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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  i nst r ument at i on and moni t or i ng f or  
geot echni cal  and hydr aul i c st r uct ur es.

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

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

Thi s gui de speci f i cat i on i s i nt ended f or  use wi t h 
const r uct i on cont r act s i n whi ch i nst al l at i on of  
i nst r ument s f or  moni t or i ng per f or mance of  
geot echni cal  and hydr aul i c st r uct ur es ( dams,  l evees,  
f oundat i ons,  r et ai ni ng st r uct ur es,  et c. )  i s  r equi r ed 
ei t her  dur i ng and/ or  f ol l owi ng t hei r  const r uct i on or  
modi f i cat i on.   I t  al so i ncl udes dat a col l ect i on,  
management ,  and i nt er pr et at i on r equi r ement s.   
Typi cal  i t ems t o moni t or  i ncl ude,  but  ar e not  
l i mi t ed t o,  wat er  l evel ,  por e pr essur e,  ear t h 
pr essur e,  def or mat i on,  and l oad and st r ai n i n 
st r uct ur al  member 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.

Al t hough not  al l  i nst r ument s f or  moni t or i ng 
geot echni cal  and hydr aul i c st r uct ur es ar e i ncl uded 
i n t hi s gui de speci f i cat i on,  and t he st at e of  
pr act i ce cont i nues t o devel op wi t h new t echnol ogi es,  

SECTI ON 33 51 43  Page 6



mor e common i nst r ument s have been i ncl uded.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PART 1   GENERAL

1. 1   DESCRI PTI ON

Pr ovi de al l  pl ant ,  l abor ,  equi pment ,  and mat er i al s f or  t he i nst al l at i on 
and mai nt enance of  per f or mance moni t or i ng i nst r ument at i on f or  t he dur at i on 
of  t he cont r act .   Pr ovi de al l  l abor ,  equi pment ,  and mat er i al s f or  dat a 
col l ect i on,  dat a management ,  i nt er pr et at i on,  and r epor t i ng unl ess 
ot her wi se speci f i ed.

1. 1. 1   I nst r ument at i on and Moni t or i ng Pl an

Devel op an I nst r ument at i on and Moni t or i ng Pl an t hat  out l i nes t he pr oj ect  
per f or mance moni t or i ng r equi r ement s,  r ecommended t hr eshol ds val ues and 
r esponse act i ons,  as wel l  as r ol es and r esponsi bi l i t i es based on t he 
r equi r ement s of  t hi s scope.

1. 1. 2   Super vi s i on and Qual i t y Cont r ol

Pr ovi de super vi s i on and qual i t y cont r ol  t o assur e t he accur acy,  qual i t y,  
t i mel i ness,  and compl et eness of  t he wor k.   Pr ovi de al l  r el at ed and 
mi scel l aneous component s and appur t enances t o make t he speci f i ed syst ems 
compl et e and f unct i onal .   Per f or m al l  wor k i n st r i ct  accor dance wi t h t hi s 
sect i on of  t he speci f i cat i ons and t he appl i cabl e cont r act  dr awi ngs.

1. 1. 3   Scope of  Wor k

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng t abl es have been i ncl uded t o 
summar i ze t he scope of  wor k.   Edi t  t hese t abl es,  and 
r emove 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 .

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

The f ol l owi ng t abl es summar i ze t he i nst r ument at i on t hat  i s cur r ent l y 
i nst al l ed wi t hi n t he pr oj ect  ar ea ( Exi st i ng I nst r ument s) ,  i nst r ument at i on 
t o be i nst al l ed as par t  of  t he cont r act  wor k ( New I nst r ument s) ,  and 
i nst r ument at i on t hat  i s cur r ent l y i nst al l ed wi t hi n t he pr oj ect  ar ea t hat  
i s t o be modi f i ed ( Exi st i ng I nst r ument s t o be Modi f i ed) .

Exi st i ng I nst r ument s

I nst r ument Type Model  
No.

Dat a 
Col l ect i on 
Met hod

Dat a 
Col l ect i on 
Fr equency

Exi st i ng 
Quant i t y

[ Pi ezomet er ] [ Vi br at i ng Wi r e 
Pi ezomet er ]

[ _____] [ Aut omat ed] [ Hour l y] [ 12]

[ Pi ezomet er ] [ St andpi pe] [ N/ A] [ Manual ] [ Mont hl y] [ 5]

[ I ncl i nomet er ] [ Tr aver si ng] [ _____] [ Manual ] [ Quar t er l y] [ 3]
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Exi st i ng I nst r ument s

[ Rai n Gauge] [ Ti ppi ng Bucket ] [ _____] [ Aut omat ed] [ Dai l y] [ 1]

New I nst r ument s t o be I nst al l ed

I nst r ument Type Dat a 
Col l ect i on 
Met hod

Dat a 
Col l ect i on 
Fr equency

Exi st i ng 
Quant i t y

[ Pi ezomet er ] [ Vi br at i ng Wi r e Pi ezomet er ] [ Aut omat ed] [ Hour l y] [ 20]

[ Pi ezomet er ] [ St andpi pe] [ Manual ] [ Mont hl y] [ 5]

[ I ncl i nomet er ] [ Tr aver si ng] [ Manual ] [ Quar t er l y] [ 2]

[ Ti l t  Met er ] [ Bi axi al  MEMS] [ Aut omat ed] [ Dai l y] [ 1]

Exi st i ng I nst r ument s t o be Modi f i ed

Gener al  Descr i pt i on Dat a 
Col l ect i on 
Met hod

Quant i t y

[ Ret r of i t  exi st i ng st andpi pe pi ezomet er  wi t h vi br at i ng wi r e 
t r ansducer ]

[ Aut omat ed] [ 3]

[ Change r i ser  el evat i on of  st andpi pe pi ezomet er ] [ Manual ] [ 2]

[ Change r i ser  el evat i on of  manual  i ncl i nomet er ] [ Manual ] [ 2]

[ Decommi ssi on i ncl i nomet er ] [ Manual ] [ 1]

1. 2   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a 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 
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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.

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASTM I NTERNATI ONAL ( ASTM)

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D5640 ( 1995;  R 2008)  St andar d Gui de f or  
Sel ect i on of  Wei r s and Fl umes f or  
Open- Channel  Fl ow Measur ement  of  Wat er

ASTM F480 ( 2014;  R 2022)  St andar d Speci f i cat i on f or  
Ther mopl ast i c Wel l  Casi ng Pi pe and 
Coupl i ngs Made i n St andar d Di mensi on 
Rat i os ( SDR) ,  SCH 40 and SCH 80

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

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

EM 1110- 1- 1002 ( 2012)  Sur vey Mar ker s and Monument at i ons

EM 1110- 2- 1908 ( 2020)  I nst r ument at i on of  Embankment  Dams 
and Levees

ER 1110- 1- 1807 ( 2014)  Dr i l l i ng i n Ear t h Embankment  Dams 
and Levees

1. 3   DEFI NI TI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Onl y use t hi s par agr aph t o def i ne t er ms used 
i n t hi s speci f i cat i on sect i on t hat  ar e not
def i ned by a commer ci al  or  Gover nment  st andar d and 
t o pr ovi de a common i nt er pr et at i on of  a t er m f or  
Cont r act ual  pur poses.   Remove any t er ms l i s t ed t hat  
ar e not  used wi t hi n t hi s sect i on and add t er ms as 
needed.

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

1. 3. 1   Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)

An Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)  i s a syst em of  el ect r oni c 
devi ces t hat  aut omat i cal l y col l ect ,  pr ocess,  st or e,  and t r ansmi t  
measur ement s f r om i nst r ument  sensor s.   An ADAS may i ncl ude,  but  i s not  
l i mi t ed t o t he f ol l owi ng component s:   dat al ogger s,  v i br at i ng wi r e 
anal yzer ,  LMU/ RMU,  RI O,  mul t i pl exer ,  power ,  and communi cat i on har dwar e and 
ser vi ce.   The syst em al so i ncl udes encl osur es and mount s,  sof t war e,  and 
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t r ansi ent  vol t age sur ge suppr essor s.

1. 3. 2   Readout  Uni t

A r eadout  uni t  i s  a devi ce used t o di spl ay measur ement s f r om an 
i nst r ument .   Some r eadout  uni t s al so have dat a col l ect i on capabi l i t y .   The 
r eadout  uni t  may be por t abl e and connect ed t o i nst r ument  t er mi nal s when 
moni t or i ng i s r equi r ed ( e. g.  not ebook comput er ,  dat al ogger ,  or  a 
pr opr i et ar y syst em) ,  or  may be an on- l i ne connect i on ( f i xed l i ne or  
wi r el ess)  t o a r emot e moni t or i ng syst em.

1. 3. 3   Dat a Col l ect or

A dat a col l ect or  i s a devi ce used t o col l ect ,  st or e,  and t r ansf er  r ecor ded 
dat a f r om an i nst r ument .   A dat a col l ect or  may be a por t abl e devi ce or  be 
l ocat ed i n- pl ace at  t he i nst r ument  l ocat i on.   Dat a col l ect or s may be 
equi pped wi t h r emot e dat a access.

1. 3. 4   Dat a Logger

A dat a l ogger  i s a devi ce t hat  can per f or m measur ement s at  a pr escr i bed 
i nt er val ,  pr ocess t he dat a f r om r aw val ues t o engi neer i ng uni t s,  st or e 
t i me- st amped dat a,  and communi cat e wi t h ot her  devi ces.

1. 3. 5   LMU/ RMU

Local  moni t or i ng uni t  ( LMU)  and r emot e moni t or i ng uni t  ( RMU)  ar e 
el ect r oni c uni t s compr i sed of  a dat al ogger  al ong wi t h,  but  not  l i mi t ed t o,  
associ at ed power ,  communi cat i on equi pment ,  and encl osur e.   They have bot h 
i nput s t o r ead sensor s and out put s t o cont r ol  ot her  devi ces.   LMU/ RMU can 
per f or m cal cul at i ons,  r un pr ogr ams t hat  have been upl oaded t o i t ,  and can 
i nt er f ace wi t h ot her  LMUs and RMUs and a cent r al  cont r ol  uni t  v i a some 
means of  communi cat i ons.   I t  can hol d and st or e dat a and t hen t r ansmi t  i t  
upon i ndi v i dual  dat a cal l s or  can be r et r i eved by a r emot e ser ver  v i a FTP 
on an as needed basi s.   LMU and RMU di f f er  onl y i n communi cat i on met hod.   
RMUs communi cat e v i a r adi o or  some ot her  met hod t hat  desi gnat es t hem as 
r emot e f r om t he cent r al  cont r ol  uni t .

1. 3. 6   RI O

A r emot e i nput  out put  ( RI O)  uni t  i s  an aut omat ed measur ement  devi ce 
wi t hout  onboar d dat a st or age.   I t  i s  compr i sed of  a power  suppl y,  
communi cat i on equi pment  ( f or  t r ansf er r i ng dat a t o LMU/ RMU) ,  and 
encl osur e.   RI Os r epor t  i nst r ument at i on r eadi ngs upon r equest  f r om a 
LMU/ RMU.   A RI O uni t  may have a mul t i pl exer  at t ached t o i t .

1. 3. 7   Mul t i pl exer

A mul t i pl exer  i s a devi ce used t o al l ow sever al  sensor s t o shar e one i nput  
channel  of  t he LMU/ RMU.   Thi s al l ows many mor e sensor s t o be r ead by one 
LMU/ RMU.   A mul t i pl exer  i s used i n conj unct i on wi t h LMU/ RMU sof t war e t hat  
cont r ol s whi ch i nput  channel  i s  bei ng r ead so t hat  each sensor  val ue i s 
st or ed i n t he cor r ect  memor y l ocat i on.

1. 3. 8   Communi cat i ons

Communi cat i ons i s a met hod used t o al l ow t wo devi ces t o " t al k"  t o or  
exchange i nf or mat i on wi t h one anot her .   Thi s can be by wi r e,  f i ber  opt i c 
cabl e,  sat el l i t e,  r adi o or  ot her  means.   I n ever y case t her e i s a 
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pr ef er r ed " l anguage"  f or  sendi ng t he dat a.   Thi s i s of t en r ef er r ed t o as 
t he " pr ot ocol " .   The pr ot ocol  may be di f f er ent  f or  each sendi ng met hod.

1. 4   QUALI TY ASSURANCE

I n addi t i on t o usi ng t he cur r ent  st at e of  pr act i ce i n t he f i el d of  
geot echni cal  and st r uct ur al  i nst r ument at i on and al l  manuf act ur er ' s 
r ecommendat i ons f or  i nst al l at i on and oper at i on;  t he f ol l owi ng Codes,  
st andar ds,  r egul at i ons,  and r ef er ences appl y f or  al l  f eat ur es of  t he 
i nst r ument at i on syst em wi t h t he most  st r i ngent  bei ng appl i cabl e:   NFPA 70
[ ,  EM 1110- 2- 1908] [ _____] .

1. 5   MEASUREMENT AND PAYMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When l ump sum payment  f or  wor k under  t hi s 
sect i on i s desi r ed,  r evi se t hese par agr aphs 
accor di ngl y.   Del et e t hese par agr aphs when t he wor k 
cover ed by t hi s sect i on i s i ncl uded i n one l ump sum 
cont r act  pr i ce f or  t he ent i r e wor k cover ed by t he 
I nvi t at i on f or  Bi ds.

I f  Sect i on 01 20 00 PRI CE AND PAYMENT PROCEDURES i s 
i ncl uded i n t he pr oj ect  speci f i cat i ons,  
appr opr i at el y edi t  t hi s subpar t ,  and move i nt o 
Sect i on 01 20 00.   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.

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

1. 5. 1   Met hod of  Measur ement

1. 5. 1. 1   Readout  Uni t s

Readout  uni t  quant i t i es wi l l  be measur ed by each compl et e r eadout  uni t  
pr ovi ded and any per i pher al  equi pment  or  mat er i al s needed f or  t hem t o 
per f or m t hei r  dat a col l ect i on f unct i on,  such as bat t er i es and t er mi nal  
c l i ps.

1. 5. 1. 2   Dat a Col l ect or

Dat a col l ect or  quant i t i es wi l l  be measur ed by each compl et e dat a col l ect or  
pr ovi ded and any per i pher al  equi pment  or  mat er i al s needed f or  t hem t o 
per f or m t hei r  dat a col l ect i on f unct i on,  such as bat t er i es and t er mi nal  
c l i ps.

1. 5. 1. 3   I nst r ument s

I nst r ument  quant i t i es wi l l  be measur ed as f ol l ows:

a.   [ Open Tube Pi ezomet er ] [ Obser vat i on/ Moni t or i ng wel l ] :   by t he l i near  
f oot  f r om t he i nst r ument  t i p t o t he r i ser  t op.   Any r equi r ed l engt h 
over  a f oot  wi l l  be count ed t o t he next  f oot  f or  measur ement .   Al l  
mat er i al s f or  t he i nst al l at i on,  t o i ncl ude at  a mi ni mum,  cap,  scr een,  
connect or s,  [ PVC] [ st eel ]  pi pe,  [ v i br at i ng wi r e i nst r ument  and 
wi r i ng] [ _____] ,  sand pack,  bent oni t e f or  zone seal i ng,  gr out  f i l l  i n 
r ock;  and gr anul ar  f i l l  i n soi l  must  be i ncl uded i n t he payment  per  
l i near  f oot .   Dr i l l i ng of  bor ehol e i s a separ at e pay i t em.   Li near  
Foot  ( LF)  per  bor ehol e l ocat i on.

SECTI ON 33 51 43  Page 11



b.   [ Ful l y Gr out ed Pi ezomet er ] [ Cl osed Tube Pi ezomet er ]  [ one]  [ t wo] :   per  
bor ehol e,  by t he l i near  f oot  f r om t he bot t om of  t he pi ezomet er  t o t he 
gr ound sur f ace.   Any r equi r ed l engt h over  a f oot  wi l l  be count ed t o 
t he next  f oot  f or  measur ement .   Al l  mat er i al s f or  t he i nst al l at i on,  t o 
i ncl ude at  a mi ni mum,  t he cap,  scr een,  connect or s,  PVC pi pe,  v i br at i ng 
wi r e i nst r ument s and wi r i ng,  and gr out  must  be i ncl uded i n t he payment  
per  l i near  f oot .   Dr i l l i ng of  bor ehol e i s a separ at e pay i t em.   Li near  
Foot  ( LF)  per  bor ehol e l ocat i on.

For  t he f ol l owi ng i nst r ument s a compl et e i nst al l at i on means:   Al l  
mat er i al s necessar y t o pr ovi de a f ul l y  f unct i oni ng uni t  t o i ncl ude,  but  
not  be l i mi t ed t o,  connect i on t o sur f aces,  wi r i ng and or  wi r el ess 
communi cat i on equi pment ,  encl osur es,  bat t er i es,  as r equi r ed t o f ul l y  
f unct i on wi t h t he speci f i ed r eadout  and/ or  dat a col l ect or  devi ce.

c.   Vi br at i ng wi r e i nst r ument :   by each compl et e i nst al l at i on.   Each ( EA)

d.   Wat er  l evel  sensor :   by each compl et e i nst al l at i on.   Each ( EA)

e.   St af f  gauge:   by each compl et e i nst al l at i on.   Each ( EA)

f .   Pi pe Fl ow Met er :   by each compl et e i nst al l at i on.   Each ( EA)

g.   Wei r :   by each compl et e i nst al l at i on.   Each ( EA)

h.   Fl ume:  by each compl et e i nst al l at i on.   Each ( EA)

i .   Weat her  st at i on:   by each compl et e i nst al l at i on.   Each ( EA)

j .   Bar omet er :  by each compl et e i nst al l at i on.   Each ( EA)

k.   Aut omat ed Mul t i par amet er  Sonde:   by each compl et e i nst al l at i on.   Each 
( EA)

l .   pH sensor :  by each compl et e i nst al l at i on.   Each ( EA)

m.   Tur bi di t y met er :  by each compl et e i nst al l at i on.   Each ( EA)

n.   Temper at ur e sensor :  by each compl et e i nst al l at i on.   Each ( EA)

o.   Conduct i v i t y met er :  by each compl et e i nst al l at i on.   Each ( EA)

p.   [ Pr obe] [ Fi xed Bor ehol e ] Ext ensomet er :  by t he l i near  f oot  f r om t he 
bot t om of  t he bor ehol e anchor  t o t he t op of  t he ext ensomet er .   Any 
r equi r ed l engt h over  a f oot  wi l l  be count ed t o t he next  f oot  f or  
measur ement .   I ncl ude al l  i nst al l at i on mat er i al s i n t he payment  per  
l i near  f oot .   Dr i l l i ng of  bor ehol e i s a separ at e pay i t em Li near  Foot  
( LF)

q.   Set t l ement  [ Sur f ace Poi nt s] [ Pl at es] :  by each compl et e i nst al l at i on.   
Each ( EA)

r .   Bor r os Type Anchor :  by t he l i near  f oot  f r om t he bot t om of  t he poi nt  t o 
t he gr ound sur f ace.   Li near  Foot  ( LF)

s.   [ Por t abl e ( Tr aver si ng) ] [ Aut omat ed I n- Pl ace]  I ncl i nomet er  Casi ng:  by 
t he l i near  f oot  f r om t he bot t om cap t o t he gr ound sur f ace.   Any 
r equi r ed l engt h over  a f oot  wi l l  be count ed t o t he next  f oot  f or  
measur ement .   Al l  mat er i al s f or  t he i nst al l at i on t o i ncl ude casi ng,  
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cap,  gr out ,  i ncl i nomet er ,  and cabl e,  and cover s.   Dr i l l i ng of  bor ehol e 
i s a separ at e pay i t em.   Li near  Foot  ( LF)  per  bor ehol e l ocat i on.

t .   [ Por t abl e ( Tr aver si ng)  Pr obe] [ Aut omat ed I n- Pl ace Sensor s] :   Each ( EA)

u.   Cr ackmet er / Joi nt met er :  by each compl et e i nst al l at i on.   Each ( EA)

v.   Ti l t met er :  by each compl et e i nst al l at i on.   Each ( EA)

w.   Ter r est r i al  Posi t i oni ng Syst em:  by each compl et e i nst al l at i on.   Each 
( EA)

x.   Sur f ace Monument :  by each compl et e i nst al l at i on.   Each ( EA)

y.   Sur vey Pr i sm:  by each compl et e i nst al l at i on.   Each ( EA)

z.   Ear t h pr essur e cel l :  by each compl et e i nst al l at i on.   Each ( EA)

aa.   Load cel l :  by each compl et e i nst al l at i on.   Each ( EA)

bb.   St r ai n Gauge:  by each compl et e i nst al l at i on.   Each ( EA)

cc.   Si gnal  Cabl e,  Li near  Foot  ( LF)

dd.   Out door  camer a:  by each compl et e i nst al l at i on.   Each ( EA)

ee.   Sei smogr aph:  by each compl et e i nst al l at i on.   Each ( EA)

f f .   Ti me Domai n Ref l ect omet er ,  Li near  Foot  ( LF)

gg.   Pendul um,  Each ( EA)

1. 5. 1. 4   ADAS

The Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)  wi l l  be measur ed on a l ump 
sum basi s.   Thi s does not  i ncl ude t he i ndi v i dual  i nst r ument s l i s t ed i n t he 
pr i or  par agr aph.   Thi s i t em i ncl udes al l  equi pment ,  suppl i es,  mat er i al s,  
and pr ogr ammi ng/ conf i gur at i on necessar y f or  a f ul l y  f unct i onal  ADAS whi ch 
pol l s and communi cat es successf ul l y wi t h t hose dat a col l ect i on devi ces 
i dent i f i ed separ at el y above.   Thi s i t em i ncl udes,  but  i s not  l i mi t ed t o,  
t he f ol l owi ng component s:

a.   Encl osur es and mount s.

b.   Dat a l ogger s.

c.   LMU/ RMU.

d.   RI O.

e.   Mul t i pl exer .

f .   Power .

g.   Sof t war e.

h.   Tr ansi ent  vol t age sur ge suppr essor s.

i .   Communi cat i on har dwar e and ser vi ces.
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1. 5. 1. 5   Gener al  I nst r ument at i on Requi r ement s

Gener al  i nst r ument at i on r equi r ement s wi l l  be measur ed on a [ l ump sum] [ per  
mont h]  basi s.

1. 5. 1. 6   Vi br at i on Moni t or i ng

Vi br at i on moni t or i ng wi l l  be measur ed on a [ l ump sum] [ per  mont h]  basi s.

1. 5. 2   Basi s of  Payment

1. 5. 2. 1   Readout  Uni t s

Payment  wi l l  be made at  t he Base Bi d cont r act  l i ne i t em pr i ce f or  each 
r eadout  uni t  l i s t ed bel ow,  whi ch pr i ce wi l l  const i t ut e f ul l  compensat i on 
f or  pr ovi di ng t he r eadout  uni t  i ncl udi ng f act or y cal i br at i ons,  pr e 
i nst al l at i on accept ance t est i ng,  any per i pher al  equi pment  or  mat er i al s 
needed f or  t hem t o per f or m t hei r  dat a col l ect i on f unct i on,  i nst r uct i on 
manual s,  and del i ver y t o t he Gover nment  as speci f i ed:

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi se t he f ol l owi ng l i s t  t o onl y i ncl ude 
r eadout  uni t s speci f i ed f or  your  pr oj ect .

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

a.   [ Open t ube pi ezomet er ] [ Obser vat i on wel l ] :  wat er  l evel  i ndi cat or .

b.   [ Ful l y gr out ed pi ezomet er ] [ Cl osed t ube Pi ezomet er ] :  r eadout  uni t .

c.   Wat er  l evel  sensor :   r eadout  uni t .

d.   pH sensor :  r eadout  uni t .

e.   Tur bi di t y met er :  r eadout  uni t .

f .   Temper at ur e sensor :  r eadout  uni t .

g.   Conduct i v i t y met er :  r eadout  uni t .

h.   [ Pr obe] [ Fi xed Bor ehol e]  Ext ensomet er :  r eed swi t ch pr obe,  t ape,  and 
r eel .

i .   [ Por t abl e ( Tr aver si ng) ] [ Aut omat ed I n- Pl ace]  I ncl i nomet er :  pr obe,  
car r y i ng case,  cabl e,  r eadout  uni t ,  and sof t war e.

j .   Cr ackmet er / Joi nt met er :  r eadout  uni t .

k.   Ti l t met er :  r eadout  uni t .

l .   Ear t h pr essur e cel l s:  r eadout  uni t .

m.   Load cel l s:  r eadout  uni t .

n.   St r ai n Gauge:  por t abl e r eadout  uni t .

o.   Si gnal  Cabl e:  r eadout  uni t .

p.   Sei smogr aph.
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1. 5. 2. 2   Dat a Col l ect or

Payment  wi l l  be made at  t he Base Bi d cont r act  l i ne i t em pr i ce f or  each 
dat a col l ect or  l i s t ed bel ow,  whi ch pr i ce wi l l  const i t ut e f ul l  compensat i on 
f or  pr ovi di ng t he dat a col l ect or  i ncl udi ng f act or y cal i br at i ons,  any 
per i pher al  equi pment  or  mat er i al s needed f or  t hem t o per f or m t hei r  dat a 
col l ect i on f unct i on,  i nst r uct i on manual s,  and del i ver y t o t he Gover nment  
as speci f i ed:

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude a l i s t  of  dat a col l ect or s speci f i ed 
f or  your  pr oj ect .   See pr i or  par agr aph f or  exampl e 
f or mat .

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

[ _____]

1. 5. 2. 3   I nst r ument s

Payment  wi l l  be made at  t he Base Bi d cont r act  l i ne i t em pr i ce f or  each 
i nst r ument  l i s t ed bel ow,  whi ch pr i ce wi l l  const i t ut e f ul l  compensat i on f or  
al l  mat er i al s l ef t  i n pl ace,  al l  cabl e,  l abor ,  t ool s and equi pment ,  
i nst r uct i on manual s,  [ dr i l l i ng,  ] [ sampl i ng,  ] pr e i nst al l at i on accept ance 
t est i ng,  i nst al l at i on,  post  i nst al l at i on accept ance t est i ng,  i nst al l at i on 
of  sur f ace and ot her  pr ot ect i on,  det er mi nat i on of  as- bui l t  l ocat i on,  and 
al l  i nci dent al s necessar y t o compl et e t he wor k i n accor dance wi t h t he 
pl ans and i n ever y r espect  t o t he sat i sf act i on of  t he Gover nment :

a.   [ Open t ube pi ezomet er ] [ Obser vat i on wel l ]

b.   [ Ful l y gr out ed pi ezomet er ] [ Cl osed t ube Pi ezomet er ]

c.   Wat er  l evel  sensor

d.   St af f  gauge

e.   Pi pe Fl ow Met er

f .   Wei r

g.   Fl ume

h.   Weat her  st at i on

i .   Bar omet er

j .   pH sensor

k.   Tur bi di t y met er

l .   Temper at ur e sensor

m.   Conduct i v i t y met er

n.   [ Pr obe] [ Fi xed Bor ehol e]  Ext ensomet er

o.   Set t l ement  [ Sur f ace Poi nt s] [ Pl at es]
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p.   Bor r os Type Anchor

q.   [ Por t abl e ( Tr aver si ng) ] [ Aut omat ed I n- Pl ace]  I ncl i nomet er

r .   Cr ackmet er / Joi nt met er

s.   Ti l t met er

t .   Hi gh Pr eci s i on GPS Uni t

u.   Ter r est r i al  Posi t i oni ng Syst em

v.   Sur f ace Monument

w.   Sur vey Pr i sm

x.   Ear t h pr essur e cel l

y.   Load cel l

z.   St r ai n Gauge

aa.   Si gnal  Cabl e

bb.   Out door  camer a

cc.   Sei smogr aph

1. 5. 2. 4   ADAS

The Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)  wi l l  be pai d f or  at  t he base 
bi d cont r act  l ump sum pr i ce.   Thi s i t em i ncl udes al l  equi pment ,  suppl i es,  
mat er i al s,  pr ogr ammi ng/ conf i gur at i on,  and l abor  t o have a f ul l y  f unct i onal  
ADAS.   Thi s syst em must  pol l  and communi cat e successf ul l y wi t h t hose dat a 
col l ect i on devi ces i dent i f i ed separ at el y above such as f ul l y  gr out ed 
pi ezomet er s,  weat her  st at i ons,  et c.   Thi s i t em i ncl udes,  but  i s not  
l i mi t ed t o,  t he f ol l owi ng component s:

a.   Encl osur es and mount s

b.   Dat a l ogger s

c.   LMU/ RMU

d.   RI O

e.   Mul t i pl exer

f .   Power

g.   Sof t war e

h.   Ar chi t ect ur e

i .   Tr ansi ent  vol t age sur ge suppr essor s

j .   Communi cat i on har dwar e and ser vi ces
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1. 5. 2. 5   Gener al  I nst r ument at i on Requi r ement s

Gener al  i nst r ument at i on r equi r ement s pr ovi ded wi l l  be pai d f or  at  t he base 
bi d cont r act  [ l ump sum pr i ce] [ l i ne i t em pr i ce per  mont h] .   Thi s i t em 
i ncl udes t he f ol l owi ng:

a.   Pr ot ect i ng and mai nt ai ni ng al l  i nst r ument s.

b.   Repai r i ng or  r epl aci ng damaged i nst r ument s.

c.   St or i ng and di sposi ng of  i nst r ument s.

d.   Pr ovi di ng saf e access t o i nst r ument s f or  dat a col l ect i on by t he 
Gover nment .

e.   Moni t or i ng and dat a col l ect i on.

f .   I nt er pr et i ng dat a.

g.   Pr esent i ng dat a.

h.   Al l  ot her  i t ems of  wor k speci f i ed i n t hi s Sect i on f or  whi ch no 
separ at e bi d i t em i s pr ovi ded.

1. 5. 2. 6   Vi br at i on Moni t or i ng

Vi br at i on moni t or i ng wi l l  be pai d f or  at  t he base bi d cont r act  [ l ump sum 
pr i ce] [ l i ne i t em pr i ce per  mont h]  and i ncl udes pr ovi s i on of  al l  mat er i al ,  
l abor ,  and equi pment  necessar y t o meet  t he r equi r ement s i n t hi s sect i on,  
i ncl udi ng,  but  not  l i mi t ed t o t he f ol l owi ng:

a.   Vi br at i on Test  Pr ogr am and Repor t

b.   Publ i c meet i ng

c.   Pr econst r uct i on and Post const r uct i on Condi t i on sur veys

d.   Vi br at i on moni t or i ng and r epor t s

e.   Moni t or i ng i nst r ument s f or  st r uct ur al  movement  or  set t l ement ,  
v i br at i on,  and noi se r educt i on mi t i gat i on measur es

1. 6   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 
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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:

SD- 01 Pr econst r uct i on Submi t t al s

I nst r ument at i on Speci al i st ;  G[ ,  [ _____] ] ,  RO

I nst r ument at i on and Moni t or i ng Pl an;  G[ ,  [ _____] ] ,  RO

Per mi t  Document at i on;  G[ ,  [ _____] ] ,  RO

Backups,  Ar chi v i ng,  And Di sast er  Recover y Pl an;  G[ ,  [ _____] ] ,  RO

Sei smol ogi st / Vi br at i on Consul t ant ;  G[ ,  [ _____] ] ,  RO

Vi br at i on Moni t or i ng Pl an;  G[ ,  [ _____] ] ,  RO

Pr econst r uct i on Condi t i on Sur vey;  G[ ,  [ _____] ] ,  RO

Dr i l l i ng Pr ogr am Pl an;  G[ ,  [ _____] ] ,  RO

Gr oundi ng And Li ght ni ng Pr ot ect i on Pl an;  G[ ,  [ _____] ] ,  RO

Qui ck Ref er ence Gui de;  G[ ,  [ _____] ] ,  RO

Web I nt er f ace;  G[ ,  [ _____] ] ,  RO

SD- 02 Shop Dr awi ngs

I nst r ument  Modi f i cat i on Repor t ;  G[ ,  [ _____] ] ,  RO

SD- 03 Pr oduct  Dat a
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Fact or y Test  Repor t s;  G[ ,  [ _____] ] ,  RO

Ri ser  Pi pe;  G[ ,  [ _____] ] ,  RO

Fi l t er  Pack Mat er i al ;  G[ ,  [ _____] ] ,  RO

Pr opr i et ar y Dat a Det er mi nat i on Request ;  G[ ,  [ _____] ] ,  RO

Raw Dat a;  G[ ,  [ _____] ] ,  RO

SD- 05 Desi gn Dat a

Met hod St at ement s;  G[ ,  [ _____] ] ,  RO

Gr out  Mi x Desi gn;  G[ ,  [ _____] ] ,  RO

SD- 06 Test  Repor t s

Pr e- I nst al l at i on Accept ance Test s;  G[ ,  [ _____] ] ,  RO

Vi br at i on Test  Pr ogr am And Repor t ;  G[ ,  [ _____] ] ,  RO

Vi br at i on Compl ai nt  Repor t ;  G[ ,  [ _____] ] ,  RO

Moni t or i ng Dat a Repor t s;  G[ ,  [ _____] ] ,  RO

Def i c i ency Cor r ect i on Repor t ;  G[ ,  [ _____] ] ,  RO

I nst r ument  Al er t  Assessment ;  G[ ,  [ _____] ] ,  RO

Act i on Thr eshol d Exceedance Repor t ;  G[ ,  [ _____] ] ,  RO

Dai l y Vi br at i on Moni t or i ng Repor t s;  G[ ,  [ _____] ] ,  RO

Post const r uct i on Condi t i on Sur vey;  G[ ,  [ _____] ] ,  RO

I nst al l at i on Recor d;  G[ ,  [ _____] ] ,  RO

SD- 07 Cer t i f i cat es

Sei smol ogi st / Vi br at i on Consul t ant  Qual i f i cat i ons;  G[ ,  [ _____] ] ,  RO

I nst r ument at i on Speci al i st  Qual i f i cat i ons;  G[ ,  [ _____] ] ,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

Fact or y Test  Repor t s;  G[ ,  [ _____] ] ,  RO

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

I nst al l at i on;  G[ ,  [ _____] ] ,  RO

I nst r ument  Modi f i cat i on Repor t ;  G[ ,  [ _____] ] ,  RO

Oper at i ons Manual ;  G[ ,  [ _____] ] ,  RO

SD- 11 Cl oseout  Submi t t al s

I nst r ument  Removal  Li st ;  G[ ,  [ _____] ] ,  RO
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As- Bui l t  Dr awi ngs;  G[ ,  [ _____] ] ,  RO

ADAS Fi nal  Repor t ;  G[ ,  [ _____] ] ,  RO

1. 7   I NSTRUMENTATI ON SPECI ALI ST

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s posi t i on i s essent i al  f or  t he successf ul  
compl et i on of  an i nst r ument at i on moni t or i ng 
pr ogr am.   Geot echni cal  i nst r ument at i on i s a 
speci al i zed f i el d and as such,  a speci al i st  i s  
hi ghl y r ecommended f or  i nvol vement  i n al l  aspect s of  
t he i nst r ument at i on pr ogr am f r om sel ect i ng and 
pur chasi ng i nst r ument s,  i nst al l i ng t hem,  col l ect i ng 
dat a,  and anal yzi ng t hat  dat a.   Typi cal l y,  gener al  
const r uct i on cont r act or s do not  possess t he i n- house 
i nst r ument at i on exper t i se,  and consequent l y of t en 
pr ovi de i nsuf f i c i ent  at t ent i on and r esour ces t o an 
i nst r ument at i on and moni t or i ng pr ogr am r equi r ed 
dur i ng const r uct i on.   I ncl usi on of  an exper i enced 
i nst r ument at i on speci al i st  of t en r esul t s i n cost  
savi ngs f or  bot h t he cont r act or  and t he owner .   The 
cont r act  r equi r ement  f or  an exper i enced 
i nst r ument at i on speci al i st  s i gnal s t he i mpor t ance of  
t hi s wor k t o t he owner ,  and hel ps ensur e al l  
pot ent i al  bi dder s i ncl ude suf f i c i ent  cost  i n t hei r  
bi ds f or  t hi s wor k.   Fur t her ,  t he bi d schedul e coul d 
be conf i gur ed t o i ncl ude est i mat ed equi pment  cost s 
and speci al i st  l abor  hour s i nst ead of  " 1 Job"  
l i s t i ng,  or  a l ump sum cost  devel oped by t he owner  
coul d be i ncl uded i n t he bi d schedul e t o ensur e 
adequat e f undi ng i s al l ocat ed t o t hi s wor k af t er  
cont r act  awar d.   Mor e pr ef er abl y,  t hi s speci al i st  
woul d i nst ead be acqui r ed under  separ at e cont r act  by 
t he owner  and t he gener al  const r uct i on cont r act or  
r equi r ed t o coor di nat e wor k act i v i t i es wi t h t hi s 
i ndi v i dual .   I n t hi s case,  t he owner  woul d pay t he 
speci al i st  f or  i nst r ument  sel ect i on and pur chase,  
i nst al l at i on,  and col l ect i on of  dat a.   The anal ysi s 
of  t he dat a woul d t hen be t he r esponsi bi l i t y  of  t he 
const r uct i on cont r act or ,  wi t h r evi ew of  t hei r  
i nt er pr et at i on and r ecommendat i on bei ng conduct ed by 
t he i nst r ument at i on speci al i st  on behal f  of  t he 
owner .   An i nst r ument at i on speci al i st  may not  be 
j ust i f i ed or  r equi r ed f or  smal l er  cont r act s.

For  l ar ger  pr oj ect s,  consi der  al so ut i l i z i ng a Dat a 
Manager  or  I nst r ument at i on Dat a Manager  posi t i on.   
Requi r ement s f or  t hese posi t i ons ar e descr i bed i n 
Sect i on 01 31 20 PROJECT TECHNI CAL DATA MANAGEMENT 
AND VI SUALI ZATI ON.

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.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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1. 7. 1   Gener al

Acqui s i t i on of  r el i abl e and hi gh- qual i t y dat a i s t he pr i mar y obj ect i ve of  
t he i nst r ument at i on speci al i st .  Thi s i ndi v i dual  must  be r et ai ned by t he 
cont r act or  f or  t he dur at i on of  t he wor k.   Appr oval  of  an equi val ent  backup 
i s r equi r ed pr i or  t o t he st ar t  of  t he wor k.   Dut i es of  t he i nst r ument at i on 
speci al i st  i ncl ude sel ect i on of  t he i nst r ument s t o be pur chased by t he 
Cont r act or ;  i nst al l at i on,  cal i br at i on,  and mai nt enance of  t hat  speci al i zed 
equi pment  i n t he f i el d;  and acqui s i t i on and r epor t i ng of  r eadi ngs.   
Suppor t i ng wor k,  whi ch does not  r equi r e speci al i zed ski l l s ,  may be 
per f or med by t he const r uct i on cont r act or .   See Sect i on [ 01 31 20 PROJECT 
TECHNI CAL DATA MANAGEMENT AND VI SUALI ZAI ON] [ _____]  f or  r equi r ement s of  t he 
[ Dat a Manager ] [ I nst r ument at i on Dat a Manager ] [ _____]  posi t i on.

1. 7. 2   Qual i f i cat i ons

The i ndi v i dual  assi gned as l ead i nst r ument at i on speci al i st  must  be a 
r egi st er ed Pr of essi onal  Engi neer   ( PE)  and r ecogni zed pr of essi onal  i n t he 
f i el d of  i nst r ument at i on and moni t or i ng of  geot echni cal  and hydr aul i c 
st r uct ur es wi t h over  [ 5] [ 10]  year s of  wor k exper i ence r el evant  t o t he 
scope and magni t ude of  wor k speci f i ed i n t hi s cont r act .   An exper i enced 
al t er nat e i ndi v i dual ,  not  meet i ng t he PE l i cense r equi r ement ,  may wor k 
under  t he di r ect i on and super vi s i on of  t he PE t o car r y out  al l  t asks of  
t he i nst r ument at i on speci al i st ,  wi t h except i on of  t he sel ect i on of  al er t  
val ues,  anal ysi s of  r epor t ed i nst r ument  r eadi ngs,  and di r ect ed r esponse 
act i ons.  A det ai l ed,  conci se nar r at i ve descr i bi ng t he i nst r ument at i on 
speci al i st  qual i f i cat i ons and r el evant  wor k compl et ed by t hose exper i enced 
al t er nat e i ndi v i dual s on a mi ni mum of  [ 3] [ _____]  pr oj ect s,  wi t hi n t he l ast  
[ 7] [ _____]  year s,  i s  r equi r ed f or  Gover nment  r evi ew and appr oval .   
Li kewi se,  equi val ent  backups meet i ng t he af or ement i oned qual i f i cat i ons 
must  be i dent i f i ed and i ncl uded wi t h t he r equi r ed submi t t al  of  t he 
i nst r ument at i on speci al i st ( s) .

The r esponsi bi l i t i es of  t he i nst r ument at i on speci al i st  ar e sel ect i on of  
t he i nst r ument s r equi r ed f or  pur chase f or  t he wor k;  i nst al l at i on,  
cal i br at i on,  and per f or mi ng necessar y mai nt enance of  t hat  speci al i zed 
equi pment  i n t he f i el d;  and compi l i ng r eadi ngs and r epor t i ng t hem.   
Suppor t i ng wor k,  whi ch does not  r equi r e speci al i zed ski l l s ,  may be 
per f or med by t he const r uct i on cont r act or ,  wi t h pr i or  appr oval  of  t he 
Gover nment .

1. 7. 3   I nst r ument at i on and Moni t or i ng Pl an

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   EM 1110- 2- 1908 cur r ent l y does not  addr ess 
concr et e st r uct ur es but  i s bei ng updat ed t o i ncl ude.

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

An I nst r ument at i on and Moni t or i ng Pl an must  be pr epar ed by t he 
I nst r ument at i on Speci al i st  and submi t t ed f or  Gover nment  appr oval  a mi ni mum 
of  30 days pr i or  t o any wor k bei ng compl et ed at  t he s i t e.   No physi cal  
wor k i s t o st ar t  at  t he s i t e unt i l  t hi s pl an i s appr oved by t he 
Gover nment .   At  a mi ni mum,  t he I nst r ument at i on and Moni t or i ng Pl an must  
addr ess t he f ol l owi ng:   r esponsi bi l i t i es and aut hor i t y f or  al l  phase of  
t he moni t or i ng pr ogr am;  t ypes ( i ncl udi ng det ai l ed manuf act ur er  dat a) ,  
pur pose,  and l ocat i on of  each i nst r ument ;  i nst al l at i on pr ocedur es 
( det ai l ed bel ow)  and document at i on;  i nst r ument  r el i abi l i t y  and 
l i mi t at i ons;  cal i br at i on and mai nt enance,  i n accor dance wi t h 
manuf act ur er ' s r equi r ement s and EM 1110- 2- 1908;  r edundancy;  backup 

SECTI ON 33 51 43  Page 21



i nst r ument s/ par t s;  basel i ne dat a;  pr ocedur es f or  ensur i ng dat a val i di t y;  
dat a col l ect i on f r equency;  v i sual  obser vat i on;  dat a pr ocessi ng and 
r epor t i ng i ncl udi ng exampl e t abl es and pl ot s;  and t hr eshol d val ues and 
r esponse act i ons.

I ncl ude det ai l ed met hod st at ement s f or  i nst al l at i on of  each t ype of  
i nst r ument .   Met hod st at ement s must  l i s t  t he sequence of  car r y i ng out  t he 
wor k and i ncl ude such di mensi oned sket ches,  compl et ed usi ng comput er - ai ded 
desi gn and dr af t i ng ( CADD)  sof t war e,  as may be r equi r ed t o i l l ust r at e t he 
spat i al  or  t empor al  r el at i onshi p of  t he var i ous component s of  t he wor k.   
The met hod st at ement s must  i ncl ude:

a.   Met hod of  pr e- i nst al l at i on accept ance t est s.

b.   Descr i pt i on of  qual i t y cont r ol  pr ocedur es.

c.   Ful l  det ai l s of  bot h t ype and quant i t y of  any equi pment  t o be used.

d.   Dr i l l hol e di amet er ,  dr i l l  casi ng si ze,  t he met hod and sequence of  
wi t hdr awi ng dr i l l i ng casi ng.

e.   Met hod of  c l eani ng t he i nsi de of  casi ng,  wher e appl i cabl e.

f .   Speci f i cat i ons f or  pr oposed gr out  mi xes,  i ncl udi ng commer ci al  names,  
pr opor t i ons of  admi xt ur es and wat er ,  mi xi ng sequence,  mi xi ng met hods 
and dur at i on,  pumpi ng met hods and t r emi e pi pe t ype,  s i ze and quant i t y 
and means of  gr out  qual i t y cont r ol .

g.   Dept h i ncr ement s f or  backf i l l i ng dr i l l hol es wi t h sand and/  or  gr anul ar  
bent oni t e.

h.   Met hod of  over comi ng buoyancy of  i nst r ument at i on component s dur i ng 
gr out i ng.

i .   Met hod of  seal i ng j oi nt s i n pi pes,  t ubes,  and i ncl i nomet er  casi ng t o 
pr event  i ngr ess of  gr out .

j .   Met hod of  conduct i ng post - i nst al l at i on accept ance t est s.

k.   Met hod of  pr ot ect i ng i nst r ument s f r om damage.

l .   Met hod of  det er mi ni ng as- bui l t  l ocat i ons.

m.   Met hod of  f i el d cal i br at i on and mai nt enance of  each t ype of  i nst r ument .

n.   Cal i br at i on and mai nt enance schedul e f or  each t ype of  i nst r ument .

o.   Met hod of  suppl y i ng power ,  when appl i cabl e.

p.   Met hod of  moni t or i ng each t ype of  i nst r ument ,  i ncl udi ng met hod of  
i dent i f y i ng and el i mi nat i ng any r eadi ng er r or s.

q.   Met hod of  car r y i ng out  t emper at ur e cor r ect i ons and/ or  bar omet r i c 
pr essur e cor r ect i ons,  when appl i cabl e.

qr   Met hod of  dat a r epor t i ng f or  each t ype of  i nst r ument ,  i ncl udi ng met hod 
of  t r ansmi t t i ng and st or i ng dat a.

s.   Dr i l l hol e r ecor d f or ms.
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1. 8   SEI SMOLOGI ST/ VI BRATI ON CONSULTANT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s i ndi v i dual  and r el at ed par agr aphs 
f r om t hi s sect i on i f  v i br at i on moni t or i ng i s not  
i ncl uded i n t he scope of  your  pr oj ect .

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

1. 8. 1   Gener al

An i ndependent  Sei smol ogi st / Vi br at i on Consul t ant  i s r equi r ed t o moni t or ,  
r ecor d,  anal yze,  and r epor t  t he gr ound and noi se v i br at i ons bei ng 
gener at ed by const r uct i on act i v i t i es.   Such const r uct i on act i v i t i es 
i ncl ude,  but  ar e not  l i mi t ed t o,  [ haul i ng,  ] [ excavat i on,  ] [ t r enchi ng,  
] [ bl ast i ng,  ] [ dr i l l i ng,  ] [ f i l l  and backf i l l  pl acement ,  ] [ compact i on,  
] [ pi l e dr i v i ng,  ] and ot her  act i v i t i es whi ch may gener at e gr ound vi br at i ons 
and noi se.   Wi t hi n [ 60 cal endar ] [ _____]  days of  t he Not i ce t o Pr oceed,  t he 
Cont r act or  must  submi t  t he Sei smol ogi st / Vi br at i on Consul t ant  al ong wi t h 
names and r esume of  qual i f i cat i ons of  t he per sonnel  dedi cat ed t o t hi s 
pr oj ect .

1. 8. 2   Qual i f i cat i ons

The Sei smol ogi st / Vi br at i on Consul t ant  must  be a r egi st er ed Pr of essi onal  
Engi neer  wi t h a mi ni mum of  [ 5] [ _____]  year s of  exper i ence,  i ncl udi ng a 
mi ni mum of  f our  pr oj ect s of  s i mi l ar  magni t ude and subsur f ace condi t i ons.   
Thi s i ndi v i dual  must  have exper i ence wi t h assessi ng vi br at i on moni t or i ng 
and r ecor di ng oper at i ons,  i nt er pr et i ng gr ound vi br at i on and sound dat a,  
det er mi ni ng par amet er  val ues f or  v i br at i on at t enuat i on t hr ough soi l ,  
anal yzi ng gr ound mot i on spect r a,  and assessi ng t he st r uct ur al  r esponses t o 
v i br at i ons.   The Sei smol ogi st / Vi br at i on Consul t ant  qual i f i cat i ons al so 
i ncl ude exper i ence wi t h pr e-  and post - const r uct i on condi t i on sur veys of  
st r uct ur es,  f ami l i ar i t y wi t h const r uct i on met hods and mat er i al s,  and 
knowl edge of  st r uct ur al  r esponse t o gr ound vi br at i ons gener at ed by 
const r uct i on act i v i t i es.   The Pr of essi onal  Engi neer  must  s i gn and seal  al l  
r epor t s,  r esul t s,  i nt er pr et at i ons,  and assessment s obt ai ned f r om vi br at i on 
moni t or i ng and st r uct ur al  condi t i on sur veys.   The Pr of essi onal  Engi neer  
must  be on si t e and super vi se t he i ni t i al  i nst al l at i on of  each vi br at i on 
moni t or i ng i nst r ument ,  [ t he Vi br at i on Test  Pr ogr am] [ _____] ,  [ Publ i c 
Meet i ng] [ _____] ,  and [ Pr econst r uct i on and Post const r uct i on Condi t i on 
Sur veys] [ _____] .

A mi ni mum of  one on- si t e t echni c i an,  wor ki ng under  di r ect  super vi s i on of  
t he Sei smol ogi st / Vi br at i on Consul t ant ,  must  be on si t e f ul l - t i me dur i ng 
t he const r uct i on.   The on- si t e t echni c i an must  have a mi ni mum of  f i ve 
year s of  exper i ence i n cont r ol l i ng and moni t or i ng v i br at i ons or i gi nat i ng 
f r om const r uct i on act i v i t i es and be exper i enced and t r ai ned t o i nst al l  and 
use vi br at i on moni t or i ng i nst r ument at i on and i nt er pr et  t he i nst r ument at i on 
dat a.   Thei r  exper i ence and t r ai ni ng must  al so i ncl ude anal yzi ng gr ound 
and sound vi br at i on par amet er s,  i mpl ement i ng pr oper  moni t or i ng and 
r ecor di ng met hods,  knowl edge of  pr oper  v i br at i on cont r ol  met hods,  
capabi l i t y  t o i nst al l  and r ead suppl ement al  i nst r ument at i on t o moni t or  
movement  and set t l ement  of  st r uct ur es.

1. 8. 3   Vi br at i on Moni t or i ng Pl an

A Vi br at i on Moni t or i ng pl an must  be pr epar ed by t he Sei smol ogi st / Vi br at i on 
Consul t ant  and submi t t ed by t he Cont r act or  [ 60 cal endar ] [ _____]  days pr i or  
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t o any on- si t e wor k.

The Vi br at i on Moni t or i ng Pl an must  i ncl ude,  but  i s not  l i mi t ed t o,  t he 
f ol l owi ng:

a.   A descr i pt i on of  t he or gani zat i ons and i ndi v i dual s t hat  wi l l  be 
i nvol ved i n t he v i br at i on moni t or i ng act i v i t i es,  i ncl udi ng pl anned 
dut i es,  r esponsi bi l i t i es and aut hor i t i es of  t he or gani zat i ons and 
i ndi v i dual s,  and cont act  i nf or mat i on f or  or gani zat i ons and key 
i ndi v i dual s.

b.   A descr i pt i on of  t he moni t or i ng equi pment  i n accor dance wi t h Par agr aph 
VI BRATI ON MONI TORI NG I NSTRUMENTATI ON wi t h exampl e dat a out put .

c.   Li st  est abl i shed or  est i mat ed vi br at i on l i mi t s ( peak par t i c l e vel oci t y 
at  [ 25- f oot ] [ _____]  di st ance)  f or  t he par t i cul ar  const r uct i on 
equi pment  and met hods pr oposed.   Pr ovi de evi dence or  j ust i f i cat i on 
t hat  t he pr oposed const r uct i on equi pment  and met hods meet s t he 
speci f i ed v i br at i on l i mi t s,  i n accor dance wi t h par agr aph CONSTRUCTI ON 
VI BRATI ON CONTROL AND MONI TORI NG.

d.   A descr i pt i on of  t he l ocat i on,  met hods,  equi pment ,  and pr ocedur es t hat  
wi l l  be used t o per f or m Vi br at i on Test  Pr ogr am on var i ous const r uct i on 
equi pment  i n accor dance wi t h par agr aph VI BRATI ON TEST PROGRAM AND 
REPORT.

e.   Pr ovi de an i ni t i al  pl an f or  t ypi cal  set up and l ocat i on of  v i br at i on 
moni t or i ng equi pment  dur i ng var i ous const r uct i on act i v i t i es.

f .   Pr ovi de descr i pt i on of  any separ at e measur es or  met hods r equi r ed t o 
r educe vi br at i ons.

g.   Pr ovi de pr ocedur e f or  addr essi ng publ i c compl ai nt s per t ai ni ng t o 
const r uct i on v i br at i ons,  noi se l evel s and pot ent i al  damages.   I ncl ude 
an exampl e of  a Vi br at i on Compl ai nt  Repor t .   I ncl ude a v i br at i on 
scr eeni ng pr ocedur e t hat  i ncl udes bot h def i ni ng t he pr obl em and 
act i ons r equi r ed t o be t aken.

1. 9   SEQUENCI NG AND SCHEDULI NG

1. 9. 1   Schedul i ng Wor k

I nst al l  i nst r ument s and r ecei ve Gover nment  concur r ence on f or mal  i ni t i al  
r eadi ngs pr i or  t o t he st ar t  of  r el at ed const r uct i on act i v i t i es as det ai l ed 
i n par agr aph BASELI NE READI NGS.

1. 9. 2   Vi br at i on Moni t or i ng Schedul e

The f r equency and dur at i on of  v i br at i on moni t or i ng f or  any const r uct i on 
act i v i t y must  be per f or med i n accor dance wi t h t he appr oved Vi br at i on 
Moni t or i ng Pl an.   The Cont r act or  must  make al l  necessar y ar r angement s f or  
schedul i ng t he Sei smol ogi st / Vi br at i on Consul t ant .   Const r uct i on act i v i t i es 
r equi r i ng moni t or i ng must  not  begi n unt i l  t he appr oved 
Sei smol ogi st / Vi br at i on Consul t ant ' s on- si t e t echni c i an i s onsi t e.
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1. 10   DATA REQUI REMENTS

1. 10. 1   Dat a Owner shi p

Al l  dat a gener at ed on si t e by i nst r ument at i on,  moni t or i ng,  const r uct i on 
equi pment ,  sampl i ng,  t est i ng,  and ot her  dat a associ at ed wi t h t he 
const r uct i on of  t he pr oj ect  i s  t he pr oper t y of  t he Gover nment .   For  any 
dat a t he Cont r act or  wi shes t o excl ude f r om t he syst em,  submi t  a 
Pr opr i et ar y Dat a Det er mi nat i on Request  i ncl udi ng det ai l ed j ust i f i cat i on t o 
t he Gover nment  f or  det er mi nat i on of  whet her  dat a can be cl assi f i ed as 
pr opr i et ar y.   No dat a sour ce i s exempt  f r om t hese dat a r equi r ement s unl ess 
a speci f i c  exempt i on i s r equest ed of  and gr ant ed by t he Gover nment .   Do 
not  al l ow " pr opr i et ar y dat a"  t o i mpede t he Gover nment ' s abi l i t y  t o moni t or  
const r uct i on,  per f or m anal yses,  or  eval uat e t he ef f ect i veness of  
const r uct i on.

1. 10. 2   Dat a I nt egr i t y

Mai nt ai n t he i nt egr i t y of  dat a such t hat  r ecor ds ar e accur at e and 
i nt er nal l y consi st ent .   Ensur e t hat  al l  dat a and r ecor ds r ef l ect  t he 
qual i t y of  t he dat a gat her ed on t he si t e and t hat  al l  dat a i s pr eser ved 
and ar chi ved f or  f ut ur e use.

1. 10. 3   Backups,  Ar chi v i ng,  and Di sast er  Recover y

Mi ni mi ze dat a l oss by backup and ar chi val  of  al l  di gi t al  and paper  dat a 
r ecor ds f r om t he t i me of  dat a gener at i on unt i l  f i nal  dat a t ur nover .   Thi s 
i ncl udes havi ng speci f i c  pol i c i es,  wor kf l ows,  and i nf r ast r uct ur e i n pl ace 
t o ar chi ve and have r edundant  backups on ser ver s i n ei t her  t he c l oud or  
mul t i pl e l ocat i ons accor di ng t o i ndust r y st andar d pr act i ce.   Det ai l  t hi s 
i nf or mat i on i n a Backups,  Ar chi v i ng,  and Di sast er  Recover y Pl an submi t t al  
f or  Gover nment  r evi ew and appr oval  pr i or  t o t he st ar t  of  wor k.

I f  a dat a l oss occur s,  t he Cont r act or  i s r esponsi bl e f or  r egener at i on of  
t he dat a.   Any dat a whi ch i s r e- gener at ed f r om a non- pr i mar y sour ce must  
be cl ear l y not ed i n t he r ecor d shown i n t he [ EDB] [ _____] .   Backup dat a 
wi t hi n [ 24 hour s] [ _____]  of  gener at i on.   Shoul d a dat a l oss occur ,  even i f  
i t  i s  wi t hi n t hi s [ 24- hour ] [ _____]  wi ndow,  t he Cont r act or  i s r esponsi bl e 
f or  al l  st eps necessar y t o r ecover  f r om t hi s dat a l oss and wi l l  r ecei ve no 
addi t i onal  payment  f or  t hese dat a r ecover y ef f or t s.

1. 10. 4   Di scl osur e of  Dat a or  Adver t i sement  of  Pr oj ect

Do not  di scl ose any pr oj ect  dat a t o t hi r d par t i es,  and do not  publ i sh any 
dat a wi t hout  pr i or  wr i t t en appr oval  of  t he Gover nment .   Thi s i ncl udes,  but  
i s not  l i mi t ed t o,  publ i shed paper s or  pr esent at i ons t o any t hi r d par t i es 
not  associ at ed wi t h t hi s cont r act .   

1. 11   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  al l  i nst r ument at i on mat er i al s t o t he s i t e i n undamaged condi t i on 
and st or e i n an i ndoor ,  c l ean,  dr y,  and secur e st or age space,  t hat  i s  
appr oved by t he Gover nment ,  af t er  r ecei pt  at  t he s i t e and pr i or  t o 
i nst al l at i on.   I nst r ument  component s must  not  be exposed t o t emper at ur es 
out si de t he manuf act ur er ' s st at ed wor ki ng t emper at ur e r ange.   The 
mat er i al s,  i nst r ument s,  and har dwar e must  be st or ed,  handl ed,  and 
i nst al l ed i n such a manner  as t o pr ecl ude damage.   The Cont r act or  must  
r est or e or  r epl ace,  at  no cost  t o t he Gover nment ,  any i t ems damaged or  
l ost  dur i ng st or age,  handl i ng,  or  i nst al l at i on.
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PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The Buy Amer i can Act  ( BAA) ,  whi ch wi l l  be 
i ncl uded i n t he non- t echni cal  por t i on of  t he 
cont r act ,  wi l l  pr ecl ude t he use of  nondomest i c 
pr oduct s,  wi t h t he except i on of  t hose pr oduced i n 
Canada and 46 ot her  count r i es cover ed by t he r evi sed 
Wor l d Tr ade Or gani zat i on Agr eement  on Gover nment  
Pr ocur ement  ( WTO GPA) .   The Buy Amer i can Act  appl i es 
t o al l  U. S.  f eder al  gover nment  agency pur chases of  
goods val ued over  t he U. S.  mi cr o- pur chase t hr eshol d 
( cur r ent l y set  at  US $10, 000) .   Ensur e t hat  al l  
pr oduct s l i s t ed bel ow meet  t he r equi r ement s of  t he 
BAA.

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.

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

2. 1   GENERAL

Al l  pr oduct s i n t hi s sect i on must  conf or m t o t he r equi r ement s i ndi cat ed on 
t he Dr awi ngs,  or  speci f i ed her ei n,  t o adequat el y moni t or  t he condi t i on and 
r ecor d dat a t o ensur e per f or mance par amet er s ar e met .   A summar y of  
exi st i ng i nst r ument s at  [ _____] ,  i ncl udi ng t hose t o be modi f i ed,  as wel l  
as new i nst r ument s t o be i nst al l ed as par t  of  t hi s cont r act  ar e i ncl uded 
i n t abul ar  f or mat  i n par agr aph DESCRI PTI ON above.  

Al l  pr oduct s must  be t he st andar d pr oduct s of  a manuf act ur er  r egul ar l y 
engaged i n t he manuf act ur e of  such.

Al l  component s pr ovi ded f or  connect i on wi t h an exi st i ng aut omat ed dat a 
acqui s i t i on syst em ( ADAS)  must  f unct i on pr oper l y wi t h t hat  syst em,  i f  i t ' s  
speci f i ed t o r emai n i n oper at i on,  or  wi t h a new syst em,  i f  one i s 
speci f i ed f or  i nst al l at i on.

2. 2   MATERI ALS

2. 2. 1   Gener al

Al l  mat er i al s must  conf or m t o t he Buy Amer i can Act .   They must  be new and 
meet i ng t he r equi r ement s i ndi cat ed on t he dr awi ngs or  r ef er r ed t o her ei n,  
and,  when not  cover ed t her eby,  mat er i al s and equi pment  of  commer ci al  gr ade 
qual i t y sui t ed t o t he i nt ended use and as appr oved by t he Gover nment  must  
be f ur ni shed.   Al l  mat er i al s must  be compat i bl e and mat ch t he exi st i ng 
equi pment  at  t he pr oj ect  l ocat i on,  i f  appl i cabl e.   I f  mul t i pl es of  t he 
same i nst r ument  ar e r equi r ed,  use t he same manuf act ur er  f or  each.

2. 2. 2   I nst r ument  Fact or y Cal i br at i on

A f act or y cal i br at i on must  be conduct ed on al l  i nst r ument s at  t he pl ace of  
manuf act ur e pr i or  t o shi pment .   For  each f act or y cal i br at i on i ncl ude a 
cal i br at i on cur ve wi t h dat a poi nt s c l ear l y mar ked and a t abul at i on of  t he 
dat a and r equi r ed f or mul ae f or  dat a r educt i on.   Ensur e each i nst r ument  i s 
mar ked wi t h a uni que i dent i f i cat i on number  or  ser i al  number .   Pr ovi de t he 
manuf act ur er ' s [ war r ant y] [ ext ended war r ant y]  f or  each i nst r ument  and 
r eadout  uni t .   Submi t  r equi r ed f act or y t est  r epor t s t o t he Gover nment  f or  
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appr oval .

2. 3   PORE- PRESSURE AND GROUNDWATER MONI TORI NG 

2. 3. 1   [ Open- Tube Pi ezomet er ] [ Obser vat i on/ Moni t or i ng Wel l ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Open- t ube pi ezomet er  const r uct i on i s s i mi l ar  
t o obser vat i on/ moni t or i ng wel l  const r uct i on and ar e 
i ncl uded t oget her  her ei n.   Pi ezomet er s r epr esent  a 
poi nt  wat er  pr essur e measur ement  whi l e 
obser vat i on/ moni t or i ng wel l s r epr esent  an i nt egr at ed 
wat er  pr essur e measur ement  over  t he scr eened 
i nt er val .   Pi ezomet er s can have an open bot t om or  
shor t  scr een i nt er val  ( por ous t ube) .   A Vi br at i ng 
Wi r e or  Pr essur e Tr ansducer  can be i nst al l ed wi t hi n 
t he open- t ube t o al l ow r emot e r eadi ng.

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

[ 2. 3. 1. 1   Por ous Ti p/ Casagr ande Fi l t er  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A por ous t i p i s commonl y used f or  open- t ube 
pi ezomet er  sensi ng ( wat er  i nt ake)  zone but  can al so 
be sl ot t ed or  per f or at ed scr eens as i ncl uded bel ow 
i n br acket s.  Sl ot t ed scr eens ar e mor e commonl y used 
f or  obser vat i on/ moni t or i ng wel l s.

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

For  por ous t i p or  Casagr ande f i l t er ,  pr ovi de hi gh- densi t y pol yet hyl ene 
pl ast i c wi t h 60 mi cr on por es meet i ng t he r equi r ement s shown on t he 
dr awi ngs.   Each por ous t ube must  be f r ee f r om cont ami nat i on by di r t ,  mud,  
oi l ,  or  any ot her  subst ance whi ch i n t he Gover nment ' s opi ni on may 
cont r i but e t o t he r educed per f or mance of  t he i nst r ument .   Por ous t i ps wi t h 
any oi l  or  mud smear s wi l l  be consi der ed unsat i sf act or y f or  i nst al l at i on 
and must  be r epl aced at  t he Cont r act or ' s expense.   I nst r ument s,  whi ch have 
been cont ami nat ed,  must  be pr oper l y abandoned and r epl aced at  t he 
Cont r act or ' s expense.   I mmer se each t i p i n wat er  f or  not  l ess t han 24 
hour s bef or e i nst al l at i on.    No gl ues or  pr i mer s ar e per mi t t ed on t he 
por ous por t i on of  t he t i ps.

[ 2. 3. 1. 1. 1   St ai nl ess St eel  Scr een

Pr ovi de [ cont i nuous wi r e- wound non- cl oggi ng st ai nl ess st eel  
scr een] [ dr i ve- i n st ai nl ess st eel  f i l t er ]  wi t h t hr eaded coupl i ngs of  t he 
speci f i ed scr een l engt h,  [ s l ot  wi dt h] [ openi ng si ze]  and scr een di amet er  as 
shown on t he dr awi ngs.   For  PVC wi r e wr apped scr een,  i t  must  be 
cont i nuous,  wi r e- wound PVC,  non- sol vent  wel ded wi t h t hr eaded coupl i ngs 
whi ch must  mat e wi t h t he PVC casi ng.

] [ 2. 3. 1. 1. 2   Sl ot t ed Scr een

Const r uct  s l ot t ed scr eens of  f l ush- j oi nt  Schedul e [ 40] [ 80]  PVC conf or mi ng 
t o t he r equi r ement s of  ASTM D1785 and ASTM F480.   Det er mi ne sl ot  di amet er ,  
spaci ng,  and scr een l engt h based on hydr ol ogi c condi t i ons,  anal ysi s of  
f or mat i on mat er i al s,  or  i nt er pr et at i on of  geot echni cal  l ogs,  i f  no 
speci f i c  r equi r ement s ar e i ncl uded on t he dr awi ngs.
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] [ 2. 3. 1. 1. 3   Per f or at ed Scr een

Pr ovi de per f or at ed scr eens consi st i ng of  Schedul e [ 40] [ 80]  hi gh- densi t y 
pol yet hyl ene pl ast i c conf or mi ng t o t he r equi r ement s of  ASTM D1785 and 
ASTM F480 and as det ai l ed on t he dr awi ngs.   Each scr een must  be f r ee f r om 
cont ami nat i on of  di r t ,  mud,  oi l ,  or  any ot her  subst ance whi ch i n t he 
Gover nment ' s opi ni on may cont r i but e t o t he r educed per f or mance of  t he 
i nst r ument .   Any scr een mat er i al  wi t h mud smear s wi l l  be consi der ed 
unsat i sf act or y f or  i nst al l at i on and must  be r epl aced at  t he Cont r act or ' s 
expense.   I nst r ument s,  whi ch have been cont ami nat ed,  must  be pr oper l y 
abandoned and r epl aced at  t he Cont r act or ' s expense.

] ] 2. 3. 1. 2   Ri ser  Pi pe

Pr ovi de r i ser  pi pe consi st i ng of  PVC or  st ai nl ess- st eel  wel l  casi ng.   PVC 
pi pe must  be wat er t i ght ,  f l ush- j oi nt  schedul e [ 40] [ 80]  conf or mi ng t o t he 
r equi r ement s of  ASTM D1785 and ASTM F480 and as det ai l ed on t he dr awi ngs.   
Pr ovi de gl ue and pr i mer  f or  assembl y of  t he pi ezomet er  t i p and pi pe as 
r ecommended by  t he manuf act ur er . .   St eel  wel l  casi ng must  be t hr eaded and 
coupl ed bl ack car bon st eel  pi pe wi t h no mi l l  coat i ng and a mi ni mum wal l  
t hi ckness of  6 mm 0. 237 i nches.

2. 3. 1. 3   Sump or  Cap/ Bot t om Pl ug

For  bot t om pl ug,  pr ovi de Schedul e [ 40] [ 80]  PVC wi t h a f l ush- j oi nt  
coupl i ng,  or  appr oved equi val ent .   For  a st eel  bot t om pl ug,  pr ovi de a 
t hr eaded and coupl ed bl ack car bon st eel  Schedul e 40 wi t h no mi l l  coat i ng.   
An end cap may al so be at t ached di r ect l y t o t he bot t om of  t he scr een or  
sump.

2. 3. 1. 4   Cent r al i zer s

At t ach cent r al i zer s,  const r uct ed of  PVC or  st ai nl ess st eel ,  t o t he r i ser  
pi pe wi t h c l amps.   Cent r al i zer  r i bs must  have suf f i c i ent  st r engt h t o 
adequat el y cent er  t he r i ser  pi pe i n t he dr i l l  hol e.   Cent r al i zer s f or  
st eel  sur f ace casi ng may be car bon st eel  and wel ded t o t he casi ng.

2. 3. 1. 5   Fi l t er  Pack Mat er i al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de t he r equi r ed gr adat i on of  f i l t er  pack 
mat er i al  based on t he scr een si ze of  t he i nst r ument  
bei ng i nst al l ed.  Typi cal l y,  an al l owabl e r ange i s 
gi ven f or  each si eve si ze l i s t ed f or  a par t i cul ar  
gr adat i on.  Common gr adat i ons f or  s i l i ca sand f r om 
manuf act ur er s ar e 6- 9,  8- 12,  8- 16F,  10- 20,  16- 30,  
20- 40;  modi f y t hese t abl es as needed.

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

Pr ovi de f i l t er  pack mat er i al  of  uni f or ml y gr aded si l i ca sand of  gr ade 
[ _____]  pr ovi ded bel ow and di mensi oned as shown on t he dr awi ngs.   Fi l t er  
mat er i al  must  consi st  of  washed,  c l ean,  uni f or m,  t ough,  and dur abl e 
par t i c l es f r ee f r om any coat i ng.   The f i l t er  mat er i al  must  not  cont ai n any 
det r i ment al  i mpur i t i es or  sof t ,  f r i abl e,  t hi n,  or  el ongat ed par t i c l es.   
Submi t  f i l t er  pack mat er i al  sour ce,  gr adat i on,  and qual i t y t est  r esul t  
i nf or mat i on t o t he Gover nment  f or  r evi ew and appr oval  pr i or  t o 
i nst al l at i on.
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GRADE 6/ 9
TYPI CAL SI EVE ANALYSI S

GRADE 8/ 12
TYPI CAL SI EVE ANALYSI S

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

No.  4 0. 1 99. 9 No.  4 0. 49 99. 5

No.  6 1. 4 98. 5 No.  6 23. 85 75. 7

No.  7 19. 2 79. 3 No.  7 38. 39 37. 3

No.  8 64. 1 15. 2 No.  8 29. 94 7. 3

No.  10 14. 1 1. 1 No.  10 6. 73 0. 6

No.  12 0. 9 0. 2 No.  12 0. 52 0. 1

PAN 0. 2 0. 0 PAN 0. 058 0. 0

GRADE 8/ 16F
TYPI CAL SI EVE ANALYSI S

GRADE 10/ 20
TYPI CAL SI EVE ANALYSI S

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

No.  6 0. 0 100. 0 No.  8 0. 0 100. 0

No.  8 2. 6 97. 4 No.  12 0. 1 99. 9

No.  10 23. 5 73. 9 No.  14 12. 1 87. 8

No.  12 29. 4 44. 5 No.  16 31. 4 56. 4

No.  14 30. 3 14. 2 No.  18 32. 8 23. 6

No.  16 12. 5 1. 7 No.  20 17. 3 6. 3

No.  18 1. 5 0. 2 No.  30 5. 9 0. 4

PAN 0. 2 0. 0 PAN 0. 4 0. 0

GRADE 16/ 30
TYPI CAL SI EVE ANALYSI S

GRADE 20/ 40
TYPI CAL SI EVE ANALYSI S

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

SI EVE PERCENT
RETAI NED

PERCENT
PASSI NG

No.  12 0. 0 100. 0 No.  16 0. 0 100. 0

No.  16 0. 4 99. 6 No.  20 0. 6 99. 4

No.  18 4. 3 95. 2 No.  25 8. 1 91. 4

No.  20 50. 8 44. 4 No.  30 40. 8 50. 6
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GRADE 16/ 30
TYPI CAL SI EVE ANALYSI S

GRADE 20/ 40
TYPI CAL SI EVE ANALYSI S

No.  25 39. 3 5. 1 No.  35 39. 8 10. 8

No.  30 4. 8 0. 4 No.  40 9. 3 1. 6

No.  40 0. 4 0. 0 No.  50 1. 5 0. 1

PAN 0. 0 0. 0 PAN 0. 0 0. 0

2. 3. 1. 6   Seal  Mat er i al

Seal  mat er i al  must  be coat ed bent oni t e pel l et s,  f r om nat ur al l y occur r i ng 
sodi um bent oni t e,  s i zed 3/ 8 t o 1/ 2- i nch i n di amet er .   Angul ar  chi ps,  
uncoat ed pel l et s,  or  ot her  bent oni t e pr oduct s may be used wi t h pr i or  
appr oval  f r om t he Gover nment .

2. 3. 1. 7   Backf i l l  Mat er i al

Backf i l l  mat er i al  may be i mper vi ous cl ay,  bent oni t e,  or  a nonshr i nki ng,  
l ow per meabi l i t y  gr out ,  pl aced by t r emi e met hod.   Pl ace backf i l l  mat er i al  
t o t he dept h and t hi ckness i dent i f i ed i n t he dr awi ngs.   Gr out  must  have a 
mi x speci f i c  gr avi t y,  pr i or  t o pl acement  i n t he bor ehol e,  of  bet ween [ 1. 03 
and 1. 10] [ _____] .   I f  used,  bent oni t e must  be hydr at ed i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i on.

2. 3. 1. 8   Pr ot ect i ve Casi ng

Pr ovi de pr ot ect i ve casi ng of  ei t her  [ ei ght ] [ t wel ve] - i nch di amet er  or  
squar e st eel  pi pe wi t h a mi ni mum 0. 250- i nch wal l  t hi ckness,  wi t h t hr eaded 
and coupl ed ends wi t h no mi l l  coat i ng and a l ocki ng f l i p cap of  ei t her  
st eel  or  al umi num [ squar e] .   St eel  pr ot ect i ve casi ng must  be pai nt ed 
[ _____] .   Casi ngs must  be cl eaned by power  t ool  or  wi r e br ush pr i or  t o 
pai nt i ng.   The f i r st  coat  must  be br ush or  spr ay appl i ed i n t he shop or  
f i el d,  as i ndi cat ed,  wi t h a St eel  St r uct ur es Pai nt i ng Counci l  Pai nt  25 
( Zi nc Oxi de,  Al kyd,  Li nseed Oi l  Pr i mer )  and t ouched up i n t he f i el d as 
necessar y dur i ng i nst al l at i on.   Appl y second and t hi r d coat s i n t he f i el d 
usi ng P- 38 ( al umi num,  r eady mi xed)  t ype pai nt .

2. 3. 1. 9   Pr ot ect i ve Bol l ar ds

Dome capped pr ot ect i ve bol l ar ds must  be [ 76 mm] [ 152 mm]  [ 3- i nch] [ 6- i nch]  
di amet er  [ st eel ]  [ gal vani zed]  pi pe wi t h a mi ni mum 6 mm 0. 250- i nch wal l  
t hi ckness.   Embed bol l ar ds a mi ni mum dept h of  76 cm 30 i nches bel ow t he 
f i nal  gr ade.   Pai nt  st eel  bol l ar ds [ _____] .

2. 3. 2   Ful l y Gr out ed Vi br at i ng Wi r e Pi ezomet er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e ar e sever al  met hods of  i nst al l i ng 
v i br at i ng wi r e pi ezomet er s,  A:  i n a sand f i l t er  wi t h 
a bent oni t e seal  above,  t hen gr out ed t o f i l l  t he 
hol e,  B:  i n a sand f i l t er  wi t h gr out  t o t he t op of  
t he hol e,  C:  f ul l y  gr out ed wi t h a cement  bent oni t e 
gr out ,  D:  l ower ed i nt o a convent i onal  por ous t i p or  
s l ot t ed scr een and associ at ed st andpi pe.   Met hod D 
i s usef ul  f or  r et r of i t t i ng exi st i ng i nst r ument s or  
f or  l ong t er m moni t or i ng.   I t  al so al l ows f or  
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cal i br at i on or  r epl acement  of  t he v i br at i ng wi r e 
sensor  as needed.   Met hod C i s t he most  r esponsi ve 
and i s good f or  shor t er  t er m moni t or i ng and has t he 
benef i t  of  not  bei ng abl e t o have t he f i l t er  sand or  
t i p cont ami nat ed wi t h gr out .   Met hods A,  B and C,  
cannot  be r e- cal i br at ed or  ver i f i ed and ar e a t ot al  
l oss i f  damaged.

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

2. 3. 2. 1   Vi br at i ng Wi r e Pi ezomet er

Pr ovi de qual i t y por e pr essur e moni t or i ng devi ces ( v i br at i ng wi r e por e 
pr essur e pi ezomet er )  i ncl udi ng al l  cabl es,  wi r i ng connect i ons,  spl i ce 
k i t s,  desi ccant  chamber s ( i f  vent ed sensor s ar e used) ,  v i br at i ng wi r e 
t r ansducer ,  r eadout  uni t ,  and [ dat a l ogger ] [ dat a col l ect or ]  f r om a 
r eput abl e manuf act ur er  t hat  has been i n t he busi ness f or  [ 5] [ _____]  year s 
or  mor e.   Each vi br at i ng wi r e t r ansducer  must  be pr essur e s i zed t o t he 
expect ed l oad r ange and di mensi oned t o t he speci f i ed l ocat i on.   Tr ansducer  
r esol ut i on and accur acy r equi r ement s ar e 0. 025 per cent  ( mi ni mum)  and pl us 
or  mi nus 0. 1 per cent ,  r espect i vel y,  of  f ul l  scal e r ange.

2. 3. 2. 2   Gr out  Mi xt ur e

Pr ovi de a cement - bent oni t e gr out  desi gned t o mat ch t he pr oper t i es of  t he 
sur r oundi ng i n- s i t u mat er i al s,  wi t h r espect  t o st r engt h and def or mat i on 
char act er i st i cs,  and as r ecommended by t he manuf act ur er  of  t he v i br at i ng 
wi r e t r ansducer .   Use Type I  or  I I  Por t l and cement .   Mar sh Funnel  
v i scosi t y of  t he gr out  pr i or  t o pl acement  must  be bet ween [ 50 and 
60] [ _____]  seconds.   Submi t  t he pr oposed gr out  mi x desi gn t o t he 
Gover nment  f or  r evi ew and appr oval  pr i or  t o st ar t  of  t he wor k.

2. 3. 2. 3   Gr out / Car r i er  Pi pe ( PVC)

Pr ovi de sacr i f i c i al  gr out / car r i er  pi pe consi st i ng of  PVC conf or mi ng t o t he 
r equi r ement s of  ASTM D1785 and as det ai l ed on t he dr awi ngs.   Use PVC 32- mm 
1- 1/ 4 i nch Schedul e 80 t hr eaded pi pe f or  al l  gr out  pi pe and connect i ons.   
Ut i l i ze manuf act ur er  r ecommended mat er i al s f or  secur i ng t he vi br at i ng wi r e 
t r ansducer  and cabl e t o t he pi pe.

2. 3. 3   [ Upl i f t  Cel l s] [ Cl osed Tube Pi ezomet er ]

2. 3. 3. 1   Tubi ng and Fi t t i ngs f or  Tubi ng

Tubi ng ut i l i zed i n t he const r uct i on of  upl i f t  cel l s must  conf or m t o t he 
r equi r ement s f or  [ PVC or ] Cr ossl i nked Pol yet hyl ene ( PEX)  Tubi ng.   Fi t t i ngs 
t o be used wi t h PEX t ubi ng must  be of  t he Col d Expansi on t ype f or  use wi t h 
PEX Rei nf or ci ng Ri ngs.   Tubi ng must  be compat i bl e wi t h f i t t i ngs.

2. 3. 3. 2   Fi t t i ngs

Fi t t i ngs must  be br ass or  br onze,  and compat i bl e wi t h PEX t ubi ng,  as 
r ecommended by t he manuf act ur er .

2. 3. 3. 3   Condui t

Condui t  f or  upl i f t  cel l  t ubi ng must  be of  a s i ze l ar ge enough such t hat  
t he upl i f t  cel l  t ubi ng can be pul l ed t hr ough t he ent i r e l engt h of  condui t  
wi t hout  damage t o t he t ubi ng.

SECTI ON 33 51 43  Page 31



2. 3. 3. 4   Gauges

Gauges f or  upl i f t  cel l s must  be dual  scal e,  ASME B40. 100 Gr ade 2A,  br ass 
pr ocess connect i on,  br onze t ube,  sol i d case,  dr y.   Mar k scal es i n pounds 
per  squar e i nch ( PSI )  wi t h a r ange of  [ _____]  met er s [ _____]  f eet  of  wat er  
( FT H2O) .   Face di amet er  must  be 114 mm 4- 1/ 2 i nches.  

2. 3. 3. 5   Mount i ng Har dwar e and Br acket s

Har dwar e and ot her  component s necessar y t o f i x  upl i f t  cel l  t ubi ng,  gauges,  
val ves,  and anci l l ar y f i t t i ng secur el y t o t he wal l  must  be 300 ser i es 
st ai nl ess st eel  or  appr oved equal .   The cl amps must  hol d t he t ubi ng and/ or  
pi pes f i r ml y i n pl ace wi t hout  def or mat i on of  t he t ubi ng or  pi pe.

2. 3. 3. 6   Val ves

Val ves f or  upl i f t  cel l s must  be f ul l  por t  bal l  val ves of  ei t her  st ai nl ess 
st eel  or  br ass.

2. 3. 3. 7   Cabl e Gl and Seal s

Cabl e gl ands must  meet  r equi r ement s f or  cabl e di amet er ,  pr essur e r at i ng,  
and mount i ng hol e di amet er .   Cabl e gl and mount i ng may i ncl ude adhesi ve or  
compound,  f l anged or  bol t ed,  t hr eaded or  nut  mount .   The Cabl e gl and 
mat er i al  must  be compat i bl e wi t h cabl e mat er i al  t o pr event  cor r osi on,  
excessi ve wear ,  or  damage and must  be l i qui d t i ght .

2. 4   SURFACE WATER LEVEL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Common i nst r ument s f or  measur i ng sur f ace 
wat er  l evel s consi st  of  manual l y r ead and aut omat ed 
gages.   Manual l y r ead gages ar e numer ous and 
i ncl ude,  but  ar e not  l i mi t ed t o,  st af f ,  wei ght ,  and 
f l oat   Aut omat ed gages i ncl ude wei r  moni t or s and 
l aser  or  non- cont act  r adar  l evel  sensor s.

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.

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

2. 4. 1   Wat er  Level  Sensor

2. 4. 1. 1   Laser  Wat er  Level  Sensor

Pr ovi de wat er  l evel  sensor s as i ndi cat ed i n t he cont r act  pl ans.   I nst al l  
al l  wat er  l evel  sensor s i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons.   Per f or m oper at i on and f i el d cal i br at i on checks of  al l  
i nst r ument s.   Fact or y- cal i br at i on cur ves ar e r equi r ed f or  each l aser  wat er  
l evel  sensor ,  i ncl udi ng i ndi v i dual  gage f act or  and t emper at ur e cor r ect i on 
f act or .   Pr ot ect  each i nst r ument  agai nst  shor t - dur at i on,  hi gh vol t age 
sur ges wi t h an ext er nal  sur ge pr ot ect i on boar d,  whi ch uses t r i pol ar  pl asma 
sur ge ar r est or s,  t r ansi ent  suppr essi on di odes,  and i nduct or s.

2. 4. 2   St af f  Gauges

Pr ovi de [ por cel ai n enamel ed st eel ] [ f i ber gl ass]  st af f  gauges gr aduat ed t o 
cent i met er s,  mar ked ever y 10 cent i met er s and met er  hundr edt hs and mar ked 
at  ever y f oot  and ever y t ent h.

SECTI ON 33 51 43  Page 32



2. 5   FLOW MEASUREMENT

2. 5. 1   Fl ow Met er s

2. 5. 1. 1   Pi pe Fl ow Met er

Pr ovi de i n l i ne [ magnet i c f l owmet er s]  [ ul t r asoni c ( doppl er ) ]  [ mechani cal -  
i mpel l er  or  nut at i ng di sk]  i n accor dance wi t h t he pl ans.   Accur acy must  be 
[ _____]  per cent .   Car e must  be t aken t o ensur e t he pi pe i s f ul l  and f l ow 
i s not  t ur bul ent  per  manuf act ur es di r ect i ons.   Pr ovi de el ect r oni c gauges 
showi ng f l ow r at e and accumul at ed f l ow and wi t h communi cat i ons t o a 
dat al ogger .   Mechani cal  met er s must  show t ot al  f l ow.  

2. 5. 1. 2   Open Channel  Fl ow Met er

Open channel  f l ow met er  must  be [ ul t r asoni c] [ _____]  and use t he dept h of  
wat er  al ong wi t h t he f l ow r at e t o cal cul at e t ot al  f l ow.   The open channel  
f l ow met er  must  communi cat e wi t h an appr oved dat al ogger  and i ncl ude a 
gauge t hat  shows t he f l ow r at e and accumul at ed f l ow.  

2. 5. 2   Wei r s

Pr ovi de a [ v- not ch] [ t r apezoi dal ] [ r ect angul ar ]  wei r  pl at e made of  304 
st ai nl ess st eel  meet i ng t he di mensi on r equi r ement s [ as speci f i ed on t he 
dr awi ngs] [ _____] .   I ncl ude pr oper  mount i ng har dwar e as pr ovi ded by t he 
manuf act ur er  and meet i ng r equi r ement s of  ASTM D5640.

2. 5. 3   Fl umes

Pr ovi de a [ Par shal l ] [ t r apezoi dal ] [ cut t hr oat ] [ H]  f l ume made of  [ f i ber gl ass 
r ei nf or ced pl ast i c] [ 304 st ai nl ess st eel ]  f or  measur ement  of  f l ow r ange 
f r om [ _____]  t o [ _____]  meet i ng t he di mensi on r equi r ement s [ as speci f i ed 
on t he dr awi ngs] [ _____] .   The i nsi de of  t he f l ume must  be smoot h and f r ee 
of  any i r r egul ar i t i es.   Pr ovi de al l  anchor age har dwar e i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i ons and submi t  document at i on showi ng t he 
pr oposed f l ume meet s al l  speci f i ed r equi r ement s.

2. 6   ENVI RONMENTAL MONI TORI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Envi r onment al  f act or s such as r ai nf al l ,  can 
af f ect  l ake and r i ver  el evat i ons,  i ncr ease f l ow i n 
moni t or ed st r eams,  and i nf i l t r at e i nt o pi ezomet er s 
and cr acks.   Rai nf al l  may be cor r el at ed t o changes 
i n t hese par amet er s and t hat  i s why i t  i s  i mpor t ant  
t o moni t or .   Temper at ur e may af f ect  expansi on and 
cont r act i on of  mat er i al s l eadi ng t o changes i n cr ack 
di spl acement s.

I f  you ar e i n an ext r emel y col d c l i mat e,  consi der  a 
heat ed r ai n gauge and/ or  a snowf al l  soni c di st ance 
sensor  i f  t hese par amet er s ar e i mpor t  t o your  
pr oj ect .

You may want  t o moni t or  ot her  envi r onment al  
par amet er s t hat  af f ect  your  pr oj ect ,  such as ai r  
t emper at ur e,  bar omet r i c pr essur e,  humi di t y,  wi nd 
speed/ di r ect i on,  evapor at i on,  sol ar  r adi at i on.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2. 6. 1   Pr eci pi t at i on

Moni t or  pr eci pi t at i on wi t h a t i ppi ng bucket  r ai n gauge wi t h an accur acy of  
1 per cent  up t o 2 i nches per  hour .   Rai nf al l  per  t i p of  t he bucket  i s t o 
be 0. 01 i nch.

2. 6. 2   Bar omet er

Pr ovi de a bar omet er  wi t h accur acy t o 0. 6 Hpa or  bet t er  f or  cor r ect i on of  
seal ed vi br at i ng wi r e pr essur e t r ansducer s.   The bar omet er  must  be r ead by 
t he aut omat ed dat a acqui s i t i on syst em.

2. 6. 3   Wat er  Qual i t y

Moni t or  wat er  qual i t y par amet er s such as t emper at ur e,  pH,  t ur bi di t y,  and 
conduct i v i t y.   The r eadi ngs must  be t aken by [ gr ab sampl es]  [ aut omat ed 
mul t i par amet er  sonde]  at  t he speci f i ed l ocat i ons,  dept hs,  and f r equency.

2. 6. 3. 1   pH

Pr ovi de a pH sensor  wi t h an accur acy of  pl us or  mi nus 0. 1 uni t s.   
Cal i br at e i nst r ument s per  manuf act ur es di r ect i ons f or  t he expect ed r ange.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Common pH cal i br at i on sol ut i ons ar e 4,  7,  and 
10,  but  i f  moni t or i ng f or  gr out  ( Por t l and cement )  pH 
wi l l  l i kel y be hi gher ,  so cal i br at i on at  12. 45 i s 
al so r equi r ed.

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

2. 6. 3. 2   Tur bi di t y

Pr ovi de a t ur bi di t y met er  t hat  r epor t s i n NTUs wi t h an accur acy of  pl us or  
mi nus 2 per cent  and pl us or  mi nus 2 uni t s.   Cal i br at e i nst r ument s per  
manuf act ur es di r ect i ons f or  t he expect ed r ange.

2. 6. 3. 3   Temper at ur e

Pr ovi de a t emper at ur e sensor  t hat  r epor t s i n degr ees C F wi t h an accur acy 
pl us or  mi nus 0. 5 degr ees.

2. 6. 3. 4   Conduct i v i t y

Pr ovi de a conduct i v i t y met er  t hat  r epor t s i n µS/ cm wi t h an accur acy of  
pl us or  mi nus one per cent .   Cal i br at e i nst r ument s per  manuf act ur es 
di r ect i ons f or  t he expect ed r ange.

2. 7   DEFORMATI ON/ DI SPLACEMENT

Moni t or  f or  def or mat i on or  di spl acement  usi ng t he i nst r ument s descr i bed 
bel ow:

2. 7. 1   Ext ensomet er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de ext ensomet er s based on t he 
appl i cat i on and need of  t he pr oj ect .   Sel ect  
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ext ensomet er  t ype based on soi l  t ype,  r eadi ng t ype,  
r eadi ng f r equency,  dat a t r ansmi ssi on,  open/ seal ed 
hol e,  et c.

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

2. 7. 1. 1   Pr obe Ext ensomet er

Pr ovi de pr obe ext ensomet er s consi st i ng of  i nduct i on coi l s or  magnet / r eed 
swi t ch t r ansducer s.   Pr ovi de a t el escopi ng access pi pe when t he pr edi ct ed 
ver t i cal  st r ai n i s gr eat er  t han about  1 per cent

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The di amet er  of  t he access pi pe i s t ypi cal l y 
33 mm 1. 3 i nches,  and t he bor ehol e di amet er  t ypi cal l y
 76- 230 mm 3. 0- 9. 0 i nches.

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

2. 7. 1. 2   Fi xed Bor ehol e Ext ensomet er

Sel ect  f i xed bor ehol e ext ensomet er s based on anchor  t ype,  t r ansducer  t ype 
and ext ensomet er  head.   Pr ovi de ei t her  a s i ngl e- poi nt  bor ehol e 
ext ensomet er  ( SPBX)  or  mul t i poi nt  bor ehol e ext ensomet er  ( MPBX) .   For  MPBX,  
pr ovi de a maxi mum of  s i x anchor s and r ods i n a 150 mm 6- i nch di amet er  
bor ehol e.

Pr ovi de [ st ai nl ess st eel ] [ f i ber gl ass] [ car bon composi t e]  r ods.   Pr ovi de 
vi br at i ng wi r e t r ansducer  capabl e of  measur i ng over  a r ange bet ween 0 -  
100 mm t o 0 -  300 mm and f r equency r ange bet ween 1200 -  2800 Hz and 
oper abl e at  t emper at ur es r angi ng f r om mi nus 20 t o pl us 80 degr ees Cel si us.

2. 7. 2   Set t l ement  [ Sur f ace Poi nt s] [ Sur vey Monument s] [ Pl at es]

2. 7. 2. 1   Sur f ace Poi nt s

Pr ovi de sur f ace poi nt s consi st i ng of  [ 25 mm]  [ 1 i nch]  l ong sur vey nai l s 
desi gned f or  i nst al l at i on i n [ concr et e] [ asphal t ] .   I ncl ude a sui t abl e 
met al  washer  or  pl ast i c di sc hub f or  hi gh vi s i bl e mar ki ng of  each sur f ace 
poi nt .  

2. 7. 2. 2   Sur vey Monument s

Pr ovi de sur vey monument  consi st i ng of  [ 90 mm]  [ 3- 1/ 2 i nch]  di amet er  domed 
br onze mar ker  desi gned f or  i nst al l at i on i n [ concr et e] ,  unl ess ot her wi se 
pr ovi ded by t he Gover nment .

2. 7. 2. 3   Set t l ement  Pl at es

Pr ovi de 610- mm 24- i nch squar e set t l ement  pl at es consi st i ng of  a 
[ st eel ] [ wood] [ concr et e]  base.   Pr ovi de connect abl e r i ser  pi pes consi st i ng 
of  [ gal vani zed] [ st ai nl ess]  st eel .   Cl ear l y mar k and pr ot ect  t he r i ser  
pi pes f r om i mpact  dur i ng f i l l  oper at i ons and ot her  const r uct i on act i v i t i es.

2. 7. 3   Set t l ement / Heave Poi nt s

2. 7. 3. 1   Bor r os Type Anchor

Pr ovi de [ set t l ement ] [ heave]  measur ement  poi nt s consi st i ng of  a 
t hr ee- pr onged Bor r os t ype anchor ,  6 mm 0. 25 i nch st eel  i nner  pi pes wi t h 
coupl er s,  and 25 mm 1 i nch st eel  out er  pi pe wi t h coupl er s.   Connect  i nner  
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and out er  pi pes usi ng st andar d coupl er s as r ecommended by t he 
manuf act ur er .   Anchor s pr ongs may be manual  or  hydr aul i cal l y act uat ed.

2. 7. 4   I ncl i nomet er s

2. 7. 4. 1   Por t abl e ( Tr aver si ng)  I ncl i nomet er

Pr ovi de ABS pl ast i c i ncl i nomet er  casi ng i n [ 3- met er ] [ 1. 5- met er ]  
[ 10- f oot ] [ 5- f oot ]  l ong sect i ons wi t h a mi ni mum out si de di amet er  of  [ 48 
mi l l i met er s] [ 70 mi l l i met er s] [ 85 mi l l i met er s]  [ 1. 9 i nches] [ 2. 75 i nches] [ 3. 3 
i nches] .   Pr ovi de casi ng sect i on connect i ons i n accor dance wi t h t he 
i ncl i nomet er  manuf act ur er ' s r ecommendat i on.   Ensur e t he casi ng has hi gh 
qual i t y f l at  sur f ace gr ooves t o per mi t  f r ee passage of  t he pr obe t hr ough 
cur ves i n t he casi ng wi t hout  t he wheel  of  t he pr obe comi ng out  of  t he 
gr oove.   Casi ng anchor s and gr out  val ves ar e t o be used i f  r equi r ed.   
Gr out  t he casi ng i n pl ace wi t h gr out  t hat  appr oxi mat es t he subsur f ace 
f or mat i on st r engt h i n accor dance wi t h ER 1110- 1- 1807.   At  a mi ni mum,  
equi pment  and suppl i es f or  moni t or i ng and pr ocessi ng i ncl i nomet er  dat a 
must  i ncl ude a pr obe at  wheel base of  500 mm 24 i nches.   The cabl e must  be a
 [ 30] [ 60] [ 90] - met er  [ 100] [ 200] [ 300] - f oot  cabl e gr aduat ed i nt o 500 mm t wo 
f oot  i nt er val s.   Ot her  equi pment  r equi r ed i ncl udes a cabl e gat e syst em f or  
accur at e posi t i oni ng of  t he pr obe,  a di gi t al  r eadout  devi ce,  and gr aphi ng 
sof t war e.   Cal i br at e t he sensor  f or  pl us or  mi nus 30 degr ee r ange wi t h a 
r esol ut i on of  0. 005 mm 0. 0002 i nch.   Submi t  t he sel ect ed i ncl i nomet er  
sensor  t ype,  i ncl udi ng manuf act ur er  and met hods f or  dat a r et r i eval ,  f or  
Gover nment  appr oval  a mi ni mum of  30 days pr i or  t o i ncl i nomet er  casi ng 
i nst al l at i on.   Al l  i ncl i nomet er  devi ces and accessor i es must  be on t he j ob 
s i t e pr i or  t o i nst al l at i on of  t he f i r st  i ncl i nomet er .   Moni t or i ng 
equi pment  must  be new and mai nt ai ned i n compl et e,  f ul l y  f unct i onal  
oper at i ng condi t i ons t hr oughout  t he dur at i on of  t he cont r act ;  t hi s 
equi pment  becomes t he pr oper t y of  t he Gover nment  at  t he concl usi on of  t he 
cont r act .  

Appl i cabl e i nst r uct i on manual s publ i shed by t he i ncl i nomet er  manuf act ur er  
ar e consi der ed par t  of  t hese speci f i cat i ons.   Use t hese i nst r uct i ons f or  
det ai l ed i nst al l at i on pr ocedur es,  cal i br at i on,  and moni t or i ng.

2. 7. 4. 2   Aut omat ed I n- Pl ace I ncl i nomet er  ( I PI )

Pr ovi de [ ABS pl ast i c]  i ncl i nomet er  casi ng i n [ 3- met er ] [ 1. 5- met er ]  
[ 10- f oot ] [ 5- f oot ]  l ong sect i ons wi t h a mi ni mum out si de di amet er  of  
[ 48] [ 70] [ 85]  mi l l i met er s [ 1. 9] [ 2. 75] [ 3. 3]  i nches.   Pr ovi de casi ng sect i on 
connect i ons i n accor dance wi t h t he i ncl i nomet er  manuf act ur er ' s 
r ecommendat i on.   Ensur e t he casi ng has hi gh qual i t y f l at  sur f ace gr ooves 
t o per mi t  f r ee passage of  t he pr obe t hr ough cur ves i n t he casi ng wi t hout  
t he wheel  of  t he senor  comi ng out  of  t he gr oove.   Casi ng anchor s and gr out  
val ves ar e t o be used i f  r equi r ed.   Gr out  t he casi ng i n pl ace wi t h gr out  
t hat  appr oxi mat es t he f or mat i on st r engt h i n accor dance wi t h ER 1110- 1- 1807.

Document  casi ng i nst al l at i on wi t h t r aver si ng i ncl i nomet er  and document  t wo 
basel i ne r eadi ngs pr i or  t o i nst al l at i on of  I PI s.   Basel i ne r eadi ngs must  
be per f or med at  l east  [ seven] [ 28]  days af t er  gr out i ng t he casi ng.   Pr ovi de 
[ bi axi al  MEMS] [ Tr i axi al  MEMS Shape Accel er omet er  Ar r ay ( SAA) ] [ uni axi al  VW]  
I PI  sensor s wi t h an accur acy of  pl us or  mi nus one per cent  of  f ul l  scal e.   
Repl ace casi ng t hat  exceeds t he accur acy of  [ _____]  or  spi r al  l i mi t at i ons 
of  [ _____]  at  t he cont r act or ' s expense.
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2. 7. 4. 3   Shape Accel er omet er  Ar r ay

Pr ovi de [ 250] [ 500] - mm [ 10] [ 20] - i nch segment ed shape ar r ay sensor s of  t he 
l engt h( s)  shown i n t he pl ans.   The devi ce must  have MEMS sensor s and be 
accur at e t o appr oxi mat el y pl us or  mi nus 1/ 16t h of  an i nch i n 100 f eet .   
They must  connect  t o exi st i ng ADAS syst ems.   Casi ng must  be 
[ 27] [ 47] [ 100] - mm [ 1] [ 2] [ 4] - i nch i nsi de di amet er .   I n accor dance wi t h 
ER 1110- 1- 1807,  sel ect  gr out  st r engt h f or  backf i l l  whi ch appr oxi mat es t he 
f or mat i on st r engt h.

2. 7. 5   Cr ackmet er / Joi nt met er

Pr ovi de cr ackmet er s consi st i ng of  a v i br at i ng wi r e or  pot ent i omet er  
di spl acement  t r ansducer  wi t hi n a st ai nl ess st eel  t el escopi c body wi t h t wo 
anchor i ng poi nt s.   Vi br at i ng wi r e cr ackmet er s must  measur e over  a r ange of  
[ 0- 12. 5 mm] ,  [ 0- 25 mm] ,  [ 0- 50 mm] ,  [ 0- 100 mm] ,  [ 0- 150 mm] ,  wi t h a t ot al  
accur acy r angi ng f r om pl us or  mi nus 0. 50 per cent  t o 0. 30 per cent  f ul l  
scal e dependi ng on r ange capabi l i t y  of  t he i nst r ument .   The vi br at i ng wi r e 
cr ackmet er ' s f r equency r ange must  be bet ween 2250 -  3000 Hz and oper abl e 
at  t emper at ur es r angi ng f r om mi nus 20 t o pl us 80 degr ees Cel si us.   
El ect r i cal  cr ackmet er s must  measur e over  a r ange of  [ 0- 100 mm] [ 0- 200 mm] ,  
wi t h a t ot al  accur acy r angi ng f r om pl us or  mi nus 0. 30 per cent  t o 0. 15 
per cent  f ul l  scal e dependi ng on r ange capabi l i t y  of  t he cr ackmet er .

Manual  cr ackmet er s must  be cl ear  pol ymer  wi t h [ +- 20mm] [ +- 25mm] [ - 55+105mm]  
r ange on t he x axi s and hi gh cont r ast  gr i d.   They must  have a uni que 
ser i al  number  f or  t r acki ng and be at t ached t o t he sur f ace wi t h epoxy and 
scr ews.

2. 7. 6   Ti l t met er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t i l t met er s based on t he appl i cat i on 
and need of  t he pr oj ect .   Consi der  t he need f or  
uni axi al  or  bi axi al  moni t or i ng,  t emper at ur e 
cor r ect i on,  measur i ng r ange,  sensor  t ype and 
wat er pr oof ness.   Ensur e t i l t met er s ar e compat i bl e 
wi t h I PI  i f  appl i cabl e.

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

Pr ovi de a [ v i br at i ng wi r e] [ MEMS]  wat er pr oof  [ uni axi al ] [ bi axi al ]  
t i l t met er .   St andar d oper at i ng r ange must  be [ pl us or  mi nus 10] [ pl us or  
mi nus 20]  degr ees.   Resol ut i on must  be [ 08] [ _____]  ar c seconds.   Oper at i ng 
t emper at ur e must  r ange f r om mi nus [ 20] [ _____]  t o pl us [ 80] [ _____]  degr ees 
Cel si us.  

2. 7. 7   Hi gh Pr eci s i on GPS Uni t

Pr ovi de hi gh pr eci s i on GPS uni t ,  wi t h wi r el ess communi cat i on capabi l i t y ,  
t hat  pr ovi des t hr ee- di mensi onal  di spl acement  and t i l t  measur ement s f or  
def or mat i on moni t or i ng.   Uni t s must  pr ovi de pl us or  mi nus [ 1] [ 2]  
cent i met er  posi t i oni ng accur acy.

2. 7. 8   Sur vey

Compl et e sur veys t o pr ovi de accur at e posi t i oni ng of  i nst r ument at i on.   Use 
hor i zont al  and ver t i cal  dat ums speci f i c  t o t he pr oj ect  i n whi ch 
i nst r ument at i on i s bei ng i nst al l ed.   Cr i t i cal  poi nt s f or  sur veys at  a 
mi ni mum must  i ncl ude hor i zont al  and ver t i cal  dat a col l ect i on at  t he t op of  
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pr ot ect i ve casi ngs,  i nt er i or  pi pes,  and a gr ound shot  near  t he base of  t he 
i nst r ument  usi ng equi pment  t hat  can r epor t  col l ect  t o wi t hi n at  l east  pl us 
or  mi nus . 03 cm . 01 f eet  accur acy.  

2. 7. 8. 1   Ter r est r i al  Posi t i oni ng Syst em ( TPS)

Pr ovi de an aut omat ed r obot i c t ot al  st at i on wi t h an ai mi ng r ange of  1 m t o 
1000m,  di st ance accur acy of  1mm + 2 ppm,   angul ar  accur acy of  1 ar csec 
( 0. 3 mgon) ,  and pr ogr ammabl e t o col l ect  and t r ansmi t  sur vey dat a at  
[ hour l y] [ dai l y] [ 15 mi nut e] [ _____]  i nt er val s.   The TPS must  al so i ncl ude 
any envi r onment al  pr ot ect i on and communi cat i ons necessar y.  

2. 7. 8. 2   Sur f ace Monument s

Sel ect  sur f ace monument s based on t he appl i cat i on and need of  each 
pr oj ect .   Sel ect  hor i zont al  and ver t i cal  cont r ol  monument s i n accor dance 
wi t h EM 1110- 1- 1002.

Each monument  must  have a [ br ass] [ br onze] [ al umi num]  di sk t hat  [ wi l l ] [ wi l l  
not ]  be pr ovi ded by t he Gover nment .   Each monument  must  be st amped by t he 
Cont r act or  wi t h al l  cor r espondi ng monument  det ai l s such as pr oj ect  name,  
monument  I D,  and el evat i on.   St amp t he maj or i t y of  i nf or mat i on on t he cap 
pr i or  t o i nst al l at i on.  

2. 7. 8. 3   Sur vey Pr i sms

Sel ect  sur veyi ng pr i sms,  al so known as r et r o- r ef l ect or s,  based on si ze,  
r ange,  hol der  accur acy and of f set .   Beam devi at i on must  be l ess t han 
[ 5] [ _____]  seconds.   Hol der  accur acy must  be [ 1] [ _____]  mm or  l ess.   Pr i sm 
of f set  must  be [ 0] [ mi nus 17. 5] [ mi nus 30] [ mi nus 34] [ mi nus 40]  mm.  

2. 8   LOAD/ STRESS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The mor e common i nst r ument s f or  l oad and 
st r ess measur i ng have been i ncl uded bel ow and 
consi st  of  pr essur e cel l s,  l oad cel l s,  and st r ai n 
gauges.

Pr essur e Cel l s ar e used t o moni t or  t ot al  pr essur e i n 
ear t h f i l l  dams and embankment s,  r ock st r ess 
changes,  dynami c pr essur es,  et c.   They can be 
vi br at i ng wi r e pr essur e t r ansducer s,  semi conduct or  
t ype t r ansducer s,  or  use a st ai nl ess st eel  pr essur e 
gauge.

Load Cel l s ar e used t o moni t or  l oad and st r ai n by 
measur i ng st r uct ur al  ext ensi on and compr essi on t hat  
pass t hr ough t he l oad cel l .

St r ai n Gauges ar e al so used t o measur e l oad and 
st r ai n i n a st r uct ur e by at t achment  di r ect l y t o t he 
st r uct ur e sur f ace or  embedment  wi t hi n t he st r uct ur e 
i t sel f ,  or  i n s i t uat i ons wher e a l oad cel l  cannot  be 
ut i l i zed.

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.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 8. 1   Ear t h Pr essur e Cel l s

Pr ovi de [ st andar d] [ cont act ] [ j ackout ] [ push- i n] [ pi l e t i p]  t ype pr essur e 
cel l s wi t h a r at ed l oad of  [ _____]  [ kPa] [ MPa] .

2. 8. 2   Load Cel l s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t hr oat  di amet er  and l oad r ange wi l l  be 
det er mi ned by t he desi gner ,  t he Cont r act or ,  or  t he 
Gover nment  dependi ng on t he speci f i c  pr oj ect  and 
appl i cat i on.   Vi br at i ng wi r e cel l s ar e used i n most  
appl i cat i ons.   El ect r i cal  r esi st ance cel l s ar e 
pr i mar i l y used i n t i ebacks and r ock bol t s.

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

Pr ovi de [ sol i d] [ cent er  hol e] [ v i br at i ng wi r e] [ el ect r i cal  r esi st ance]  t ype 
l oad cel l s wi t h an i nsi de or  t hr oat  di amet er  of  [ _____]  i nches and a r at ed 
l oad of  [ _____]  t o [ _____]  met r i c t ons [ _____]  t o [ _____]  k i ps.   
Al t er nat i vel y,  based on t he act ual  di amet er  of  t he obj ect  mat er i al  bei ng 
moni t or ed,  and on t he manuf act ur er  r ecommendat i ons,  t he t hr oat  di amet er  
may be as i ndi cat ed by t he [ Cont r act or ] [ Gover nment ] .   Pr ovi de cent r al i zer  
bushi ngs t o cent er  t he l oad cel l ,  i f  necessar y.   The l oad cel l  must  be 
speci al l y har dened t o wi t hst and embedment  i n concr et e f or  l ong- t er m 
moni t or i ng r equi r ement s.

2. 8. 2. 1   Load Bear i ng Pl at es

Pr ovi de l oad cel l  bear i ng pl at es consi st i ng of  [ _____]  mm [ _____]  i nch 
t hi ck pl at ed gr ound st eel  based on t he [ _____]  met r i c t on [ _____]  k i p l oad 
and t he [ _____]  cent er  hol e.

2. 8. 2. 2   Cal i br at i on

Cal i br at e l oad cel l s under  t he f ol l owi ng t wo condi t i ons:   1)  nor mal  
f act or y cal i br at i on of  t he l oad cel l  i t sel f  and 2)  gr oup or  set  
cal i br at i on of  t he l oad cel l  wi t h t he bear i ng pl at es and l ock- of f  assembl y 
assi gned t o t hat  l oad cel l .   Swi t chi ng or  t r ansf er  of  bear i ng 
pl at es/ l ock- of f  assembl i es i s not  al l owed i n t he f i el d wi t hout  f act or y 
cal i br at i on.

2. 8. 3   St r ai n Gauge

Pr ovi de [ el ect r i cal ]  [ v i br at i ng wi r e]  [ f i ber ]  st r ai n gauges wi t h a r at ed 
l oad of  [ _____]  t o [ _____]  µ.

2. 8. 4   Si gnal  Cabl e

Pr ovi de si gnal  cabl es,  as r ecommended by manuf act ur er ,  whi ch ar e 
f act or y- connect ed t o t he measur i ng devi ce i n one cont i nuous l engt h.   Mar k 
and pr oper l y i dent i f y al l  s i gnal  cabl e at  t he devi ce and at  t he cabl e 
t er mi nat i on as del i ver ed.   Each cabl e connect i on t o t he devi ce must  be 
i ndependent  of  t he ot her .   Spl i c i ng of  cabl es t hat  ar e embedded i n 
concr et e or  ot her wi se not  accessi bl e must  have pr i or  appr oval  of  t he 
Gover nment .   For  spl i ces not  i n a c l i mat e- cont r ol l ed encl osur e,  use a 
[ st ai nl ess st eel ] [ pl ast i c]  s l eeve wi t h [ compr essi on f i t t i ngs] [ sol der ed and 
heat  shr i nk spl i ces]  f or  secur i ng each cabl e sect i on and use f act or y 
suppl i ed epoxy f i l l i ng mat er i al s.
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2. 8. 5   I nst r ument  Readout

Pr ovi de r equi r ed r eadout  devi ce( s)  and obt ai n i ni t i al ,  cal i br at i on,  and 
subsequent  manual  r eadi ngs of  t he sensor  out put .   The r eadout  devi ce( s)  
must  be compat i bl e wi t h t he i nst r ument  and si gnal  cabl es,  and exi st i ng 
sensor s and dat a l oggi ng equi pment  on si t e.   Dat a f or mat s must  be 
[ . csv] [ . dat ]  [ . j son]  and compat i bl e wi t h [ _____]  sof t war e.

2. 9   VI SUAL OBSERVATI ON

2. 9. 1   Out door  Camer as

Pr ovi de [ HD]  [ dayt i me]  [ ni ght t i me]  camer a( s)  accessi bl e by an 
I nt er net - based sof t war e and a secur e connect i on.   Camer as must  pr ovi de 
[ col or ]  [ col or  and bl ack and whi t e]  i mages.   Camer as must  meet  or  exceed 
t he f ol l owi ng:

a.   I mage Si ze:  [ _____]  Megapi xel s [ _____]  x [ _____]

b.   Lens:  [ _____]  mm i n. ,  [ _____]  x opt i cal  zoom,  F- St op [ _____]

c.   Pan/ Ti l t :  Pan Range [ _____]  degr ees Cont i nuous Pan,  Ti l t :  [ _____]  
degr ees t o [ _____]  degr ees

d.   [ 4K] [ _____]  br oadcast  qual i t y v i deo

e.   [ 4G] [ _____]  cel l ul ar  modem

f .   [ On- Boar d Dat a Backup] [ 4 GB ( mi cr oSD) ]

g.   Ambi ent  Temper at ur e Range:  [ _____]  degr ees C F

The I nt er net  based onl i ne i nt er f ace must  i ncl ude t he f ol l owi ng f eat ur es:

a.   Di spl ay pr oj ect  name

b.   Real - t i me l i ve v i deo vi ewi ng

c.   Dai l y aut o- gener at ed 360 degr ees panor amas up t o [ _____]  megapi xel s

d.   Di gi t al  pan,  t i l t  and zoom capabi l i t y  wi t hi n a hi gh def i ni t i on i mage

The ser vi ce must  be avai l abl e f or  t he dur at i on of  t he cont r act  and al l ow 
t he vi ewi ng of  l i ve v i deo and hi gh- def i ni t i on di gi t al  st i l l  i mages 
capt ur ed of  t he pr oj ect  and st or ed on bot h mobi l e and deskt op pl at f or ms.   
Capt ur e and upl oad i mages ever y [ 30] [ _____]  mi nut es,  24 hour s per  day.   
Pr ovi de al l  ser vi ce and mai nt enance,  i ncl udi ng cl eani ng of  t he camer a 
syst em t hr oughout  t he l i f e of  t he pr oj ect  i ncl udi ng maki ng appr opr i at e 
ar r angement s f or  camer a t o r emai n i n oper at i on up t o and t hr ough pr oj ect  
compl et i on.

2. 10   VI BRATI ON MONI TORI NG I NSTRUMENTATI ON

Pr ovi de a mi ni mum of  [ _____]  v i br at i on moni t or i ng i nst r ument s at  t he 
l ocat i on shown on t he dr awi ngs or  as di r ect ed by t he aut hor i zed 
r epr esent at i ve of  t he Gover nment .   Oper at e t hese i nst r ument s dur i ng 
const r uct i on act i v i t i es t hat  ar e wi t hi n [ _____]  met er s f eet  of  t he 
const r uct i on,  or  i n t he opi ni on of  t he Gover nment  woul d be a sour ce of  
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gr ound vi br at i on.

The l ocat i on of  t he i nst r ument ( s)  may var y dai l y,  based on t he l ocat i on of  
const r uct i on act i v i t i es,  condi t i on of  st r uct ur es i n t he v i c i ni t y of  
const r uct i on act i v i t i es,  and r esponse t o publ i c and gover nment  i nt er est .

2. 10. 1   Sei smogr aph/ Sei smomet er

Pr ovi de [ _____]  v i br at i on moni t or i ng i nst r ument s and i n accor dance wi t h 
t he f ol l owi ng:

a.   Capabi l i t y  t o measur e,  di spl ay,  and pr ovi de a di gi t al  gr aph of  
par t i c l e vel oci t y and f r equency component s.

b.   Capabi l i t y  t o measur e t he 3 mut ual l y per pendi cul ar  component s of  
par t i c l e vel oci t y i n di r ect i ons ver t i cal ,  r adi al ,  and per pendi cul ar  t o 
t he v i br at i on sour ce.

c.   Possess a sei smi c r ange of  0. 01 i n/ sec t o 4 i n/ sec wi t h an accur acy of  
5 per cent  of  t he measur ed peak par t i c l e vel oci t y or  bet t er  at  
f r equenci es bet ween 10 Hz and 100 Hz,  and wi t h a r esol ut i on of  0. 01 
i n/ sec or  l ess.

d.   Possess a f r equency r esponse r ange of  2 Hz t o 150 Hz.

e.   Di spl ay t he dat e of  t he most  r ecent  cal i br at i on.  Cal i br at i on must  have 
been per f or med wi t hi n t he l ast  12 mont hs t o a st andar d t r aceabl e t o 
t he Nat i onal  I nst i t ut e of  St andar ds and Technol ogy.

f .   Possess a r el i abl e power  sour ce or  bat t er y f or  r equi r ed dur at i on of  
r ecor di ngs,  equi pment  sui t abl e f or  s i t e and weat her  condi t i ons,  and 
sui t abl e l engt h of  geophone and mi cr ophone cabl es.

g.   Cont i nuous moni t or i ng mode must  be capabl e of  r ecor di ng 
si ngl e- component  peak par t i c l e vel oci t i es and f r equency of  peaks wi t h 
an i nt er val  of  1 mi nut e or  l ess.

h.   Capabi l i t y  of  measur i ng cont i nuous sound l evel s r angi ng f r om 30 dBA t o 
140 dBA wi t h 0. 05 dB r esol ut i on.

i .   Pr oduce pl ot s showi ng par t i c l e vel oci t y and f r equency r el at i ve t o 
cur r ent  OSM and USBM st andar ds.

2. 11   SURFACE PROTECTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sur f ace pr ot ect i on consi der at i ons ar e 
bol l ar ds,  l ocki ng wel l  caps,  f l ush mount  vs r ai sed,  
vandal i sm,  f r eeze t haw,  const r uct i on access.

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

Pr ovi de t empor ar y or  per manent  sur f ace pr ot ect i on i n accor dance wi t h t he 
pl ans.   Use caut i on and pr ovi de al l  means necessar y t o pr ot ect  t he 
i nst r ument at i on f r om const r uct i on act i v i t y per f or med on t he const r uct i on 
s i t e.   Thi s i ncl udes moni t or i ng set t l ement  of  f i l l  mat er i al  i n and ar ound 
t he bur i ed condui t s,  concr et e pr ot ect i ve bl ocks at  t he i nst r ument  heads,  
concr et e pads,  and r el at ed i t ems.   I mmedi at el y r epl ace any i nst r ument at i on 
equi pment  t hat  i s  damaged by const r uct i on act i v i t i es i ncl udi ng damage 
caused by set t l ement  of  f i l l  mat er i al  due t o i mpr oper  pl acement  or  
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compact i on.   Access must  be mai nt ai ned t o per mi t  per i odi c measur ement s and 
obser vat i on by t he Gover nment .

2. 12   I NSTRUMENTATI ON ENTERPRI SE DATABASE ( EDB)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph may onl y appl y t o l ar ge 
geot echni cal  pr oj ect s.   Unt i l / unl ess t he Gover nment  
i s capabl e of  i ngest i ng and host i ng i t s own 
i nst r ument at i on dat a r eal  t i me dur i ng const r uct i on,  
r egar dl ess of  i f  ot her  dat a v i ewer s ar e bui l t  and 
mai nt ai ned i nt er nal l y,  t he cont r act or  wi l l  host  an 
ent er pr i se SQL i nst r ument at i on dat abase f or  l ar ge 
geot echni cal  pr oj ect s.   Because of  t he need f or  
r eal - t i me r epor t i ng of  dat a,  whi ch cannot  be 
accompl i shed acr oss t he f i r ewal l ,  t he Cont r act or  may 
al so need t o pr ovi de an i nst r ument at i on web 
i nt er f ace capabl e of  pl ot t i ng,  and vi sual i z i ng t he 
i nst r ument s and dat a.   I n or der  f or  t he gover nment  
t o pr ovi de t hi s on an i nt er nal l y bui l t  web 
i nt er f ace,  t he Cont r act or  woul d need t o ut i l i ze 
Mi cr osof t  Azur e,  and/ or  host  t he dat a t o a r est f ul  
ser vi ce or  API  f or  Gover nment  i ngest i on.

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

Set - up,  mai nt ai n and updat e a document ed SQL ent er pr i se dat abase ( EDB)  f or  
t he dur at i on of  t he cont r act  i n whi ch t o st or e al l  aut omat ed and manual  
i nst r ument at i on dat a.   Thi s can be t he same dat abase as t he pr oj ect  
dat abase i f  one i s ut i l i zed.

St or e t he EDB on t he Cont r act or ' s ser ver s or  t he Cont r act or ' s c l oud 
st or age account  f or  t he dur at i on of  t he cont r act . [   Updat e . csv f i l es of  
t he most  cur r ent  ver si on of  t he dat abase t abl es t o t he SFTP si t e by 
[ mi dni ght  dai l y] .   Updat e t he most  cur r ent  ver si on of  t hese . csv f i l es t o 
t he SFTP si t e at  any t i me r equest ed by t he COR. ]

[ Make dat a avai l abl e i n HTTP ( API )  or  sFTP f or  aut omat ed i ncl usi on i n 
ext er nal  dat abases.

] [ I mpor t  r el evant  hydr ol ogi c dat a usi ng publ i c l y avai l abl e dat aset s such as 
USACE CWMS RADAR or  Access2Wat er  API s.

] I mpor t  al l  dat a f or  exi st i ng,  act i ve i nst r ument at i on i n pl ace pr i or  t o t he 
cont r act  i nt o t he EDB.   The Gover nment  wi l l  pr ovi de t he dat a f or  t hi s 
pur pose.   Repl ace al l  hi st or i cal  sur vey coor di nat es and st at i on of f set s i n 
t he EDB f or  any i nst r ument  l ocat i ons sur veyed as a par t  of  t hi s Cont r act .   
Ensur e al l  coor di nat es i n t he EDB ar e i n t he pr oj ect  coor di nat e syst em 
ut i l i z i ng t he cor r ect  dat ums.

Upon compl et i on of  t he cont r act  and bef or e f i nal  demobi l i zat i on,  submi t  t o 
t he Gover nment  t he f i nal  EDB . csv f i l es and EDB document at i on pr i or  t o 
f i nal  payment .

2. 13   AUTOMATED DATA ACQUI SI TI ON SYSTEM ( ADAS)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ensur e cont r act  pl ans i ncl ude a mi ni mum 
r equi r ed el evat i on f or  above- gr ound ADAS 
boxes/ equi pment  l ocat i ons t o pr event  pot ent i al  
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i nundat i on by hi gh wat er  event s.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de an Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)  t o col l ect ,  pr ocess,  
st or e and communi cat e dat a wi t h ot her  syst ems.   Thi s syst em i s gener al l y 
t o be compr i sed of  sensor s/ t r ansducer s,  dat al ogger s,  communi cat i ons 
devi ces,  and associ at ed accessor i es -  see cont r act  dr awi ngs.   
Aut omat i cal l y r ead and st or e i nst r ument at i on dat a at  pr eset  t i me i nt er val s 
and r eadi ng f r equenci es.   Pr ovi de t he capabi l i t y  t o modi f y r eadi ng 
f r equency and pr ovi de abi l i t y  t o i ncr ease r eadi ng f r equency dur i ng a 
[ st or m event ] .   Aut omat i cal l y scan al l  i nst r ument s f or  t hr eshol d 
exceedance.   Have t he abi l i t y  t o t r i gger  al ar ms based on any of  t he 
f ol l owi ng t ypes of  condi t i ons:  st at i c l evel  exceedance,  r at e of  change,  
movi ng wi ndow r at e of  change,  and t i me del ay wi t h mul t i pl e val ues 
ver i f i cat i on.

Fur ni sh al l  component s and compl et e i nst al l at i on of  al l  syst em component s,  
cabl e,  condui t ,  i nst r ument s,  t r ansducer s,  sensor s,  encl osur es,  power  
connect i ons,  gr oundi ng,  and mi scel l aneous i t ems t o make t he ADAS 
compl et el y oper at i onal .   Submi t  syst em desi gn and component s f or  
Gover nment  appr oval .

2. 13. 1   Dat a Logger s

Pr ovi de dat a l ogger s t hat  ar e capabl e of  r eadi ng [ v i br at i ng 
wi r e] [ MEMs] [ _____]  sensor s,  st or e dat a i nt er nal l y f or  
[ 10] [ 100] [ 1000] [ 10, 000]  r eadi ngs,  and communi cat e wi t h [ _____]  pr ot ocol s.   
Dat a l ogger s must  be compat i bl e wi t h dat a col l ect i on devi ces and ot her  
dat a l ogger s on si t e and be capabl e of  st or i ng at  l east  [ 3 mont hs] [ 1 year ]  
dat a i n l ocal  memor y.  

Pr ogr am t he dat a l ogger s t o r ead t he sensor s.   Annot at e t he pr ogr ams wi t h 
comment s per t ai ni ng t o i t s f unct i on.   Dat a l ogger  communi cat i ons may be 
encr ypt ed f or  secur i t y,  but  t he pr ogr am must  be accessi bl e by t he 
Gover nment  on syst ems t hat  wi l l  be owned or  oper at ed by t he Gover nment .   
St or e pr ogr ams on t he dat a l ogger  i n non- vol at i l e memor y.

2. 13. 2   Encl osur es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mat er i al  t ype depends on appl i cat i on l i f espan 
and vandal i sm pot ent i al .

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

Pr ovi de encl osur es t o pr ot ect  ADAS component s f r om t he envi r onment .  
Pr oper l y s i ze encl osur es so component s can be neat  and or gani zed.   ( Check 
NEC r equi r ement  f or  capaci t y) .   Const r uct  encl osur es of  [ f i ber gl ass 
r ei nf or ced pol yest er ] [ st ai nl ess st eel ]  and use wat er  r esi st ant  gasket s at  
al l  ent r y poi nt s t o seal ed encl osur es.   For  encl osur es housi ng 
el ect r oni cs,  mai nt ai n a l ow humi di t y l evel  wi t hi n by usi ng desi ccant s or  
heat er s.

2. 13. 3   Condui t

Pr ovi de [ PVC] [ r i gi d] [ EMT]  condui t .   Sur f ace condui t  must  be r esi st ant  t o 
UV and r ugged t o mi ni mi ze or  el i mi nat e damage.
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2. 13. 3. 1   Under gr ound Condui t

Bur y under gr ound condui t  [ 46 cm18 i nches bel ow t he sur f ace] [ 61 cm24 i nches 
bel ow t he sur f ace] [ bel ow t he f r ost  l i ne] .   I nst al l  i n accor dance wi t h NEC 
r egul at i ons.

2. 13. 4   Locat i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y l ocat i ons of  i nst r ument at i on and 
r eadout  boxes.   Consi der :   i nundat i on,  l i ne of  s i ght  
communi cat i ons,  weat her  f r eeze/ t haw,  accessi bi l i t y ,  
power ( sol ar ) ,  vandal i sm,  ar t esi an condi t i ons and 
access.

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

[ _____]

2. 13. 5   LMU/ RMU

Pr ovi de Local  Moni t or i ng Uni t ( s)  ( LMU) / Remot e Moni t or i ng Uni t ( s)  ( RMU)  as 
shown i n t he cont r act  pl ans.   The LMU/ RMU must  pol l  sensor s at  a speci f i ed 
i nt er val ,  r ecor d r aw val ues,  be capabl e of  r educi ng r aw val ues t o 
engi neer i ng uni t s,  and communi cat e dat a t o ot her  syst ems.  

2. 13. 6   RI O

Pr ovi de Remot e I nput  Out put  ( RI O)  devi ce( s)  as shown i n t he cont r act  
pl ans.   The RI O must  pol l  sensor s,  as r equest ed by a LMU/ RMU,  and 
communi cat e r aw val ues back t o t he LMU/ RMU.

2. 13. 7   Vi br at i ng Wi r e Anal yzer

Pr ovi de vi br at i ng wi r e anal yzer s t hat  pol l  v i br at i ng wi r e t r ansducer s and 
measur e t he r esul t i ng f r equency and associ at ed dat a.   The anal yzer  may be 
a st and- al one uni t  or  i nt egr at ed i nt o a dat al ogger  but  must  have a 
communi cat i ons met hod f or  t r ansf er r i ng dat a t o ot her  devi ces.   The 
vi br at i ng wi r e anal yzer  must  use a [ swept  f r equency met hod] [ Four i er  
t r ansf or m and spect r al  anal ysi s met hod]  t o det er mi ne t he f r equency of  t he 
v i br at i ng wi r e wi t h an accur acy of  pl us or  mi nus 0. 05 per cent  or  bet t er  
and r ead t he t her mi st or  of  equi pped sensor s.

2. 13. 8   Mul t i pl exer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mul t i pl exer s i ncr ease t he number  of  sensor s 
measur ement  devi ces can r ead.

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

Pr ovi de mul t i pl exer s t hat  ar e compat i bl e wi t h t he [ exi st i ng] [ new]  
sensor s/ t r ansducer s and measur ement  devi ces on si t e.

2. 13. 9   Power

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Some i nst al l at i ons may be power ed by a 
non- r echar geabl e bat t er y t hat  l ast s f or  x day,  al so 
consi der  snow cover i ng sol ar  panel s and shor t er  
r echar ge per i ods i n nor t her n l at i t udes.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Si ze power  suppl y bat t er i es appr opr i at el y t o power  t he equi pment  f or  [ 3 
days] [ 10 days] [ 6 mont hs] [ 12 mont hs]  wi t hout  r echar ge.   Power  suppl y 
bat t er i es ar e t o be compr i sed of  a r echar geabl e bat t er y or  bat t er i es,  
char ge cont r ol l er ,  and power  sour ce.   Power  sour ces can be sol ar  panel s,  
wi nd t ur bi nes,  110 vol t  wal l  out l et s,  or  combi nat i ons of  t hese sour ces.   
Bat t er i es must  be of  [ seal ed l ead aci d] [ l i t hi um i r on phosphat e]  chemi st r y.  

2. 13. 10   Gr oundi ng

Gr oundi ng and l i ght ni ng pr ot ect i on must  be desi gned by an el ect r i cal  
engi neer  wi t h exper i ence i n l i ght ni ng pr ot ect i on.  I ncl ude t hi s desi gn,  
wi t h Pr of essi onal  Engi neer ' s s i gnat ur e and st amp,  i n a Gr oundi ng and 
Li ght ni ng Pr ot ect i on Pl an submi t t ed f or  Gover nment  appr oved.   Gr ound al l  
encl osur es and equi pment  t hat  have gr oundi ng t er mi nal s.  I nst al l  gr ound 
r ods i n accor dance wi t h t he el ect r i cal  engi neer ' s r ecommendat i ons 
r egar di ng const r uct i on,  s i ze,  spaci ng and al l owabl e r esi st ance .   I nst al l  
and mai nt ai n t he t r ansi ent  vol t age sur ge suppr essor  i n accor dance wi t h t he 
El ect r i cal  Engi neer ' s gr oundi ng and l i ght ni ng pr ot ect i on pl an.  Speci al  
car e shoul d be t aken t o pr ot ect  sensor s t hat  ar e gr out ed i n a bor ehol e,  or  
ot her  i naccessi bl e sensor s.

2. 13. 11   Communi cat i ons

Pr ovi de [ wi r ed] [ wi r el ess r adi o] [ wi r el ess cel l  modem] [ f i ber  opt i cs]  
[ sat el l i t e]  communi cat i ons bet ween dat a l oggi ng devi ces and f or  
t r ansf er r i ng dat a f i l es t o l ocal  and r emot e Gover nment  of f i ces.

2. 13. 12   Sof t war e

[ Pr ovi de i nst r ument at i on sof t war e t hat  communi cat es wi t h t he aut omat ed dat a 
acqui s i t i on syst em [ and a wi ndows- based PC] [ _____] .   The sof t war e must  
al l ow r emot e r et r i eval  of  dat a,  updat i ng of  pr ogr ams and conf i gur at i on,  
and vi ewi ng of  dat a f r om t he aut omat ed syst ems.

] [ Pr ovi de i ncl i nomet er  sof t war e t hat  communi cat es wi t h t he manual  t r aver si ng 
dat a col l ect i on devi ce.  The sof t war e must  pl ot  gr eat er  t han t hr ee 
cumul at i ve di spl acement  pl ot s r ef er enced back t o a basel i ne sur vey and 
al l ow f or  cor r ect i ons of  t he dat a f or  spi r al  and bi as.

] 2. 13. 13   Ar chi t ect ur e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y dat al ogger  l ocat i ons or  al l ow t he 
cont r act or  t o pr opose.

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

The Aut omat ed Dat a Acqui s i t i on Syst em Ar chi t ect ur e must  be [ cent r al i zed]  
[ di st r i but ed]  at  t he s i t e.  

2. 13. 14   Wi r i ng Di agr am

Submi t  f ul l  col or  wi r i ng di agr ams of  t he ADAS encl osur es i n t he ADAS Fi nal  
Repor t .   Condui t ,  t r enchi ng,  and cabl i ng l ocat i ons must  be sur veyed dur i ng 
i nst al l at i on and sur vey used i n pr epar at i on of  t he r equi r ed as- bui l t  
dr awi ngs submi t t al .
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2. 13. 15   I nst r ument at i on Schedul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  a char t  her e wi t h desi r ed dat a such as 
i nst r ument  t ype,  l ocat i on,  dept h,  cabl e l engt h,  or  
r ef er ence cont r act  dr awi ngs.

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

[ _____]

2. 13. 16   Syst em Mai nt enance and Spar e Par t s

Pr ovi de al l  har dwar e and/ or  ot her  necessar y i t em( s)  r equi r ed t o ensur e t he 
ent i r e i nst r ument at i on and dat a acqui s i t i on/ r epor t i ng syst em i s 
f unct i oni ng accor di ng t o manuf act ur er ' s speci f i cat i ons,  and f or  
mai nt ai ni ng t he syst em i n sat i sf act or y wor ki ng or der  f or  t he l engt h of  t he 
cont r act .   Thi s i ncl udes appr opr i at e spar es f or  r epai r i ng or  r epl aci ng 
i noper abl e or  unr el i abl e component s accor di ng t o t he expect ed r epl acement  
r at e i n t he l i s t  bel ow,  or  as ot her wi se as di r ect ed by t he cont r act .   Al l  
syst em mai nt enance must  be per f or med i n accor dance wi t h t he manuf act ur er ' s 
r equi r ement s and EM 1110- 2- 1908.

Bef or e wor k begi ns,  pr epar e a l i s t  of  al l  ext r a component s r equi r ed f or  
cont i nuous oper at i on of  t he syst em and quant i t i es t o be st ockpi l ed on- si t e 
accor di ng t o t he est i mat ed r epl acement  r at e per  t he manuf act ur er .   Submi t  
t hi s l i s t  t o t he Gover nment  f or  appr oval .   The i t ems on t he appr oved l i s t  
must  be made avai l abl e at  t he s i t e dur i ng t he ent i r e per i od of  t he 
del i ver y or der .   I f  a st ockpi l ed i t em i s used,  i t  must  be r epl aced 
i mmedi at el y.   I n t he event  of  a mal f unct i on or  br eakdown beyond t he 
f r equency bel ow or  beyond t he cont r ol  of  t he Cont r act or ,  not i f y t he 
Gover nment  of  t he nat ur e of  t he mal f unct i on or  br eakdown wi t hi n [ 12 
hour s] [ _____] ,  and pr ovi de an est i mat e of  when t hat  par t  of  t he syst em 
wi l l  be back i n ser vi ce i f  t he Gover nment  appr oves a r epl acement .   
Dependi ng upon t he st at us of  t he const r uct i on at  t hat  t i me,  t he Gover nment  
wi l l  deci de whet her  or  not  a manual  backup syst em must  be i mpl ement ed by 
t he Cont r act or .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tai l or  t he t ext  f or  t he moni t or i ng pur poses 
of  t he i nst r ument s.   I f  t he syst em i s f or  moni t or i ng 
f or  l i f e saf et y dur i ng const r uct i on,  t hen t he 
Cont r act or  must  have t he syst em f ul l y oper at i onal  
wi t hi n 12 hour s and have suf f i c i ent  backups on si t e 
t o meet  t hi s r equi r ement .

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

Sensor  or  boar d r epl acement s must  be of  t he same model  ( manuf act ur er )  and 
t ype as i nst al l ed i n t he f i el d at  awar d of  t hi s cont r act  unl ess a newer  
t echnol ogy can be pr ovi ded t hat  meet s t he same or  bet t er  r equi r ement s and 
per f or mance.   Al l  devi at i ons r equi r e appr oval  of  t he Gover nment  pr i or  t o 
r epl acement .   Repl aced i nst r ument at i on component s must  be pr ogr ammed and 
shown t o f unct i onal l y wor k wi t h t he syst em pr i or  t o Gover nment  accept ance.

PART 3   EXECUTI ON

3. 1   PRE- I NSTALLATI ON ACCEPTANCE TESTI NG

Per f or m pr e- i nst al l at i on accept ance t est s t o ensur e sensor s and r eadout  
uni t s ar e f unct i oni ng cor r ect l y pr i or  t o i nst al l at i on.   Bl ank 
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pr e- i nst al l at i on accept ance t est  r ecor d f or ms f or  each i nst r ument  t ype 
must  be pr ovi ded by t he I nst r ument at i on Speci al i st .   For  pr e- i nst al l at i on 
accept ance t est s,  i ncl ude r el evant  i t ems f r om t he f ol l owi ng l i s t :

a.   Exami ne f act or y cal i br at i on cur ve and t abul at ed dat a t o ver i f y 
compl et eness.

b.   Exami ne manuf act ur er ' s f i nal  qual i t y assur ance i nspect i on checkl i st  t o 
ver i f y compl et eness.

c.   Check cabl e l engt h.

d.   Check ser i al  number s on i nst r ument  and cabl e.

e.   Check,  by compar i ng wi t h pr ocur ement  document ,  t hat  model ,  di mensi ons,  
and mat er i al s ar e cor r ect .

f .   Per f or m r esi st ance and i nsul at i on t est i ng,  accor di ng t o cr i t er i a 
pr ovi ded by t he i nst r ument  manuf act ur er ,  usi ng a gage i nsul at i on or  
c i r cui t  t est er  t hat  appl i es t wo vol t s or  l ess f or  r esi st ance t est i ng 
and 15 vol t s or  l ess f or  i nsul at i on t est i ng.

g.   Ver i f y t hat  al l  component s f i t  t oget her  i n t he cor r ect  conf i gur at i on.

h.   Check al l  component s f or  s i gns of  damage i n t r ansi t .

i .   Check t hat  quant i t i es r ecei ved cor r espond t o quant i t i es or der ed.

Repai r  or  r epl ace any i nst r ument  t hat  f ai l s  t he speci f i ed pr e- i nst al l at i on 
accept ance t est .

3. 2   PRODUCT HANDLI NG

3. 2. 1   Tr anspor t at i on and Handl i ng

Pack,  t r anspor t ,  and handl e al l  moni t or i ng equi pment  i n accor dance wi t h 
t he manuf act ur er ' s i nst r uct i ons.   Ar r ange del i ver i es of  moni t or i ng 
equi pment  wi t h pr oper  sequenci ng and schedul i ng i n accor dance wi t h t he 
appr oved Pr oj ect  Schedul e.   Coor di nat e del i ver i es t o avoi d conf l i c t  wi t h 
wor k,  condi t i ons at  t he s i t e,  and avai l abi l i t y  of  per sonnel  and handl i ng 
equi pment .

3. 2. 2   St or age and Pr ot ect i on

Use al l  means necessar y t o pr ot ect  moni t or i ng equi pment  bef or e,  dur i ng,  
and af t er  i nst al l at i on and t o pr ot ect  i nst al l ed wor k and mat er i al s 
i ncl udi ng exi st i ng i nst r ument at i on i nst al l ed by ot her s.   St or e al l  
moni t or i ng equi pment  i n st r i ct  accor dance wi t h t he manuf act ur er ' s 
r ecommendat i on wi t h al l  l abel s and seal s i nt act  and l egi bl e.   Ar r ange 
st or age of  moni t or i ng equi pment  t o per mi t  access f or  i nspect i on.   
Per i odi cal l y i nspect  t o assur e moni t or i ng equi pment  i s undamaged and i s 
pr oper l y mai nt ai ned.   Repl ace i n k i nd any equi pment  l ost ,  damaged or  
st ol en due t o negl i gence on t he par t  of  t he Cont r act or  at  no addi t i onal  
cost  t o t he Gover nment .

3. 3   I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nst al l at i on speci f i cat i ons have not  been 
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pr ovi ded f or  al l  t he i nst r ument s i ncl uded i n Par t  2 
-  Pr oduct s.   Onl y a f ew of  t he most  common 
i nst r ument s ar e det ai l ed bel ow,  f or  exampl e onl y,  
due t o var i abl e pr oj ect / s i t e condi t i ons and pr oduct  
speci f i c  r equi r ement s.   As not ed i n par agr aph 
I NSTALLATI ON PLANS bel ow,  det ai l ed met hod st at ement s 
f or  i nst al l at i on of  each t ype of  i nst r ument  ar e 
r equi r ed f or  Gover nment  r evi ew and appr oval  as par t  
of  t he I NSTRUMENTATI ON AND MONI TORI NG PLAN 
submi t t al .   I f  chosen by t he spec.  wr i t er ,  t hi s 
appr oach enabl es t he I nst r ument at i on Speci al i st ,  who 
i s sel ect i ng t he speci f i c  i nst r ument s f or  pur chase,  
t o pr ovi de a compr ehensi ve i nst al l at i on pl an 
consi st ent  wi t h t he cont r act  speci f i cat i ons,  s i t e 
speci f i c  condi t i ons/ const r ai nt s,  and i nst r ument  
manuf act ur er ' s r ecommendat i ons and r equi r ement s.   
The desi gner  shoul d i ncl ude pr oj ect  speci f i c  
i nst al l at i on r equi r ement s f or  each i nst r ument  t hey 
i ncl ude i n Par t  2 -  Pr oduct s.

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

3. 3. 1   Gener al

Pr ovi de al l  l abor ,  equi pment ,  mat er i al s,  and i nci dent al s r equi r ed t o 
i nst al l  and r ead t he i nst r ument s as shown on t he Cont r act  Dr awi ngs.   
I nst al l  i nst r ument s i n accor dance wi t h appr oved met hod st at ement s and t he 
manuf act ur er ' s r ecommendat i ons.  Upon compl et i on of  t he i nst al l at i on,  t est  
each i nst r ument  i n accor dance wi t h t he r ecommendat i ons of  t he 
manuf act ur er .   The Cont r act or  i s sol el y r esponsi bl e f or  i nst al l at i on and 
t he per f or mance of  t he i nst r ument at i on af t er  i nst al l at i on.  Af t er  
i nst al l at i on r epl ace any i noper at i ve or  poor l y per f or mi ng ( not  wi t hi n an 
accept abl e r ange/ cal i br at i ons)  i nst r ument at i on at  no addi t i onal  cost  t o 
t he Gover nment .   Obt ai n al l  necessar y per mi t s and pay associ at ed f ees 
r equi r ed t o const r uct  t he pr oj ect .   I mpl ement  t he t er ms and r equi r ement s 
of  t he per mi t s.   Submi t  Per mi t  Document at i on t o t he Gover nment  f or  r ecor d.

3. 3. 2   I nst al l at i on Pl ans

As out l i ned i n par agr aph I NSTRUMENTATI ON AND MONI TORI NG PLAN,  det ai l ed 
met hod st at ement s f or  i nst al l at i on of  each t ype of  i nst r ument  must  be 
submi t t ed f or  Gover nment  r evi ew and appr oval  pr i or  t o commenci ng 
i nst al l at i on.

3. 3. 3   Not i f i cat i on and Document at i on

Al l  i nst al l at i ons may be moni t or ed by t he Gover nment ' s Repr esent at i ve.   
Not i f y t he Gover nment  Poi nt  of  Cont act  at  l east  [ 24] [ _____]  hour s pr i or  t o 
t he i nst al l at i on of  each i nst r ument .  For  each i nst r ument  i nst al l ed,  
pr epar e,  and submi t  an I nst al l at i on Recor d i n PDF f or mat ,  i ncl udi ng but  
not  l i mi t ed t o i t ems l i s t ed bel ow.   Ent er  al l  as- bui l t  met adat a f or  each 
i nst r ument  i nt o t he ent er pr i se dat abase f or  t he pr oj ect  det ai l ed i n 
par agr aph AVAI LABI LI TY OF MONI TORI NG DATA.

3. 3. 4   I nst r ument  Coor di nat es

Sur vey f i nal  l ocat i on of  al l  i nst al l ed i nst r ument s ut i l i z i ng t he sur vey 
cont r ol  pr eci s i on and accur acy r equi r ement s r equi r ed by t hi s Cont r act .   
Pr ovi de [ east i ng and nor t hi ng] [ _____]  sur vey coor di nat es i n accor dance 
wi t h t he syst em and dat ums f or  t he pr oj ect .   Pr ovi de al l  r el evant  
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el evat i ons f or  i nst al l ed component s and sensi ng r egi ons,  and hol e 
i ncl i nat i on and azi mut h as di r ect ed by t he Gover nment .   Ensur e al l  st at i on 
and of f set  measur ement s f or  new i nst r ument s ut i l i ze t he est abl i shed 
st at i on l i ne of  t he pr oj ect .

3. 3. 5   Bor ehol e I nst al l at i ons

Per f or m bor ehol e dr i l l i ng i n accor dance wi t h t he [ Sect i on 02 32 13 
SUBSURFACE DRI LLI NG AND SAMPLI NG] [ t he Gover nment  st andar d dr i l l i ng 
speci f i cat i on pr ovi ded] . [   Adher e t o ER 1110- 1- 1807 f or  any bor ehol e 
dr i l l i ng i n ear t hen embankment  dams or  l evees or  t hose wi t h soi l  
f oundat i ons.   No dr i l l i ng or  excavat i on can occur  on a const r uct ed 
embankment  dam or  l evee unt i l  a Dr i l l i ng Pr ogr am Pl an has been appr oved by 
t he Gover nment .   Appendi x B of  ER 1110- 1- 1807 def i nes t he f or mat  of  t he 
Dr i l l i ng Pr ogr am Pl an. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   ER 1110- 1- 1807 appl i es t o i n- house and 
cont r act ed dr i l l i ng ef f or t s f or  ear t h embankment s or  
f oundat i ons associ at ed wi t h al l  dams and l evees t hat  
have a f eder al  i nt er est .   Dr i l l i ng i nt o,  i n c l ose 
pr oxi mi t y t o,  or  t hr ough embankment  dams and l evees 
and t hei r  f oundat i ons may pose si gni f i cant  r i sk t o 
t he st r uct ur es.   Wat er ,  compr essed ai r ,  and var i ous 
dr i l l i ng f l ui ds have been used as c i r cul at i ng medi a 
whi l e dr i l l i ng t hr ough ear t h embankment s and t hei r  
f oundat i ons.   Al t hough t hese met hods have been 
successf ul  i n accompl i shi ng t he i nt ended pur poses,  
t her e have been i nci dent s of  damage t o embankment s 
and f oundat i ons.   I deal l y,  i t  i s  best  i f  t he 
Gover nment  compl et es t he Dr i l l i ng Pr ogr am Pl an 
( DPP) ,  wi t h i nput  f r om t he Cont r act or  on pr oposed 
i t ems such as dr i l l  met hod,  dr i l l er  exper i ence  
However ,  i f  t he Cont r act or  i s t o pr epar e t he DPP i t  
i s  r ecommended t hat  t he Gover nment  i ndi cat e t hey 
wi l l  f ur ni sh cer t ai n del i ver abl es f or  use i n 
devel opment  of  t he pl an -  i t ems such as 
j ust i f i cat i on of  need f or  dr i l l i ng/ i nst r ument at i on,  
PFM' s,  exi st i ng dr awi ngs/ f oundat i on i nf or mat i on.  

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

I nst al l at i on pr ocedur es f or  i nst r ument s i n bor ehol es must  be per f or med i n 
such a manner  t hat  al l  st eps i n t he pr ocedur e can be qual i t y assur ed.   For  
each hol e,  mai nt ai n a det ai l ed l og,  r ecor di ng soi l / r ock and gr oundwat er  
condi t i ons encount er ed.   Pr i or  t o i nst al l i ng any i nst r ument  t hr ough dr i l l  
casi ng or  auger s,  t hor oughl y r emove al l  cut t i ng and mat er i al  adher i ng t o 
t he i nsi de of  t he casi ng or  auger s.   I nst r ument  i nst al l at i on i n a bor ehol e 
must  be compl et ed i n a cont i nuous oper at i on.   Par t i al l y  compl et ed 
i nst r ument  i nst al l at i ons must  not  be l ef t  i n unsuppor t ed bor ehol es 
over ni ght .   For  bor ehol es i n whi ch pi ezomet er s ar e t o be i nst al l ed,  
bent oni t i c  dr i l l i ng muds must  not  be used.   For  hol es wher e i nst r ument  
casi ng i s i nst al l ed,  ver i f y t hat  t he dr i l l ed hol e wi t hi n t wo degr ees of  
ver t i cal  ( pl umb)  t hr oughout  i t s l engt h and i s at  t he cor r ect  dept h. [   When 
dr i l l i ng bel ow t he wat er  t abl e or  when t he dr i l l  hol e must  not  r emai n 
open,  advance t he dr i l l  hol e usi ng a st eel  out er  casi ng and appr oved 
dr i l l i ng f l ui d.   Wi t hdr aw out er  casi ng af t er  i nst r ument  casi ng i s 
i nst al l ed and as t he hol e i s bei ng backf i l l ed.   Do not  r ot at e t he casi ng 
dur i ng r emoval .   St eel  out er  casi ngs r emai n t he pr oper t y of  t he 
Cont r act or .   Fi l l  annul ar  voi d bet ween dr i l l  hol e and i nst r ument  casi ng as 
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i ndi cat ed.   Backf i l l  each i nst r ument  speci f i cal l y as i ndi cat ed i n i t s 
i nst al l at i on speci f i cat i on bel ow or  as i ndi cat e on t he dr awi ngs.   Backf i l l  
must  be br ought  up i n an equal  f ashi on sur r oundi ng t he i nst r ument  and/ or  
casi ng.   Measur e t he dept h t o f i l l  sur f ace as t he wor k pr ogr esses ( at  t op 
of  each mat er i al  i ncr ement )  and conf i r m t he dept h r easonabl y mat ches t he 
expect ed dept h based on t he vol ume of  mat er i al  pl aced. ]   Recor d t he 
backf i l l  quant i t i es on t he i nst al l at i on r ecor d.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nst r ument at i on i nst al l at i on det ai l s 
pr esent ed bel ow ar e t o be pr oj ect  speci f i c  and 
shoul d be devel oped f ur t her  by t he desi gn 
engi neer s.   Dr i l l i ng,  gr out i ng or  wel l  i nst al l at i on 
may be descr i bed i n f ur t her  det ai l  i n a separ at e 
speci f i cat i on such as Sect i on 02 32 13 SUBSURFACE 
DRI LLI NG AND SAMPLI NG or  Sect i on 33 51 39 MONI TORI NG 
WELLS.   Al so see above NOTE under  par agr aph 
I NSTALLATI ON.

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

3. 3. 6   Por e- Pr essur e and Gr oundwat er  Moni t or i ng

3. 3. 6. 1   [ Open Tube Pi ezomet er ] [ Obser vat i on/ Moni t or i ng Wel l ]

I nst al l  t he [ open t ube pi ezomet er ] [ obser vat i on wel l ] [ moni t or i ng wel l ]  
i mmedi at el y af t er  each bor i ng i s compl et e t o t he desi gn dept h speci f i ed 
and as c l ose t o ver t i cal  as possi bl e.   Secur e t he scr een t o t he r i ser  
casi ng by f l ush- j oi nt ed t hr eads and pl ace usi ng cent r al i zer s.   Bef or e t he 
scr een and casi ng ar e pl aced on t he bot t om of  t he bor ehol e,  pl ace at  l east  
15 cm 6 i nches of  f i l t er  mat er i al  at  t he bot t om of  t he bor ehol e.   Pl ace 
f i l t er  mat er i al  ar ound t he scr een t o at  l east  61 cm 2 f eet  above t he t op 
of  t he scr een unl ess ot her wi se speci f i ed.   I f  hol l ow st em auger s ar e used,  
pl ace t he f i l t er  mat er i al  i n 15 t o 30 cm 6 t o 12 i nch l i f t s .   I f  t he 
bor ehol e i s open,  pl ace f i l t er  mat er i al  by t r emi e met hods,  usi ng wat er  t o 
wash t he sand t hr ough t he pi pe.   Af t er  t he f i l t er  mat er i al  has been 
i nst al l ed,  pl ace a mi ni mum 1- met er  3- f oot  t hi ck bent oni t e seal  above t he 
f i l t er  pack.   Gr anul ar  bent oni t e must  be pl aced i n dept h i ncr ement s not  
exceedi ng 30 cm 1 f oot .   Check t he dept h t o t he t op of  each i ncr ement  of  
sand or  gr anul ar  bent oni t e af t er  pl acement .   The bent oni t e seal  must  be 
al l owed t o hydr at e a mi ni mum of  ei ght  hour s or  t he manuf act ur er ' s 
r ecommended hydr at i on t i me,  whi chever  i s l onger .   Af t er  t he seal  has 
hydr at ed,  pump wel l - mi xed gr out  by t r emi e met hod i nt o t he annul ar  space 
ar ound t he casi ng.   Recor d t he vol ume of  gr out  used and compar e t o 
expect ed t o eval uat e excessi ve gr out  l oss.   Gr out  must  set  f or  a mi ni mum 
of  24 hour s bef or e sur f ace pad and pr ot ect i ve casi ngs ar e i nst al l ed.   
Const r uct  concr et e pad or  sur f ace compl et i on as shown on dr awi ngs.   For  
above gr ound compl et i ons,  i nst al l  a pai nt ed l ockabl e pr ot ect i ve casi ng 
ext endi ng a mi ni mum of  t wo f eet  above t he gr ound sur f ace.   For  f l ush mount  
compl et i ons,  i nst al l  a wat er pr oof  and wat er t i ght  pr ot ect i ve casi ng even 
wi t h t he gr ound sur f ace.   Al l  wat er t i ght  pr ot ect i ve hand hol es or  above 
gr ound casi ng must  be t he same and use t he same l ocki ng or  unl ocki ng 
mechani sm whi ch must  be pr ovi ded t o t he Gover nment  at  t he end of  
const r uct i on.

Af t er  compl et i on of  i nst al l at i on,  r ecor d an i ni t i al  r eadi ng of  t he open 
st andpi pe pi ezomet er .   An i ni t i al  r eadi ng consi st s of  t he aver age of  t hr ee 
r eadi ngs t aken wi t h a wat er  l evel  i ndi cat or  wher e t he i ndi cat or  i s r emoved 
f r om t he r i ser  pi pe bet ween each r eadi ng.   Then,  conduct  a 
post - i nst al l at i on accept ance t est  by per f or mi ng a f al l i ng head or  r i s i ng 
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head per meabi l i t y  t est .   Conduct  t he t est  i n accor dance wi t h pr ocedur es 
out l i ned i n Appendi x C of  EM 1110- 2- 1908,  i ncl udi ng r epor t  of  dat a and 
r esul t s.

3. 3. 6. 2   Ful l y Gr out ed Vi br at i ng Wi r e Pi ezomet er

I nst al l  t he v i br at i ng wi r e ( VW)  t r ansducer  i mmedi at el y af t er  each bor i ng 
i s compl et e t o t he dept h speci f i ed or  shown on t he dr awi ngs.   Mai nt ai n t he 
VW t r ansducer  i n a bucket  of  wat er  t o keep t he f i l t er  sat ur at ed f or  a 
mi ni mum of  30 mi nut es unt i l  i t  must  be r emoved t o at t ach t o t he gr out  
pi pe.   I mmedi at el y pr i or  t o at t achi ng t he t r ansducer  t o t he PVC gr out  
pi pe,  r emove t he t r ansducer  por ous t i p and f i l l  wi t h c l ean wat er .   Af t er  
r epl aci ng t he por ous t i p,  use el ect r i cal  t ape t o at t ach t he t r ansducer  t o 
t he gr out  pi pe upsi de down wi t h t he por ous t i p f aci ng up.   The por ous t i p 
must  not  be cover ed wi t h el ect r i cal  t ape.   Secur e t he t r ansducer  cabl e t o 
t he casi ng j ust  bel ow t he t r ansducer .   Loop t he cabl e t o r un up t he casi ng 
past  t he VW t r ansducer  and event ual l y t o t he sur f ace.   The cabl e must  be 
r ot at ed ar ound t he casi ng t o mi ni mi ze br i dgi ng of  gr out .   Avoi d shar p 
bends i n t he cabl e.   Lower  t he gr out  pi pe wi t h at t ached VB t r ansducer  and 
cabl e i nt o t he hol e t o t he r equi r ed dept h.   Read t he pi ezomet er  t o ensur e 
i t  agr ees ( wi t hi n pl us or  mi nus 10 mm 0. 4 i nch)  wi t h t he wat er  head as 
det er mi ned by a wat er  l evel  i ndi cat or ,  and r ecor d t he el evat i on of  t he 
di aphr agm.   Use a dr i l l  r i g pump or  s i mi l ar  t o f i r st  t hor oughl y mi x t he 
cement  i nt o t he wat er  f or  t he cement - bent oni t e gr out ,  and t hen car ef ul l y 
add t he bent oni t e t o ensur e t hat  c l umps do not  f or m and t he r equi r ed 
vi scosi t y i s at t ai ned.   Per f or m a Mar sh Funnel  v i scosi t y t est  t o ver i f y 
t he t ar get  v i scosi t y of  [ 50 t o 60] [ _____]  seconds i s obt ai ned pr i or  t o 
gr out  pl acement .  Do not  pump gr out  i nt o t he bor ehol e,  but  pl ace gr out  
usi ng a t r emi e pi pe wi t h s i de di schar ge por t s t hat  r emai n submer ged i n t he 
gr out  dur i ng t he ent i r e gr out i ng pr ocess.   I nj ect  gr out  t o wi t hi n 30 cm 1 
f oot  of  t he gr ound sur f ace and al l ow t o set t l e.   Af t er  set t l ement  has 
occur r ed,  t op of f  t he gr out  t o 30 cm 1 f oot  bel ow t op of  gr ound sur f ace.   
Mound nat ur al  soi l  at  t he gr ound sur f ace t o pr omot e wat er  dr ai nage away 
f r om t he pi ezomet er .

Af t er  compl et i on of  i nst al l at i on,  t ake a basel i ne r eadi ng.   A basel i ne 
r eadi ng wi l l  consi st  of  t he aver age of  a mi ni mum of  t hr ee st abl e r eadi ngs.  
Const r uct  sur f ace component s and pi ezomet er  cabl e r out i ng and bur i al  as 
speci f i ed and/ or  shown on t he dr awi ngs.   Pr ot ect  i nst r ument  cabl es f r om 
mechani cal  or  weat her  r el at ed damage.   Fr ee ends of  cabl es must  be 
pr ot ect ed at  al l  t i mes.   Accur at el y r ecor d and cl ear l y mar k t he posi t i on 
of  al l  bur i ed cabl es.   I ncl ude any i ssues or  changes t hat  occur r ed dur i ng 
t he const r uct i on i n t he I nst al l at i on Recor d submi t t al ,  al ong wi t h al l  
r equi r ed i nst al l at i on document at i on det ai l ed i n par agr aph NOTI FI CATI ON AND 
DOCUMENTATI ON.

3. 3. 7   Def or mat i on/ Di spl acement

3. 3. 7. 1   I ncl i nomet er  Casi ng

I nst al l  i ncl i nomet er  casi ng i mmedi at el y af t er  each bor i ng i s compl et e t o 
t he desi gn dept h speci f i ed and as c l ose t o ver t i cal  as possi bl e.   Anchor  
casi ng pr i or  t o gr out i ng t o pr event  excess def or mat i on.   Or i ent  
i ncl i nomet er  casi ngs such t hat  one axi s of  t he i nt er nal  gr ooves ar e 
per pendi cul ar  t o t he expect ed di r ect i on of  movement .   Mai nt ai n gr oove 
or i ent at i on t hr oughout  i nst al l at i on.   Dur i ng and af t er  i nst al l at i on,  
casi ng gr oove spi r al  must  not  exceed one degr ee per 3 met er s 10 f eet  of  
l engt h.
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Af t er  compl et i on of  i nst al l at i on,  compl et e a post - i nst al l at i on accept ance 
t est  t o ver i f y t hat  t her e i s no gr out  i n t he i ncl i nomet er  casi ng,  t hat  
gr oove or i ent at i on,  spi r al  l i mi t at i ons,  and ver t i cal i t y sat i sf y t he 
speci f i cat i ons,  and t hat  t he i ncl i nomet er  pr obe t r acks cor r ect l y i n al l  
f our  or i ent at i ons.   Per f or m a ver t i cal  sur vey of  t he i nst al l ed 
i ncl i nomet er  casi ng at  60- cm 2- f oot  dept h i nt er val s usi ng t he st andar d 
pr obe,  t o det er mi ne t he ver t i cal  pr of i l e of  t he casi ng,  and devel op an 
i ni t i al  dat a set .   I ncl ude any i ssues or  changes t hat  occur r ed dur i ng t he 
const r uct i on i n t he I nst al l at i on Recor d submi t t al ,  al ong wi t h al l  r equi r ed 
i nst al l at i on document at i on det ai l ed i n par agr aph NOTI FI CATI ON AND 
DOCUMENTATI ON.

3. 3. 8   Load/ St r ess

3. 3. 8. 1   Load Cel l s

Conduct  a mi ni mum of  t hr ee sequent i al  l i f t - of f  t est s t o det er mi ne t he 
cor r el at i on bet ween t he act ual  hydr aul i c j ack l oad and t he measur ed l oad 
i n t he l oad cel l  f ol l owi ng l ock- of f .   Fol l owi ng l ock- of f  and l i f t - of f  
t est i ng,  r ead t he l oad cel l  t wi ce dai l y f or  a per i od of  at  l east  one week 
t o document  dr i f t  or  changes i n t he l oad cel l  r eadi ngs.   I f  r eadi ngs do 
not  st abi l i ze wi t hi n appr oxi mat el y 1 per cent  of  t he l ock- of f  l oad,  pr ovi de 
an assessment  i n wr i t i ng f or  appr oval  of  t he possi bl e r easons f or  t he 
dr i f t  and t he r esul t s submi t t ed.   Cont r act or  must  not  backf i l l  ar ound t he 
l oad cel l s unt i l  dr i f t  char act er i st i cs have been document ed,  submi t t ed i n 
wr i t i ng,  and appr oved by t he Gover nment .

3. 4   DATA COLLECTI ON

At  a mi ni mum,  col l ect  t he f ol l owi ng dat a as appl i cabl e t o each t ype of  
i nst r ument  i nst al l ed:

a.   I nst r ument  I D Name

b.   I nst r ument  Type

c.   Dat e and Ti me

d.   Reser voi r  Pool  El evat i on

e.   Tai l wat er  El evat i on

f .   Obser ver

g.   Readout  uni t  number  and l ast  cal i br at i on dat e i f  appr opr i at e.

h.   Readi ngs

i .   Vi sual  Obser vat i ons ( e. g.  l oose mount i ng mat er i al s,  r ust i ng,  bat t er y 
l eakage,  UV damage t o i nst r ument ,  wi r e or  casi ng)

j .   Ot her  per t i nent  dat a,  i ncl udi ng weat her ,  t emper at ur e,  const r uct i on 
act i v i t i es,  and any event s t hat  coul d i nf l uence change i n t he dat a.

3. 4. 1   Basel i ne Readi ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I t  i s  r ecommended t hat  basel i ne r eadi ngs be 
r ecor ded f or  at  l east  6 mont hs pr i or  t o t he 
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const r uct i on st ar t i ng f or  pr oj ect s i nvol v i ng l i f e 
saf et y.   Thi s l onger  dur at i on of  basel i ne r eadi ngs 
hel ps i dent i f y di ur nal  and seasonal  ef f ect s,  whi ch 
can i mpr ove i nt er pr et at i on of  " unusual "  r eadi ngs.   
However ,  t hi s i s not  al ways al l owabl e and shor t er  
t i me f r ames ar e of t en consi der ed.

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

Obt ai n i ni t i al  r eadi ngs f r om al l  i nst r ument s i mmedi at el y af t er  t hei r  
i nst al l at i on and enough t i mes ( see r eadi ng f r equenci es i n t abl e of  
par agr aph Fr equency of  Moni t or i ng)  bef or e const r uct i on begi ns i n or der  t o 
ver i f y t hat  t he i nst r ument  r eadi ngs have st abi l i zed,  and i ni t i al  ( ambi ent )  
condi t i ons ar e est abl i shed.   Col l ect  i ni t i al  or  basel i ne r eadi ngs f or  a 
mi ni mum of  [ 6 mont hs] [ 1 mont h] [ 2 weeks] .   Eval uat e basel i ne r eadi ngs and 
det er mi ne t he cause of  any dat a anomal i es r ecor ded.   Those i nst r ument s 
t hat  ar e t o be i nst al l ed wi t h t he pur pose of  moni t or i ng t he ef f ect  of  t he 
const r uct i on wor ks on sur r oundi ng st r uct ur es/  bui l di ngs/  ut i l i t i es or  
t er r ai n must  be i nst al l ed,  t est ed f or  accept ance and f ul l y oper at i onal  at  
l east  [ 10 days] [ _____]  pr i or  t o t he commencement  of  t he const r uct i on wor ks 
whose ef f ect s ar e t o be moni t or ed,  wi t h t he addi t i onal  r equi r ement s as 
l i s t ed.

3. 4. 2   Fr equency of  Moni t or i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t abl e bel ow i ncl udes gener al  mi ni mum 
r ecommended moni t or i ng f r equenci es adapt ed f r om 
Tabl e 8. 1 of  EM 1110- 2- 1908 f or  t he enhanced or  
dur i ng const r uct i on moni t or i ng condi t i on.   When 
def i ni ng t he r eadi ng f r equency of  an i nst r ument ,  
al so consi der  t he f r equency used i n t he dat a 
eval uat i on cal cul at i ons,  par t i cul ar l y f or  a r at e of  
change eval uat i on met hod.   For  exampl e,  i f  a r at e of  
change eval uat i on met hod i s used,  t he di f f er ence 
bet ween consecut i ve 15 mi nut e r eadi ngs may not  r ai se 
a f l ag,  but  a r at e of  change cal cul at ed over  a 1 
hour  per i od mi ght .

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

The mi ni mum f r equency of  moni t or i ng pr esent ed her ei n ( see t abl e bel ow)  may 
be subj ect  t o adj ust ment  i n accor dance wi t h f i el d behavi or ,  or  as 
r equest ed by t he Gover nment .   The f r equency and ext ent  of  moni t or i ng ar e 
subj ect  t o change i n accor dance wi t h t he t hr eshol d and l i mi t i ng l evel s 
descr i bed her ei n or  as est abl i shed i n t he appr oved I nst r ument at i on and 
Moni t or i ng Pl an.

I nst r ument  Type Dat a Col l ect i on Met hod Readi ng Fr equency ( Mi ni mum)

Cr ack Pi ns Manual
Aut omat ed

Weekl y
Weekl y/ Dai l y

Ext ensomet er s Manual
Aut omat ed

Weekl y
Weekl y/ Dai l y

I ncl i nomet er s Manual
Aut omat ed

Weekl y
Weekl y/ Dai l y

Pi ezomet er s or  Obser vat i on 
Wel l s

Manual
Aut omat ed

Dai l y
Ever y 15 mi nut es

Pr essur e Rel i ef  Wel l s or  
Wel l  Poi nt s

Manual
Aut omat ed

Weekl y/ Dai l y
Dai l y
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Seepage Measur ement  Devi ces Manual
Aut omat ed

Weekl y
Dai l y

Set t l ement  Gauges Manual
Aut omat ed

Mont hl y
N/ A

Sur f ace Monument s and Sur vey 
Poi nt s

Manual
Aut omat ed

Mont hl y
Dai l y

Ti l t met er s Manual
Aut omat ed

Weekl y
Dai l y/ Hour l y

3. 4. 3   Manual  Readi ngs

Col l ect  and r econci l e manual  i nst r ument at i on dat a t o t he [ i nst r ument at i on 
EDB] [ _____]  wi t hi n [ 4] [ _____]  hour s of  dat a col l ect i on.   Di gi t al  dat a 
col l ect i on devi ces may be used t o f aci l i t at e r api d i nput  of  dat a wi t hout  
r edundant  manual  dat a ent r y.

3. 4. 4   I nst r ument at i on Met adat a

At  a mi ni mum,  col l ect  t he f ol l owi ng dat a f or  each i nst r ument  i nst al l ed and 
add t o t he appr opr i at e t abl e of  t he i nst r ument at i on EDB:

a.   I nst r ument  I D

b.   I nst r ument  t ype

c.   I nst r ument  manuf act ur er

d.   Dat e of  i nst al l at i on

e.   Aut omat i on st at us

f .   I nst r ument  east i ng and nor t hi ng coor di nat es i n t he same coor di nat e 
syst em and dat ums as exi st i ng i nst r ument at i on.

g.   I nst r ument at i on sur f ace el evat i on

h.   I nst r ument  bot t om of  i nst al l at i on el evat i on

i .   Top and bot t om el evat i ons of  al l  i nst r ument  sensi ng zones ( as 
appl i cabl e)

j .   Top and bot t om el evat i ons of  al l  r el evant  i nst al l ed f eat ur es ( i . e.  
concr et e,  f i l t er ,  sensor s,  st andpi pe)

3. 4. 5   Aut omat ed Dat a Acqui s i t i on Syst em ( ADAS)

3. 4. 5. 1   Cyber  Secur i t y Compl i ance ( ECB 2018- 11)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e i s a cyber  secur i t y UFGS t hat  may be 
r ef er enced i f  used -  i t ' s  Sect i on 25 05 11 
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS.

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

Aut omat ed dat a acqui s i t i on syst ems col l ect ,  pr ocess,  st or e and t r ansmi t  
dat a.   They ar e not  SCADA syst ems and t hus t hey wi l l  not  cont r ol  any 
cr i t i cal  i nf r ast r uct ur e i ncl udi ng but  not  l i mi t ed t o gat es,  val ves,  
ut i l i t i es,  t r af f i c  cont r ol ,  secur i t y,  f i r e,  or  l i f e saf et y syst ems.
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3. 4. 5. 2   Pr ogr ammi ng

Pr ogr ammi ng of  dat al ogger s must  be per f or med i n a l ogi cal ,  wel l - annot at ed 
way.   Dat a l ogger  communi cat i ons may be encr ypt ed f or  secur i t y,  but  t he 
pr ogr am must  be accessi bl e by t he Gover nment  on syst ems t hat  wi l l  be owned 
or  oper at ed by t he Gover nment .   Pr ovi de a copy of  t he pr ogr am wi t h t he 
code annot at ed.   The annot at i ons must  be descr i pt i ve and expl ai n t he 
di f f er ent  sect i ons and cl ear l y def i ne const ant s.  

3. 4. 5. 3   Test i ng

I nst al l  and t est  t he aut omat i on syst em i n t he pr esence of  t he Gover nment ' s 
desi gnat ed r epr esent at i ve.

3. 4. 5. 4   Pr oj ect  Speci f i c  Oper at i ons Manual

Submi t  an oper at i ons manual  i ncl udi ng wi r i ng di agr ams,  phot os of  t he 
i nsi de of  each Dat a Logger ,  RI O,  LMU,  RMU,  or  ot her  boxed t r ansmi ssi on 
devi ce as wel l  as each i nst r ument  l ocat i on wi t h c l ear  v i ews of  t he 
i nst r ument  showi ng wi r i ng and l ocat i on of  al l  component s,  cut  sheet s,  
cal i br at i on sheet s,  dat al ogger  pr ogr ams,  component  conf i gur at i on set t i ngs,  
t r oubl eshoot i ng,  as- bui l t  dr awi ngs,  and mai nt enance r equi r ement s.  

3. 4. 5. 5   As- Bui l t s

Pr ovi de as- bui l t  dr awi ngs i ncl udi ng i nst al l at i on/ const r uct i on di agr ams as 
wel l  as i nst r ument  l ocat i ons,  dat al ogger  or  ot her  r eadout  devi ces,  
condui t ,  t r enchi ng and cabl i ng.   I n addi t i on t o f ul l  scal e dr awi ng 
as- bui l t s r equi r ed as par t  of  t he const r uct i on cont r act ,  i ncl ude 28 by 
43- cm 11 x 17- i nch si ze as- bui l t s as an appendi x i n t he Pr oj ect  Speci f i c  
Oper at i ons Manual .

3. 5   ANALYSI S,  REPORTI NG,  AND PRESENTATI ON OF MONI TORI NG DATA

I f  not  expl i c i t l y  st at ed her ei n,  anal ysi s,  r epor t i ng,  and pr esent at i on of  
moni t or i ng dat a must  be consi st ent  wi t h t he gui dance pr ovi ded i n 
EM 1110- 2- 1908.

3. 5. 1   Anal ysi s of  Moni t or i ng Dat a

Compar e each acqui r ed i nst r ument  r eadi ng wi t h t he pr evi ous r eadi ngs of  
t hat  i nst r ument  and t he expect ed r eadi ng based on si t e condi t i ons and i n 
r ef er ence t o basel i ne r eadi ngs.   I nt er pr et at i on of  dat a al so i ncl udes 
maki ng cor r el at i ons bet ween i nst r ument at i on dat a and speci f i c  const r uct i on 
act i v i t i es.   Det er mi ne whet her  t he i nst r ument at i on r esponse t o 
const r uct i on act i v i t i es i s r easonabl e.   Dat a i nt er pr et at i on and anal ysi s 
shoul d consi der  i nst r ument  pr eci s i on l evel s and er r or s,  dat a capt ur i ng 
er r or s and necessar y cor r ect i ons i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons.   I n addi t i on,  dat a anal ysi s shoul d consi der  connect i ons t o 
r ecor ds of  const r uct i on and weat her - r el at ed act i v i t i es at  t he s i t e.   
Per f or m anal yses i n a t i mel y manner  t o capt ur e i ndi cat i ons of  di st r ess 
devel opment ,  t he possi bl e need f or  i nst r ument  mai nt enance,  and t o check 
f or  pr oper  f unct i oni ng.   Det er mi ne i f  a t hr eshol d val ue has been exceeded,  
and i f  so,  pr oceed i n accor dance wi t h par agr aph RESPONSE ACTI ONS.   I f  t he 
compar i son i ndi cat es t hat  changes ar e not  t ypi cal  of  pr evi ous changes,  
det er mi ne whet her  t he r eadi ng i s er r oneous or  l egi t i mat e.   Er r oneous 
r eadi ngs i ncl ude r eadi ngs out si de t he accur aci es,  r epeat abi l i t y ,  st andar d 
devi at i ons,  and t ol er ances speci f i ed her ei n or  as i ndi cat ed by t he 
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manuf act ur er .   Ensur e,  and document ,  pr oper  qual i t y cont r ol  i s  bei ng 
conduct ed on t he anal yses and r esul t s.  

3. 5. 2   Moni t or i ng Dat a Repor t s

Submi t  moni t or i ng dat a r epor t s,  consi st i ng of  al l  pr ocessed 
i nst r ument at i on dat a conver t ed t o st andar d Engl i sh uni t s of  measur e,  t o 
t he Gover nment ' s Repr esent at i ve at  def i ned i nt er val s t hr oughout  t he 
const r uct i on per i od.   I ncl ude r eadi ngs f or  al l  i nst r ument s.   Readi ngs ar e 
t o be cumul at i ve f or  t he r epor t i ng per i od.   NO DAI LY AVERAGI NG OF 
AUTOMATED DATA WI LL BE ALLOWED.  

a.   For  t he dur at i on of  t he cont r act ,  submi t  [ mont hl y] [ weekl y]  Moni t or i ng 
Dat a Repor t s wi t hi n [ 24 hour s] [ _____]  f r om t he l ast  day cover ed i n t he 
r epor t .  Each r epor t  must  i ncl ude anal ysi s of  t hat  [ mont h' s] [ week' s]  
dat a col l ect i on and f i ndi ngs i n r el at i onshi p t o wor k per f or med on- si t e 
whi ch may i mpact  r eadi ngs.   Pr ovi de cumul at i ve pl ot s of  dat a f or  t he 
r epor t i ng per i od.  Pl ot t ed val ues must  be di scr et e -  no dai l y aver agi ng 
bet ween successi ve dat a poi nt s.   Repor t s may be r equest ed at  a hi gher  
f r equency by t he Gover nment  f or  speci al  i nst r ument at i on eval uat i on 
pur poses.   Pr ovi de such r epor t s f ol l owi ng t he same f or mat  as 
[ mont hy] [ weekl y]  r epor t s or  as di r ect ed by t he Gover nment ' s aut hor i zed 
r epr esent at i ve.

b.   Ensur e al l  er r oneous dat a i s masked f r om pl ot s,  but  i t  must  r emai n i n 
t he r aw dat a f i l e and be f l agged as er r oneous dat a i n t he dat abase 
wi t hi n a speci f i cal l y desi gnat ed f i el d.

c.   Reduce al l  aut omat ed sensor  r eadi ngs i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons and equat i ons.

3. 5. 3   Pr esent at i on of  Moni t or i ng Dat a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I t  i s  r ecommended t hat  Sect i on 01 31 20 
PROJECT TECHNI CAL DATA MANAGEMENT AND VI SUALI ZATI ON 
be i ncl uded i n t he cont r act  speci f i cat i ons package 
f or  t he pr oj ect  and r ef er enced her ei n.   I f  i ncl uded,  
r evi ew t he f ol l owi ng par agr aphs and r emove r edundant  
i nf or mat i on t hat  i s i ncl uded i n Sect i on 01 31 20.

I f  t he web i nt er f ace needs t o have a geospat i al  
component ,  t hat  l anguage must  be added -  t hi s 
l anguage wi l l  onl y get  a gr aphi cal  di spl ay out put  of  
t he i nst r ument at i on r eadi ngs accor di ng t o t he 
r equi r ement s speci f i ed i n " Gr aphi cs" .  

Ensur e t hat  t he f or mat  can be r eadi l y upl oaded i nt o 
t he syst em you ar e usi ng as your  f i nal  st or age 
l ocat i on.   The best  way t o accompl i sh t hi s woul d be 
t o pr ovi de t he dat a di ct i onar y of  t he f i nal  dat abase 
schema t o t he Cont r act or  and r equi r e t hey use t he 
same t abl es,  f i el ds,  f i el d t ypes and r el at i onshi ps.  

Once pr oj ect s ar e f ul l y  i nt egr at ed t o MI DAS,  t he web 
i nt er f ace may become obsol et e because MI DAS wi l l  
of f er  most  pl ot t i ng f unct i onal i t y needed.   I f  t he 
Gover nment  wi l l  r et r i eve and host  i t s own dat a 
t hr ough MI DAS or  anot her  web- based dashboar d 

SECTI ON 33 51 43  Page 56



pl at f or m,  r emove t hi s r equi r ement .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3. 5. 3. 1   Web I nt er f ace of  I nt er act i ve and St at i c Repor t s of  Dat a

Thr ough t he use of  a secur e web i nt er f ace,  est abl i sh i nt er act i ve and 
st at i c r epor t s gener at ed f r om t he i nst r ument at i on dat a gat her ed at  t he 
s i t e.   Est abl i sh t he web i nt er f ace wi t hi n 30 days f ol l owi ng Not i ce t o 
Pr oceed.   Pr ovi de backups f or  t he websi t e i n accor dance wi t h t he 
r equi r ement s st at ed i n par agr aph DATA REQUI REMENTS.   The i nt er f ace must  be 
i nt ui t i ve,  easy t o navi gat e,  and i ncl ude al l  gr aphi cal  pl ot s and di spl ays 
as det ai l ed i n t hi s sect i on.   Wi t hi n [ 60] [ _____]  days of  t he not i ce t o 
pr oceed,  pr ovi de a pr esent at i on ( f or  t r ai ni ng pur poses)  of  al l  component s 
of  t he web i nt er f ace f or  submi t t al  appr oval  by t he Gover nment .  

3. 5. 3. 2   Qui ck Ref er ence Gui de

Wi t hi n [ 60] [ _____]  days of  t he Not i ce t o Pr oceed,  pr oduce and submi t  a 
di gi t al  and paper  Qui ck Ref er ence Gui de f or  use of  t he websi t e t hat  meet s 
t he f ol l owi ng mi ni mum cr i t er i a:  

a.   Descr i bes i n det ai l  t he websi t e st r uct ur e and cont ent s.

b.   Descr i bes i n det ai l  t he l ocat i on and st eps t o use t he f eat ur es and 
f unct i onal i t y.

c.   Descr i bes i n det ai l  how t o downl oad pl ot s and ot her  gr aphi cal  di spl ays.

d.   I s desi gned i n a s i mpl i f i ed,  i ndexed,  and wel l - or gani zed manner .

e.   I ncl udes web addr esses of  web- host ed si t es i n use,  and POC i nf or mat i on 
f or  admi ni st r at or s who can pr ovi de user - access t o t he Gover nment .

3. 5. 3. 3   Tr ai ni ng

Wi t hi n [ 60] [ _____]  days of  t he Not i ce t o Pr oceed,  pr ovi de t r ai ni ng 
sessi ons,  on si t e or  at  t he Gover nment  of f i ce -  as coor di nat ed wi t h t he 
Gover nment ,  t o f ami l i ar i ze and t r ai n Gover nment  user s on t he web 
i nt er f ace.   Pr ovi de [ 2]  sessi ons,  [ 2 hour s]  i n l engt h each.

3. 5. 3. 4   Gr aphi cs

a.   Reduce pi ezomet r i c dat a t o el evat i on i n met er s f eet  and pl ot  i t ,  al ong 
wi t h headwat er  and t ai l wat er  el evat i ons,  ver sus t i me. .  The Y axi s 
showi ng el evat i on must  not  be a dynami c axi s.  Pl ot  val ues t oget her  on 
one scal e r ange of  t he X axi s.

b.   Reduce al i gnment  pi n r eadi ngs t o t ot al  hor i zont al  and ver t i cal  
movement  ( i n cm i nches)  f r om t he i ni t i al  posi t i ons and pl ot  ver sus 
t i me.

c.   Reduce and pl ot  i ncl i nomet er  dat a vs dept h.

d.   Reduce wei r  dat a and pl ot  as a t i me ser i es.

e.   For  weekl y r epor t s,  t he dat a pl ot t ed ver sus t i me must  be shown i n 
pl ot s spanni ng t he one- mont h r epor t  per i od,  one year  per i od,  and 
l i f et i me per i od.  I ndi cat e on t he pl ot s maxi mum and mi ni mum i nst r ument  
r eadi ngs spanni ng t he l i f e of  t he i nst r ument .   I ncl ude t he f ol l owi ng 
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i nf or mat i on f or  t he r eadi ng dat a:

( 1)  i nst r ument  l ocat i on number ,  
( 2)  dat e of  r eadi ng,
( 3)  r educed r eadi ngs,  
( 4)  al l  r emar ks f r om any f i el d obser vat i ons,  
( 5)  wat er  el evat i on,  
( 6)  ot her  wor k compl et ed wi t hi n t he v i c i ni t y pl ot t ed on t he dat e i n 

whi ch i t  t ook pl ace,  
( 7)  excavat i on el evat i on near  t hat  i nst r ument ,  and 
( 8)  ambi ent  t emper at ur e.

f .   Pl ot  Aut omat ed Robot i c Tot al  St at i on Moni t or i ng syst em dat a as x,  y,  z 
and r esul t ant  di spl acement  ver sus t i me,  and pr ovi de i n t abul ar  f or mat .

3. 5. 3. 5   Di scussi on

Al l  aut omat ed dat a must  i ncl ude cor r ect i ons f or  t emper at ur e and/ or  
bar omet r i c pr essur es changes,  as r ecommended by t he manuf act ur er  ( and 
necessar y f or  cal cul at i ons) .   I n al l  r epor t s gener at ed,  i ncl ude a wr i t t en 
descr i pt i on of  how t he dat a was r educed,  i ncl udi ng any equat i ons ut i l i zed.

3. 6   AVAI LABI LI TY OF MONI TORI NG DATA

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I t  i s  r ecommended t hat  Sect i on 01 31 20 
PROJECT TECHNI CAL DATA MANAGEMENT AND VI SUALI ZATI ON 
be i ncl uded i n t he cont r act  speci f i cat i ons package 
f or  t he pr oj ect  and r ef er enced her ei n.   I f  i ncl uded,  
r evi ew t he f ol l owi ng par agr aphs and r emove r edundant  
i nf or mat i on t hat  i s i ncl uded i n Sect i on 01 31 20.

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

3. 6. 1   Websi t e Access

3. 6. 1. 1   Secur i t y Cr edent i al s

Pr ovi de 24/ 7 r ead access t o t he dat a t o t he Gover nment ,  t he Cont r act or ,  
and any r el at ed subcont r act or s f or  t he dur at i on of  t hi s cont r act .   Wi t hi n 
30 days of  Not i ce t o Pr oceed,  pr ovi de t he COR any necessar y user name and 
passwor d or  ot her  secur i t y cr edent i al  f or  access.   For  new per sonnel  
r equest ed by t he Gover nment  t hr oughout  t he cont r act ,  gr ant  access and 
pr ovi de secur i t y cr edent i al s wi t hi n 48 hour s of  t he r equest .

3. 6. 1. 2   Dat a Updat e and Di spl ay

The websi t e must  updat e al l  aut omat ed dat a wi t hi n [ 10 mi nut es] [ _____]  of  
dat a col l ect i on at  a speci f i c  i nst r ument .   Post  al l  manual l y r ead 
i nst r ument s and sur veyed i nst r ument  dat a t o t he websi t e wi t hi n [ 4 
hour s] [ _____]  of  dat a col l ect i on on t hat  speci f i c  i nst r ument .  Pl ot  scal es,  
of f set ,  and l ayout s must  be edi t abl e by user s,  wi t h t he new sel ect ed 
def aul t s saved f or  each user .

Di spl ays must  i ncl ude aut omat i cal l y updat ed pl ot s f r om al l  i nst r ument at i on 
as out l i ned i n ANALYSI S,  REPORTI NG AND PRESENTATI ON OF DATA.

3. 6. 1. 3   Si t e Oper abi l i t y  and Useabi l i t y

The websi t e must  be f ul l y f unct i onal ,  cur r ent ,  easy t o navi gat e,  
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accessi bl e t hr ough Gover nment  VPN,  and compl et e wi t h al l  i nst r ument at i on 
dat a avai l abl e f or  r et r i eval  by bot h aut omat ed and manual  met hods.   
Demonst r at e t he syst em t o t he Gover nment  pr i or  t o Syst em/ Websi t e 
Tr ai ni ng.   I f  t he websi t e i s not  f unct i onal ,  wi t h dat a avai l abl e and easy 
t o r ead,  per t i nent  payment s wi l l  be wi t hhel d unt i l  t he i ssue i s r esol ved 
and accept abl e t o t he Gover nment .  

3. 6. 2   Raw Dat a

Fur ni sh al l  col l ect ed dat a i n a nat i ve CSV or  TOA5 Dat a For mat .   Dat a must  
have,  at  a mi ni mum,  I nst r ument  I d,  t i mest amp,  and val ue.   Submi t  r aw dat a 
f i l es v i a t he [ pr oj ect  SFTP] [ _____]  wi t hi n [ 24 hour s] [ _____]  of  gener at i on.

3. 7   THRESHOLDS AND RESPONSE ACTI ONS

3. 7. 1   Thr eshol d Val ues

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See Tabl e 8. 2 of  USACE EM 1110- 2- 1908 ( 30 
Nov.  2020)  f or  exampl e t hr eshol ds t o t r i gger  
r esponse eval uat i on f or  var i ous geot echni cal  
i nst r ument s.

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

Moni t or  i nst r ument  r eadi ngs agai nst  t he Al er t  and Act i on Thr eshol d Val ues 
as def i ned i ndi v i dual l y f or  i nst r ument s [ i n t he t abl e bel ow]  [ as out l i ned 
i n t he I nst r ument at i on and Moni t or i ng Pl an pr epar ed by t he I nst r ument at i on 
Speci al i st  and appr oved by t he Gover nment ] .   The act i ons t o be i mpl ement ed 
when t hese Thr eshol d Val ues ar e r eached ar e r ef er r ed t o as Response 
Act i ons and ar e expl ai ned i n par agr aph RESPONSE ACTI ONS.   Thr eshol d val ues 
must  be i dent i f i ed on r espect i ve pl ot s.

THRESHOLD VALUES

I nst r ument  Type I nst r ument  I Ds Uni t  of
Measur e

Al er t
Thr eshol d

Val ue

Act i on
Thr eshol d Val ue

Pi ezomet er [ _____]  m f t [ _____]  m f t ,
or  r at e of

change

3. 7. 2   Response Act i ons

I f  an Al er t  Thr eshol d Val ue i s r eached,  t he Cont r act or ' s I nst r ument at i on 
Speci al i st  must  i mmedi at el y eval uat e t he i nst r ument  r esponse by col l ect i ng 
a manual  r eadi ng i f  possi bl e,  and al so i n r el at i on t o weat her  and physi cal  
condi t i ons at  t he l ocat i on of  t he i nst r ument  and pr ovi de an updat e t o t he 
Cont r act or  and Gover nment .

Wi t hi n [ 24 hour s] [ _____] ,  anal yze t he i nst r ument  r esponse and submi t  an 
I nst r ument  Al er t  Assessment  pr ovi di ng an assessment  of  t he cause of  t he 
al er t  and pr edi ct  f ur t her  r esponses and t hei r  ef f ect  based on t he t r end t o 
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dat e.   I ncl ude r ecommendat i on f or  any cor r ect i ve act i on,  i f  needed.  

I f  an Act i on Thr eshol d Val ue i s r eached,  t he Cont r act or  must  i mmedi at el y 
st op wor k,  r emove per sonnel  f r om t he af f ect ed wor k ar ea,  and i mpl ement  t he 
emer gency r esponse act i ons i ncl uded i n t he I nst r ument at i on and Moni t or i ng 
Pl an pr evi ousl y appr oved by t he Gover nment .   The I nst r ument at i on 
Speci al i st  must  i mmedi at el y eval uat e t he i nst r ument  r esponse wi t h r espect  
t o physi cal  condi t i ons at  t he l ocat i on of  t he i nst r ument .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consi der  addi ng a not e t o t he Pl ans t o br i ng 
t hi s t o t he const r uct i on cont r act or ' s at t ent i on 
and/ or  i ncl ude i n Sect i on 01 14 00 WORK RESTRI CTI ONS.

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

Submi t  a det ai l ed Act i on Thr eshol d Exceedance Repor t  document i ng t he si t e 
condi t i ons,  such as weat her ,  and const r uct i on act i v i t i es when t he act i on 
t hr eshol d val ue was r eached,  anal ysi s of  t he cause( s)  f or  exceedance,  and 
r ecommendat i ons f or  any cor r ect i ve act i ons needed.   Resume suspended 
act i v i t i es onl y af t er  r ecei v i ng wr i t t en i nst r uct i on f r om t he Gover nment .

3. 8   VI SUAL I NSPECTI ON

Conduct  r out i ne v i sual  obser vat i ons of  t he s i t e and i nst r ument s by 
sel ect ed i ndi v i dual s and at  i nt er val s def i ned i n t he appr oved 
I nst r ument at i on and Moni t or i ng Pl an.   Submi t  wr i t t en and si t e phot o 
document at i on of  t hese r out i ne v i sual  obser vat i ons t o t he Gover nment  
wi t hi n [ 48 hour s] [ _____]  of  compl et i on.   Ar eas t hat  have been i dent i f i ed 
as pot ent i al l y  concer ni ng shoul d be not ed and moni t or ed at  pr escr i bed 
vi sual  obser vat i on f r equenci es.   Whi l e moni t or i ng i nst r ument s,  exami ne 
i nst al l ed i nst r ument at i on f or  evi dence of  damage,  mal f unct i on and possi bl e 
f ut ur e damage caused by const r uct i on act i v i t i es,  and r epor t  any such 
i ssues,  al ong wi t h phot os,  t o t he Gover nment .   Submi t  t hi s i nf or mat i on,  
al ong wi t h any si t e phot os,  t o t he Gover nment .   Al so r ecor d near by 
const r uct i on act i v i t i es,  such as pi l e dr i v i ng,  st ockpi l i ng,  excavat i on or  
wat er  cont r ol  and envi r onment al  condi t i ons,  such as t he weat her  or  
pr esence of  f l oodwat er  and al l  ot her  event s t hat  may i nf l uence 
i nst r ument at i on dat a.

Per f or m vi sual  i nspect i on at  t he l ocat i on of  any i nst r ument  t hat  i s  
pr oduci ng unexpect ed or  unusual  r eadi ngs.   I mmedi at el y per f or m i nspect i on 
of  an i nst r ument  t hat  has exceeded an Al er t  Thr eshol d as f ur t her  det ai l ed 
i n par agr aph THRESHOLD VALUES.

3. 9   SYSTEM RELI ABI LI TY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The cont ent  of  t hi s par agr aph appl i es t o 
i nst r ument s i nst al l ed f or  t he pur pose of  moni t or i ng 
act i ve const r uct i on.

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

The ent i r e i nst r ument at i on syst em i ncl udi ng dat al oggi ng equi pment ,  
ser ver s,  sensor s,  wi r i ng,  et c.  must  be mai nt ai ned at  al l  t i mes.   I f  i n t he 
Gover nment ' s opi ni on t he i nst r ument at i on syst em i s not  f unct i oni ng 
pr oper l y,  as demonst r at ed by unr el i abl e and/ or  quest i onabl e r eadi ngs,  al l  
const r uct i on wor k must  cease i mmedi at el y and not  r esume unt i l  t he syst em 
i s per f or mi ng as speci f i ed.   No addi t i onal  compensat i on wi l l  be made by 
t he Gover nment  f or  any cessat i on of  wor k.   The Gover nment  wi l l  det er mi ne 
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whet her  t he per f or mance of  t he i nst r ument at i on syst em i s sat i sf act or y t o 
r esume wor k.

3. 10   MAI NTENANCE AND REPLACEMENT

Bef or e wor k begi ns on a del i ver y or der ,  pr epar e a l i s t  of  al l  ext r a 
component s t hat  ar e r equi r ed f or  cont i nuous oper at i on of  t he syst em and 
quant i t i es t o be st ockpi l ed on- si t e accor di ng t o t he est i mat ed r epl acement  
r at e per  t he manuf act ur er  r ecommendat i on.  Submi t  t hi s l i s t  t o t he 
Gover nment  f or  appr oval .   The i t ems on t he appr oved l i s t  must  t hen be 
avai l abl e at  t he s i t e dur i ng t he ent i r e per i od of  t he del i ver y or der .   I f  
a st ockpi l ed i t em i s used,  i mmedi at el y r epl ace i t  wi t h t he same i t em t hat  
was used.

I f  an i nst r ument  i s r epai r ed,  r epl aced,  or  moved subsequent  t o 
i nst al l at i on,  r ecor d new:   i nst r ument at i on t ype,  as- bui l t  l ocat i on,  and 
cal i br at i on sheet s.   Submi t  an I nst r ument  Modi f i cat i on Repor t  t o t he 
Gover nment  det ai l i ng t he r eason t he or i gi nal  i nst r ument  was al t er ed and 
t he dat e t he new i nst r ument  was oper at i onal .

For  t he dur at i on of  t he cont r act  per i od,  mai nt ai n al l  i nst r ument at i on 
i nst al l at i ons i n pr ogr ess and al l  compl et ed i nst r ument at i on i nst al l at i ons.  
I n t he event  of  a mal f unct i on or  br eakdown,  not i f y t he Gover nment  of  t he 
nat ur e of  t he mal f unct i on or  br eakdown wi t hi n 12 hour s of  i ni t i al  
obser vat i on of  i t s  occur r ence,  and  pr ovi de an est i mat e of  when t hat  par t  
of  t he syst em wi l l  be back i n ser vi ce i f  t he Gover nment  appr oves a 
r epl acement .   Dependi ng upon t he st at us of  t he const r uct i on at  t hat  t i me,  
t he  Gover nment  wi l l  det er mi ne whet her  a manual  backup syst em must  be 
i mpl ement ed by t he Cont r act or .   I f  an i nst r ument  does not  f unct i on 
pr oper l y f or  a cumul at i ve t ot al  of  [ 10] [ _____]  cal endar  days or  mor e 
wi t hi n any 30 consecut i ve cal endar  day per i od,  t he Cont r act or  wi l l  not  be 
pr ovi ded t he [ mont hl y] [ _____]  payment  f or  i t em Gener al  I nst r ument at i on 
Requi r ement s unt i l  r epai r s have been made and appr oved by t he Gover nment .

3. 11   PROJECT CLOSEOUT AND RESTORATI ON

Upon compl et i on of  const r uct i on,  as det er mi ned by t he Cont r act i ng Of f i cer ,  
t he Cont r act or  must  r emove and pr oper l y di spose of  al l  i nst r ument s and 
devi ces f r om t he si t e,  except  f or  t hose i nst r ument s i dent i f i ed f or  l ong 
t er m moni t or i ng [ as det ai l ed on t he cont r act  dr awi ngs] [ _____] .   Conf i r m 
t hese i nst r ument s wi t h t he Gover nment  pr i or  t o i ni t i at i on of  r emoval  
act i v i t i es by submi t t i ng an I nst r ument  Removal  Li st  f or  Gover nment  r evi ew 
and appr oval  a mi ni mum of  [ 30 days] [ _____]  pr i or  t o t he r emoval  of  any 
i nst r ument s.   Ret r i eve al l  r emovabl e equi pment  and backf i l l  hol es wi t h an 
appr oved gr out  mi x.   Any pr ot r udi ng par t s,  whi ch cannot  be r emoved 
compl et el y wi t hout  damage t o t he st r uct ur e must  be cut  of f  f l ush wi t h t he 
sur f ace.   Remove al l  shar p edges.   Repai r  any damage t o exi st i ng 
st r uct ur es f r om r emoval  of  i nst r ument at i on devi ces t o t he sat i sf act i on of  
t he Gover nment  and at  no addi t i onal  cost  t o t he Gover nment .  

3. 12   VI BRATI ON MONI TORI NG

3. 12. 1   Pr econst r uct i on Condi t i on Sur vey

The Sei smol ogi st / Vi br at i on Consul t ant  must  conduct  a Pr econst r uct i on 
Condi t i on Sur vey of  al l  exi st i ng st r uct ur es and ut i l i t i es wi t hi n t he ar ea 
desi gnat ed i n t he pl ans.   The Cont r act or  must  have bot h l et t er  and 
per sonal  cont act  wi t h r esi dent s,  owner s and oper at or s of  t he st r uct ur es 
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and must  not i f y t hem a mi ni mum of  t wo weeks pr i or  t o per f or mi ng t he sur vey.

Obt ai n Ri ght - Of - Ent r y or  per mi ssi ons f or  al l  pr oper t i es ent er ed as par t  of  
t hi s sur vey.   Any owner s r ef usi ng t he Pr econst r uct i on Condi t i on Sur vey 
must  be gi ven t he oppor t uni t y t o s i gn a st at ement ,  pr oduced and pr ovi ded 
by t he Cont r act or ,  st at i ng any r easons f or  non- par t i c i pat i on.

a.   The Pr econst r uct i on Condi t i on Sur vey must  be per f or med by an 
exper i enced Pr of essi onal  Engi neer  f ami l i ar  wi t h const r uct i on met hods 
and mat er i al s,  and st r uct ur al  r esponse t o gr ound vi br at i ons gener at ed 
by const r uct i on act i v i t i es.

b.   The Pr econst r uct i on Condi t i on Sur vey must  consi st  of  a descr i pt i on of  
t he i nt er i or  and ext er i or  condi t i on of  each of  t he st r uct ur es 
exami ned,  i ncl udi ng:   above gr ound st r uct ur es,  f oundat i ons,  basement s,  
dr i veways,  wal kways,  el ect r i cal ,  pl umbi ng,  ut i l i t i es ( over head and 
bur i ed) ,  t r ansmi ssi on l i nes,  dr ai ns,  wel l s and wat er  syst ems.   
Descr i be any si gns of  exi st i ng di st r ess,  cr acks,  damage,  spal l i ng,  
set t l ement ,  l eakage,  or  ot her  def ect s.   The sur vey must  i ncl ude such 
i nf or mat i on t o make i t  possi bl e t o det er mi ne t he ef f ect ,  i f  any,  of  
t he const r uct i on oper at i ons on t he exi st i ng def ect .   Wher e si gni f i cant  
cr acks or  damage exi st ,  or  f or  def ect s t oo compl i cat ed t o document  i n 
wor ds and sket ches onl y,  phot ogr aphs must  be t aken or  a good qual i t y 
v i deo sur vey wi t h appr opr i at e audi o descr i pt i on of  l ocat i ons,  
condi t i ons,  and def ect s must  be per f or med t o suppl ement  t he wr i t t en 
descr i pt i on.   Sur vey must  i ncl ude a l i s t  of  v i br at i on sensi t i ve 
equi pment  or  f ur ni shi ngs,  and pot ent i al  f al l i ng debr i s hazar ds.

c.   I nst al l  cr ack di spl acement  moni t or i ng gages as appr opr i at e acr oss any 
si gni f i cant  exi st i ng cr acks and r ead [ per i odi cal l y] [ af t er  t he 
concl usi on of  bl ast i ng] [ af t er  each bl ast ] [ _____]  t o ver i f y i f  any 
addi t i onal  di st r ess shoul d devel op.   I ncl ude t he cr ack gauge 
r eadi ngs,   r ecommendat i ons f or  addi t i onal  i nst r ument at i on t ypes or  
sur vey monument s,  i f  needed,  i n t he r epor t .   I dent i f y st r uct ur es or  
el ement s t hat  ar e pot ent i al l y  suscept i bl e t o damage and r ecommend,  i f  
war r ant ed,  pot ent i al :   suppor t ,  r epai r ,  v i br at i on mi t i gat i on measur es,  
or  r educed gr ound vi br at i on l i mi t s.

d.   The Sei smol ogi st / Vi br at i on Consul t ant  must  gi ve wr i t t en not i ce t o t he 
owner  of  any i nspect ed st r uct ur e,  t enant s,  and any r epr esent at i ve of  
l ocal  aut hor i t i es r equi r ed t o be pr esent  at  t he Pr econst r uct i on 
Condi t i on Sur vey.   The not i ce must  st at e t he coor di nat ed dat es and 
t i me on whi ch sur veys ar e t o be made.

e.   Owner s of  t he st r uct ur es must  be gi ven a copy of  t he sur vey of  t hei r  
par t i cul ar  st r uct ur e and be gi ven t he oppor t uni t y t o comment  on i t s 
accur acy.   Submi t  t he Pr econst r uct i on Condi t i on Sur vey t o t he 
Gover nment  30 days pr i or  t o const r uct i on act i v i t i es t hat ,  i n t he 
opi ni on of  t he Gover nment ,  woul d be a sour ce of  gr ound vi br at i ons.

3. 12. 2   Post const r uct i on Condi t i on Sur vey

Conduct  a Post const r uct i on Condi t i on Sur vey wi t hi n 30 cal endar  days upon 
t he compl et i on of  al l  const r uct i on wor k t hat ,  i n t he opi ni on of  t he 
Gover nment ,  gener at e gr ound vi br at i on.   Post const r uct i on Condi t i on Sur veys 
must  be conduct ed on al l  st r uct ur es and ut i l i t i es t hat  pr evi ousl y had a 
Pr econst r uct i on Condi t i on Sur vey,  and on any addi t i onal  pr oper t i es,  
st r uct ur es,  and condi t i ons f or  whi ch compl ai nt s of  damage have been 
r ecei ved or  damage cl ai ms have been f i l ed.   Gi ve not i ce t o al l  par t i es,  as 
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i dent i f i ed i n par agr aph PRECONSTRUCTI ON CONDI TI ON SURVEY,  subpar agr aph d. ,  
so t hat  t hey may be pr esent  dur i ng t he f i nal  exami nat i on.   Di st r i but e 
r ecor ds of  t he f i nal  exami nat i on i n t he same manner  as t he or i gi nal  
Pr econst r uct i on Condi t i on Sur vey.   The Post const r uct i on Condi t i on Sur vey 
must  have t he same r equi r ement s as t he Pr econst r uct i on Condi t i on Sur vey 
and must  consi st  of  a descr i pt i on wi t h any measur ement s,  sur veys,  
phot ogr aphs,  and ot her  i nf or mat i on needed t o document  t he post const r uct i on 
condi t i on of  sur veyed st r uct ur es.   Pr econst r uct i on and post const r uct i on 
compar i sons must  be made of  sur veyed ar eas,  i ncl udi ng phot ogr aphs and 
ot her  measur ement s.   The Sei smol ogi st / Vi br at i on Consul t ant  must  i ncl ude an 
eval uat i on of  whet her  any not ed di f f er ences bet ween t he Pr econst r uct i on 
and Post const r uct i on Condi t i on Sur veys ar e t he r esul t  of  const r uct i on 
v i br at i ons or  due t o ot her  causes.

3. 12. 3   Vi br at i on Test  Pr ogr am and Repor t

Upon compl et i on of  t he Pr econst r uct i on Condi t i on Sur vey,  a Vi br at i on Test  
Pr ogr am and Repor t  must  be di r ect ed and compl et ed by t he 
Sei smol ogi st / Vi br at i on Consul t ant .   The compl et ed Vi br at i on Test  Pr ogr am 
and Repor t  must  be submi t t ed and appr oved pr i or  t o f ul l  pr oduct i on phase 
of  any pr oposed const r uct i on act i v i t y t hat ,  i n t he opi ni on of  t he 
Gover nment ,  coul d be a sour ce of  gr ound vi br at i on.   These const r uct i on 
act i v i t i es i ncl ude,  but  ar e not  l i mi t ed t o:   t r enchi ng,  haul i ng,  
backf i l l i ng,  compact i ng,  and pi l e dr i v i ng.   The vi br at i on t est  pr ogr am 
must  be conduct ed,  i n par t ,  t o ver i f y v i br at i on l evel s f or  pr oposed 
const r uct i on equi pment  l i s t ed i n t he Vi br at i on Moni t or i ng Pl an.

Obt ai n ambi ent  or  basel i ne gr ound vi br at i on val ues pr i or  t o v i br at i on 
t est i ng of  const r uct i on equi pment .   Vi br at i on moni t or i ng must  be per f or med 
f or  12 dayl i ght  hour s t o obt ai n t he ambi ent  or  basel i ne gr ound vi br at i on 
val ues at  [ _____] .

Per f or m t he Vi br at i on Test  Pr ogr am( s)  i n a r emot e ar ea of  t he pr oj ect ,  at  
a di st ance of  at  l east  [ 30 met er s]  [ 100 f eet ]  [ _____]  f r om t he near est  
st r uct ur e.  Component s of  t he Vi br at i on Test  Pr ogr am must  be est abl i shed 
and di r ect ed by t he Sei smol ogi st / Vi br at i on Consul t ant .   The vi br at i on 
t est s must  i ncl ude,  but  ar e not  l i mi t ed t o:   v i br at i on moni t or i ng at  
var i ous di st ances f r om t he vi br at i on sour ce,  det er mi nat i on of  t he gr ound 
vi br at i on sour ce l evel  f or  t he const r uct i on equi pment  and met hods ( mi ni mum 
r equi r ement  i ncl udes peak par t i c l e vel oci t y and f r equency val ues at  
var i ous di st ances f r om t he sour ce) ,  and est abl i shi ng t he at t enuat i on r at e 
t hr ough t he pr oj ect  soi l .

The Vi br at i on Test  Pr ogr ams and Repor t  must  st at e t he sui t abi l i t y  of  t he 
pr oposed const r uct i on equi pment  and met hods t o per f or m wi t hi n t he 
speci f i ed v i br at i on cr i t er i a.   I f  i t  i s  det er mi ned,  by t he Vi br at i on 
Consul t ant  or  Gover nment ,  t hat  t he pr oposed const r uct i on equi pment  and 
met hods cannot  sat i sf y t he speci f i ed v i br at i on cr i t er i a,  t hen al t er nat i ve 
or  suppl ement al  equi pment / met hods,  or  v i br at i on mi t i gat i on measur es must  
be t est ed and r epor t  r esubmi t t ed f or  appr oval ,  at  no addi t i onal  cost  t o 
t he Gover nment .

The r epor t  must  al so i ncl ude any r ecommendat i ons t o r educe const r uct i on 
i mpact s f r om gr ound vi br at i ons or  noi se.   Base r ecommendat i ons on an 
anal ysi s f r om t he r esul t s of  t he Vi br at i on Test  Pr ogr am,  Pr econst r uct i on 
Condi t i on Sur veys,  and si t e speci f i c  condi t i ons.   Recommendat i ons coul d 
i ncl ude,  but  ar e not  l i mi t ed t o,  t he f ol l owi ng:   r equi r ement  f or  
addi t i onal  i nst r ument at i on t o document  pot ent i al  set t l ement  or  
di spl acement ;  r equi r ement  f or  mor e r est r i ct i ve v i br at i on cr i t er i a;  gr ound 
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vi br at i on or  noi se r educt i on measur es.

3. 12. 4   Sei smol ogi st / Vi br at i on Consul t ant  Dut i es

The Sei smol ogi st / Vi br at i on Consul t ant  dut i es ar e as f ol l ows:  di r ect  and 
i nst r uct  t he Cont r act or  i n oper at i ons t o cont r ol  v i br at i ons wi t hi n 
speci f i ed l evel s;  par t i c i pat e i n a publ i c meet i ng;  f aci l i t at e and compl et e 
t he pr econst r uct i on and post const r uct i on sur veys;  per f or m Vi br at i on Test  
Pr ogr am( s)  and compl et e r epor t ;  pr ovi de,  i nst al l ,  and use al l  necessar y 
equi pment  t o obser ve and r ecor d v i br at i ons t o ascer t ai n t hat  accept abl e 
l evel s of  v i br at i ons ar e not  exceeded;  and moni t or  benchmar ks,  
def l ect i ons,  cr acks,  and ot her  cr i t i cal  condi t i ons on t he exi st i ng 
st r uct ur es.   Obt ai n Ri ght s- of - ent r y and per mi ssi ons f r om l andowner s f or  
access t o per f or m vi br at i on moni t or i ng.   Moni t or  v i br at i ons,  r epor t  
f i ndi ngs,  and f ur ni sh r ecommendat i ons on a dai l y basi s t o t he Cont r act or  
and Gover nment ,  det er mi ne t he l evel  of  obser ved vi br at i ons at t r i but ed t o 
t he pr oj ect ' s const r uct i on act i v i t i es,  and det er mi ne t hei r  subsequent  
ef f ect  on sur r oundi ng st r uct ur es.

I f  t he moni t or i ng equi pment  can be oper at ed aut omat i cal l y and moni t or ed 
r emot el y,  t he Sei smol ogi st / Vi br at i on Consul t ant  must  be pr esent  at  t he 
s i t e f or  t he st ar t  of  new const r uct i on act i v i t i es t hat  r equi r e v i br at i on 
moni t or i ng,  movement  and set up of  v i br at i on moni t or i ng i nst r ument s,  
moni t or i ng devi ces f or  st r uct ur al  movement  and set t l ement ,  and at  ot her  
key t i mes i n t he pr oj ect  as appr oved i n t he Vi br at i on Moni t or i ng Pl an.   
Ot her wi se,  t he Sei smol ogi st / Vi br at i on Consul t ant  must  be onsi t e dur i ng al l  
appl i cabl e const r uct i on act i v i t i es.   The Sei smol ogi st / Vi br at i on Consul t ant  
must  be r eadi l y avai l abl e i f  i ssues r equi r i ng at t ent i on ar i se dur i ng 
const r uct i on.   When moni t or i ng i s occur r i ng,  t he Sei smol ogi st / Vi br at i on 
Consul t ant  must  check al l  equi pment  at  t he st ar t  of  each wor k day t o 
conf i r m t hat  i t  i s  wor ki ng pr oper l y.

3. 12. 5   Dai l y Vi br at i on Moni t or i ng Repor t s

At  t he end of  each day of  moni t or i ng,  t he Sei smol ogi st / Vi br at i on 
Consul t ant  must  r ecor d t he f ol l owi ng i nf or mat i on on a f or m devel oped by 
t he Sei smol ogi st / Vi br at i on Consul t ant ,  and submi t  f i nal  s i gned r epor t s 
el ect r oni cal l y t o t he Gover nment  wi t hi n 24 hour s:

a.   The name of  t he Cont r act or  and/ or  Subcont r act or s r esponsi bl e f or  t he 
pr i mar y const r uct i on act i v i t i es gener at i ng v i br at i ons.

b.   The name of  t he Sei smol ogi st / Vi br at i on Consul t ant .

c.   The name of  t he oper at or  of  t he v i br at i on moni t or i ng equi pment .

d.   A sket ch i ndi cat i ng t he l ocat i on of  t he v i br at i on moni t or s and t he 
const r uct i on act i v i t i es gener at i ng v i br at i ons.

e.   Compl et e det ai l s of  t he par t i cul ar  const r uct i on act i v i t i es whi ch ar e 
bei ng moni t or ed,  i ncl udi ng al l  r el at ed equi pment ,  oper at i ng 
f r equenci es,  pi l i ng or  excavat i on dept hs,  di st ance f r om t he 
const r uct i on act i v i t i es t o t he moni t or i ng equi pment ,  and al l  ot her  
r el at ed i nf or mat i on as r equest ed by t he Gover nment .

f .   Resul t s of  moni t or ed vi br at i ons and noi se l evel s f or  t he par t i cul ar  
const r uct i on act i v i t y,  i ncl udi ng t he f r equenci es of  t he measur ed peak 
par t i c l e vel oci t i es.
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g.   I dent i f i cat i on of  any act i v i t y r esul t i ng i n t he gr ound vi br at i on or  
noi se l i mi t s bei ng exceeded and t he t i me of  day t hat  t he l i mi t s wer e 
exceeded.   Li st  t i me of  day t hat  t he Cont r act or  and Gover nment  wer e 
not i f i ed.   Li st  t i me of  day t hat  t he const r uct i on act i v i t y was 
hal t ed.   I ncl ude cor r ect i ve act i ons t aken t o r educe gr ound vi br at i on 
and noi se l evel s.

h.   A summar y of  any v i br at i on r el at ed compl ai nt s r ecei ved dur i ng t he day.

i .   Repor t s must  be r evi ewed and si gned by t he Sei smol ogi st / Vi br at i on 
Consul t ant ' s exper i enced Regi st er ed Pr of essi onal  Engi neer .

3. 12. 6   Web I nt er f ace of  I nt er act i ve and St at i c Repor t s of  Dat a

Thr ough t he use of  a secur e web i nt er f ace,  est abl i sh i nt er act i ve and 
st at i c r epor t s gener at ed f r om t he vi br at i on moni t or i ng dat a gat her ed at  
t he s i t e.   Est abl i sh t he web i nt er f ace wi t hi n 30 days f ol l owi ng Not i ce t o 
Pr oceed.   Pr ovi de backups f or  t he websi t e i n accor dance wi t h t he 
r equi r ement s st at ed i n par agr aph DATA REQUI REMENTS.   The i nt er f ace must  be 
i nt ui t i ve,  easy t o navi gat e,  and i ncl ude r eal - t i me moni t or i ng dat a.   
Wi t hi n 60 days of  t he not i ce t o pr oceed,  pr ovi de a pr esent at i on of  al l  
component s of  t he web i nt er f ace f or  submi t t al  appr oval  by t he Gover nment .

3. 12. 7   Adj ust ment s i n Const r uct i on Pr ocedur es

I f  t he Cont r act or  r ecei ves compl ai nt s by t he publ i c dur i ng const r uct i on,  
or  dur i ng t he Pr econst r uct i on and Post const r uct i on Condi t i on Sur vey 
pr ocess,  t he Cont r act or  must  f ol l ow a Vi br at i on Scr eeni ng Pr ocedur e and 
f i l l  out  a Vi br at i on Compl ai nt  Repor t ,  i n accor dance wi t h t he appr oved 
Vi br at i on Moni t or i ng Pl an.   The Cont r act or  must  not i f y t he Gover nment  of  
any compl ai nt  wi t hi n 24 hour s and must  submi t  a copy of  t he compl et ed 
Vi br at i on Compl ai nt  Repor t  wi t hi n one week of  t he compl ai nt .

I f  t he moni t or i ng dat a i ndi cat es t hat  t he gr ound vi br at i on l i mi t s f or  any 
of  t he t hr ee mut ual l y per pendi cul ar  component s,  or  noi se l i mi t ,  have been 
exceeded,  t he const r uct i on act i v i t y gener at i ng t hose vi br at i ons must  be 
hal t ed i mmedi at el y.   A def i c i ency cor r ect i on r epor t ,  gi v i ng cor r ect i ve 
act i ons or  mi t i gat i on measur es t o r educe gr ound vi br at i ons or  noi se 
l evel s,  must  be submi t t ed by t he Cont r act or .   Const r uct i on act i v i t y may 
not  r esume unt i l  t he r epor t  has been appr oved by t he Gover nment  and 
cor r ect i ve act i ons or  mi t i gat i on measur es ar e compl et ed by t he 
Cont r act or .   Vi br at i on or  noi se mi t i gat i on or  r educt i on measur es must  be 
const r uct ed or  i mpl ement ed at  no addi t i onal  cost  t o t he Gover nment .

3. 12. 8   Gover nment  Qual i t y Assur ance

The Gover nment  may check t he vi br at i on moni t or i ng oper at i ons at  any t i me 
and may per f or m i ndependent  v i br at i on moni t or i ng.

3. 12. 9   Owner shi p

At  t he end of  t hi s cont r act ,  on a dat e speci f i ed by t he Gover nment ' s 
Repr esent at i ve,  al l  i nst r ument at i on component s become t he pr oper t y of  t he 
Gover nment .   Al l  dat a col l ect i on and r ecor di ng devi ces must  be cal i br at ed 
and cer t i f i ed by t he manuf act ur er  or  a cer t i f i ed l abor at or y pr i or  t o bei ng 
del i ver ed t o t he Gover nment ' s Repr esent at i ve.   The Cont r act or  i s 
r esponsi bl e f or  al l  cost s f or  t he r ecal i br at i on,  shi ppi ng,  and 
ver i f i cat i on of  t hese dat a r ecor der s.
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       - -  End of  Sect i on - -
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