,  
or  ot her  st r uct ur al  di s l ocat i ons,  r ock t ypes,  
weat her i ng pr of i l es,  gr oundwat er  r egi me,  ot her  
per t i nent  geol ogi cal  i nf or mat i on avai l abl e f r om t he 
si t e i nvest i gat i ons t o det er mi ne t he adequat e l engt h 
of  pr obi ng ahead of  t unnel .   Thi s i nf or mat i on must  
be i ncl uded i n t he Geot echni cal  Basel i ne Repor t  as a 
r ecommendat i on.

I nser t  gal l ons per  mi nut e ( gpm)  based upon r esul t s 
of  any packer  t est s per f or med,  or  ot her  est i mat es of  
wat er  i nf l ow.   I n l i eu of  avai l abl e pr oj ect  dat a 
assume nomi nal  amount  of  wat er  on t he or der  of  15- 20 
gpm.  The i nf l ow i nf or mat i on must  be i ncl uded i n t he 
GBR and/ or  GDR.

The number  of  suppl ement al  pr obe hol es expect ed f or  
t he pr oj ect  must  be det er mi ned dur i ng desi gn phase 
and cl ear l y l i s t ed as a r ecommendat i on i n t he GBR.

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

a.   The Cont r act i ng Of f i cer  must  be i nf or med 24 hour s pr i or  t o any pr obi ng 
act i v i t i es i n t he t unnel  so t hat  a gover nment  r epr esent at i ve be 
pr esent  dur i ng t he pr obi ng.   The r esul t s of  pr obi ng ahead,  al ong wi t h 
any pr oposed amendment s t o excavat i on pr of i l e,  sequence or  suppor t  
must  be submi t t ed t o t he Cont r act i ng Of f i cer  i mmedi at el y upon 
compl et i on of  t he pr obi ng.

b.   Pr obe hol es must  be dr i l l ed t o pr ovi de advance war ni ng of  any abnor mal  
i nf l ow of  wat er  or  degr adat i on i n r ock qual i t y,  whi ch mi ght  occur .  
Pr obe hol e l ocat i ons and ext ent  of  hol e dr i l l i ng i s shown on t he 
Dr awi ngs and wi l l  be modi f i ed as needed i n t he f i el d as appr oved by 
t he Cont r act i ng Of f i cer .   The Cont r act i ng Of f i cer  may di r ect  
suppl ement al  pr obe hol es t o be dr i l l ed based on gr ound condi t i ons.   
Expl or at or y pr obe hol es may al so be r equi r ed t o expl or e t he nat ur e of  
subsur f ace f or mat i ons or  f ol l owi ng gr out  oper at i ons t o i nvest i gat e t he 
ef f ect i veness of  t he gr out i ng pr ogr am.

c.   I f  t he i nf l ow of  wat er  f r om t he pr obe hol e exceeds [ _____]  gpm,  
suppl ement al  pr obe hol es wi l l  be r equi r ed,  at  t he di r ect i on of  t he 
Cont r act i ng Of f i cer ,  t o pr obe t he ext ent  and char act er  of  t he gr ound,  
and/ or  t o dr ai n t he wat er ,  and/ or  f or  use as gr out  hol es.  I f  di r ect ed 
by t he Cont r act i ng Of f i cer ,  gr out  t he f ace of  t he t unnel  headi ng i n 
accor dance wi t h 31 73 19 TUNNEL AND SHAFT GROUTI NG.

d.   Pr obe hol es must  be dr i l l ed t o a mi ni mum of  [ _____]  met er s [ _____]  f eet
 measur ed al ong t he dr i l l ed hol e and wi l l  over l ap t o mai nt ai n at  l east  
one hol e a mi ni mum of  [ _____]  met er s [ _____]  f eet  ahead of  t he pl ane 
of  t he t unnel  f ace at  al l  t i mes.  The Cont r act i ng Of f i cer  may r educe 
t he dr i l l i ng l engt h based on gr ound condi t i ons.

e.   Dur i ng pr obe hol e dr i l l i ng,  t he Cont r act or  wi l l  s t op at  a mi ni mum of  
each 3. 05 met er s10 f eet  of  hol e advance t o measur e wat er  f l ow and 
wat er  pr essur e.  The Cont r act i ng Of f i cer  may wai ve t hi s r equi r ement  on 
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a hol e- by- hol e basi s i f  l i t t l e or  no wat er  i s encount er ed.

f .   Pr obe hol e must  be t er mi nat ed [ _____]  met er s [ _____]  f eet  beyond t he 
f i r st  gr out abl e f eat ur e,  as det er mi ned by t he Cont r act i ng Of f i cer .

g.   Pr obe hol es must  be seal ed by gr out i ng t hr ough a packer  c l ose t o t he 
f i r st  wat er  pr oduci ng f eat ur e t o pr event  wat er  f l ows i nt o t he t unnel  
whi l e t he t unnel  f ace i s advanced.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng on t he pr oj ect  t he pr obe hol es may 
be i nci dent al  t o t he wor k and no addi t i onal  t i me or  
payment  wi l l  be r equi r ed as i n t hi s par agr aph.   I f  
t he Cont r act i ng Of f i cer  di r ect s t he Cont r act or  t o do 
pr obe hol e dr i l l i ng out si de of  t he cont r act i ng 
payment  pr ocedur es,  t hen i t  woul d be compensat ed.   
Tai l or  t hi s par agr aph f or  your  pr oj ect  r equi r ement s.

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

h.   I f ,  i n any sect i on of  t he t unnel  excavat i on,  dr i l l i ng i s di r ect ed by 
t he Cont r act i ng Of f i cer  f or  suppl ement al  pr obe hol es,  ot her  oper at i ons 
wi l l  be suspended or  modi f i ed as may be necessar y t o per mi t  such 
dr i l l i ng;  and t he Cont r act or  wi l l  not  be ent i t l ed t o any compensat i on 
f or  del ay nor  wi l l  t he Cont r act or  be ent i t l ed t o any ext ensi on of  
t i me,  such st oppi ng of  wor k bei ng deemed an or di nar y del ay t o be 
expect ed dur i ng const r uct i on oper at i ons.

i .   Fol l ow f or mat  r equi r ement  i n t he par agr aph DRI LLI NG LOGS.

3. 7   GROUND VI BRATI ON AND DEFORMATI ON EFFECTS MONI TORI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncor por at e r equi r ement s f or  a dat a 
acqui s i t i on syst em and r eal  t i me moni t or i ng i n 
cer t ai n sensi t i ve ar eas on pr oj ect - speci f i c  basi s as 
needed.

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

3. 7. 1   Gener al  Tol er ance

The i nst r ument s must  be i nst al l ed as c l ose as pr act i cabl e t o t he l ocat i ons 
[ shown on t he Dr awi ngs]  [ or  as est abl i shed i n t he f i el d by t he Cont r act i ng 
Of f i cer ] .   The Cont r act or  must  submi t  t o t he Cont r act i ng Of f i cer  f or  
consent ,  al l  f i nal  i nst r ument  l ocat i ons pr i or  t o t hei r  i nst al l at i on.   
Wher e i nst r ument s ar e shown on t he cont r act  dr awi ngs t o be i nst al l ed i n 
c l ust er s,  t he Cont r act or  must  i nst al l  al l  i nst r ument s shown wi t hi n a 
[ _____]  mm [ _____]  i n.  r adi us

3. 7. 1. 1   Avai l abi l i t y  of  Dat a

The Cont r act or  must  moni t or  al l  i nst r ument s and pr ovi de dat a obt ai ned t o 
t he Cont r act i ng Of f i cer  wi t hi n a maxi mum of  [ 24 hour s]  af t er  t aki ng t he 
r eadi ngs unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer .

I nst r ument  moni t or i ng dat a must  not  be di scl osed t o t hi r d par t i es and must  
not  be publ i shed wi t hout  t he pr i or  wr i t t en appr oval  of  t he Cont r act i ng 
Of f i cer .

SECTI ON 31 71 19  Page 45



3. 7. 1. 2   I nst r ument  I nst al l at i on Sequence

Opt i cal  sur vey t ar get s must  be i nst al l ed f ol l owi ng scal i ng and wi t hi n 
[ _____]  met er s  [ _____]  f eet  of  t he advanci ng t unnel  f ace.

3. 7. 1. 3   I nst al l at i on Requi r ement s

The Cont r act or  must  assi gn an i nst r ument  i dent i f i cat i on number  t o each 
i nst r ument .   Each i nst r ument  i dent i f i cat i on number  must  be per manent l y 
af f i xed t o a sui t abl e mat er i al ,  such as t he st ampi ng of  a br ass t ag.   The 
t ag must  be at t ached t o t he i nst r ument  or  must  be secur ed at  t he 
i nst r ument  l ocat i on.

Opt i cal  sur vey t ar get s must  be i nst al l ed as shown on t he dr awi ngs.

3. 7. 1. 4   Pr ot ect i on of  I nst r ument s

Ful l  r esponsi bi l i t y  must  be bor ne by t he Cont r act or  f or  pr ot ect i ng t he 
i nst r ument s f r om damage caused by const r uct i on oper at i ons.   Damaged 
i nst r ument s must  be pr ompt l y r epl aced or  r epai r ed,  as di r ect ed by t he 
Cont r act i ng Of f i cer ,  at  t he expense of  t he Cont r act or .

The i nst r ument s must  be cl ear l y mar ked and pr ot ect ed t o avoi d bei ng 
cover ed by shot cr et e.   Access must  be mai nt ai ned t o per mi t  r eadi ng of  
i nst r ument s.   Shot cr et e appl i ed ar ound i nst r ument s must  be r emoved 
i mmedi at el y.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng on t he pr oj ect ,  t hi s sect i on wi l l  
var y and need t o be t ai l or ed f or  t he moni t or i ng 
l ocat i ons and t hr eshol ds speci f i cal l y.   The desi gner  
shoul d engage necessar y subj ect  mat t er  exper t s f or  
var i ous di sci pl i nes -  St r uct ur al  f or  concr et e and 
Mechani cal / El ect r i cal  f or  r el at ed equi pment  
( power houses or  l ocks) .

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

3. 7. 2   Vi br at i on Cont r ol  Moni t or i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Vi br at i on moni t or i ng may be r equi r ed f or  
under gr ound const r uct i on usi ng mechani cal  excavat i on 
means.   Consul t  wi t h t he St r uct ur al ,  Mechani cal ,  and 
El ect r i cal  Engi neer s as appr opr i at e on t he pr oj ect  
i n devel opi ng t he vi br at i on t hr eshol ds.   The 
par agr aph' s nar r at i ve i s a gener i c descr i pt i on f or  
most  pr oj ect s,  wher e t he near est  st r uct ur e/ f aci l i t y  
i s :  St andar d Const r uct i on Ti mber  Fr ame,  Br i ck,  and 
Concr et e Bui l di ngs;  Lock Monol i t hs;  Power house 
Swi t chyar d;  Hi ghway and Rai l r oad Br i dges;  Bur i ed 
Ut i l i t i es;  and Wel l s and Aqui f er s.     Some pr oj ect s 
may r equi r e assessment  by a t r ai ned exper i enced 
vi br at i on speci al i st  or  st r uct ur al  engi neer  of  l ower  
al l owabl e v i br at i on cr i t er i a at  cr i t i cal  or  hi st or i c 
or  speci al  st r uct ur es or  f aci l i t i es or  st r uct ur es 
wi t h cont i nuous occupant s.   Gr ound vi br at i ons can 
cause t he occupant s of  st r uct ur es t o become 
physi cal l y uncomf or t abl e at  l evel s wel l  bel ow t he 
al l owabl e v i br at i on l evel s t o avoi d damage t o t he 
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st r uct ur e i t sel f .   Pr oj ect s a wi t h a Power house and 
El ect r i cal  Power  Rel ay Equi pment  or  Pi pel i nes,  
besi des t hose wi t h cont i nuous occupant s,  shoul d be 
eval uat ed f or  l ower  al l owabl e v i br at i on cr i t er i a.   
Some pr oj ect s coul d ut i l i ze t he assessment  by a 
t r ai ned exper i enced vi br at i on speci al i st  or  
st r uct ur al  engi neer  t o i ncl ude hi gher  al l owabl e 
v i br at i on cr i t er i a f or  t hose pr oj ect s wher e t ypi cal  
st r uct ur es/ f aci l i t i es ar e mor e t han t wi ce t he 
di st ance of  t he c l osest  appr oach f r om const r uct i on 
t o:  St eel  and Rei nf or ced- Concr et e St r uct ur es;  Mass 
Concr et e Monol i t hs;  and Cur ed Shot cr et e.   The 
speci f i cat i on wr i t er  must  i ncl ude a l i mi t at i on of  
t he al l owabl e v i br at i on.

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

Vi br at i on moni t or i ng must  conf or m t o cur r ent  i ndust r y st andar ds and use 
equi pment  devel oped f or  t hat  pur pose.   Peak par t i c l e vel oci t y must  be used 
as t he uni t  of  measur e.   Begi n sei smi c v i br at i on moni t or i ng at  l east  f our  
weeks pr i or  t o t he commencement  of  any mechani cal  excavat i on ant i c i pat ed 
t o i nduce excessi ve gr ound vi br at i ons t o det er mi ne backgr ound l evel s on 
adj acent  r oads,  and t he [ _____] .   Per manent l y mount  t he sei smogr aph t o 
r ecor d sei smi c event s f or  a 24- hour  per i od dai l y.   Submi t  t he backgr ound 
vi br at i on moni t or i ng r epor t s and t he basel i ne v i br at i ons l evel s det er mi ned 
f r om t he dat a f or  appr oval  at  l east  t wo weeks pr i or  t o t he commencement  of  
mechani cal  excavat i on ant i c i pat ed t o i nduce excessi ve gr ound vi br at i ons.    
The peak par t i c l e vel oci t y of  each component  must  not  be al l owed t o exceed 
cur r ent  l ocal ,  St at e and Feder al  v i br at i on l i mi t s,  whi chever  i s mor e 
st r i ngent ,  and never  exceed t he saf e l i mi t s of  t he near est  st r uct ur e 
subj ect  t o v i br at i on damage.

3. 7. 3   Measur i ng and Recor di ng I nst r ument s

Submi t  sei smogr aphs f or  appr oval .   Pr ovi de up t o [ _____]  sei smogr aphs 
capabl e of  sampl i ng r at es of  15, 000 sampl es per  second or  hi gher  t hat  
meet s I SEE PSBS.   The 15, 000 sampl es per  second accur acy i s r equi r ed t o 
acqui r e r epr oduci bl e v i br at i on r eadi ngs.   The uni t s must  be sel f - cont ai ned 
except  f or  ext er nal  geophones and mi cr ophones.   The sei smogr aph must  be 
capabl e of  pr ovi di ng a pr i nt out  or  downl oadi ng t he dat a t o a por t abl e 
devi ce f or  of f - s i t e pr i nt i ng.   The uni t s must  be pr ogr ammed wi t h speci f i c  
dat a f or  each si t e of  sei smogr aph pl acement ,  whi ch i ncl udes sei smogr aph 
l ocat i on,  geophone bur i al  or  mount i ng met hod,  cal i br at i on s i gnal ,  dat e,  
t i me,  and cl osest  di st ance t o t he excavat i on.   The sei smogr aphs and 
geophones must  be pl aced on and secur ed t o sound bedr ock,  bur i ed i n v i r gi n 
soi l ,  or  af f i xed t o mass concr et e f oundat i ons or  t o ot her  st r uct ur es wher e 
vi br at i on dat a i s needed.   I ncl ude t he r aw dat a val ues f r om t he 
sei smogr aph of  v i br at i on.

3. 7. 4   Sei smogr aph Locat i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph wi l l  var y dependi ng on t he 
pr oj ect ,  t he desi gner  shoul d det er mi ne what  
st r uct ur es need t o be moni t or ed.   I t  may be 
necessar y t o r equi r e one or  t wo ext r a sei smogr aphs 
t hat  ar e pl aced at  t he Cont r act i ng Of f i cer ' s 
di r ect i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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I nst al l  sei smogr aphs at  l ocat i ons appr oved by t he Cont r act i ng Of f i cer .   
These l ocat i ons ar e subj ect  t o change as t he pr oj ect  pr ogr esses.

3. 7. 5   I ndi v i dual  Vi br at i on Moni t or i ng Repor t

Pr ovi de t he or i gi nal  di gi t al  r esul t s of  v i br at i on moni t or i ng i n t he f or m 
of  peak r eadi ngs and f r equenci es f or  each moni t or i ng per i od,  pr ovi de t he 
Cont r act i ng Of f i cer  wi t h access t o t he onl i ne dat a avai l abl e i mmedi at el y 
af t er  dat a i s col l ect ed.   Submi t  t he v i br at i on moni t or i ng r epor t s.   Dat a 
r ecor ded f or  each moni t or i ng per i od must  i ncl ude t he f ol l owi ng:

a.   I dent i f i cat i on of  i nst r ument  used and l ocat i on.

b.   Name of  qual i f i ed obser ver  and i nt er pr et er .

c.   Di st ance and di r ect i on of  r ecor di ng st at i on f r om excavat i on ar ea.

e.   Type of  gr ound at  r ecor di ng st at i on and mat er i al  on whi ch t he 
i nst r ument  i s s i t t i ng.

f .   How t he geophone i s anchor ed,  i f  peak accel er at i on i s gr eat er  t han 0. 2 
g t o pr event  decoupl i ng of  t he sensor .

g.   Maxi mum par t i c l e vel oci t y i n each component  di r ect i on.

h.   A dat ed and si gned copy of  sei smi c r ecor ds wi t h t hei r  suppor t i ng 
i nf or mat i on.

3. 7. 6   Conver gence Moni t or i ng Const r uct i on Requi r ement s

3. 7. 6. 1   Gener al  Tol er ance

The i nst r ument s must  be i nst al l ed as c l ose as pr act i cabl e t o t he l ocat i ons 
shown on t he Dr awi ngs or  as est abl i shed i n t he f i el d as appr oved by t he 
Cont r act i ng Of f i cer .   The Cont r act or  must  submi t  t o t he Cont r act i ng 
Of f i cer  f or  consent ,  al l  f i nal  i nst r ument  l ocat i ons pr i or  t o t hei r  
i nst al l at i on.   Wher e i nst r ument s ar e shown on t he cont r act  dr awi ngs t o be 
i nst al l ed i n c l ust er s,  t he Cont r act or  must  i nst al l  al l  i nst r ument s shown 
wi t hi n a [ _____]  mm [ _____]  i n.  r adi us.

3. 7. 6. 2   Avai l abi l i t y  of  Dat a

The Cont r act or  must  moni t or  al l  i nst r ument s and pr ovi de dat a obt ai ned t o 
t he Cont r act i ng Of f i cer  wi t hi n a maxi mum of  24 hour s af t er  t aki ng t he 
r eadi ngs unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer .

I nst r ument  moni t or i ng dat a must  not  be di scl osed t o t hi r d par t i es and must  
not  be publ i shed wi t hout  t he pr i or  wr i t t en appr oval  of  t he Cont r act i ng 
Of f i cer .

3. 7. 6. 3   Pr ot ect i on of  I nst r ument s

Ful l  r esponsi bi l i t y  must  be bor ne by t he Cont r act or  f or  pr ot ect i ng t he 
i nst r ument s f r om damage caused by const r uct i on oper at i ons.   Damaged 
i nst r ument s must  be pr ompt l y r epl aced or  r epai r ed,  as di r ect ed by t he 
Cont r act i ng Of f i cer ,  at  t he expense of  t he Cont r act or .

The i nst r ument s must  be cl ear l y mar ked and pr ot ect ed t o avoi d bei ng 
cover ed by shot cr et e.  Access must  be mai nt ai ned t o per mi t  r eadi ng of  
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i nst r ument s.  Shot cr et e appl i ed ar ound any i nst r ument  must  be r emoved 
i mmedi at el y.

3. 7. 7   Rock Damage Cont r ol

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tai l or  t hi s par agr aph t o t he speci f i c  s i t e 
condi t i ons t hat  may af f ect  under gr ound const r uct i on.

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

The r ock f or mat i ons ar e known t o cont ai n geol ogi cal  f eat ur es i ncl udi ng 
var i abl e weat her i ng,  al t er at i on,  f r act ur i ng and shear i ng,  voi ds,  weat her ed 
j oi nt s,  and gouge seams.   Rock cor es r ecover ed dur i ng s i t e expl or at i on 
dr i l l i ng i nvest i gat i ons di scl ose t he si t e' s geol ogi cal  condi t i ons and ar e 
avai l abl e f or  r evi ew by t he Cont r act or .   The Cont r act or  i s encour aged t o 
r evi ew t he [ Geot echni cal  Dat a Repor t ,  Geot echni cal  Basel i ne Repor t ,  ot her  
r epor t s pr ovi ded wi t h bi d document s or  made accessi bl e] ,  t he dr i l l  cor e,  
dr i l l  cor e phot ogr aphs,  cut  s l opes or  out cr ops,  and al l  geot echni cal  and 
st r uct ur al  i nf or mat i on avai l abl e bef or e pl anni ng and conduct i ng t unnel  
excavat i on oper at i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when 
Roadheader  mechani cal  excavat i on t echni ques ar e 
r equi r ed on t he pr oj ect .

A Roadheader  i s mor e economi cal  f or  shor t er  t unnel s 
r at her  t han usi ng/ mobi l i z i ng a TBM and wher e Dr i l l  
and Bl ast  excavat i on i s not  al l owed.

A Roadheader  i s a hybr i d mechani cal  excavat or  and 
consi st s of  a boom- mount ed r ot at i ng cut t i ng head 
wi t h a conveyor  f or  br oken r ocks,  cr awl er  t r acks 
move t he ent i r e machi ne f or war d i nt o t he r ock f ace.  
Hi gh mobi l i t y ,  advance r at es,  r el i abi l i t y ,  l ow r ock 
di st ur bance,  saf et y,  and smal l  l abor  f or ce f or  
depl oyment ,  st agi ng ar ea f oot pr i nt ,  ar e some of  t he 
advant ages of  Roadheader .

The power  densi t y r at i o pr ovi ded by t he smal l  
di amet er  cut t i ng dr um gi ves t he Roadheader  an edge 
over  ot her  mechani cal  excavat i on t echni ques.  Recent  
advances have made Roadheader s mor e ef f i c i ent  i n 
har d r ock t unnel i ng.  I ncr eases i n machi ne wei ght ,  
s i ze,  aut omat i on,  and r emot e cont r ol ,  cut t er head and 
boom posi t i oni ng,  advances i n hydr aul i c and 
el ect r i cal  syst ems,  muck pi ck and l oadi ng syst ems,  
and cut t er  head desi gn ar e t he bi ggest  devel opment s 
i n Roadheader  whi ch make t hem economi cal  choi ces i n 
some under gr ound excavat i on scenar i os.

Boom- t ype Roadheader s ar e smal l  s i ze ( up t o 30 
t ons) ,  mi d- si ze ( bet ween 30 and 70 t ons)  and l ar ge 
si ze ( bet ween 70 and 120 t ons) .   Sever al  r ock 
pr oper t i es af f ect  t he cut t i ng f or ce of  a Roadheader .  
Uni axi al  Compr essi ve St r engt h ( UCS) ,  Br azi l i an 
Tensi l e St r engt h ( BTS) ,  quar t z cont ent ,  Rat i o of  UCS 
t o BTS,  and Cone i ndent er  har dness,  t angent  Young' s 
modul us,  densi t y,  por osi t y,  st at i c el ast i c i t y 
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modul us,  shor e scl er oscope har dness,  speci f i c  
ener gy,  r ock qual i t y desi gnat i on,  Rock mass 
cut t abi l i t y  i ndex,  Cer cher  abr asi v i t y i ndex,  Schmi dt  
Hammer  r ebound har dness,  and poi nt  l oad st r engt h,  
ar e some of  t he par amet er s of  r ock t hat  ar e f ound t o 
i nf l uence Roadheader  per f or mance.

Cut t i ng per f or mance i s a t er m used t o i l l ust r at e t he 
i nf l uence of  cut t i ng r at e and cut t er  wear  i n 
di f f er ent  geol ogi cal  condi t i ons.  The pr edi ct i on of  
cut t i ng per f or mance f or  any t ype of  excavat i ng 
condi t i ons,  or  r ock f or mat i on i n whi ch t he machi ne 
i s depl oyed,  i s one of  t he mai n f act or s det er mi ni ng 
t he economi cs of  a mechani zed excavat i on oper at i on.  
The i nst ant aneous cut t i ng r at e or  I CR has wi del y 
been appl i ed and modi f i ed f or  speci f i c  r ock t ypes.  
Pr ogr ess over  a const r uct i on shi f t  or  on hour l y 
basi s i s al so t aken as a per f or mance met r i c t r acked 
on t he j ob.  Machi ne sel ect i on i s per f or med on t he 
basi s of  t unnel  di mensi ons and gr ound condi t i ons 
whi ch i n t ur n,  det er mi ne pr oduct i on r at e and bi t  
consumpt i on.  Depl oyment  of  t he Roadheader  i s mai nl y 
dependent  on how ef f ect i vel y t he per f or mance r at i ng 
i s geol ogi cal l y i nvest i gat ed.  Accor di ngl y,  i f  not  
sel ect ed as per  geol ogi cal  condi t i ons ant i c i pat ed 
t he consequences can be economi cal l y cost l y l eadi ng 
t o c l ai ms and schedul i ng i mpl i cat i ons.

Despi t e t he advant ages,  t he Roadheader  has some 
di sadvant ages such as hi gh pi ck consumpt i on r at e i n 
ver y abr asi ve r ocks,  maki ng excavat i on uneconomi cal  
due t o f r equent  bi t  changes wi t h i ncr eased machi ne 
vi br at i ons and mai nt enance cost s.   Exposur e t o 
s i l i ca or  r ock dust  cont i nues t o be a maj or  r i sk t o 
t he heal t h of  wor ker s.  Dust  par t i c l es such as coal  
dust ,  s i l i ca dust  and ot her  f i nel y powder ed 
mat er i al s,  can damage l ungs and ai r ways.

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

3. 8   ROADHEADER EXCAVATI ON

The r oadheader ( s)  must  excavat e t he t unnel ( s)  t o t he mi ni mum excavat i on 
s i ze as shown on t he Dr awi ngs or  as appr oved by t he Cont r act i ng Of f i cer ,  
t o pr ovi de t he r equi r ed l i ni ng t hi ckness i ndi cat ed on t he Dr awi ngs wi t hi n 
t he s i ze,  al i gnment  and gr ade t ol er ances speci f i ed.   The r oadheader ( s)  
must  be mai nt ai ned and ut i l i zed t o handl e t he var i ous gr ound condi t i ons as 
descr i bed i n t he GBR and sust ai n advance r at es t hat  wi l l  per mi t  compl et i on 
of  t he wor k wi t hi n t he al l owabl e schedul e.  Mi ni mi ze t he l oss of  gr ound 
ahead of  and ar ound t he r oadheader  and al ways pr ovi de suppor t  of  t he 
excavat i on.  Use a dust  cont r ol  syst em.

I nst al l  t he r ock suppor t  and i ni t i al  suppor t  syst em as cl ose behi nd t he 
excavat i on oper at i on as possi bl e.   The f ace must  not  ext end mor e t han 
[ _____]  met er s [ _____]  f eet  i n f r ont  of  t he near est  i nst al l ed suppor t .

The t unnel  must  be excavat ed by a mobi l e f ul l y  ar t i cul at ed boom excavat i ng 
machi ne,  commonl y known as a " r oad header " .   The excavat i ng machi ne must  
meet  t he f ol l owi ng r equi r ement s:
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1.   Must  be a [ 25]  t on or  heavi er  machi ne wi t h a mi ni mum hor sepower  of  
[ 150]  HP t o t he cut t er  head.

2.   Be equi pped t o excavat e t o t he " A"  or  over  excavat i on l i nes shown on 
t he above dr awi ngs wi t h capabi l i t y  t o qui ckl y adj ust  excavat i on s i ze 
t o meet  var i ed suppor t  r equi r ement s.

3.   Be equi pped wi t h a gas- det ect i on devi ces and war ni ng syst em.

4.   Be of  such a conf i gur at i on t hat  st r uct ur al - st eel  adi t  suppor t s or  r ock 
r ei nf or cement  may be i nst al l ed at  or  near  t he headi ng ahead of  t he 
mai n body of  t he machi ne wher e r equi r ed.

5.   Be desi gned so t hat  t he ent i r e machi ne and i t s t r ai l i ng equi pment  may 
be backed out  t hr ough t he st r uct ur al - st eel  suppor t ed r eaches of  t he 
adi t  or  any ot her  r est r i ct ed r eaches so desi gned t o pr ovi de f r ee 
access f or  passage of  men,  equi pment ,  and mat er i al s t o t he f ace t o 
per f or m gr ound suppor t  or  excavat i on t asks.  To assi st  i n backi ng 
excavat i ng equi pment  out  of  t he adi t ,  par t i al  di sassembl y of  t he 
machi ne i s accept abl e.  However ,  t he capabi l i t i es of  backi ng t he 
equi pment  out  of  t he adi t  and pr ovi di ng f r ee access t o t he adi t  
headi ng must  be pr ovi ded i n a manner  t hat  mai nt ai ns t he i nt egr i t y of  
t he machi ne and t r ai l i ng equi pment  dur i ng r emoval  f r om t he adi t  and 
r ei nst al l at i on i n t he adi t .

6.   Be equi pped t o r emove muck wi t h hi gh wat er  cont ent  f r om adi t  i nver t  i n 
ar eas of  hi gh wat er  i nf l ow and i n st andi ng wat er .

7.   Be equi pped so t hat  adi t  dr ai nage i nf l ow of  wat er  i n t he v i c i ni t y of  
t he machi ne,  as deep as 0. 61 met er s2 f eet ,  wi l l  not  st op t he oper at i on 
of  t he t unnel i ng machi ne.

8.   Be desi gned t o pr ovi de f or  adequat e vent i l at i on f or  al l  wor kmen i n 
v i c i ni t y of  t he machi ne and i t s t r ai l i ng equi pment .

9.   Be capabl e of  mai nt ai ni ng i t s cor r ect  al i gnment  and gr ade at  al l  t i mes.

10.   Be capabl e of  wet t i ng t he f ace of  t he excavat i on and cut t er  head f or  
ef f ect i ve dust  cont r ol .

11.   Excavat i on of  quar t zo- f el dspat hi c bedr ock l i t hol ogi es ar e expect ed t o 
r esul t  i n hi gher  t han nor mal  wear  on t he cut t er  and f r act ur i ng of  
car bi de cut t er  t i ps.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Whi l e i t  has been demonst r at ed t hat  
r oadheader s have been used i n congl omer at es,  
sandst ones,  gr ani t e,  quar t z i t e and di abase,  t hese 
f or mat i ons ar e par t i cul ar l y har d f or  r oadheader  
t unnel  excavat i on.   Roadheader  i s most  ef f i c i ent  i n 
l ow t o medi um har dness r ock.   Use i n har d r ock and 
hi ghl y abr asi ve r ock shoul d be expect ed t o r esul t  i n 
l ow- pr oduct i on excavat i on r at es.   Equi pment  i s 
l i mi t ed by a shor t er  l i f e of  t ool s and i ncr eased 
cut t i ng t ool  cost .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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3. 9   REQUI RED MUCKI NG

Requi r ed mucki ng oper at i ons must  adher e t o t he det ai l ed pl an f or  muck 
handl i ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when Tunnel  
Bor i ng Machi ne ( TBM)  excavat i on t echni ques ar e 
r equi r ed.

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

Pr ovi de a mucki ng syst em f or  handl i ng and t r anspor t i ng t he excavat ed r ock 
f r om t he t unnel  f ace,  t hr ough t he TBM backup syst em,  t he t unnel  and shaf t ,  
and on t he sur f ace,  t o t he muck st ockpi l i ng ar ea,  wi t h t he capaci t y t o 
sust ai n peak hour l y penet r at i on,  peak shi f t ,  and peak dai l y advance 
r at es.   Ensur e t he mucki ng syst em does not  r est r i ct  any of  t he ot her  
oper at i ons i ncl udi ng handl i ng and er ect i ng of  i ni t i al  suppor t  syst em 
mat er i al s.

For  r ai l  mucki ng syst ems,  a t r ack wi t h t i es and bal l ast  or  di r ect  f i xat i on 
syst em wi l l  be mai nt ai ned f or  saf e oper at i on of  t r ai ns.  Do not  al l ow t he 
head of  t he r ai l s t o be submer ged i n wat er  or  cover ed wi t h t unnel  muck or  
ot her  debr i s.   Upon compl et i on of  excavat i on of  t he t unnel ,  r emove al l  
such t r ackwor k pr i or  t o pl acement  of  f i nal  l i ni ng.

For  conveyor  mucki ng syst ems,  t he t unnel  must  be i mmedi at el y c l ear ed of  
al l  spi l l age and ot her  debr i s t o mai nt ai n a saf e and cl ear  per sonnel  
egr ess and evacuat i on r out e t hr oughout  t he t unnel .   Do not  st or e t unnel  
muck on t he mucki ng conveyor  when not  i n use.  I n t he event  t he conveyor  
mucki ng syst em i s r epai r ed,  al l  r epl aced par t s and component s must  be 
r emoved f r om t he t unnel  t o mi ni mi ze saf et y hazar ds.

3. 10   SCALI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Typi cal l y,  a l evel  of  scal i ng i s r equi r ed f or  
each pr oj ect  t o r emove l oose,  unst abl e r ock pr i or  t o 
mucki ng oper at i ons or  pr i or  t o r equi r ed bol t i ng 
appl i cat i on,  shot cr et e,  or  ot her  met hods of  
st abi l i zat i on bef or e car r y i ng out  addi t i onal  
excavat i on oper at i ons.

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

A pr ogr am of  f r equent  i nspect i on and scal i ng must  be mai nt ai ned i n al l  
por t i ons of  t he t unnel .  I mmedi at el y af t er  excavat i on advancement ,  t he r oof  
and wal l s of  r ock excavat i ons must  be i nspect ed by exper i enced and 
sui t abl y equi pped scal er s who must  di s l odge and scal e down al l  l oose and 
unst abl e r ock.  Scal e any l oose and unst abl e or  unsaf e appear i ng mat er i al  
r emai ni ng on t he t unnel  per i pher y at  t he por t al  ar eas as t he excavat i on 
pr oceeds.   No separ at e payment  wi l l  be made f or  scal i ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow on gr out i ng shoul d be used 
when Tunnel  Bor i ng Machi ne ( TBM)  excavat i on 
t echni ques ar e r equi r ed,  and hi gh gr oundwat er  
condi t i ons ar e ant i c i pat ed or  unst abl e geol ogi c 
mat er i al s ( such as f aul t  zones,  kar st ,  or  ot her  
unst abl e geol ogi c condi t i ons)  and gr out i ng i s used 
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t o cont r ol  wat er  i nf l ow t o t he t unnel  headi ng or  
st abi l i ze gr ound condi t i ons.  The ant i c i pat ed vol ume 
of  wat er  as i ndi cat ed i n t he Geot echni cal  Basel i ne 
Repor t  shoul d be speci f i ed i n t he sect i on bel ow.

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

3. 11   GROUTI NG

Conduct  pr e- excavat i on and post - const r uct i on gr out i ng i n accor dance wi t h 
Sect i on 31 73 19 TUNNEL AND SHAFT GROUTI NG and as shown on t he Cont r act  
Dr awi ngs.

I f  gr oundwat er  exceeds [ _____]  l i t er s per  mi nut e ( l pm)  gal l ons per  mi nut e 
( gpm)  dur i ng pr obe hol e advancement  dur i ng t unnel  const r uct i on t he 
Cont r act or ' s Engi neer i ng Geol ogi st  or  Geot echni cal  Engi neer  wi l l  submi t  a 
gr out i ng and excavat i on pl an or  est abl i sh pr ot ocol s f or  excavat i on i f  
cer t ai n i nf l ows exceed t hr eshol d l pm gpm val ues pr i or  t o t unnel  
excavat i on.   The Cont r act i ng Of f i cer  must  be i nf or med of  t he 
i mpl ement at i on of  t he gr out i ng pl an i f  gr oundwat er  i nf l ows exceed 
excavat i on pl an est abl i shed i nf l ow t hr eshol ds.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when 
Roadheader  excavat i on t echni ques ar e r equi r ed.

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

3. 12   MAI NTAI NI NG PI LLAR STABI LI TY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The use of  r ock pi l l ar s as an excavat i on 
suppor t  means i n t unnel i ng i s expect ed t o have 
l i mi t ed appl i cat i on.  Hi st or i cal l y,  pi l l ar s have been 
used i n mi ni ng appl i cat i ons.  Del et e t hi s sect i on i f  
r ock pi l l ar s ar e not  ant i c i pat ed on t he pr oj ect .

I n addi t i on t o pi l l ar  st abi l i zat i on usi ng r ock 
dowel s,  a nar r ow pi l l ar  may be desi gned t o be 
st abi l i zed/ wi dened by a heavi l y r ei nf or ced concr et e 
sect i on.  Modi f y as appl i cabl e t o pr oj ect  condi t i ons.

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

I nst al l  addi t i onal  r ock dowel s i n pi l l ar s wher e t he pi l l ar  wi dt h measur ed 
at  spr i ngl i ne i s l ess t han or  equal  t o [ _____]  met er s [ _____]  f eet .  
I nst al l  dowel s as shown on t he Cont r act  Dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sect i on bel ow shoul d be used when Tunnel  
Bor i ng Machi ne ( TBM)  excavat i on t echni ques ar e 
r equi r ed.

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

3. 13   I NI TI AL SUPPORT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A UFGS f or  TUNNEL EXAVATI ON SUPPORT i s bei ng 
devel oped.   The desi gner  wi l l  need t o i ncl ude 
I ni t i al  Suppor t  as l i s t ed her e and Per manent  
suppor t .   Of t en t he cont r act or  wi l l  be r esponsi bl e 
f or  desi gni ng t hei r  own i ni t i al  gr ound suppor t  t ypes 
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and may not  be def i ned i n t he GBR or  specs.   
Al t er nat i vel y,  t he GBR may gi ve concept ual  i ni t i al  
suppor t  t ypes ( spaci ng,  t ype,  l engt hs)  t o bi d on but  
gi ve mul t i pl e suppor t  Types t hat  may be appl i ed 
al ong di f f er ent  al i gnment  st at i oni ng dependi ng on 
t he geol ogi c condi t i ons.   Tai l or  t hi s sect i on as 
appr opr i at e

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

3. 13. 1   Suppor t  Cl asses and Suppor t  Cl ass Ranges

Al l  st at i ons i ndi cat i ng l i mi t s of  t ypi cal  suppor t  c l asses r ef er enced 
her ei n or  as shown on t he Cont r act  Dr awi ngs ar e onl y appr oxi mat e and may 
var y due t o t he geol ogi cal  and hydr ol ogi cal  condi t i ons encount er ed i n t he 
f i el d.   Tunnel  excavat i on suppor t  c l asses,  as shown on t he Cont r act  
Dr awi ngs,  ar e t he mi ni mum t o be i nst al l ed and adj ust ed above and beyond 
t he sai d mi ni mum based on t he act ual  gr ound condi t i ons encount er ed and be 
det er mi ned i n t he f i el d i n consul t at i on bet ween Cont r act or  and t he 
Cont r act i ng Of f i cer .   Each suppor t  c l ass def i nes i nst al l at i on of  a 
speci f i c  i ni t i al  suppor t  syst em.  The suppor t  el ement s ar e as speci f i ed i n 
[ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT]  and as shown on t he Cont r act  
Dr awi ngs.

3. 13. 2   I ni t i al  Suppor t  Measur es

I ni t i al  suppor t  measur es have been der i ved based on ant i c i pat ed gr ound 
condi t i ons and t he need t o pr ovi de st abi l i zat i on of  t he t unnel  openi ngs 
under  t hi s Cont r act .  Excavat i on and suppor t  measur es del i neat ed her eaf t er  
ar e t ypi cal  and wi l l  be suppl ement ed by addi t i onal  i ni t i al  suppor t  
measur es as r equi r ed by gr ound condi t i ons encount er ed or  as di r ect ed by 
t he Cont r act i ng Of f i cer .   Expect  t o i nst al l  addi t i onal  gr ound suppor t  
acr oss weak or  open geol ogi cal  f eat ur es t o mi ni mi ze gr ound def or mat i on.   
Damage i s def i ned as t he l ooseni ng of  r ock behi nd f i nal  l i nes and gr ades,  
openi ng of  j oi nt s i n t he excavat i on or  r ock bl ock di spl acement .   I f  any 
damage occur s t o t he f i nal  excavat i on t hat  r equi r es r emedi at i on,  i t  must  
be t he r esponsi bi l i t y  of  t he Cont r act or  t o pr ovi de a t i mel y,  r ecommended 
cor r ect i ve act i on t o t he Cont r act i ng Of f i cer  and demonst r at e t hat  t he 
met hods empl oyed di d not  cause t he damage.

To mi ni mi ze gr ound movement ;  t he i ni t i al  suppor t  must  be i nst al l ed 
f ol l owi ng each headi ng and as c l ose t o t he wor ki ng f ace as pr act i cal  i n 
accor dance wi t h [ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT] .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t hat  a Geot echni cal  Basel i ne Repor t  
has been pr epar ed f or  t he pr oj ect  and has been 
r ef er enced i n Sect i on Rel at ed At t achment s and 
Speci f i cat i ons.

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

a.   Gr ound suppor t  gui del i nes f or  t he t unnel  excavat i on ar e shown on t he 
Dr awi ngs and pr ovi ded i n t he GBR.   I n addi t i on t o t he gr ound suppor t  
shown on t he cont r act  pl ans,  t he Cont r act or  must  i nst al l  such gr ound 
suppor t  as necessar y t o al ways ensur e t he st abi l i t y  of  t he excavat i on 
and t he saf et y of  t he const r uct i on per sonnel .   Gr ound suppor t  
i nst al l ed by t he Cont r act or  wi t hout  agr eement  or  i nst r uct i on f r om t he 
Cont r act i ng Of f i cer  must  be f or  t he Cont r act or s conveni ence and at  t he 
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Cont r act or ' s expense.

b.   The gr ound suppor t  must  be i nst al l ed as soon as pr act i cabl e af t er  
t unnel  excavat i on t o mi ni mi ze l ooseni ng or  movement  of  t he sur r oundi ng 
gr ound.   The Cont r act or  must  be r esponsi bl e f or  pr ovi di ng conf i r mat i on 
t hat  t he gr ound suppor t  syst em has pr oduced a st abl e excavat i on.   The 
suppor t  l ayout s shown on t he cont r act  dr awi ngs ar e a gui de onl y and 
must  be modi f i ed as r equi r ed i n t he f i el d based on geol ogi c condi t i ons 
exposed dur i ng t unnel  excavat i on.

c.   The appr oval  of  t he pr oposed excavat i on and suppor t  sequence by t he 
Cont r act i ng Of f i cer  or  f ai l ur e t o cal l  at t ent i on upon i mpr oper  or  
i nadequat e appl i cat i on of  t he r el at ed excavat i on sequence or  t unnel  
suppor t ,  pr e- suppor t ,  or  f ace suppor t  or  t o r equi r e r espect i ve change 
must  not  r el i eve t he Cont r act or  of  r esponsi bi l i t y  f or  t he i nt egr i t y of  
t he t unnel  suppor t  or  t he pr oper  execut i on of  t he wor k.

d.   Lengt hs of  excavat i on r ounds shown on t he cont r act  dr awi ngs ar e 
maxi mum val ues and may have t o be r educed due t o t he gr ound condi t i ons 
encount er ed.

e.   Pneumat i cal l y pr oj ect ed concr et e,  ei t her  f i ber  r ei nf or ced Shot cr et e or  
pl ai n Shot cr et e must  compl y wi t h pr ovi s i ons set  f or t h i n Sect i on 
03 37 13 SHOTCRETE.

f .   Rock r ei nf or cement  f or  t unnel  excavat i on must  compl y wi t h 31 68 13 
SOI L AND ROCK ANCHORS.

g.   St eel  ar ch r i bs,  l i ner  pl at es and addi t i onal  gr ound suppor t  el ement s 
must  compl y wi t h [ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT] .

3. 14   EXCAVATI ON SEQUENCE FOR TUNNELS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s i s a pl acehol der  f or  an excavat i on 
sequence.   Dependi ng on t he pr oj ect  desi gn and si t e 
condi t i ons each pr oj ect  wi l l  r equi r e a speci f i c  
excavat i on sequence.   Exampl e l anguage:  " Tunnel  
excavat i on must  be accompl i shed i n ei t her  a f ul l  
f ace or  t op headi ng and bench f or mat  as i ndi cat ed on 
t he cont r act  dr awi ngs.  Al l  i ni t i al  suppor t  must  be 
appl i ed or  i nst al l ed pr i or  t o t unnel  headi ng 
advance. "

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

3. 15   GROUND SUPPORT SYSTEM TYPES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Gr ound suppor t  syst ems ar e of t en r ef er r ed t o 
as " cat egor i es"  of  gr ound suppor t  t ypes.  These 
cat egor i es ar e appl i ed t hr oughout  a t unnel  al i gnment  
i n var i ous zones as def i ned by t he geol ogi c 
condi t i ons encount er ed as par t  of  t he pr e- desi gn 
i nvest i gat i ons.  See t he Geot echni cal  Basel i ne Repor t  
f or  ant i c i pat ed gr ound condi t i ons.

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

[ _____]  gr ound suppor t  cat egor i es have been devel oped f or  t he 
st abi l i zat i on of  t he mai n t unnel s as def i ned i n [ Sect i on XX XX XX TUNNEL 
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EXCAVATI ON SUPPORT] .

An est i mat e has been made as t o t he l engt hs of  each of  t he gr ound suppor t  
cat egor i es r equi r ed t o st abi l i ze t he t unnel .   The est i mat ed l engt hs ar e 
shown on t he cont r act  dr awi ngs and pr esent ed i n t he Geot echni cal  Basel i ne 
Repor t  ( GBR) .   Act ual  st abi l i zat i on r equi r ement s may var y f r om t hose 
est i mat ed based on t he geol ogi c condi t i ons encount er ed.   I n accor dance 
wi t h Sect i on 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS,  t he Cont r act or  
must  be r esponsi bl e f or  t he saf et y of  t he wor k and f or  accompl i shi ng t he 
i ni t i al  and per manent  st abi l i zat i on of  t he t unnel  openi ng.

3. 16   EXCAVATI ON FOR TRENCHES AND SUMPS

Excavat i on f or  t r enches and sumps must  conf or m wi t h 31 00 00 EARTHWORK and 
as shown on t he cont r act  dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Excess Excavat i on sect i on i s appl i cabl e t o 
mechani cal  excavat i on usi ng r oadheader .  I t  shoul d 
not  be expect ed t hat  t he excess excavat i on sect i on 
wi l l  be appl i cabl e t o TBM excavat i on met hods.

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

3. 17   EXCESS EXCAVATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t ype/ cl ass of  shot cr et e used t o f i l l  
over br eak ar eas i n t he t unnel  shoul d be def i ned by 
t he desi gner  i n ear l y st ages of  t he devel opment  of  
t he bi d document s.   Si mi l ar l y,  t he t ype of  mat er i al  
used t o f i l l  over br eak i n t unnel  i nver t  must  al so be 
def i ned dur i ng ear l y st ages of  t he pr oj ect  desi gn.

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

Excavat i on out si de of  t he B- Li ne shown on t he dr awi ngs must  be f i l l ed wi t h 
Cl ass I , I I ,  I I I  Shot cr et e i n accor dance wi t h Sect i on 03 37 13 SHOTCRETE,  
or  as di r ect ed by t he Cont r act i ng Of f i cer ,  at  t he expense of  t he 
Cont r act or .  Over br eak excavat i on i n t he t unnel  i nver t  must  be f i l l ed wi t h 
[  compact ed cr ushed r ock,  l ean concr et e ] ,  or  as di r ect ed by t he 
Cont r act or  Of f i cer ,  at  t he expense of  t he Cont r act or .

3. 18   TOLERANCES

The t unnel s must  be excavat ed i n accor dance wi t h t he A- l i ne di mensi ons 
shown on t he Dr awi ngs.   No unexcavat ed r ock or  ot her  mat er i al  must  
pr ot r ude wi t hi n t he A- l i ne.

3. 19   CONTROL OF WATER

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s sect i on wi l l  l i kel y be i ncor por at ed i nt o 
a f ut ur e UFGS f or  Tunnel  Dewat er i ng.   Thi s sect i on 
wi l l  need t o be heavi l y t ai l or ed f or  your  pr oj ect  
needs.   Adher e t o t he cur r ent  ver si on of  t he ETL 
1110- 2- 586 DEWATERI NG:   Met hods,  I nst al l at i on,  and 
Per f or mance Moni t or i ng.   The pr oj ect  may devel op a 
Di ver si on and Car e of  Wat er  speci f i cat i on t hat  i s 
i ncl uded i n t he f r ont - end speci f i cat i ons and t hi s 
l anguage may be i ncl uded t her e.
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Beyond saf et y consi der at i ons of  i ce accumul at i on 
ar ound por t al s and shaf t s,  i ce f or mat i on can cr eat e 
havoc wi t h t unnel  dr ai nage and r el at ed r ock subdr ai n 
syst ems i n unheat ed ar ea subj ect ed t o f r eezi ng 
condi t i ons ( e. g.  near  por t al s) .   Thi s has been a 
cr i t i cal  i ssue f or  pr i or  USACE under gr ound 
f aci l i t i es dur i ng const r uct i on.

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

The Cont r act or  i s r esponsi bl e f or  cont r ol  of  wat er  i n t he t unnel  dur i ng 
const r uct i on and must  t ake al l  means necessar y f or  such cont r ol .   Cont r ol  
of  wat er  must  i ncl ude but  not  be l i mi t ed t o,  f ur ni shi ng,  i nst al l i ng,  
oper at i ng,  and mai nt ai ni ng pumps and ot her  equi pment  i ncl udi ng t empor ar y 
measur i ng devi ces must  as per  ( b)  bel ow,  const r uct i ng t empor ar y di t ches 
and dr ai ns and keepi ng di t ches and dr ai ns f r ee t o car r y al l  wat er  t o sumps 
or  ot her  di sposal  ar eas;  and di sposal  of  al l  wat er ,  t est ed as r equi r ed,  
dr ai ni ng,  or  pumped f r om t he t unnel .   Di sposal  of  wat er  must  conf or m t o 
al l  appl i cabl e Feder al ,  St at e,  and l ocal  l aws.   [ Tr eat ment  of  gr oundwat er  
i s r equi r ed i f  det er mi ned t o be cont ami nat ed. ]

3. 19. 1   Aut omat i c Measur i ng Devi ces

Aut omat i c measur i ng devi ces must  be f ur ni shed by t he Cont r act or  and must  
be empl oyed t o measur e t he f l ow r at e of  wat er  comi ng out  of  t he t unnel  
por t al s.   Wat er  pi ped i n f or  const r uct i on oper at i ons and wat er  exi t i ng at  
t he por t al s must  be separ at el y measur ed.   The di f f er ence bet ween t he t ot al  
f l ow r at e out  of  and t he t ot al  f l ow r at e i nt o t he t unnel  must  be 
consi der ed t he r at e of  gr oundwat er  i nf l ow t o t he t unnel .   Thi s r at e of  
f l ow must  be measur ed and r ecor ded on a [ dai l y basi s,  [ _____]  hour  basi s]  
f or  i nf or mat i on onl y.

3. 19. 2   Fi ssur e Gr out i ng

Fi ssur e gr out i ng must  mean gr out i ng car r i ed out  i n t he r ock mass 
sur r oundi ng t he Under gr ound Wor ks t o st em wat er  f l ows emanat i ng f r om 
f i ssur es i n t he r ock wher e i f  l ef t  un- st emmed t he i nf l ows coul d i ni t i at e 
i nst abi l i t y .   Pr essur e gr out i ng must  be car r i ed out  when i nst r uct ed by t he 
Cont r act i ng Of f i cer  and,  wher e necessar y t he Cont r act or  must  car r y out  
l ugeon per meabi l i t y  t est s t o est abl i sh t he ext ent  of  t he f i ssur e t o 
del i neat e zones t hat  wi l l  t ake gr out .   Fur t her  r equi r ement s ar e det ai l ed 
i n Sect i on 31 73 19 TUNNEL AND SHAFT GROUTI NG.

3. 20   PERMANENT TUNNEL DRAI NAGE

A dr ai nage geot ext i l e must  be i nst al l ed on t he wal l s and cr own of  t he 
excavat i on behi nd t he shot cr et ed sur f ace at  l ocat i ons wher e act ual  f l ows 
of  wat er  ar e encount er ed and at  ot her  l ocat i ons as shown on t he Dr awi ngs 
or  as may be r equi r ed t o t he sat i sf act i on of  t he Cont r act i ng Of f i cer .   The 
dr ai nage geot ext i l e may be accompani ed by dr i l l  hol es i nst al l ed i nt o t he 
r ock f ace at  di scr et e l ocat i ons t o capt ur e concent r at ed seepage f l ow.   The 
i nst al l at i on must  compr i se f ul l  cover age f or  gr ound suppor t  i n accor dance 
wi t h [ Sect i on XX XX XX TUNNEL EXCAVATI ON SUPPORT] .

The dr ai nage membr ane must  be f i xed and seal ed t o t he appr oval  of  t he 
Cont r act i ng Of f i cer  so t hat  t he pl aci ng of  shot cr et e does not  bl ock or  
obst r uct  t he dr ai nage geot ext i l e.  Geot ext i l e must  be i nst al l ed i n 
accor dance wi t h Sect i on [ _____]  and Wat er pr oof  Membr ane must  be i nst al l ed 
i n accor dance wi t h Sect i on [ _____] .
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        - -  End of  Sect i on - -
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