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NOTE: This guide specification covers the
requirenents for instrunentation and nonitoring for
geot echni cal and hydraulic structures.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

This gui de specification is intended for use with
construction contracts in which installation of
instruments for nonitoring performnce of

geot echni cal and hydraulic structures (dans, |evees,
foundations, retaining structures, etc.) is required
either during and/or follow ng their construction or
nodi fication. It also includes data collection
managenment, and interpretation requiremnments.

Typical itens to nonitor include, but are not
l[limted to, water |evel, pore pressure, earth
pressure, deformation, and | oad and strain in
structural nenmbers. This section was originally
devel oped for USACE Civil Wrks Projects.

Al t hough not all instrunments for nmonitoring

geot echni cal and hydraulic structures are included
in this guide specification, and the state of
practice continues to develop with new technol ogi es,
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PART 1

1

nore conmon i nstrunents have been incl uded.
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GENERAL
1 DESCRI PTI ON

Provide all plant, |abor, equipnent, and materials for the installation
and mai nt enance of perfornmance nmonitoring instrunentation for the duration
of the contract. Provide all |abor, equipment, and materials for data

col l ection, data nanagenent, interpretation, and reporting unless

ot herwi se specified.

1.1 Instrunentation and Monitoring Plan

Devel op an Instrunmentation and Monitoring Plan that outlines the project
performance nmonitoring requirements, recomended threshol ds val ues and
response actions, as well as roles and responsibilities based on the
requi renents of this scope

1.2 Supervi sion and Quality Contro

Provi de supervision and quality control to assure the accuracy, quality,

timeliness, and conpl eteness of the work. Provide all related and

m scel | aneous conponents and appurtenances to nmake the specified systens

conplete and functional. Performall work in strict accordance with this
section of the specifications and the applicable contract draw ngs.

.1.3 Scope of Work

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: The follow ng tables have been included to
summari ze the scope of work. Edit these tables, and
renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R R

The followi ng tables summarize the instrunmentation that is currently
installed within the project area (Existing Instruments), instrunentation
to be installed as part of the contract work (New Instruments), and
instrunmentation that is currently installed within the project area that
is to be nodified (Existing Instrunents to be Mdified).

Exi sting I nstruments

I nst runent Type Model Dat a Dat a Exi sting
No. Col | ecti on Col | ecti on Quantity
Met hod Frequency
[ Pi ezoneter] [Vibrating Wre [ 1] [ Aut omat ed] |[ Hourly] [12]
Pi ezonet er]
[ Pi ezoneter] [ St andpi pe] [N A] [ Manual ] [ Mont hl y] [ 5]
[Inclinoneter] [ Traversi ng] [ 1] [ Manual ] [Quarterly] [3]
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Exi sting I nstruments

[ Rai n Gauge] [ Ti ppi ng Bucket] [ 1] [Aut omat ed] |[Daily] [1]
New I nstrunents to be Installed
I nst runent Type Dat a Dat a Exi sting
Col | ecti on Col | ecti on Quantity
Met hod Frequency
[ Pi ezoneter] [Vibrating Wre Piezoneter] |[Autonated] [ Hourl y] [ 20]
[ Pi ezoneter] [ St andpi pe] [ Manual ] [ Mont hl y] [ 5]
[Inclinoneter] [ Traversi ng] [ Manual ] [Quarterly] [2]
[Tilt Meter] [ Bi axi al MEMS] [ Aut onat ed] [Daily] [1]
Exi sting Instrunents to be Mdified
General Description Dat a Quantity
Col | ection
Met hod

[Retrofit existing standpi pe piezoneter with vibrating wire
transducer]

[ Aut onat ed]

[3]

[ Change riser elevation of standpipe piezoneter] [ Manual ] [2]
[ Change riser elevation of nmanual inclinoneter] [ Manual ] [2]
[ Decommi ssi on inclinoneter] [ Manual ] [1]

1.2 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This paragraph is used to list the

publications cited in the text of the guide

speci fication.

The publications are referred to in

the text by basic designation only and listed in
t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's

Ref er ence

Article to automatically place the

ref erence
Ref er ence
the issue

Ref er ences not

in the Reference Article. Also use the
W zard's Check Reference feature to update
dat es.

used in the text will autonatically

be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print

process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The publications listed below forma part of this specification to the
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1

extent referenced.

t he basic designation only.

The publications are referred to within the text by

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B40. 100

(2022) Pressure Gauges and Gauge
Attachment s

ASTM | NTERNATI ONAL ( ASTM

ASTM D1785

ASTM D5640

ASTM F480

(2015; E 2018) Standard Specification for
Pol y(Vinyl Chloride) (PVC, Plastic Pipe,
Schedul es 40, 80, and 120

(1995; R 2008) Standard Cuide for
Sel ection of Wirs and Flunmes for
Open- Channel Fl ow Measur enent of Water

(2014; R 2022) Standard Specification for
Ther nopl astic Well Casing Pipe and
Coupl i ngs Made in Standard Di mensi on
Ratios (SDR), SCH 40 and SCH 80

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

NFPA 70

(2023; ERTA 7 2023; TIA 23-15) Nati onal
El ectrical Code

U S. ARW CORPS OF ENG NEERS ( USACE)

EM 1110- 1- 1002

EM 1110-2-1908

ER 1110-1-1807

3 DEFI NI TI ONS

(2012) Survey Markers and Mnumrent ati ons

(2020) Instrunentation of Enmbankment Dans
and Levees

(2014) Drilling in Earth Enbanknent Damns
and Levees

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Only use this paragraph to define terns used
in this specification section that are not

defined by a commercial or Governnent standard and
to provide a common interpretation of a termfor

Cont r act ual

pur poses.

Renove any terns |isted that

are not used within this section and add terms as

needed.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

3.1 Aut omat ed Data Acqui sition System ( ADAS)

An Autormat ed Data Acquisition System (ADAS) is a systemof electronic
devices that automatically collect, process, store, and transmt
neasurenents frominstrunent sensors. An ADAS may include, but is not
limted to the foll owi ng conmponents: datal oggers, vibrating wire

anal yzer,
servi ce.

LMJRMJ, RIO multiplexer, power, and communicati on hardware and
The system al so i ncludes encl osures and nounts, software, and
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transi ent voltage surge suppressors.
.3.2 Readout Unit

A readout unit is a device used to display nmeasurenents from an
instrument. Sone readout units al so have data collection capability. The
readout unit nay be portable and connected to instrunent tern nals when
nonitoring is required (e.g. notebook conputer, datal ogger, or a
proprietary systemj, or may be an on-line connection (fixed |ine or
wireless) to a renote nmonitoring system

.3.3 Data Col | ect or

A data collector is a device used to collect, store, and transfer recorded
data froman instrument. A data collector may be a portable device or be
| ocated in-place at the instrument location. Data collectors nmay be

equi pped with renote data access.

.3.4 Dat a Logger

A data logger is a device that can perform nmeasurenents at a prescribed
interval, process the data fromraw values to engineering units, store
ti me-stanped data, and conmuni cate with other devices.

.3.5 LMJ RMU

Local monitoring unit (LMJ) and renote nonitoring unit (RWMJ) are

el ectronic units conprised of a datal ogger along with, but not limted to,
associ at ed power, conmunication equi prent, and encl osure. They have both
inputs to read sensors and outputs to control other devices. LMJRM can
perform cal cul ati ons, run prograns that have been uploaded to it, and can
interface with other LMJs and RMJs and a central control unit via sone
means of communications. It can hold and store data and then transmt it
upon i ndividual data calls or can be retrieved by a renmote server via FTP
on an as needed basis. LMJ and RMJU differ only in comunication nethod.
RMJs commruni cate via radi o or sone other nethod that designates them as
renote fromthe central control unit.

.3.6 R O

A renote input output (RIO unit is an automated measurenment device
wi t hout onboard data storage. It is conprised of a power supply,
conmuni cati on equi prrent (for transferring data to LMJRMJ), and
enclosure. RIGs report instrunentation readi ngs upon request froma
LMJRMJ. A RIOunit may have a multiplexer attached to it.

. 3.7 Mul ti pl exer

A multiplexer is a device used to allow several sensors to share one input
channel of the LMJRMJ. This allows nmany nore sensors to be read by one
LMJRMJ. A multiplexer is used in conjunction with LMJ RWMJ software that
controls which input channel is being read so that each sensor value is
stored in the correct nenory | ocation

.3.8 Conmmuni cati ons
Communi cations is a nethod used to allow two devices to "tal k" to or

exchange information with one another. This can be by wire, fiber optic
cable, satellite, radio or other neans. 1In every case there is a
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1

preferred "l anguage" for sending the data. This is often referred to as
the "protocol". The protocol nay be different for each sendi ng nethod.

.4 QUALI TY ASSURANCE

In addition to using the current state of practice in the field of

geot echni cal and structural instrunmentation and all manufacturer's
recommendations for installation and operation; the foll owi ng Codes,
standards, regul ations, and references apply for all features of the
instrumentation systemw th the nost stringent being applicable: NFPA 70
[, EM 1110-2-1908]] ].

5 VEASUREMENT AND PAYMENT

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: When |unmp sum paynment for work under this
section is desired, revise these paragraphs
accordingly. Delete these paragraphs when the work
covered by this section is included in one |unmp sum
contract price for the entire work covered by the
Invitation for Bids.

If Section 01 20 00 PRI CE AND PAYMENT PROCEDURES i s
i ncluded in the project specifications,
appropriately edit this subpart, and nove into
Section 01 20 00. For bracketed items, choose

applicable item(s) or insert appropriate information
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

5.1 Met hod of Measur enent

1.5.1.1 Readout Units

Readout unit quantities will be measured by each conplete readout unit
provi ded and any peripheral equipnment or materials needed for themto
performtheir data collection function, such as batteries and tern na
clips.

.5.1.2 Dat a Col | ect or

Data collector quantities will be nmeasured by each conpl ete data coll ector
provi ded and any peripheral equipnent or materials needed for themto
performtheir data collection function, such as batteries and termn na
clips.

.5.1.3 I nstrunents

Instrunment quantities will be measured as foll ows:

a. [Open Tube Piezoneter][Cbservation/Mnitoring well]: by the linear
foot fromthe instrument tip to the riser top. Any required |ength
over a foot will be counted to the next foot for nmeasurenent. All
materials for the installation, to include at a mninum cap, screen
connectors, [PVC][steel] pipe, [vibrating wire instrunent and

W ring]| ], sand pack, bentonite for zone sealing, grout fill in
rock; and granular fill in soil nust be included in the paynent per
linear foot. Drilling of borehole is a separate pay item Linear

Foot (LF) per borehol e |ocation.

SECTION 33 51 43 Page 11



b. [Fully Gouted Piezoneter][C osed Tube Piezoneter] [one] [two]: per
borehol e, by the linear foot fromthe bottomof the piezoneter to the
ground surface. Any required length over a foot will be counted to
the next foot for measurement. Al materials for the installation, to
i nclude at a minimum the cap, screen, connectors, PVC pipe, vibrating
wire instrunents and wiring, and grout nust be included in the paynent
per linear foot. Drilling of borehole is a separate pay item Linear
Foot (LF) per borehol e |ocation.

For the following instruments a conplete installation neans: All

materials necessary to provide a fully functioning unit to include, but

not be limted to, connection to surfaces, wiring and or wireless

conmuni cati on equi prent, enclosures, batteries, as required to fully

function with the specified readout and/ or data coll ector device.

c. Vibrating wire instrunent: by each conplete installation. Each (EA)

d. Water |level sensor: by each conplete installation. Each (EA)

e. Staff gauge: by each conplete installation. Each (EA)

f. Pipe Flow Meter: by each conplete installation. Each (EA)

g. Weir: by each conplete installation. Each (EA)

h. Flune: by each conplete installation. Each (EA)

i. Weather station: by each complete installation. Each (EA)

j. Barometer: by each conplete installation. Each (EA)

k. Automated Miltiparaneter Sonde: by each conplete installation. Each
(EA)

. pH sensor: by each conplete installation. Each (EA)

m Turbidity neter: by each conplete installation. Each (EA)

n. Tenperature sensor: by each conplete installation. Each (EA)
0. Conductivity neter: by each conplete installation. Each (EA)

p. [Probe][Fixed Borehole ]Extensoneter: by the linear foot fromthe
bottom of the borehol e anchor to the top of the extensonmeter. Any

required length over a foot will be counted to the next foot for
nmeasurenent. Include all installation materials in the paynent per
linear foot. Drilling of borehole is a separate pay item Li near Foot
(LF)

g. Settlement [Surface Points][Plates]: by each conplete installation
Each (EA)

r. Borros Type Anchor: by the linear foot fromthe bottom of the point to
the ground surface. Linear Foot (LF)

s. [Portable (Traversing)][Automated In-Place] Inclinonmeter Casing: by
the Iinear foot fromthe bottomcap to the ground surface. Any
required length over a foot will be counted to the next foot for
nmeasurenent. All materials for the installation to include casing,

SECTION 33 51 43 Page 12



cap, grout, inclinonmeter, and cable, and covers. Drilling of borehole
is a separate pay item Linear Foot (LF) per borehole |ocation.

t. [Portable (Traversing) Probe][Automated |In-Place Sensors]: Each (EA)
u. Crackneter/Jointneter: by each conplete installation. Each (EA)
v. Tiltneter: by each conplete installation. Each (EA)

w. Terrestrial Positioning System by each conplete installation. Each
(EA)

X. Surface Monunent: by each conplete installation. Each (EA)

y. Survey Prism by each conplete installation. Each (EA)

z. FEarth pressure cell: by each conplete installation. Each (EA)

aa. Load cell: by each conplete installation. Each (EA)

bb. Strain Gauge: by each conplete installation. Each (EA)

cc. Signal Cable, Linear Foot (LF)

dd. Qutdoor canera: by each conmplete installation. Each (EA)

ee. Seisnograph: by each conplete installation. Each (EA)

ff. Time Domain Reflectonmeter, Linear Foot (LF)

gg. Pendulum Each (EA)
.5.1.4 ADAS

The Automated Data Acquisition System (ADAS) will be neasured on a |unp
sum basis. This does not include the individual instrunents listed in the
prior paragraph. This itemincludes all equipnent, supplies, naterials,
and programm ng/ configurati on necessary for a fully functional ADAS which
pol s and comruni cates successfully with those data collection devices
identified separately above. This itemincludes, but is not limted to,
the foll owi ng conponents:

a. Enclosures and nounts.

b. Data |oggers.

c. LMJ RMU

d RO

e. Miltiplexer.

f. Power.

g. Software.

h. Transient voltage surge suppressors.

i. Communi cation hardware and servi ces.
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1.5.1.5 Ceneral |Instrunmentation Requirenents

CGeneral instrumentation requirements will be measured on a [l unp suni| per
nont h] basi s.

1.5.1.6 Vi bration Monitoring
Vi bration nmonitoring will be nmeasured on a [lunp sun][per nonth] basis.
1.5.2 Basi s of Payment
1.5.2.1 Readout Units
Payment will be made at the Base Bid contract line itemprice for each
readout unit listed below, which price will constitute full conpensation
for providing the readout unit including factory calibrations, pre
installation acceptance testing, any peripheral equipnment or materials

needed for themto performtheir data collection function, instruction
manual s, and delivery to the Government as specified:

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Revise the following list to only include
readout units specified for your project.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

a. [Open tube piezoneter][Cbservation well]: water |evel indicator
b. [Fully grouted piezometer][C osed tube Piezoneter]: readout unit.
c. \Water level sensor: readout unit.

d. pH sensor: readout unit.

e. Turbidity neter: readout unit.

f. Tenperature sensor: readout unit.

g. Conductivity neter: readout unit.

h. [Probe][Fixed Borehol e] Extensoneter: reed switch probe, tape, and
reel

i. [Portable (Traversing)][Autonmated In-Place] Inclinonmeter: probe,
carrying case, cable, readout unit, and software.

j. Crackmeter/Jointneter: readout unit.
k. Tiltneter: readout unit.

. Earth pressure cells: readout unit.
m Load cells: readout unit.

n. Strain Gauge: portable readout unit.
0. Signal Cable: readout unit.

p. Sei snograph.
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1.5.2.2 Data Col | ect or

Payment will be made at the Base Bid contract line itemprice for each
data collector listed below, which price will constitute full conpensation
for providing the data collector including factory calibrations, any

peri pheral equi pment or materials needed for themto performtheir data
collection function, instruction nanuals, and delivery to the Government
as specified:

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Include a list of data collectors specified
for your project. See prior paragraph for exanple
format.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1]

1.5.2.3 I nstrunents
Payment will be made at the Base Bid contract line itemprice for each
instrument |isted below, which price will constitute full conpensation for
all materials left in place, all cable, |abor, tools and equi prment,
instruction manuals, [drilling, ][sanpling, ]pre installation acceptance

testing, installation, post installation acceptance testing, installation
of surface and other protection, determ nation of as-built |ocation, and
all incidentals necessary to conmplete the work in accordance with the
plans and in every respect to the satisfaction of the Governnent:

a. [Open tube piezoneter][Cbservation well]

b. [Fully grouted piezoneter][C osed tube Piezoneter]

c. Water |level sensor

d. Staff gauge

e. Pipe Flow Meter

f. Weir

g. Flune

h. Wather station

i. Barometer

j. pH sensor

k. Turbidity neter

|. Tenperature sensor

m  Conductivity neter

n. [Probe][Fixed Borehol e] Extensoneter

0. Settlenment [Surface Points][Plates]
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p. Borros Type Anchor

g. [Portable (Traversing)][Automated In-Place] Inclinomneter

r. Crackmeter/Jointneter

s. Tiltmeter

t. High Precision GPS Unit

u. Terrestrial Positioning System

v. Surface Mnument

w. Survey Prism

X. Earth pressure cel

y. Load cel

z. Strain Gauge

aa. Signal Cable

bb. CQutdoor canera

cc. Sei snograph
.5.2.4 ADAS

The Automated Data Acquisition System (ADAS) will be paid for at the base
bid contract lunp sumprice. This itemincludes all equipnment, supplies,
mat eri al s, programm ng/ configuration, and | abor to have a fully functiona
ADAS. This system nust poll and communi cate successfully with those data
collection devices identified separately above such as fully grouted

pi ezoneters, weather stations, etc. This itemincludes, but is not
limted to, the foll owi ng conponents:

a. Enclosures and nounts

b. Data |oggers

c. LMJRW

d. RO

e. Miltiplexer

f. Power

g. Software

h. Architecture

i. Transient voltage surge suppressors

j . Communication hardware and services
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.5.2.5 Ceneral Instrunmentation Requirenents

Ceneral instrunentation requirements provided will be paid for at the base
bid contract [lunp sumprice][line itemprice per nmonth]. This item

i ncl udes the foll ow ng:

a. Protecting and maintaining all instrunments.

b. Repairing or replacing damaged instrunents.

c. Storing and disposing of instrunents.

d. Providing safe access to instrunents for data collection by the
Gover nrent .

e. Mnitoring and data coll ection.
f. Interpreting data.
g. Presenting data.

h. Al other items of work specified in this Section for which no
separate bid itemis provided.

.5.2.6 Vi bration Monitoring

Vi bration nmonitoring will be paid for at the base bid contract [lunp sum
price]l[line itemprice per nonth] and includes provision of all material,
| abor, and equi prent necessary to neet the requirements in this section,
i ncluding, but not linted to the foll ow ng:

a. Vibration Test Program and Report

b. Public neeting

c. Preconstruction and Postconstruction Condition surveys
d. Vibration nonitoring and reports

e. Mnitoring instruments for structural novenent or settlemnent,
vi bration, and noise reduction mtigation neasures

6 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmittals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
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following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Army projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnmttals

Instrunentation Specialist; ¢, [ ]], RO
Instrunmentation and Monitoring Plan; ¢, [ 1], RO
Permt Docunentation; G, [ ]], RO

Backups, Archiving, And Disaster Recovery Plan; ¢, [ 1], RO
Sei snol ogi st/ Vi bration Consultant; C[, [_ ]], RO
Vibration Mnitoring Plan; ¢, [ 1], RO
Preconstruction Condition Survey; ¢, [ 1], RO
Drilling ProgramPlan; d, [__ ]], RO

Groundi ng And Lightning Protection Plan; ¢, [ 1], RO
Qui ck Reference Guide; ¢, [ 1], RO

Wb Interface; ¢, [ 1], RO

SD- 02 Shop Drawi ngs
I nstrunment Modification Report; ¢, | 11, RO

SD- 03 Product Data
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Factory Test Reports; C[, | 11, RO

Riser Pipe; ¢, [ 1], RO

Filter Pack Material; C, [ 1], RO

Proprietary Data Determination Request; C[, [__ 11,
Raw Data; G, [___ ]], RO

SD- 05 Design Data
Met hod Statenents; C[, | 11, RO
Grout Mx Design; ¢, | 11, RO

SD-06 Test Reports

Pre-Installation Acceptance Tests; C[, [ 1],
Vi bration Test Program And Report; C[, [ 11,
Vi bration Conmplaint Report; ¢, [ 1], RO
Monitoring Data Reports; C[, [ ]], RO
Deficiency Correction Report; C[, [ ]], RO
Instrument Alert Assessnent; ¢, [_ 1], RO
Action Threshol d Exceedance Report; C[, [ 1],
Daily Vibration Mnitoring Reports; C[, [ 11,
Post construction Condition Survey; C[, [ 1],
Installation Record; C[, [ ]], RO

SD-07 Certificates
Sei snol ogi st/ Vi bration Consultant Qualifications;
Instrunentation Specialist Qualifications; ¢, |
SD- 08 Manufacturer's Instructions
Factory Test Reports; ¢, [ 1], RO

SD-10 Operation and Mai ntenance Data

Installation; ¢, | 11, RO
I nstrunment Modification Report; ¢, | 11, RO
Qperations Manual ; C[, | 11, RO

SD- 11 C oseout Submttals

I nstrument Renoval List; C[, [ 11, RO
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As-Built Drawings; ¢, [ 11, RO
ADAS Final Report; ¢, [ 11, RO

1.7 | NSTRUMENTATI ON SPECI ALI ST

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

NOTE: This position is essential for the successful
conpletion of an instrunentati on nonitoring

program Geotechnical instrumentation is a
specialized field and as such, a specialist is

hi ghly recommended for involvenent in all aspects of
the instrunmentation programfrom sel ecti ng and
purchasing i nstruments, installing them collecting
data, and analyzing that data. Typically, genera
construction contractors do not possess the in-house
i nstrunentation expertise, and consequently often
provide insufficient attention and resources to an

i nstrunmentation and nonitoring programrequired
during construction. Inclusion of an experienced

i nstrumentation specialist often results in cost
savings for both the contractor and the owner. The
contract requirement for an experienced

i nstrunmentation specialist signals the inmportance of
this work to the owner, and hel ps ensure al

potential bidders include sufficient cost in their
bids for this work. Further, the bid schedul e could
be configured to include estimated equi pment costs
and specialist |abor hours instead of "1 Job"
listing, or a lunmp sum cost devel oped by the owner
could be included in the bid schedule to ensure
adequate funding is allocated to this work after
contract award. Mre preferably, this speciali st
woul d i nstead be acquired under separate contract by
t he owner and the general construction contractor
required to coordinate work activities with this
individual. In this case, the owner woul d pay the
specialist for instrument selection and purchase,
installation, and collection of data. The anal ysis
of the data would then be the responsibility of the
construction contractor, with review of their
interpretati on and reconmendati on bei ng conducted by
the instrunmentation specialist on behalf of the
owner. An instrunentation specialist nmay not be
justified or required for smaller contracts.

For larger projects, consider also utilizing a Data
Manager or |nstrumentation Data Manager position
Requi renents for these positions are described in
Section 01 31 20 PRQJIECT TECHNI CAL DATA MANAGEMENT
AND VI SUALI ZATI ON

For bracketed items, choose applicable item(s) or
i nsert appropriate information.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O
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1.7.1 Cener a

Acqui sition of reliable and high-quality data is the primary objective of
the instrumentation specialist. This individual nust be retained by the
contractor for the duration of the work. Approval of an equival ent backup
is required prior to the start of the work. Duties of the instrunentation
speci ali st include selection of the instrunents to be purchased by the
Contractor; installation, calibration, and nai ntenance of that specialized
equi prent in the field; and acquisition and reporting of readings.
Supporting work, which does not require specialized skills, may be
performed by the construction contractor. See Section [01 31 20 PRQIECT
TECHNI CAL DATA MANAGEMENT AND VI SUALI ZAl ON] [ ] for requirenents of the
[ Data Manager][Instrunmentati on Data Manager] [ ] position

1.7.2 Qualifications

The individual assigned as |ead instrunmentation specialist nmust be a

regi stered Professional Engineer (PE) and recognized professional in the
field of instrunentation and nonitoring of geotechnical and hydraulic
structures with over [5][10] years of work experience relevant to the
scope and magnitude of work specified in this contract. An experienced
alternate individual, not nmeeting the PE |icense requirenent, may work
under the direction and supervision of the PE to carry out all tasks of
the instrunentation specialist, with exception of the selection of alert
val ues, analysis of reported instrunent readings, and directed response
actions. A detailed, concise narrative describing the instrunentation
speci alist qualifications and rel evant work conpl eted by those experienced
alternate individuals on a mni mum of [3]][ ] projects, within the |ast
[7]11 ] years, is required for CGovernnent review and approval

Li kewi se, equival ent backups neeting the aforenentioned qualifications
nmust be identified and included with the required submttal of the

i nstrunentation specialist(s).

The responsibilities of the instrumentation specialist are selection of
the instruments required for purchase for the work; installation
calibration, and perform ng necessary nai ntenance of that specialized
equi pment in the field; and conpiling readi ngs and reporting them
Supporting work, which does not require specialized skills, may be
performed by the construction contractor, with prior approval of the
CGover nent .

1.7.3 I nstrumentati on and Mnitoring Plan

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: EM 1110-2-1908 currently does not address
concrete structures but is being updated to include.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

An Instrunentation and Monitoring Plan nust be prepared by the
Instrunmentation Specialist and submtted for Governnent approval a mninum
of 30 days prior to any work being conpleted at the site. No physica
work is to start at the site until this plan is approved by the
Government. At a mininmum the Instrumentation and Mnitoring Plan nust
address the following: responsibilities and authority for all phase of
the nonitoring program types (including detail ed manufacturer data),
purpose, and | ocation of each instrunent; installation procedures
(detail ed bel ow) and docurmentation; instrunment reliability and
[imtations; calibration and maintenance, in accordance with

manuf acturer's requirements and EM 1110-2-1908; redundancy; backup
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i nstrunments/parts; baseline data; procedures for ensuring data validity;
data coll ection frequency; visual observation; data processing and
reporting including exanple tables and plots; and threshold val ues and
response actions.

Include detail ed nethod statenents for installation of each type of
instrument. Method statenents nust |ist the sequence of carrying out the
wor k and i nclude such di nensi oned sketches, conpl eted using conputer-aided
design and drafting (CADD) software, as may be required to illustrate the
spatial or temporal relationship of the various conponents of the work.
The net hod statenents nust include:

a. Method of pre-installation acceptance tests.

b. Description of quality control procedures.

c. Full details of both type and quantity of any equi pment to be used.

d. Drillhole dianeter, drill casing size, the nethod and sequence of
wi thdrawi ng drilling casing.

e. Method of cleaning the inside of casing, where applicable.

f. Specifications for proposed grout mxes, including commercial nanes,
proportions of adm xtures and water, m Xxi ng sequence, m xing net hods
and duration, punping nethods and trem e pipe type, size and quantity
and neans of grout quality control

g. Depth increnents for backfilling drillholes with sand and/ or granul ar
bentonite

h. Method of overcom ng buoyancy of instrunentation conponents during
grouti ng.

i. Method of sealing joints in pipes, tubes, and inclinoneter casing to
prevent ingress of grout.

j. Method of conducting post-installation acceptance tests.

k. Method of protecting instrunents from danage

. Method of determining as-built |ocations.

m Method of field calibration and nai ntenance of each type of instrunent.
n. Calibration and mai ntenance schedul e for each type of instrument.

0. Method of supplying power, when applicable.

p. Method of nonitoring each type of instrunent, including nethod of
identifying and elimnating any reading errors.

g. Method of carrying out tenperature corrections and/or baronetric
pressure corrections, when applicable.

gr Method of data reporting for each type of instrunent, including nethod
of transmitting and storing data.

s. Drillhole record forms.
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8 SElI SMOLOG ST/ VI BRATI ON CONSULTANT

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Renove this individual and rel ated paragraphs
fromthis section if vibration nmonitoring is not
i ncluded in the scope of your project.

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

8.1 Cener al

An i ndependent Seisnol ogist/Vibration Consultant is required to nonitor,
record, analyze, and report the ground and noi se vibrations being
generated by construction activities. Such construction activities

i nclude, but are not Iimted to, [hauling, ][excavation, ][trenching,

][blasting, J[drilling, ][fill and backfill placement, ][conpaction,
][pile driving, ]and other activities which may generate ground vibrations
and noise. Wthin [60 cal endar]]| ] days of the Notice to Proceed, the

Contractor must submit the Seisnologist/Vibration Consultant along with
nanes and resune of qualifications of the personnel dedicated to this
proj ect.

.8.2 Qualifications

The Sei snmol ogi st/ Vibration Consultant nust be a registered Professiona
Engi neer with a mninumof [5]] ] years of experience, including a

m ni mum of four projects of simlar nagnitude and subsurface conditions.
Thi s individual nmust have experience with assessing vibration nonitoring
and recordi ng operations, interpreting ground vibration and sound dat a,
determ ni ng paraneter values for vibration attenuation through soil

anal yzi ng ground notion spectra, and assessing the structural responses to
vi brations. The Seisnol ogi st/ Vibration Consultant qualifications also

i ncl ude experience with pre- and post-construction condition surveys of
structures, famliarity with construction nethods and materials, and

know edge of structural response to ground vibrations generated by
construction activities. The Professional Engineer nust sign and seal al
reports, results, interpretations, and assessnents obtained fromvibration
noni toring and structural condition surveys. The Professional Engi neer
must be on site and supervise the initial installation of each vibration

nmonitoring instrument, [the Vibration Test Prograni]| ], [Public
Meet i ng] [ ], and [Preconstruction and Postconstruction Condition
Surveys] [ ].

A m ni mum of one on-site technician, working under direct supervision of

t he Sei snmol ogi st/ Vibration Consultant, rmust be on site full-time during
the construction. The on-site technician nust have a mni num of five
years of experience in controlling and nonitoring vibrations originating
fromconstruction activities and be experienced and trained to install and
use vibration nonitoring instrunentation and interpret the instrunentation
data. Their experience and training nust also include anal yzing ground
and sound vi bration parameters, inplenmenting proper nonitoring and
recordi ng net hods, know edge of proper vibration control nethods,
capability to install and read supplemental instrumentation to nonitor
novenent and settlenent of structures.

.8.3 Vibration Mnitoring Plan

A Vibration Mnitoring plan rmust be prepared by the Seisnol ogist/Vibration
Consul tant and submitted by the Contractor [60 cal endar]]| ] days prior
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to any on-site work.

The Vibration Mnitoring Plan nmust include, but is not limted to, the
fol | owi ng:

a. A description of the organizations and individuals that will be
i nvolved in the vibration nonitoring activities, including planned
duties, responsibilities and authorities of the organizations and
i ndi vidual s, and contact information for organizati ons and key
i ndi vi dual s.

b. A description of the nonitoring equipnent in accordance w th Paragraph
VI BRATI ON MONI TORI NG | NSTRUVENTATI ON wi t h exanpl e data out put.

c. List established or estimated vibration linmts (peak particle velocity
at [25-foot][ ] distance) for the particular construction
equi prent and met hods proposed. Provide evidence or justification
that the proposed construction equi prent and net hods neets the
specified vibration lints, in accordance with paragraph CONSTRUCTI ON
VI BRATI ON CONTROL AND MONI TORI NG

d. A description of the |ocation, nethods, equi pnent, and procedures that

will be used to perform Vibration Test Program on various construction
equi pment in accordance with paragraph VI BRATI ON TEST PROGRAM AND
REPORT

e. Provide an initial plan for typical setup and location of vibration
noni t ori ng equi prent during various construction activities.

f. Provide description of any separate neasures or nmethods required to
reduce vibrations.

g. Provide procedure for addressing public conplaints pertaining to
construction vibrations, noise |levels and potential damages. |nclude
an exanple of a Vibration Conplaint Report. |Include a vibration
screening procedure that includes both defining the problem and
actions required to be taken.

.9  SEQUENCI NG AND SCHEDULI NG
.9.1 Schedul i ng Work

Install instruments and receive Governnent concurrence on formal initia
readings prior to the start of related construction activities as detail ed
i n paragraph BASELI NE READI NGS.

.9.2 Vi bration Monitoring Schedul e

The frequency and duration of vibration nonitoring for any construction
activity nust be performed in accordance with the approved Vibration

Moni toring Plan. The Contractor nust make all necessary arrangenents for
schedul i ng the Sei snol ogi st/ Vi bration Consultant. Construction activities
requiring nonitoring nmust not begin until the approved

Sei snol ogi st/ Vi bration Consultant's on-site technician is onsite.
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10 DATA REQUI REMENTS
10.1 Dat a Oanership

Al data generated on site by instrunentation, nonitoring, construction
equi prent, sanpling, testing, and other data associated with the
construction of the project is the property of the Governnent. For any
data the Contractor wi shes to exclude fromthe system subnit a
Proprietary Data Determ nati on Request including detailed justification to
the Government for determ nation of whether data can be classified as
proprietary. No data source is exenpt fromthese data requirenents unless
a specific exenption is requested of and granted by the Governnent. Do
not allow "proprietary data" to i npede the Governnent's ability to nonitor
construction, perform anal yses, or evaluate the effectiveness of
construction.

.10.2 Data Integrity

Maintain the integrity of data such that records are accurate and
internally consistent. Ensure that all data and records reflect the
quality of the data gathered on the site and that all data is preserved
and archived for future use.

.10.3 Backups, Archiving, and D saster Recovery

M ni m ze data | oss by backup and archival of all digital and paper data
records fromthe time of data generation until final data turnover. This
i ncl udes having specific policies, workflows, and infrastructure in place
to archive and have redundant backups on servers in either the cloud or
nmultiple locations according to i ndustry standard practice. Detail this
i nfornmati on in a Backups, Archiving, and Disaster Recovery Plan subnmitta
for Governnent review and approval prior to the start of work.

If a data |l oss occurs, the Contractor is responsible for regeneration of
the data. Any data which is re-generated froma non-prinmary source mnust

be clearly noted in the record shown in the [EDB][ ]. Backup data
within [24 hours]]| ] of generation. Should a data |oss occur, even if
it iswithin this [24-hour]] ] window, the Contractor is responsible
for all steps necessary to recover fromthis data loss and will receive no

addi ti onal payment for these data recovery efforts.

.10.4 Di scl osure of Data or Advertisenent of Project

Do not disclose any project data to third parties, and do not publish any
data without prior witten approval of the Governnent. This includes, but
is not limted to, published papers or presentations to any third parties
not associated with this contract.

11 DELI VERY, STORAGE, AND HANDLI NG

Deliver all instrunentation materials to the site in undamaged condition
and store in an indoor, clean, dry, and secure storage space, that is
approved by the CGovernnent, after receipt at the site and prior to
installation. Instrunment conponents nmust not be exposed to tenperatures
out side the nanufacturer's stated working tenperature range. The
materials, instrunents, and hardware nust be stored, handl ed, and
installed in such a manner as to preclude danage. The Contractor rmnust
restore or replace, at no cost to the Governnent, any itens danaged or

| ost during storage, handling, or installation
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PART 2 PRODUCTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The Buy American Act (BAA), which will be

i ncluded in the non-technical portion of the
contract, will preclude the use of nondonestic
products, with the exception of those produced in
Canada and 46 other countries covered by the revised
Worl d Trade Organi zati on Agreement on CGover nnent
Procurenent (WIO GPA). The Buy Anerican Act applies
to all U S. federal government agency purchases of
goods val ued over the U S. mcro-purchase threshold
(currently set at US $10,000). Ensure that al
products listed bel ow neet the requirements of the
BAA.

For bracketed itenms, choose applicable item(s) or
i nsert appropriate information.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

2.1 GENERAL

Al products in this section nust conformto the requirenents indicated on
the Drawi ngs, or specified herein, to adequately nonitor the condition and
record data to ensure perfornance paraneters are net. A summary of

exi sting instrunments at | ], including those to be nodified, as well
as new instruments to be installed as part of this contract are included
in tabular format in paragraph DESCRI PTI ON above.

Al'l products nust be the standard products of a manufacturer regularly
engaged in the manufacture of such

Al'l conmponents provided for connection with an exi sting autonmated data
acqui sition system (ADAS) must function properly with that system if it's
specified to remain in operation, or with a new system if one is
specified for installation

2.2 MATERI ALS
2.2.1 CGener a

Al materials must conformto the Buy Anerican Act. They nust be new and
neeting the requirenents indicated on the drawings or referred to herein
and, when not covered thereby, materials and equi pment of commercial grade
quality suited to the intended use and as approved by the CGovernnent nust
be furnished. Al materials nust be conpatible and match the existing
equi pnent at the project location, if applicable. If nultiples of the
sanme instrunent are required, use the sane manufacturer for each

2.2.2 Instrument Factory Calibration

A factory calibration must be conducted on all instrunents at the place of
manuf acture prior to shipnment. For each factory calibration include a
calibration curve with data points clearly marked and a tabul ati on of the
data and required fornmulae for data reduction. Ensure each instrument is
marked with a uni que identification nunber or serial number. Provide the
manuf acturer's [warranty][extended warranty] for each instrunent and
readout unit. Submit required factory test reports to the Governnent for
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approval .
2.3 PORE- PRESSURE AND GROUNDWATER MONI TORI NG

2.3.1 [ Open- Tube Pi ezoneter][ Gbservation/ Monitoring Well]

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Open-tube piezoneter construction is simlar
to observation/nmonitoring well construction and are
i ncl uded together herein. Piezonmeters represent a
poi nt water pressure neasurenent while
observation/nonitoring wells represent an integrated
wat er pressure nmeasurement over the screened
interval. Piezonmeters can have an open bottom or
short screen interval (porous tube). A Vibrating
Wre or Pressure Transducer can be installed within
t he open-tube to all ow renpte readi ng.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

[2.3.1.1 Porous Ti p/ Casagrande Filter

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: A porous tip is comonly used for open-tube
pi ezoneter sensing (water intake) zone but can al so
be slotted or perforated screens as included bel ow
in brackets. Slotted screens are nore comonly used

for observation/nmonitoring wells.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

For porous tip or Casagrande filter, provide high-density polyethyl ene
plastic with 60 mcron pores neeting the requirements shown on the
drawi ngs. Each porous tube nust be free fromcontam nation by dirt, nud,

oil, or any other substance which in the Government's opinion nmay
contribute to the reduced performance of the instrunent. Porous tips with
any oil or mud snmears will be considered unsatisfactory for installation
and nust be replaced at the Contractor's expense. Instrunents, which have
been contam nated, nust be properly abandoned and repl aced at the
Contractor's expense. |Imerse each tip in water for not |ess than 24
hours before installation. No glues or priners are permitted on the

porous portion of the tips.
[2.3.1.1.1 Stainl ess Steel Screen

Provi de [continuous wi re-wound non-cl oggi ng stainless steel
screen][drive-in stainless steel filter] with threaded couplings of the
specified screen length, [slot w dth][opening size] and screen dianeter as
shown on the drawi ngs. For PVC wire w apped screen, it must be

conti nuous, w re-wound PVC, non-solvent wel ded with threaded couplings

whi ch nust nate with the PVC casing.

1[2.3.1.1.2 Sl otted Screen

Construct slotted screens of flush-joint Schedule [40][80] PVC conform ng
to the requirenents of ASTM D1785 and ASTM F480. Determ ne slot dianeter,
spaci ng, and screen | ength based on hydrol ogic conditions, analysis of
formation materials, or interpretation of geotechnical logs, if no
specific requirenents are included on the draw ngs.
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1[2.3.1.1. 3 Perforated Screen

Provi de perforated screens consisting of Schedul e [40][80] high-density
pol yet hyl ene plastic conformng to the requirements of ASTM D1785 and
ASTM F480 and as detailed on the drawings. Each screen nust be free from
contam nation of dirt, mud, oil, or any other substance which in the
CGovernnment's opinion nmay contribute to the reduced performance of the
instrument. Any screen material with mud smears will be considered
unsatisfactory for installation and nust be replaced at the Contractor's
expense. Instrunments, which have been contam nated, nust be properly
abandoned and repl aced at the Contractor's expense.

112.3.1.2 Ri ser Pi pe

Provi de riser pipe consisting of PVC or stainless-steel well casing. PVC
pi pe nust be watertight, flush-joint schedule [40][80] conforming to the
requi renents of ASTM D1785 and ASTM F480 and as detail ed on the draw ngs.
Provi de glue and priner for assenbly of the piezoneter tip and pipe as
recommended by the manufacturer.. Steel well casing nust be threaded and
coupl ed bl ack carbon steel pipe with no mll coating and a m ni nrum wal

t hi ckness of 6 mmr 0. 237 inches.

2.3.1.3 Sunp or Cap/ Bottom Pl ug

For bottom plug, provide Schedule [40][80] PVC with a flush-joint
coupling, or approved equivalent. For a steel bottom plug, provide a

t hreaded and coupl ed bl ack carbon steel Schedule 40 with no mll coating.
An end cap may al so be attached directly to the bottom of the screen or

sunp.
2.3.1. 4 Centralizers

Attach centralizers, constructed of PVC or stainless steel, to the riser
pipe with clanps. Centralizer ribs nust have sufficient strength to
adequately center the riser pipe in the drill hole. Centralizers for
steel surface casing may be carbon steel and welded to the casing.

2.3.1.5 Filter Pack Materia

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Provide the required gradation of filter pack
materi al based on the screen size of the instrunent
being installed. Typically, an allowable range is

gi ven for each sieve size listed for a particular
gradation. Common gradations for silica sand from
manuf acturers are 6-9, 8-12, 8-16F, 10-20, 16- 30,
20-40; nodify these tables as needed.
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Provide filter pack material of uniformy graded silica sand of grade

[ ] provi ded bel ow and di nmensi oned as shown on the drawi ngs. Filter
mat eri al must consist of washed, clean, uniform tough, and durable
particles free fromany coating. The filter material nust not contain any
detrinmental inpurities or soft, friable, thin, or elongated particles.
Submit filter pack material source, gradation, and quality test result
information to the Governnment for review and approval prior to
installation.
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GRADE 6/ 9 GRADE 8/ 12
TYPI CAL S| EVE ANALYSI S TYPI CAL S| EVE ANALYSI S
S| EVE PERCENT PERCENT S| EVE PERCENT PERCENT
RETAI NED PASSI NG RETAI NED 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 GRADE 10/ 20
TYPI CAL S| EVE ANALYSI S TYPI CAL S| EVE ANALYSI S
S| EVE PERCENT PERCENT S| EVE PERCENT PERCENT
RETAI NED PASSI NG RETAI NED 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 GRADE 20/ 40
TYPI CAL S| EVE ANALYSI S TYPI CAL S| EVE ANALYSI S
S| EVE PERCENT PERCENT S| EVE PERCENT PERCENT
RETAI NED PASSI NG RETAI NED 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 GRADE 20/ 40
TYPI CAL SI EVE ANALYSI S 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 Material
Seal material nmust be coated bentonite pellets, fromnaturally occurring

sodi um bentonite
uncoat ed pellets, or

appr oval
2.3.1.7

Backfill

| ow perneability grout,
to the depth and thickness identified in the draw ngs.
m x specific gravity,
and 1.10][ ].

sized 3/8 to 1/2-inch in dianmeter.
ot her

Angul ar chi ps,
bentonite products may be used with prior

fromthe CGovernment.
Backfill Material
material may be inmpervious clay, bentonite, or a nonshrinking,

Pl ace backfill material
Grout nmust have a
prior to placenment in the borehole, of between [1.03
I f used, bentonite nust be hydrated in accordance with

pl aced by trenie method.

t he manufacturer's recommendati on.

2.3.1.8

Pr ovi de

squar e steel
and coupled ends with no mll

Protective Casing
protective casing of either [eight][twelve]-inch dianeter or

pipe with a mnimum 0. 250-i nch wall thickness, with threaded
coating and a locking flip cap of either

steel or alum num|[square]. Steel protective casing nust be painted

[ ]. Casings nmust be cleaned by power tool or wire brush prior to
painting. The first coat nust be brush or spray applied in the shop or
field, as indicated, with a Steel Structures Painting Council Paint 25

(Zi nc Oxi de,
necessary during installation
using P-38 (al um num

2.3.1.9

Done capped protective boll ards mnust

Al kyd, Linseed O Priner) and touched up in the field as

Apply second and third coats in the field
ready mi xed) type paint.
Protective Bollards

be [76 mmi[152 mmi [3-inch][6-inch]

di ameter [steel] [gal vanized] pipe with a mninumr 6 mr 0.250-i nch wal
t hi ckness. Enmbed bollards a m ni mum depth of 76 cnm 30 i nches bel ow t he
final grade. Paint steel bollards [ ].

2.3.2 Fully Grouted Vibrating Wre Piezoneter

*kkkkk kX
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NOTE: There are several nethods of installing
vibrating wire piezometers, A in a sand filter with
a bentonite seal above, then grouted to fill the

hole, B: in a sand filter with grout to the top of

the hole, C fully grouted with a cenent bentonite
grout, D. lowered into a conventional porous tip or
slotted screen and associ ated standpi pe. Method D

is useful for retrofitting existing instrunents or
for long termnonitoring. It also allows for
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calibration or replacenent of the vibrating wire
sensor as needed. Method Cis the nbst responsive
and is good for shorter termnonitoring and has the
benefit of not being able to have the filter sand or
tip contaminated with grout. Methods A, B and C
cannot be re-calibrated or verified and are a tota

| oss if danmged.

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

2.3.2.1 Vi brating Wre Piezoneter

Provide quality pore pressure nmonitoring devices (vibrating wire pore
pressure piezoneter) including all cables, wiring connections, splice
kits, desiccant chanbers (if vented sensors are used), vibrating wire
transducer, readout unit, and [data |logger][data collector] froma

reput abl e manufacturer that has been in the business for [5]] ] years
or nore. Each vibrating wire transducer nust be pressure sized to the
expected | oad range and di nensioned to the specified location. Transducer
resol ution and accuracy requirenents are 0.025 percent (mninun) and plus
or minus 0.1 percent, respectively, of full scale range.

2.3.2.2 Grout M xture
Provi de a cenent-bentonite grout designed to match the properties of the

surrounding in-situ materials, with respect to strength and deformation
characteristics, and as reconmended by the manufacturer of the vibrating

wire transducer. Use Type | or Il Portland cenent. Marsh Funnel
viscosity of the grout prior to placenent nust be between [50 and
60] [ ] seconds. Submit the proposed grout mix design to the

CGovernnment for review and approval prior to start of the work.
2.3.2.3 Grout/ Carrier Pipe (PVO

Provi de sacrificial grout/carrier pipe consisting of PVC conformng to the
requi renents of ASTM D1785 and as detailed on the drawi ngs. Use PVC 32-mr
1-1/4 inch Schedul e 80 threaded pipe for all grout pipe and connecti ons.
Utilize manufacturer recomended materials for securing the vibrating wire
transducer and cable to the pipe.

2.3.3 [Uplift Cells][d osed Tube Piezomneter]

2.3.3.1 Tubing and Fittings for Tubing
Tubing utilized in the construction of uplift cells rmust conformto the
requi renents for [PVC or] Crosslinked Pol yet hyl ene (PEX) Tubing. Fittings
to be used with PEX tubing nust be of the Cold Expansion type for use with
PEX Rei nforcing R ngs. Tubing nust be conpatible with fittings.

2.3.3.2 Fittings

Fittings nmust be brass or bronze, and conpatible with PEX tubing, as
recommended by the manufacturer

2.3.3.3 Condui t
Conduit for uplift cell tubing nust be of a size |arge enough such that

the uplift cell tubing can be pulled through the entire I ength of conduit
wi t hout damage to the tubing.
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.3.3.4 Gauges

Gauges for uplift cells must be dual scale, ASVE B40. 100 Grade 2A, brass
process connection, bronze tube, solid case, dry. Mark scales in pounds
per square inch (PSI) with a range of | ] nmeters | ] feet of water
(FT H,0. Face dianeter nust be 114 mr 4-1/2 inches.

.3.3.5 Mount i ng Har dware and Brackets

Har dwar e and ot her conponents necessary to fix uplift cell tubing, gauges,
val ves, and ancillary fitting securely to the wall rust be 300 series
stainl ess steel or approved equal. The clanps must hold the tubing and/or
pipes firmy in place without defornmation of the tubing or pipe.

.3.3.6 Val ves

Valves for uplift cells nust be full port ball valves of either stainless
steel or brass.

.3.3.7 Cabl e d and Seal s

Cabl e gl ands must neet requirenents for cable dianeter, pressure rating,
and nounting hole diameter. Cable gland nounting may include adhesive or
conpound, flanged or bolted, threaded or nut mount. The Cable gl and
material rmust be conpatible with cable naterial to prevent corrosion
excessi ve wear, or danmmge and nust be liquid tight.

4 SURFACE WATER LEVEL

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

NOTE: Common instrunents for measuring surface

wat er | evels consist of nanually read and automated
gages. Manually read gages are numerous and

i nclude, but are not limted to, staff, weight, and
float Automated gages include weir nonitors and

| aser or non-contact radar |evel sensors.

For bracketed items, choose applicable item(s) or
insert appropriate information

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

4.1 Water Level Sensor

.4.1.1 Laser Water Level Sensor

Provi de water |evel sensors as indicated in the contract plans. Instal

all water |evel sensors in accordance with the manufacturer's
recomendati ons. Performoperation and field calibration checks of al
instrunments. Factory-calibration curves are required for each |aser water
| evel sensor, including individual gage factor and tenperature correction
factor. Protect each instrument agai nst short-duration, high voltage
surges with an external surge protection board, which uses tripolar plasm
surge arrestors, transient suppression diodes, and inductors.

. 4.2 Staff Gauges

Provi de [porcelain enanel ed steel][fiberglass] staff gauges graduated to
centinmeters, marked every 10 centineters and neter hundredths and marked
at every foot and every tenth.
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5 FLOW MEASUREMENT
5.1 Fl ow Meters
5.1.1 Pi pe Fl ow Meter

Provide in line [magnetic flowreters] [ultrasonic (doppler)] [nechanical-

i mpel ler or nutating disk] in accordance with the plans. Accuracy nust be
[ ] percent. Care nmust be taken to ensure the pipe is full and fl ow
is not turbulent per manufactures directions. Provide electronic gauges
showi ng flow rate and accurul ated flow and with comruni cations to a

dat al ogger. Mechani cal nmeters must show total flow.

.5.1.2 Open Channel Fl ow Meter

Open channel flow nmeter rmust be [ul trasonic]] ] and use the depth of
water along with the flowrate to calculate total flow. The open channe
flow meter nust comunicate with an approved datal ogger and include a
gauge that shows the flow rate and accunul ated fl ow.

.5.2 Weirs

Provide a [v-notch][trapezoidal][rectangular] weir plate nade of 304
stai nl ess steel neeting the dinension requirenents [as specified on the
drawi ngs] [ ]. Include proper nounting hardware as provided by the
manuf acturer and meeting requirements of ASTM D5640.

.5.3 Fl unes

Provide a [Parshall][trapezoidal][cutthroat][H flume made of [fiberglass
reinforced plastic][304 stainless steel] for nmeasurenent of flow range
from] ] to [ ] meeting the di nension requirenents [as specified
on the draw ngs]| ]. The inside of the flume nmust be snoboth and free
of any irregularities. Provide all anchorage hardware in accordance with
t he manufacturer's recommendati ons and submit docunentation show ng the
proposed flunme neets all specified requirenents.

2.6 ENVI RONVENTAL MONI TORI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Environmental factors such as rainfall, can
affect | ake and river elevations, increase flowin
nonitored streans, and infiltrate into piezoneters
and cracks. Rainfall may be correlated to changes
in these paraneters and that is why it is inmportant
to nonitor. Tenperature may affect expansion and
contraction of materials |eading to changes in crack
di spl acenent s.

If you are in an extrenmely cold climate, consider a
heat ed rai n gauge and/or a snowfall sonic distance
sensor if these parameters are inport to your

proj ect.

You may want to nonitor other environnental
paranmeters that affect your project, such as air
tenmperature, baronmetric pressure, humidity, w nd
speed/ di recti on, evaporation, solar radiation

SECTION 33 51 43 Page 33



EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

2.6.1 Precipitation

Moni tor precipitation with a tipping bucket rain gauge with an accuracy of
1 percent up to 2 inches per hour. Rainfall per tip of the bucket is to
be 0.01 inch.

2.6.2 Bar omret er

Provide a baronmeter with accuracy to 0.6 Hpa or better for correction of
seal ed vibrating wire pressure transducers. The baroneter nust be read by
the automated data acquisition system

2.6.3 Water Quality

Moni tor water quality paraneters such as tenmperature, pH, turbidity, and
conductivity. The readings nust be taken by [grab sanmpl es] [autonmated
nmul ti parameter sonde] at the specified |ocations, depths, and frequency.

2.6.3.1 pH

Provide a pH sensor with an accuracy of plus or minus 0.1 units.
Calibrate instrunents per manufactures directions for the expected range.

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE: Common pH calibration solutions are 4, 7, and
10, but if monitoring for grout (Portland cenent) pH
will likely be higher, so calibration at 12.45 is

al so required.
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2.6.3.2 Turbidity
Provide a turbidity neter that reports in NTUs with an accuracy of plus or
m nus 2 percent and plus or mnus 2 units. Calibrate instrunents per
manuf actures directions for the expected range.

2.6.3.3 Tenperature

Provide a tenperature sensor that reports in degrees C F with an accuracy
plus or mnus 0.5 degrees.

2.6.3.4 Conductivity
Provide a conductivity neter that reports in uS/cmw th an accuracy of
plus or mnus one percent. Calibrate instrunents per manufactures
directions for the expected range.

2.7 DEFORMATI ON/ DI SPLACEMENT

Moni tor for deformation or displacement using the instruments described
bel ow

2.7.1 Ext ensonet er

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Provi de extensoneters based on the
application and need of the project. Select
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ext ensoneter type based on soil type, reading type
readi ng frequency, data transm ssion, open/sealed

hol e, etc.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

2.7.1.1 Pr obe Ext ensoneter

Provi de probe extensoneters consisting of induction coils or magnet/reed
switch transducers. Provide a tel escoping access pipe when the predicted
vertical strain is greater than about 1 percent

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: The dianeter of the access pipe is typically
33 mr 1.3 inches, and the borehol e dianeter typically
76-230 mr 3.0-9.0 inches.

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

2.7.1.2 Fi xed Bor ehol e Extensoneter

Sel ect fixed borehol e extensoneters based on anchor type, transducer type
and extensometer head. Provide either a single-point borehole

ext ensoneter (SPBX) or multipoint borehol e extensometer (MPBX). For MPBX,
provi de a maxi mum of six anchors and rods in a 150 mr 6-inch diameter

bor ehol e.

Provide [stainless steel][fiberglass][carbon conposite] rods. Provide

vi brating wire transducer capable of neasuring over a range between 0 -
100 mmto O - 300 nm and frequency range between 1200 - 2800 Hz and
operabl e at tenperatures ranging frommnus 20 to plus 80 degrees Cel sius.

2.7.2 Settlement [Surface Points][Survey Monuments]|[Pl ates]

2.7.2.1 Surface Points
Provi de surface points consisting of [25 nmj [1 inch] long survey nails
designed for installation in [concrete][asphalt]. Include a suitable
netal washer or plastic disc hub for high visible nmarking of each surface
poi nt .

2.7.2.2 Survey Monunents
Provi de survey nonunent consisting of [90 mm [3-1/2 inch] dianeter doned
bronze marker designed for installation in [concrete], unless otherw se
provi ded by the Government.

2.7.2.3 Settlenment Plates
Provi de 610-mr 24-inch square settlenent plates consisting of a
[steel][wood] [ concrete] base. Provide connectable riser pipes consisting
of [gal vani zed][stainless] steel. Cdearly mark and protect the riser
pi pes frominpact during fill operations and other construction activities.

2.7.3 Settl ement/ Heave Points

2.7.3.1 Borros Type Anchor
Provide [settlenent][heave] neasurement points consisting of a

t hree- pronged Borros type anchor, 6 mr 0.25 inch steel inner pipes with
couplers, and 25 mr 1 inch steel outer pipe with couplers. Connect inner
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and outer pipes using standard couplers as recommended by the
manuf acturer. Anchors prongs may be manual or hydraulically actuated.

.7.4 I nclinonmeters
.7.4.1 Portabl e (Traversing) Inclinoneter

Provide ABS plastic inclinoneter casing in [3-neter][1.5-neter]
[10-foot][5-foot] long sections with a minimum outside diameter of [48
mllinmeters][70 millinmeters][85 mllimeters] [1.9 inches][2.75 inches][3.3
inches]. Provide casing section connections in accordance with the
i nclinoneter nanufacturer's recommendation. Ensure the casing has high
quality flat surface grooves to permt free passage of the probe through
curves in the casing wthout the wheel of the probe coning out of the
groove. Casing anchors and grout valves are to be used if required.
Grout the casing in place with grout that approxi mates the subsurface
formation strength in accordance with ER 1110-1-1807. At a m ni num
equi prent and supplies for nmonitoring and processing inclinonmeter data
nmust include a probe at wheel base of 500 mr 24 inches. The cable nust be a
[30][60][90] -neter [100][200][300]-foot cable graduated into 500 mr two
foot intervals. Oher equipnment required includes a cable gate system for
accurate positioning of the probe, a digital readout device, and graphing
software. Calibrate the sensor for plus or mnus 30 degree range with a
resol ution of 0.005 nm 0.0002 inch. Subnit the selected inclinoneter
sensor type, including manufacturer and nethods for data retrieval, for
CGovernnment approval a mnimum of 30 days prior to inclinometer casing
installation. Al inclinoneter devices and accessories must be on the job
site prior to installation of the first inclinometer. NMonitoring
equi prent must be new and mmintained in conplete, fully functional
operating conditions throughout the duration of the contract; this
equi pnment becones the property of the Governnent at the conclusion of the
contract.

Applicable instruction manual s published by the inclinoneter manufacturer
are considered part of these specifications. Use these instructions for
detailed installation procedures, calibration, and nonitoring.

.7.4.2 Aut omat ed I n-Place Inclinoneter (IPI)

Provide [ABS plastic] inclinonmeter casing in [3-nmeter][1l.5-neter]
[10-foot][5-foot] long sections with a ninimum outside di aneter of
[48][70][85] millineters [1.9][2.75][3.3] inches. Provide casing section
connections in accordance with the inclinometer manufacturer's
recomendati on. Ensure the casing has high quality flat surface grooves
to permit free passage of the probe through curves in the casing w thout

t he wheel of the senor comi ng out of the groove. Casing anchors and grout
val ves are to be used if required. Gout the casing in place with grout
that approximates the formation strength in accordance with ER 1110-1-1807.

Docurent casing installation with traversing inclinoneter and docunent two
basel i ne readings prior to installation of IPls. Baseline readi ngs must
be performed at | east [seven][28] days after grouting the casing. Provide
[ bi axial MEMS][Triaxi al MEMS Shape Accel eroneter Array (SAA)][uniaxial VW
| Pl sensors with an accuracy of plus or mnus one percent of full scale.
Repl ace casi ng that exceeds the accuracy of [ ] or spiral limtations
of [ ] at the contractor's expense.
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2.7.4.3 Shape Accel eroneter Array

Provi de [250][500]-mr [10][20]-inch segnented shape array sensors of the
l engt h(s) shown in the plans. The device nust have MEMS sensors and be
accurate to approximately plus or mnus 1/16th of an inch in 100 feet.
They must connect to existing ADAS systens. Casing nmust be
[27]1[47][200]-mr [1][2][4]-inch inside diameter. |n accordance with

ER 1110-1-1807, select grout strength for backfill which approxinmates the
formati on strength.

2.7.5 Cracknet er/ Joi nt net er

Provi de crackneters consisting of a vibrating wire or potentioneter

di spl acenent transducer within a stainless steel telescopic body with two
anchoring points. Vibrating wire crackmeters nust neasure over a range of
[0-12.5 nmm], [0-25 mmj, [0-50 mm, [0-100 mmi, [O0-150 mm, with a tota
accuracy ranging fromplus or mnus 0.50 percent to 0.30 percent ful

scal e dependi ng on range capability of the instrunment. The vibrating wire
cracknmeter's frequency range nust be between 2250 - 3000 Hz and operabl e
at tenperatures ranging frommnus 20 to plus 80 degrees Cel sius.

El ectrical crackmeters nust neasure over a range of [0-100 nmmj[0-200 mi,
with a total accuracy ranging fromplus or mnus 0.30 percent to 0.15
percent full scal e dependi ng on range capability of the crackmneter

Manual cracknmeters nust be clear polymer with [+-20m] [ +-25m] [ -55+105m1]
range on the x axis and high contrast grid. They nust have a uni que
serial nunber for tracking and be attached to the surface with epoxy and
SCrews.

2.7.6 Tiltmeter

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

NOTE: Select tiltneters based on the application
and need of the project. Consider the need for
uni axi al or biaxial nonitoring, tenperature
correction, neasuring range, sensor type and

wat er proof ness. Ensure tiltmeters are conpatible
with [Pl if applicable

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Provide a [vibrating wire][ MEMS] waterproof [uniaxial]l[biaxiall]

tiltmeter. Standard operating range nust be [plus or minus 10][plus or

m nus 20] degrees. Resolution nust be [08]] ] arc seconds. Operating
tenperature nmust range fromm nus [20][ ] to plus [80]] ] degrees
Cel si us.

2.7.7 Hi gh Precision GPS Unit

Provi de high precision GPS unit, with wirel ess conmunication capability,
t hat provides three-di nensional displacenent and tilt neasurenents for
deformation nonitoring. Units must provide plus or mnus [1]]2]
centimeter positioning accuracy.

2.7.8 Sur vey
Conpl ete surveys to provide accurate positioning of instrunentation. Use
hori zontal and vertical datuns specific to the project in which

instrumentation is being installed. Critical points for surveys at a
m ni mum nmust i nclude horizontal and vertical data collection at the top of
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protective casings, interior pipes, and a ground shot near the base of the
i nstrunment using equi pnment that can report collect to within at |east plus
or minus .03 cnm .01 feet accuracy.

.7.8.1 Terrestrial Positioning System (TPS)

Provi de an autonated robotic total station with an aiming range of 1 mto
1000m distance accuracy of 1nm+ 2 ppm angular accuracy of 1 arcsec
(0.3 ngon), and programable to collect and transmt survey data at
[hourly][daily][15 m nute][ ] intervals. The TPS must al so include
any environmental protection and comruni cati ons necessary.

.7.8.2 Surface Mnuments

Sel ect surface nonuments based on the application and need of each
project. Select horizontal and vertical control nonuments in accordance
with EM 1110-1-1002.

Each nonument nust have a [brass][bronze][al um nun] disk that [will][wll
not] be provided by the Government. Each nonunent nust be stanped by the
Contractor with all correspondi ng monunent details such as project nane,
monurrent | D, and elevation. Stanp the majority of information on the cap
prior to installation.

.7.8.3 Survey Prisms

Sel ect surveying prisms, also known as retro-reflectors, based on size,
range, hol der accuracy and offset. Beam deviation rmust be | ess than

[5]1 ] seconds. Hol der accuracy nust be [1]] ] mmor less. Prism
of fset nust be [O][m nus 17.5][m nus 30][m nus 34][m nus 40] mm

8 LOAD/ STRESS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The nore comon instruments for |oad and
stress neasuring have been included bel ow and
consi st of pressure cells, load cells, and strain
gauges.

Pressure Cells are used to nonitor total pressure in
earth fill dams and enbankments, rock stress
changes, dynamic pressures, etc. They can be
vibrating wire pressure transducers, sem conductor
type transducers, or use a stainless steel pressure
gauge.

Load Cells are used to nonitor |oad and strain by
nmeasuring structural extension and conpression that
pass through the | oad cell

Strain Gauges are al so used to nmeasure | oad and
strain in a structure by attachment directly to the
structure surface or enbednent within the structure
itself, or in situations where a |oad cell cannot be
utilized.

For bracketed items, choose applicable item(s) or
insert appropriate information

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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8.1 Earth Pressure Cells

Provi de [standard][contact][]jackout][push-in][pile tip] type pressure
cells with a rated | oad of | ] [kPa] [ MPa] .

.8.2 Load Cel ls

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The throat dianeter and | oad range will be
determ ned by the designer, the Contractor, or the
CGover nment depending on the specific project and
application. Vibrating wire cells are used in nost
applications. Electrical resistance cells are

primarily used in tiebacks and rock bolts.
EE IR R I Sk S S I S S S R R Rk I I S kS R R Rk I S Rk I S I R Sk I O

Provide [solid][center hole][vibrating wire][electrical resistance] type
load cells with an inside or throat dianeter of | ] inches and a rated
| oad of [ ] to | ] metric tons | ] to | ] ki ps.

Al ternatively, based on the actual dianmeter of the object material being
nmoni tored, and on the manufacturer reconmendations, the throat dianeter
may be as indicated by the [Contractor][ Governnent]. Provide centralizer
bushings to center the load cell, if necessary. The |load cell nust be
specially hardened to wi thstand enbednent in concrete for long-term

noni toring requirenents.

.8.2.1 Load Bearing Pl ates

Provide | oad cell bearing plates consisting of [ ] m | ] inch
thick plated ground steel based on the | ] metric ton | ] kip | oad
and the [ ] center hole.

.8.2.2 Cal i bration

Calibrate | oad cells under the following two conditions: 1) nornal

factory calibration of the load cell itself and 2) group or set
calibration of the load cell with the bearing plates and | ock-off assenbly
assigned to that load cell. Switching or transfer of bearing

pl at es/| ock-of f assenblies is not allowed in the field w thout factory
cal i brati on.

.8.3 Strain Gauge

Provide [electrical] [vibrating wire] [fiber] strain gauges with a rated
| oad of [ ] to | ] W

.8.4 Si gnal Cabl e

Provi de signal cables, as recommended by manufacturer, which are
factory-connected to the neasuring device in one continuous |length. Mark
and properly identify all signal cable at the device and at the cable
term nation as delivered. Each cable connection to the device nust be

i ndependent of the other. Splicing of cables that are enbedded in
concrete or otherwi se not accessi ble rmust have prior approval of the
CGovernment. For splices not in a climate-controlled enclosure, use a
[stainless steel][plastic] sleeve with [conpression fittings][sol dered and
heat shrink splices] for securing each cable section and use factory
supplied epoxy filling materials.
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8.5 I nstrunent Readout

Provi de required readout device(s) and obtain initial, calibration, and
subsequent manual readings of the sensor output. The readout device(s)
nmust be conpatible with the instrunent and signal cables, and existing
sensors and data | oggi ng equi pnent on site. Data fornmats nust be
[.csv][.dat] [.json] and conpatible with | ] software.

.9 VI SUAL OBSERVATI ON

.9.1 Qut door Caner as

Provide [HD] [daytine] [nighttine] canmera(s) accessible by an

I nt ernet - based software and a secure connection. Cameras nust provide
[color] [color and black and white] images. Caneras nust nmeet or exceed
the foll ow ng:

a. |Image Size: [___ ] Megapixels | ] x| ]
b. Lens: [ ] mrin., [___ ] x optical zoom F-Stop [__ ]
c. Pan/Tilt: Pan Range [___ ] degrees Continuous Pan, Tilt: [__ ]
degrees to [ ] degrees
d. [4K][____ ] broadcast quality video
e. [4G[____ ] cellular nodem

f. [On-Board Data Backup][4 GB (mcroSD)]

g. Anbient Tenperature Range: [ ] degrees C F

The Internet based online interface nmust include the follow ng features:
a. Display project nane

b. Real-tine live video view ng

c. Daily auto-generated 360 degrees panoramas up to [___ ] negapixels

d. Digital pan, tilt and zoomcapability within a high definition inmage

The service nust be avail able for the duration of the contract and all ow

the viewing of |live video and high-definition digital still inages
captured of the project and stored on both nobile and desktop platformns.
Capture and upl oad i nages every [30][ ] mnutes, 24 hours per day.

Provide all service and nmi ntenance, including cleaning of the canera
system throughout the life of the project including maki ng appropriate
arrangenents for canmera to remain in operation up to and through project
conpl eti on.

.10 VI BRATI ON MONI TORI NG | NSTRUMENTATI ON

Provide a m ni num of [ ] vibration nonitoring instrunents at the

| ocati on shown on the drawi ngs or as directed by the authorized
representative of the Governnent. Operate these instrunments during
construction activities that are within | ] meters feet of the
construction, or in the opinion of the Government would be a source of

SECTI ON 33 51 43 Page 40



ground vi brati on.

The location of the instrument(s) may vary daily, based on the |ocation of
construction activities, condition of structures in the vicinity of
construction activities, and response to public and governnent interest.

2.10.1 Sei snogr aph/ Sei snonet er

Provi de [ ] vibration nmonitoring instrunents and in accordance wth
the foll ow ng:

a. Capability to nmeasure, display, and provide a digital graph of
particle velocity and frequency conponents.

b. Capability to neasure the 3 mutually perpendi cul ar conponents of
particle velocity in directions vertical, radial, and perpendicular to
the vibration source.

c. Possess a seismic range of 0.01 in/sec to 4 in/sec with an accuracy of
5 percent of the neasured peak particle velocity or better at
frequenci es between 10 Hz and 100 Hz, and with a resolution of 0.01
in/sec or |ess.

d. Possess a frequency response range of 2 Hz to 150 Hz.

e. Display the date of the nbst recent calibration. Calibration nust have
been performed within the last 12 nonths to a standard traceable to
the National Institute of Standards and Technol ogy.

f. Possess a reliable power source or battery for required duration of
recordi ngs, equiprment suitable for site and weat her conditions, and
sui tabl e I ength of geophone and m crophone cabl es.

g. Continuous nonitoring node nmust be capabl e of recording
si ngl e-conponent peak particle velocities and frequency of peaks with
an interval of 1 minute or |ess.

h. Capability of neasuring continuous sound |levels ranging from 30 dBA to
140 dBA with 0.05 dB resolution

i. Produce plots showing particle velocity and frequency relative to
current OSM and USBM st andar ds.

2.11 SURFACE PROTECTI ON

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Surface protection considerations are
bol | ards, |ocking well caps, flush nount vs raised,
vandal i sm freeze thaw, construction access.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

Provi de tenporary or permanent surface protection in accordance with the
pl ans. Use caution and provide all neans necessary to protect the

i nstrunmentation fromconstruction activity perfornmed on the construction
site. This includes monitoring settlenent of fill naterial in and around
the buried conduits, concrete protective blocks at the instrunent heads,
concrete pads, and related itens. Imrediately replace any instrumentation
equi prent that is danaged by construction activities including damage
caused by settlenent of fill material due to inproper placenent or
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conpaction. Access nust be naintained to permt periodic nmeasurenents and
observation by the Governnent.

12 | NSTRUMENTATI ON ENTERPRI SE DATABASE ( EDB)

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: This paragraph nmay only apply to | arge

geot echni cal projects. Until/unless the Governnent
i s capabl e of ingesting and hosting its own
instrumentation data real tine during construction
regardl ess of if other data viewers are built and
mai ntai ned internally, the contractor will host an
enterprise SQ instrunentation database for |arge
geot echni cal projects. Because of the need for
real -tinme reporting of data, which cannot be
acconpl i shed across the firewall, the Contractor nmay
al so need to provide an instrunentation web

i nterface capable of plotting, and visualizing the
instrunments and data. |In order for the governnent
to provide this on an internally built web
interface, the Contractor would need to utilize

M crosoft Azure, and/or host the data to a restful
service or APl for Governnment ingestion

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

Set-up, nmintain and update a docunented SQ. enterprise database (EDB) for
the duration of the contract in which to store all automated and manua
instrumentation data. This can be the sane database as the project

dat abase if one is utilized.

Store the EDB on the Contractor's servers or the Contractor's cloud
storage account for the duration of the contract.[ Update .csv files of
the nost current version of the database tables to the SFTP site by

[ m dnight daily]. Update the nmost current version of these .csv files to
the SFTP site at any time requested by the COR ]

Make data available in HITP (APlI) or sFTP for automated inclusion in
ext ernal dat abases.

][I nport relevant hydrol ogi c data using publicly avail abl e datasets such as

2.

USACE CWES RADAR or Access2Water APl s.

Import all data for existing, active instrunentation in place prior to the
contract into the EDB. The Governnent will provide the data for this
purpose. Replace all historical survey coordinates and station offsets in
the EDB for any instrunent |ocations surveyed as a part of this Contract.
Ensure all coordinates in the EDB are in the project coordinate system
utilizing the correct datuns.

Upon conpl etion of the contract and before final denpbilization, submt to
the Government the final EDB .csv files and EDB documentation prior to
final paynent.

13  AUTOVATED DATA ACQUI SI TI ON SYSTEM ( ADAS)

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

NOTE: Ensure contract plans include a ninimm
requi red el evation for above-ground ADAS
boxes/ equi prent | ocations to prevent potentia
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i nundation by high water events.
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Provi de an Aut onated Data Acquisition System (ADAS) to collect, process,
store and communi cate data with other systens. This systemis generally
to be conprised of sensors/transducers, datal oggers, comruni cations

devi ces, and associ ated accessories - see contract draw ngs.
Automatically read and store instrunentation data at preset tine intervals
and readi ng frequencies. Provide the capability to nodify reading
frequency and provide ability to increase reading frequency during a
[stormevent]. Automatically scan all instruments for threshold
exceedance. Have the ability to trigger alarnms based on any of the
followi ng types of conditions: static |evel exceedance, rate of change,
novi ng wi ndow rate of change, and tine delay with nmultiple val ues
verification.

Furni sh all conponents and conmplete installation of all system conponents,
cabl e, conduit, instrunents, transducers, sensors, enclosures, power
connections, grounding, and niscellaneous itenms to nake the ADAS

conpl etely operational. Subnit system design and conponents for

Gover nnent approval .

2.13.1 Dat a Loggers

Provi de data | oggers that are capable of reading [vibrating

wi re] [ MEMB] [ ] sensors, store data internally for

[10][ 100][ 1000][ 10, 000] readi ngs, and communicate with [ ] protocols.
Data | oggers nust be conpatible with data collection devices and ot her
data | oggers on site and be capable of storing at least [3 nonths][1 year]
data in local nenory.

Programthe data | oggers to read the sensors. Annotate the prograns with
comments pertaining to its function. Data |ogger comruni cati ons may be
encrypted for security, but the program nmust be accessible by the
CGovernment on systens that will be owned or operated by the Government.
Store prograns on the data | ogger in non-volatile nmenory.

2.13.2 Encl osur es

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: WMaterial type depends on application Iifespan
and vandal i sm potenti al

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Provi de encl osures to protect ADAS components fromthe environnent.
Properly size encl osures so conmponents can be neat and organi zed. (Check
NEC requi rement for capacity). Construct enclosures of [fiberglass

rei nforced polyester][stainless steel] and use water resistant gaskets at
all entry points to seal ed encl osures. For encl osures housing

el ectronics, maintain a low humdity level within by using desiccants or
heat ers.

2.13.3 Condui t

Provide [PVC][rigid][EMI] conduit. Surface conduit nust be resistant to
W and rugged to mnimze or elimnate danage.
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2.13.3.1 Under ground Condui t

Bury underground conduit [46 cnl8 inches bel ow the surface][61 cn24 inches
bel ow the surface][below the frost line]. Install in accordance with NEC
regul ati ons.

2.13.4 Locati ons

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Specify locations of instrunentation and
readout boxes. Consider: inundation, |ine of sight
conmuni cati ons, weather freeze/thaw, accessibility,
power (sol ar), vandalism artesian conditions and

access.
R R R R R R R R R R

[ 1
2.13.5 LMJRW

Provi de Local Mnitoring Unit(s) (LMJ)/Renote Mmitoring Unit(s) (RWMJ) as
shown in the contract plans. The LMJ RMJ nust poll sensors at a specified
interval, record raw val ues, be capable of reducing raw values to

engi neering units, and conmuni cate data to other systens.

2.13.6 RO

Provi de Renote Input Qutput (RIO device(s) as shown in the contract
plans. The R O must poll sensors, as requested by a LMJRMJ, and
comuni cate raw val ues back to the LMJ RVU

2.13.7 Vi brating Wre Anal yzer

Provide vibrating wire analyzers that poll vibrating wire transducers and
nmeasure the resulting frequency and associ ated data. The anal yzer nmay be
a stand-alone unit or integrated into a datal ogger but nust have a
conmuni cati ons nethod for transferring data to other devices. The
vibrating wire anal yzer nust use a [swept frequency nethod][ Fourier
transform and spectral analysis nethod] to determ ne the frequency of the
vibrating wire with an accuracy of plus or mnus 0.05 percent or better
and read the therm stor of equi pped sensors.

2.13.8 Mul ti pl exer

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Ml tiplexers increase the nunmber of sensors
nmeasur enent devi ces can read.
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Provide nmultiplexers that are conpatible with the [existing][new]
sensors/transducers and measurenent devices on site.

2.13.9 Power

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

NOTE: Sone installations nay be powered by a
non-rechargeabl e battery that lasts for x day, also
consi der snow covering sol ar panels and shorter
recharge periods in northern |atitudes.
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Si ze power supply batteries appropriately to power the equipment for [3
days] [ 10 days][6 nonths][12 nonths] wi thout recharge. Power supply
batteries are to be conprised of a rechargeable battery or batteries,
charge controller, and power source. Power sources can be sol ar panels,
wi nd turbines, 110 volt wall outlets, or conbinations of these sources.
Batteries nust be of [sealed |lead acid][lithiumiron phosphate] chem stry.

2.13.10 G oundi ng

Groundi ng and |ightning protection nust be designed by an electrica

engi neer with experience in lightning protection. Include this design

wi th Professional Engineer's signature and stanp, in a G ounding and
Lightning Protection Plan submtted for CGovernnent approved. G ound al
encl osures and equi pnent that have grounding termnals. Install ground
rods in accordance with the el ectrical engineer's recomendations
regardi ng construction, size, spacing and all owabl e resistance . |nstal
and naintain the transient voltage surge suppressor in accordance with the
El ectrical Engineer's grounding and |ightning protection plan. Special
care should be taken to protect sensors that are grouted in a borehole, or
ot her inaccessible sensors.

2.13. 11 Conmmuni cati ons

Provide [wired][wireless radio][w reless cell nmoden][fiber optics]
[satellite] communications between data | ogging devices and for
transferring data files to local and renote CGovernnent offices.

2.13.12 Sof t war e

[ Provide instrunmentation software that communicates with the autonmated data
acqui sition system[and a wi ndows-based P(C | ]. The software mnust
allow renote retrieval of data, updating of progranms and configuration
and view ng of data fromthe automated systens.

][ Provide inclinoneter software that communi cates with the manual traversing
data coll ection device. The software nust plot greater than three
cunul ati ve displacerment plots referenced back to a baseline survey and
allow for corrections of the data for spiral and bias.

]12.13.13 Architecture
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NOTE: Specify datal ogger |ocations or allowthe
contractor to propose
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The Automated Data Acquisition System Architecture nmust be [centralized]
[distributed] at the site.

2.13.14 Wring D agram
Submit full color wiring diagrans of the ADAS enclosures in the ADAS Fina
Report. Conduit, trenching, and cabling |ocations nmust be surveyed during

installation and survey used in preparation of the required as-built
drawi ngs subm ttal
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2.13.15 I nstrunent ati on Schedul e
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NOTE: Insert a chart here with desired data such as
i nstrument type, location, depth, cable length, or
ref erence contract draw ngs.
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[ 1]
2.13.16 System Mai nt enance and Spare Parts

Provide all hardware and/ or other necessary iten(s) required to ensure the
entire instrunmentation and data acquisition/reporting systemis
functioning according to manufacturer's specifications, and for

mai nt ai ni ng the systemin satisfactory working order for the length of the
contract. This includes appropriate spares for repairing or replacing

i noperabl e or unreliable conponents according to the expected repl acenent
rate in the list below, or as otherwise as directed by the contract. All
system nmai nt enance nust be perfornmed in accordance with the manufacturer's
requi renents and EM 1110-2-1908.

Bef ore work begins, prepare a list of all extra conmponents required for
conti nuous operation of the systemand quantities to be stockpiled on-site
according to the estinmated replacenent rate per the manufacturer. Submt
this list to the Governnent for approval. The itens on the approved |i st
nmust be made available at the site during the entire period of the
delivery order. |If a stockpiled itemis used, it must be repl aced
imediately. In the event of a malfunction or breakdown beyond the
frequency bel ow or beyond the control of the Contractor, notify the
CGovernnment of the nature of the mal function or breakdown within [12

hour s] [ ], and provide an estinmate of when that part of the system
will be back in service if the Governnent approves a replacenent.
Dependi ng upon the status of the construction at that time, the Governnent
wi || decide whether or not a manual backup system nust be inpl enented by
the Contractor.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: Tailor the text for the nonitoring purposes
of the instruments. |If the systemis for nmonitoring
for Iife safety during construction, then the
Contractor must have the systemfully operationa
within 12 hours and have sufficient backups on site

to neet this requi renment .
R R R R R R R R R R R X R T

Sensor or board replacenments nmust be of the sane nodel (nmanufacturer) and
type as installed in the field at award of this contract unless a newer
technol ogy can be provided that neets the sane or better requirenents and
performance. All deviations require approval of the Government prior to
repl acenent. Replaced instrumentation conponents must be programed and
shown to functionally work with the system prior to Governnent acceptance.

PART 3 EXECUTI ON
3.1 PRE- | NSTALLATI ON ACCEPTANCE TESTI NG

Perform pre-installation acceptance tests to ensure sensors and readout
units are functioning correctly prior to installation. Blank
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pre-installation acceptance test record fornms for each instrunent type
nust be provided by the Instrunmentation Specialist. For pre-installation
acceptance tests, include relevant itens fromthe following list:

a. Exanmine factory calibration curve and tabul ated data to verify
conpl et eness.

b. Exam ne manufacturer's final quality assurance inspection checklist to
verify conpl et eness.

c. Check cable Iength.
d. Check serial nunbers on instrunent and cabl e.

e. Check, by conparing with procurenment document, that nodel, dinmensions,
and materials are correct.

f. Performresistance and insulation testing, according to criteria
provi ded by the instrument manufacturer, using a gage insulation or
circuit tester that applies two volts or less for resistance testing
and 15 volts or less for insulation testing.

g. Verify that all conponents fit together in the correct configuration

h. Check all components for signs of danmge in transit.

i. Check that quantities received correspond to quantities ordered.

Repair or replace any instrunent that fails the specified pre-installation
accept ance test.

.2 PRCDUCT HANDLI NG

2.1 Transportati on and Handl i ng

Pack, transport, and handle all nonitoring equi pnment in accordance with
the manufacturer's instructions. Arrange deliveries of nonitoring

equi pnment with proper sequencing and scheduling in accordance with the
approved Project Schedule. Coordinate deliveries to avoid conflict with
work, conditions at the site, and availability of personnel and handling
equi prent .

. 2.2 St orage and Protection

Use all neans necessary to protect nonitoring equi pment before, during,
and after installation and to protect installed work and material s

i ncluding existing instrumentation installed by others. Store al

noni toring equi pment in strict accordance with the manufacturer's
recommendation with all |abels and seals intact and | egible. Arrange
storage of nonitoring equi pnent to permt access for inspection
Periodically inspect to assure nonitoring equi pnent is undamaged and is
properly maintained. Replace in kind any equi pnent |ost, damaged or
stol en due to negligence on the part of the Contractor at no additiona
cost to the CGovernment.

3 | NSTALLATI ON

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Installation specifications have not been
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3.

provided for all the instrunents included in Part 2
- Products. Only a few of the nbst conmon
instruments are detailed below, for exanple only,
due to variable project/site conditions and product
specific requirenents. As noted in paragraph

| NSTALLATI ON PLANS bel ow, detail ed method statenments
for installation of each type of instrunent are
required for Governnent review and approval as part
of the | NSTRUVENTATI ON AND MONI TORI NG PLAN
submttal. |If chosen by the spec. witer, this
approach enabl es the Instrumentation Specialist, who
is selecting the specific instrunments for purchase,
to provide a conprehensive installation plan
consistent with the contract specifications, site
specific conditions/constraints, and instrunent
manuf acturer's recomendati ons and requirenents.

The desi gner shoul d include project specific
installation requirenments for each instrunment they
include in Part 2 - Products.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

3.1 Cener al

Provide all |abor, equipnment, materials, and incidentals required to
install and read the instrunents as shown on the Contract Draw ngs.
Install instruments in accordance with approved net hod statenents and the
manuf acturer's recomendati ons. Upon conpletion of the installation, test
each instrument in accordance with the reconmendati ons of the

manuf acturer. The Contractor is solely responsible for installation and
the performance of the instrunentation after installation. After
installation replace any inoperative or poorly performng (not within an
acceptabl e range/calibrations) instrumentation at no additional cost to
the Government. Obtain all necessary permits and pay associ ated fees
required to construct the project. Inplenent the ternms and requirenents
of the permts. Subnmit Permt Docunentation to the CGovernment for record.

.3.2 Installation Plans

As outlined in paragraph | NSTRUVENTATI ON AND MONI TORI NG PLAN, detail ed
nmet hod statenments for installation of each type of instrunent nust be
submtted for Government review and approval prior to conmencing
install ation.

.3.3 Notification and Docunentati on
Al installations may be nonitored by the Governnent's Representative
Notify the Government Point of Contact at |east [24]] ] hours prior to

the installation of each instrument. For each instrument installed,
prepare, and submit an Installation Record in PDF format, including but
not limted to itenms |listed below Enter all as-built netadata for each
instrument into the enterprise database for the project detailed in

par agr aph AVAI LABI LI TY OF MONI TORI NG DATA.

.3. 4 I nstrument Coor di nat es

Survey final location of all installed instruments utilizing the survey
control precision and accuracy requirenents required by this Contract.

Provi de [easting and northing]]| ] survey coordi nates in accordance

with the system and datuns for the project. Provide all relevant
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el evations for installed conponents and sensing regions, and hole
inclination and azinuth as directed by the Governnent. Ensure all station
and of fset nmeasurenents for new instrunments utilize the established
station line of the project.

.3.5 Borehol e Installations
Perform borehole drilling in accordance with the [Section 02 32 13

SUBSURFACE DRI LLI NG AND SAMPLI NG [the Governnent standard drilling
specification provided].[ Adhere to ER 1110-1-1807 for any borehol e

drilling in earthen enmbanknent dams or |evees or those with soi
foundations. No drilling or excavation can occur on a constructed
enmbankment dam or | evee until a Drilling Program Plan has been approved by

the Governnent. Appendix B of ER 1110-1-1807 defines the format of the
Drilling Program Pl an.]

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: ER 1110-1-1807 applies to in-house and

contracted drilling efforts for earth enmbanknments or
foundati ons associated with all dans and | evees that
have a federal interest. Drilling into, in close

proximty to, or through enbanknent dams and | evees
and their foundations may pose significant risk to
the structures. Water, conpressed air, and various
drilling fluids have been used as circul ating nedia
while drilling through earth enbankments and their
foundati ons. Although these methods have been
successful in acconplishing the intended purposes,

t here have been incidents of damage to enbanknents

and foundations. ldeally, it is best if the
CGovernment conpletes the Drilling Program Pl an
(DPP), with input fromthe Contractor on proposed
items such as drill nethod, driller experience

However, if the Contractor is to prepare the DPP it
is recomended that the Government indicate they
wi Il furnish certain deliverables for use in

devel opnent of the plan - itenms such as
justification of need for drilling/instrunentation
PFM s, existing draw ngs/foundation information.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Installati on procedures for instrunents in boreholes nust be performed in
such a manner that all steps in the procedure can be quality assured. For
each hole, maintain a detailed | og, recording soil/rock and groundwat er
conditions encountered. Prior to installing any instrument through dril
casing or augers, thoroughly renmove all cutting and material adhering to
the inside of the casing or augers. |Instrunent installation in a borehole
nust be conpleted in a continuous operation. Partially conpleted
instrunment installations nmust not be left in unsupported borehol es

overni ght. For boreholes in which piezoneters are to be installed,
bentonitic drilling nuds nust not be used. For hol es where instrunent
casing is installed, verify that the drilled hole within tw degrees of
vertical (plunb) throughout its Iength and is at the correct depth.[ When

drilling below the water table or when the drill hole nust not renmin
open, advance the drill hole using a steel outer casing and approved
drilling fluid. Wthdraw outer casing after instrunent casing is
installed and as the hole is being backfilled. Do not rotate the casing
during renoval. Steel outer casings remain the property of the
Contractor. Fill annular void between drill hole and instrument casing as
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i ndi cated. Backfill each instrunment specifically as indicated in its
installation specification below or as indicate on the drawi ngs. Backfil
nmust be brought up in an equal fashion surrounding the instrument and/or
casing. Measure the depth to fill surface as the work progresses (at top
of each material increnent) and confirmthe depth reasonably matches the
expected depth based on the volune of naterial placed.] Record the
backfill quantities on the installation record.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Instrunentation installation details
presented bel ow are to be project specific and
shoul d be devel oped further by the design

engineers. Drilling, grouting or well installation
may be described in further detail in a separate
speci fication such as Section 02 32 13 SUBSURFACE
DRI LLI NG AND SAMPLI NG or Section 33 51 39 MONI TORI NG
VELLS. Also see above NOTE under paragraph

| NSTALLATI ON

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

3.3.6 Por e- Pressure and Groundwat er Monitoring
3.3.6.1 [ Open Tube Pi ezoneter][ Observation/ Monitoring Wll]

Install the [open tube piezoneter][observation well][nonitoring well]

i mediately after each boring is conplete to the design depth specified
and as close to vertical as possible. Secure the screen to the riser
casing by flush-jointed threads and place using centralizers. Before the
screen and casing are placed on the bottom of the borehole, place at |east
15 cm 6 inches of filter material at the bottom of the borehole. Place
filter material around the screen to at |east 61 cnm 2 feet above the top
of the screen unless otherw se specified. |If hollow stem augers are used,
place the filter material in 15 to 30 cm 6 to 12 inch lifts. |If the
borehol e is open, place filter material by trem e methods, using water to
wash the sand through the pipe. After the filter material has been
installed, place a mininmumr 1-neter 3-foot thick bentonite seal above the
filter pack. Granular bentonite nmust be placed in depth increnments not
exceeding 30 cmr 1 foot. Check the depth to the top of each increnent of
sand or granul ar bentonite after placenment. The bentonite seal nust be
allowed to hydrate a mini num of eight hours or the manufacturer's
recormended hydration time, whichever is longer. After the seal has
hydrat ed, punp well-m xed grout by trem e nethod into the annul ar space
around the casing. Record the volune of grout used and conpare to
expected to eval uate excessive grout loss. Gout nust set for a mnimm
of 24 hours before surface pad and protective casings are installed.
Construct concrete pad or surface conpletion as shown on draw ngs. For
above ground conpletions, install a painted | ockable protective casing
extending a m nimum of two feet above the ground surface. For flush nount
conpletions, install a waterproof and watertight protective casing even
with the ground surface. Al watertight protective hand hol es or above
ground casing nust be the sane and use the same | ocki ng or unl ocking
mechani sm whi ch nmust be provided to the Government at the end of
construction.

After conpletion of installation, record an initial reading of the open

st andpi pe piezoneter. An initial reading consists of the average of three
readi ngs taken with a water |evel indicator where the indicator is renoved
fromthe riser pipe between each reading. Then, conduct a
post-installation acceptance test by performing a falling head or rising
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head perneability test. Conduct the test in accordance with procedures
outlined in Appendix C of EM 1110-2-1908, including report of data and
results.

.3.6.2 Fully Grouted Vibrating Wre Piezoneter
Install the vibrating wire (VW transducer i mediately after each boring

is conplete to the depth specified or shown on the drawings. Mintain the
VW transducer in a bucket of water to keep the filter saturated for a

m ni mum of 30 minutes until it nust be renoved to attach to the grout
pipe. Inmmediately prior to attaching the transducer to the PVC grout
pi pe, renove the transducer porous tip and fill with clean water. After

replacing the porous tip, use electrical tape to attach the transducer to
the grout pipe upside down with the porous tip facing up. The porous tip
must not be covered with electrical tape. Secure the transducer cable to
the casing just below the transducer. Loop the cable to run up the casing
past the VWtransducer and eventually to the surface. The cable nust be
rotated around the casing to mnimze bridging of grout. Avoid sharp
bends in the cable. Lower the grout pipe with attached VB transducer and
cable into the hole to the required depth. Read the piezoneter to ensure
it agrees (within plus or minus 10 my 0.4 inch) with the water head as
determ ned by a water |evel indicator, and record the elevation of the

di aphragm Use a drill rig punp or simlar to first thoroughly m x the
cenent into the water for the cement-bentonite grout, and then carefully
add the bentonite to ensure that clunps do not formand the required
viscosity is attained. Performa Marsh Funnel viscosity test to verify
the target viscosity of [50 to 60]] ] seconds is obtained prior to
grout placement. Do not pump grout into the borehole, but place grout
using a trem e pipe with side discharge ports that remain submerged in the
grout during the entire grouting process. Inject grout to within 30 cn 1
foot of the ground surface and allowto settle. After settlenent has
occurred, top off the grout to 30 cm 1 foot below top of ground surface.
Mound natural soil at the ground surface to pronote water drai nage away
fromthe piezoneter.

After conpletion of installation, take a baseline reading. A baseline
reading will consist of the average of a m ninmum of three stabl e readi ngs.
Construct surface conponents and pi ezoneter cable routing and burial as
speci fied and/ or shown on the drawings. Protect instrument cables from
nmechani cal or weather rel ated damage. Free ends of cabl es nust be
protected at all times. Accurately record and clearly mark the position
of all buried cables. Include any issues or changes that occurred during
the construction in the Installation Record submittal, along with al
required installation docunentation detailed in paragraph NOTIFI CATI ON AND
DOCUNMENTATI ON

. 3.7 Def or mat i on/ Di spl acenent
.3.7.1 I nclinometer Casing

Install inclinometer casing inmediately after each boring is conplete to
t he design depth specified and as close to vertical as possible. Anchor
casing prior to grouting to prevent excess deformation. Oient

i nclinoneter casings such that one axis of the internal grooves are
perpendi cul ar to the expected direction of nmovenent. Maintain groove
orientation throughout installation. During and after installation
casing groove spiral must not exceed one degree per3 neters 10 feet of

| engt h.
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After conpletion of installation, conplete a post-installation acceptance
test to verify that there is no grout in the inclinonmeter casing, that
groove orientation, spiral limtations, and verticality satisfy the
specifications, and that the inclinometer probe tracks correctly in al
four orientations. Performa vertical survey of the installed

i nclinoneter casing at 60-cmr 2-foot depth intervals using the standard
probe, to determine the vertical profile of the casing, and devel op an
initial data set. |Include any issues or changes that occurred during the
construction in the Installation Record submttal, along with all required
installation documentation detailed in paragraph NOTI FI CATI ON AND
DOCUNMENTATI ON

3.3.8 Load/ Stress

3.3.8.1 Load Cells
Conduct a mnimum of three sequential lift-off tests to determ ne the
correl ati on between the actual hydraulic jack | oad and the neasured | oad
inthe load cell followi ng | ock-off. Follow ng |ock-off and lift-off
testing, read the load cell twice daily for a period of at |east one week
to docunment drift or changes in the load cell readings. |f readings do
not stabilize within approximtely 1 percent of the |ock-off |oad, provide
an assessnent in witing for approval of the possible reasons for the
drift and the results subnitted. Contractor nust not backfill around the
load cells until drift characteristics have been docunmented, subnmitted in
witing, and approved by the Governnent.

3.4 DATA COLLECTI ON

At a minimum collect the following data as applicable to each type of
instrument installed:

a. Instrunment |D Nane

b. Instrunent Type

c. Date and Tine

d. Reservoir Pool Elevation

e. Tailwater Elevation

f. CObserver

g. Readout unit number and last calibration date if appropriate.
h. Readi ngs

i. Visual Qoservations (e.g. |loose nounting nmaterials, rusting, battery
| eakage, UV danmge to instrunent, wire or casing)

j. Oher pertinent data, including weather, tenperature, construction
activities, and any events that could influence change in the data.

3.4.1 Basel i ne Readi ngs

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: It is recommended that baseline readings be
recorded for at least 6 months prior to the
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construction starting for projects involving life
safety. This longer duration of baseline readings
hel ps identify diurnal and seasonal effects, which
can inmprove interpretation of "unusual" readings.
However, this is not always allowable and shorter
time frames are often considered

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

otain initial readings fromall instruments inmediately after their
installation and enough tines (see reading frequencies in table of

par agraph Frequency of Mnitoring) before construction begins in order to
verify that the instrunment readi ngs have stabilized, and initial (anbient)
conditions are established. Collect initial or baseline readings for a
mnimumof [6 nonths][1 nonth][2 weeks]. Evaluate baseline readi ngs and
determ ne the cause of any data anomalies recorded. Those instrunents
that are to be installed with the purpose of nonitoring the effect of the
construction works on surrounding structures/ buildings/ utilities or
terrain nust be installed, tested for acceptance and fully operational at
| east [10 days]| ] prior to the commencenent of the construction works
whose effects are to be nonitored, with the additional requirenments as
listed.

3.4.2 Frequency of Monitoring
EE R R S b b R S b b I S I R b R I S S I R I R R S b I R I R S R O I O
NOTE: The table bel ow includes general mininum
recommended nmonitoring frequencies adapted from
Table 8.1 of EM 1110-2-1908 for the enhanced or
during construction nonitoring condition. Wen
defining the reading frequency of an instrunent,
al so consider the frequency used in the data
eval uation cal culations, particularly for a rate of
change eval uation nmethod. For example, if a rate of
change eval uation nmethod is used, the difference
bet ween consecutive 15 m nute readi ngs may not raise
a flag, but a rate of change cal culated over a 1
hour period m ght.
EE R b S b b R I b b I S I R R S R I S S R R I R I S b I R b R S R O I
The m ni mum frequency of nonitoring presented herein (see table bel ow) may
be subject to adjustnent in accordance with field behavior, or as
requested by the Governnent. The frequency and extent of nonitoring are
subj ect to change in accordance with the threshold and linmting | evels
descri bed herein or as established in the approved Instrunentati on and
Moni t ori ng Pl an.
I nstrunent Type Data Col |l ecti on Met hod Readi ng Frequency (M ni mum
Crack Pins Manual Weekl y
Aut onat ed Weekl y/ Dai l y
Ext ensoneters Manual Weekl y
Aut onat ed Weekl y/ Dai l y
Inclinoneters Manual Weekl y
Aut onat ed Weekl y/ Dai l y
Pi ezonmeters or Observation Manual Dai |y
Vel l's Aut onat ed Every 15 ninutes
Pressure Relief Wlls or Manual Weekl y/ Dai |y
Wl | Points Aut onat ed Dai | y
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Seepage Measurenent Devices Manual Weekl y
Aut onmat ed Dai |y
Settl enment Gauges Manual Mont hl y
Aut onat ed N A
Surface Monunents and Survey |Manual Mont hl y
Poi nt's Aut onmat ed Daily
Tiltneters Manual Weekl y
Aut omat ed Dai | y/ Hourly

3.4.3 Manual Readi ngs

Col l ect and reconcile manual instrunentation data to the [instrunentation
EDB] [ ] within [4]] ] hours of data collection. Digital data
coll ection devices may be used to facilitate rapid i nput of data w thout
redundant nanual data entry.

3.4.4 I nstrunent ati on Met adat a

At a minimum collect the following data for each instrument installed and
add to the appropriate table of the instrumentati on EDB

a. Instrument ID
b. Instrunent type
c. Instrunent manufacturer

d. Date of installation
e. Automation status

f. Instrunment easting and northing coordinates in the sanme coordi nate
system and datunms as existing instrumentation.

g. Instrunmentation surface el evation

h. Instrument bottom of installation elevation

i. Top and bottom el evations of all instrument sensing zones (as
appl i cabl e)

j. Top and bottom el evations of all relevant installed features (i.e.
concrete, filter, sensors, standpipe)

3.4.5 Aut omat ed Data Acqui sition System ( ADAS)

3.4.5.1 Cyber Security Conpliance (ECB 2018-11)

EE R R R S I R R I R I R I R S R R R R R S R R I R R R S R R R R O

NOTE: There is a cyber security UFGS that may be
referenced if used - it's Section 25 05 11
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Aut omat ed data acqui sition systens collect, process, store and transmt
data. They are not SCADA systens and thus they will not control any
critical infrastructure including but not limted to gates, valves,
utilities, traffic control, security, fire, or life safety systens.

SECTI ON 33 51 43 Page 54



3.4.5.2 Pr ogr amm ng

Programm ng of datal oggers nmust be perforned in a |ogical, well-annotated
way. Data | ogger comunications may be encrypted for security, but the
program nmust be accessible by the Governnment on systens that will be owned
or operated by the Governnent. Provide a copy of the programwth the
code annotated. The annotations nust be descriptive and explain the

di fferent sections and clearly define constants.

3.4.5.3 Testing

Install and test the autonmation systemin the presence of the Governnent's
desi gnated representative

3.4.5.4 Proj ect Specific Operations Minua

Submit an operations nmanual including wring diagrans, photos of the

i nside of each Data Logger, RIO LMJ, RMJ, or other boxed transm ssion
device as well as each instrunent |location with clear views of the

i nstrument showing wiring and |ocation of all conmponents, cut sheets,
calibration sheets, datal ogger programs, conponent configuration settings,
t roubl eshooti ng, as-built draw ngs, and nai ntenance requirenents.

3.4.5.5 As-Builts

Provi de as-built draw ngs including installation/construction diagrans as
wel | as instrument |ocations, datal ogger or other readout devices,
conduit, trenching and cabling. 1In addition to full scale draw ng
as-builts required as part of the construction contract, include 28 by
43-cn 11 x 17-inch size as-builts as an appendix in the Project Specific
Qper ati ons Manual

3.5 ANALYSI S, REPORTI NG, AND PRESENTATI ON OF MONI TORI NG DATA

If not explicitly stated herein, analysis, reporting, and presentation of
noni toring data must be consistent with the gui dance provided in
EM 1110- 2- 1908.

3.5.1 Anal ysi s of Monitoring Data

Conpare each acquired instrunent reading with the previous readi ngs of
that instrunent and the expected readi ng based on site conditions and in
reference to baseline readings. Interpretation of data also includes
maki ng correl ati ons between instrunentati on data and specific construction
activities. Determ ne whether the instrunentation response to
construction activities is reasonable. Data interpretation and anal ysis
shoul d consi der instrunent precision |levels and errors, data capturing
errors and necessary corrections in accordance with the manufacturer's
instructions. In addition, data anal ysis should consider connections to
records of construction and weather-related activities at the site.
Perform anal yses in a tinmely manner to capture indications of distress
devel opnent, the possible need for instrunent nmaintenance, and to check
for proper functioning. Deternine if a threshold value has been exceeded,
and if so, proceed in accordance with paragraph RESPONSE ACTIONS. |If the
conpari son indicates that changes are not typical of previous changes,
determ ne whether the reading is erroneous or legitimte. Erroneous

readi ngs include readi ngs outside the accuracies, repeatability, standard
devi ations, and tol erances specified herein or as indicated by the
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manuf acturer. Ensure, and docunent, proper quality control is being
conducted on the anal yses and results.

3.5.2 Moni toring Data Reports

Submit nonitoring data reports, consisting of all processed

i nstrunmentation data converted to standard English units of neasure, to
the Governnent's Representative at defined intervals throughout the
construction period. Include readings for all instruments. Readings are
to be cumul ative for the reporting period. NO DAILY AVERAQ NG OF
AUTOVATED DATA W LL BE ALLOWED.

a. For the duration of the contract, submt [nonthly][weekly] Monitoring
Data Reports within [24 hours]]| ] fromthe | ast day covered in the
report. Each report nust include analysis of that [nonth' s][week's]
data collection and findings in relationship to work perforned on-site
whi ch may inpact readings. Provide cumulative plots of data for the
reporting period. Plotted values nmust be discrete - no daily averaging
bet ween successive data points. Reports may be requested at a higher
frequency by the Governnent for special instrumentation eval uation
pur poses. Provide such reports follow ng the sanme format as
[ mont hy] [ weekly] reports or as directed by the Government's authorized
representative

b. Ensure all erroneous data is nmasked fromplots, but it nust remain in
the raw data file and be flagged as erroneous data in the database
within a specifically designated field.

c. Reduce all automated sensor readings in accordance with the
manuf acturer's recomendati ons and equati ons.

3.5.3 Presentation of Monitoring Data

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: It is recomended that Section 01 31 20
PRQIECT TECHNI CAL DATA MANAGEMENT AND VI SUALI ZATI ON
be included in the contract specifications package
for the project and referenced herein. If included,
review the foll ow ng paragraphs and renove redundant
information that is included in Section 01 31 20.

If the web interface needs to have a geospati al
conponent, that |anguage nust be added - this

| anguage will only get a graphical display output of
the instrumentation readi ngs according to the

requi renents specified in "G aphics".

Ensure that the format can be readily upl oaded into
the systemyou are using as your final storage

| ocation. The best way to acconplish this would be
to provide the data dictionary of the final database
schema to the Contractor and require they use the
same tables, fields, field types and rel ati onshi ps.

Once projects are fully integrated to M DAS, the web
i nterface nay becone obsol ete because M DAS wil |

of fer most plotting functionality needed. |If the
CGovernment will retrieve and host its own data

t hrough M DAS or anot her web-based dashboard
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platform renove this requirenent.

EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

3.5.3.1 Wb Interface of Interactive and Static Reports of Data

Through the use of a secure web interface, establish interactive and
static reports generated fromthe instrunentati on data gathered at the
site. Establish the web interface within 30 days following Notice to
Proceed. Provide backups for the website in accordance with the

requi renents stated in paragraph DATA REQUI REMENTS. The interface nust be
intuitive, easy to navigate, and include all graphical plots and displays
as detailed in this section. Wthin [60][ ] days of the notice to
proceed, provide a presentation (for training purposes) of all conponents
of the web interface for subnmttal approval by the Governnent.

3.5.3.2 Qui ck Reference Quide
Wthin [60][ ] days of the Notice to Proceed, produce and subnit a
digital and paper Quick Reference CGuide for use of the website that neets
the following minimumcriteria:

a. Describes in detail the website structure and contents.

b. Describes in detail the |location and steps to use the features and
functionality.

c. Describes in detail how to downl oad plots and ot her graphical displays.
d. Is designed in a sinplified, indexed, and well-organi zed manner

e. Includes web addresses of web-hosted sites in use, and PCC i nformation
for adm nistrators who can provide user-access to the Government.

3.5.3.3 Trai ni ng

Wthin [60][ ] days of the Notice to Proceed, provide training
sessions, on site or at the Governnment office - as coordinated with the
Government, to famliarize and train Governnent users on the web
interface. Provide [2] sessions, [2 hours] in length each

3.5.3.4 Graphi cs

a. Reduce piezonetric data to elevation in neters feet and plot it, al ong
with headwater and tailwater elevations, versus time.. The Y axis
showi ng el evation nmust not be a dynamic axis. Plot val ues together on
one scal e range of the X axis.

b. Reduce alignment pin readings to total horizontal and vertica
noverment (in cmr inches) fromthe initial positions and plot versus
tinme.

c. Reduce and plot inclinoneter data vs depth.

d. Reduce weir data and plot as a tinme series.

e. For weekly reports, the data plotted versus time nust be shown in
pl ots spanni ng the one-nonth report period, one year period, and

lifetime period. Indicate on the plots nmaxi mum and m ni num i nstrunent
readi ngs spanning the life of the instrument. Include the follow ng
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3.

3.

3.

i nfornati on for the readi ng data:

(1) instrunent |ocation nunber,

(2) date of reading,

(3) reduced readings,

(4) all remarks fromany field observations,

(5) water elevation,

(6) other work conpleted within the vicinity plotted on the date in
which it took place,

(7) excavation elevation near that instrument, and

(8) anbient tenperature

f. Plot Automated Robotic Total Station Monitoring systemdata as x, y, z
and resul tant displacenent versus tinme, and provide in tabular format.

5.3.5 Di scussi on

Al'l autonated data must include corrections for tenperature and/or
barometric pressures changes, as recomrended by the nanufacturer (and
necessary for calculations). |In all reports generated, include a witten
description of how the data was reduced, including any equations utilized.

6 AVAI LABI LI TY OF MONI TORI NG DATA

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

NOTE: It is recommended that Section 01 31 20
PRQIECT TECHNI CAL DATA MANAGEMENT AND VI SUALI ZATI ON
be included in the contract specifications package
for the project and referenced herein. If included,
review the foll ow ng paragraphs and renove redundant
information that is included in Section 01 31 20.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

6.1 Website Access

3.6.1.1 Security Credentials

Provide 24/7 read access to the data to the Governnment, the Contractor
and any rel ated subcontractors for the duration of this contract. Wthin
30 days of Notice to Proceed, provide the COR any necessary usernane and
password or other security credential for access. For new personnel
requested by the Governnent throughout the contract, grant access and
provi de security credentials within 48 hours of the request.

.6.1.2 Dat a Update and Di spl ay

The website must update all automated data within [10 m nutes]]| ] of
data collection at a specific instrunent. Post all manually read

i nstrunents and surveyed instrunent data to the website within [4

hour s] [ ] of data collection on that specific instrument. Plot scales,
of fset, and | ayouts nust be editable by users, with the new sel ected
defaul ts saved for each user

Di spl ays must include autonatically updated plots fromall instrunentation
as outlined in ANALYSI S, REPORTI NG AND PRESENTATI ON OF DATA.

.6.1.3 Site Qperability and Useability

The website must be fully functional, current, easy to navigate,
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accessi bl e through Governnent VPN, and conplete with all instrunentation
data available for retrieval by both autonated and nanual nethods.
Denonstrate the systemto the Governnent prior to Systenf Wbsite
Training. |If the website is not functional, with data avail abl e and easy
to read, pertinent paynents will be withheld until the issue is resolved
and acceptable to the Governnent.

3.6.2 Raw Dat a
Furnish all collected data in a native CSV or TOAS5 Data Format. Data nust
have, at a mininum Instrunent Id, timestanp, and value. Subnmit raw data
files via the [project SFTP]| ] within [24 hours]| ] of generation
3.7 THRESHOLDS AND RESPONSE ACTI ONS
3.7.1 Threshol d Val ues
EE R R I S b b E I b b S I R b R I S S R R I R S I R I R S S R O I O
NOTE: See Table 8.2 of USACE EM 1110-2-1908 (30
Nov. 2020) for exanple thresholds to trigger
response eval uation for various geotechnica
i nstruments.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
Moni tor instrunment readings against the Alert and Action Threshol d Val ues
as defined individually for instrunents [in the table below] [as outlined
in the Instrunentation and Monitoring Plan prepared by the Instrunentation
Speci al i st and approved by the Government]. The actions to be inplenented
when these Threshol d Val ues are reached are referred to as Response
Actions and are expl ained in paragraph RESPONSE ACTI ONS. Threshol d val ues
nmust be identified on respective plots.
THRESHOLD VALUES
I nstrunent Type Instrunent |Ds Unit of Al ert Acti on
Measur e Threshol d Threshol d Val ue
Val ue
Pi ezonet er [ 1] mft [ ] mft,
or rate of
change
3.7.2 Response Actions

If an Alert Threshold Value is reached, the Contractor's Instrunentation
Speci al i st rmust inmedi ately evaluate the instrument response by collecting
a manual reading if possible, and also in relation to weather and physica
conditions at the location of the instrument and provide an update to the
Contractor and Government.

Wthin [24 hours]]| ], analyze the instrunent response and submt an

Instrument Alert Assessnment providing an assessnent of the cause of the
alert and predict further responses and their effect based on the trend to
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date. Include recomendation for any corrective action, if needed.

If an Action Threshold Value is reached, the Contractor must imediately
stop work, renmove personnel fromthe affected work area, and inplenent the
enmer gency response actions included in the Instrunmentation and Monitoring
Pl an previously approved by the Government. The Instrunentation
Speci al i st must inmmediately evaluate the instrunent response with respect
to physical conditions at the location of the instrument.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Consider adding a note to the Plans to bring
this to the construction contractor's attention
and/or include in Section 01 14 00 WORK RESTRI CTI ONS

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

Submit a detailed Action Threshol d Exceedance Report docunenting the site
conditions, such as weather, and construction activities when the action
t hreshol d val ue was reached, analysis of the cause(s) for exceedance, and
recomendati ons for any corrective actions needed. Resunme suspended
activities only after receiving witten instruction fromthe Governnent.

. 8 VI SUAL | NSPECTI ON

Conduct routine visual observations of the site and instrunents by

sel ected individuals and at intervals defined in the approved
Instrunmentation and Monitoring Plan. Submit witten and site photo
docunent ati on of these routine visual observations to the CGovernnent
within [48 hours]]| ] of conpletion. Areas that have been identified
as potentially concerning should be noted and nonitored at prescribed

vi sual observation frequencies. Wiile nonitoring instrunments, exanine
installed instrunmentation for evidence of danage, nalfunction and possible
future danage caused by construction activities, and report any such

i ssues, along with photos, to the Government. Submit this information
along with any site photos, to the Governnent. Also record nearby
construction activities, such as pile driving, stockpiling, excavation or
wat er control and environnental conditions, such as the weather or
presence of floodwater and all other events that nmay influence

i nstrument ation data

Perform visual inspection at the |location of any instrunent that is
produci ng unexpected or unusual readings. Inmediately performinspection
of an instrument that has exceeded an Alert Threshold as further detailed
i n paragraph THRESHOLD VALUES.

.9 SYSTEM RELI ABI LI TY

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The content of this paragraph applies to
instrunments installed for the purpose of nonitoring

active construction.
R R R R R R R R R R

The entire instrunentati on systemincl udi ng dat al oggi ng equi pnent,

servers, sensors, wiring, etc. nmust be maintained at all tines. |If in the
CGovernnment's opinion the instrunmentation systemis not functioning
properly, as denonstrated by unreliabl e and/or questionabl e readi ngs, al
constructi on work must cease imedi ately and not resume until the system
is performing as specified. No additional compensation will be made by

t he Government for any cessation of work. The Governnent will determ ne
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whet her the performance of the instrunentation systemis satisfactory to
resune wor k.

.10 MAI NTENANCE AND REPLACENMENT

Bef ore work begins on a delivery order, prepare a list of all extra
conponents that are required for continuous operation of the system and
guantities to be stockpiled on-site according to the estimted repl acenent
rate per the manufacturer recomendation. Submit this list to the
CGovernment for approval. The itens on the approved |ist must then be
avail able at the site during the entire period of the delivery order. |If
a stockpiled itemis used, inmmediately replace it with the sane itemthat
was used

If an instrument is repaired, replaced, or nmoved subsequent to
installation, record new. instrunentation type, as-built |ocation, and
calibration sheets. Submit an Instrument Modification Report to the
CGovernnment detailing the reason the original instrunent was altered and
the date the new instrunent was operational

For the duration of the contract period, maintain all instrunentation
installations in progress and all conpleted instrunmentation installations.
In the event of a malfunction or breakdown, notify the Government of the
nature of the mal function or breakdown within 12 hours of initia
observation of its occurrence, and provide an estinate of when that part

of the systemwill be back in service if the Governnent approves a

repl acenent. Dependi ng upon the status of the construction at that tine,
the CGovernnent will determ ne whether a manual backup system nust be

i npl enented by the Contractor. |If an instrunent does not function
properly for a cumulative total of [10][ ] cal endar days or nore

wi thin any 30 consecutive cal endar day period, the Contractor will not be
provi ded the [rmonthly]]| ] paynent for item General Instrunentation

Requi renents until repairs have been nmade and approved by the Government.

11 PRQIECT CLOSEQUT AND RESTORATI ON

Upon conpl etion of construction, as determ ned by the Contracting O ficer
the Contractor must renobve and properly di spose of all instrunents and
devices fromthe site, except for those instrunents identified for |ong
termnonitoring [as detailed on the contract draw ngs]]| ]. Confirm
these instruments with the Governnment prior to initiation of renoval
activities by submtting an Instrunent Renoval List for Governnent review
and approval a minimum of [30 days]]| ] prior to the renoval of any
instruments. Retrieve all renpvabl e equi prent and backfill holes with an
approved grout mx. Any protruding parts, which cannot be renobved
conpletely without damage to the structure nust be cut off flush with the
surface. Renmpbve all sharp edges. Repair any danage to existing
structures fromrenoval of instrumentation devices to the satisfaction of
t he Governnent and at no additional cost to the Governnent.

.12 VI BRATI ON MONI TORI NG

12,1 Preconstruction Condition Survey

The Sei snmol ogi st/ Vibration Consultant nust conduct a Preconstruction
Condition Survey of all existing structures and utilities within the area

designated in the plans. The Contractor nust have both letter and
personal contact with residents, owners and operators of the structures
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and nust notify thema mnimumof two weeks prior to perforning the survey.

otain Right-O-Entry or pernmissions for all properties entered as part of
this survey. Any owners refusing the Preconstruction Condition Survey
nmust be given the opportunity to sign a statement, produced and provi ded
by the Contractor, stating any reasons for non-participation.

a. The Preconstruction Condition Survey nust be perfornmed by an
experi enced Professional Engineer famliar with construction methods
and materials, and structural response to ground vibrations generated
by construction activities.

b. The Preconstruction Condition Survey nust consist of a description of
the interior and exterior condition of each of the structures
exam ned, including: above ground structures, foundations, basenents,
driveways, wal kways, electrical, plunmbing, utilities (overhead and
buried), transmi ssion lines, drains, wells and water systens.
Descri be any signs of existing distress, cracks, damage, spalling,
settlenent, |eakage, or other defects. The survey nust include such
infornation to nake it possible to deternmine the effect, if any, of
the construction operations on the existing defect. Were significant
cracks or danmge exist, or for defects too conplicated to docunent in
wor ds and sketches only, photographs nust be taken or a good quality
vi deo survey with appropriate audi o description of |ocations,
conditions, and defects nmust be perforned to supplenent the witten
description. Survey nust include a list of vibration sensitive
equi prent or furnishings, and potential falling debris hazards.

c. Install crack displacenment nonitoring gages as appropriate across any
significant existing cracks and read [periodically][after the
conclusion of blasting][after each blast][ ] to verify if any
addi ti onal distress should develop. |Include the crack gauge
readi ngs, reconmmendations for additional instrumentation types or
survey monunents, if needed, in the report. Identify structures or
el ements that are potentially susceptible to damage and recomend, if
warrant ed, potential: support, repair, vibration mtigation neasures,
or reduced ground vibration limts.

d. The Seisnol ogi st/ Vibration Consultant nmust give witten notice to the
owner of any inspected structure, tenants, and any representative of
| ocal authorities required to be present at the Preconstruction
Condition Survey. The notice nust state the coordi nated dates and
time on which surveys are to be nade

e. Omers of the structures nmust be given a copy of the survey of their
particul ar structure and be given the opportunity to conment on its
accuracy. Submit the Preconstruction Condition Survey to the
CGovernment 30 days prior to construction activities that, in the
opi nion of the Governnent, would be a source of ground vibrations.

.12.2 Post constructi on Condition Survey

Conduct a Postconstruction Condition Survey within 30 cal endar days upon
the conpletion of all construction work that, in the opinion of the
Covernment, generate ground vibration. Postconstruction Condition Surveys
nmust be conducted on all structures and utilities that previously had a
Preconstruction Condition Survey, and on any additional properties,
structures, and conditions for which conplaints of danage have been

recei ved or damage cl ains have been filed. Gve notice to all parties, as
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identified in paragraph PRECONSTRUCTI ON CONDI TI ON SURVEY, subparagraph d.
so that they may be present during the final exam nation. Distribute
records of the final exami nation in the sanme manner as the origina
Preconstruction Condition Survey. The Postconstruction Condition Survey
nmust have the same requirenents as the Preconstruction Condition Survey
and nust consist of a description with any neasurenents, surveys,

phot ographs, and ot her infornmation needed to docunent the postconstruction
condition of surveyed structures. Preconstruction and postconstruction
conpari sons nust be nade of surveyed areas, including photographs and

ot her measurements. The Sei snol ogi st/ Vibration Consultant nust include an
eval uati on of whether any noted differences between the Preconstruction
and Postconstruction Condition Surveys are the result of construction

vi brations or due to other causes.

.12.3 Vi bration Test Program and Report

Upon conpl etion of the Preconstruction Condition Survey, a Vibration Test
Program and Report nust be directed and conpl eted by the

Sei snol ogi st/ Vi bration Consultant. The conpleted Vibration Test Program
and Report must be submitted and approved prior to full production phase
of any proposed construction activity that, in the opinion of the
Government, could be a source of ground vibration. These construction
activities include, but are not limted to: trenching, hauling,
backfilling, conpacting, and pile driving. The vibration test program
nmust be conducted, in part, to verify vibration levels for proposed
construction equipnment listed in the Vibration Mnitoring Plan

ot ai n anbi ent or baseline ground vibration values prior to vibration
testing of construction equipnent. Vibration nonitoring rmust be perforned
for 12 daylight hours to obtain the anbient or baseline ground vibration
val ues at | ].

Performthe Vibration Test Program(s) in a renpote area of the project, at
a distance of at least [30 neters] [100 feet] [ ] fromthe nearest
structure. Components of the Vibration Test Program nust be established
and directed by the Seisnpl ogist/Vibration Consultant. The vibration
tests nust include, but are not |limted to: vibration nonitoring at
various distances fromthe vibration source, deternination of the ground

vi bration source |level for the construction equi prent and nethods (mi ni num
requi renent includes peak particle velocity and frequency val ues at
various distances fromthe source), and establishing the attenuation rate
t hrough the project soil

The Vibration Test Prograns and Report must state the suitability of the
proposed construction equi pment and nethods to performw thin the
specified vibration criteria. |If it is determned, by the Vibration
Consul tant or Governnent, that the proposed construction equi pnent and
net hods cannot satisfy the specified vibration criteria, then alternative
or suppl enental equi pnent/nethods, or vibration mtigation neasures mnust
be tested and report resubnitted for approval, at no additional cost to

t he Government.

The report nust al so include any reconmendations to reduce construction

i mpacts from ground vi brations or noise. Base recomendati ons on an
analysis fromthe results of the Vibration Test Program Preconstruction
Condition Surveys, and site specific conditions. Reconmendations could

i nclude, but are not Iimted to, the following: requirenment for

addi tional instrunentation to docunment potential settlenment or

di spl acenment; requirement for nore restrictive vibration criteria; ground
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vi bration or noise reducti on nmeasures.
.12.4 Sei snol ogi st/ Vi bration Consultant Duties

The Sei snmol ogi st/ Vibration Consultant duties are as follows: direct and
instruct the Contractor in operations to control vibrations within
specified levels; participate in a public nmeeting; facilitate and conpl ete
t he preconstruction and postconstructi on surveys; perform Vibration Test
Program(s) and conplete report; provide, install, and use all necessary
equi prent to observe and record vibrations to ascertain that acceptable
| evel s of vibrations are not exceeded; and nonitor benchmarks,

defl ections, cracks, and other critical conditions on the existing
structures. OCbtain R ghts-of-entry and perm ssions from | andowners for
access to performvibration nonitoring. Mnitor vibrations, report
findings, and furnish recormendati ons on a daily basis to the Contractor
and Government, determine the |evel of observed vibrations attributed to
the project's construction activities, and deternine their subsequent

ef fect on surroundi ng structures.

If the nmonitoring equipnment can be operated automatically and nonitored
renotely, the Seisnologist/Vibration Consultant rmust be present at the
site for the start of new construction activities that require vibration
nmoni tori ng, nmovenment and setup of vibration nonitoring instruments,

noni toring devices for structural noverment and settlenent, and at ot her
key tinmes in the project as approved in the Vibration Mnitoring Plan

O herwi se, the Seisnmplogist/Vibration Consultant must be onsite during al
applicabl e construction activities. The Seisnologist/Vibration Consultant
nmust be readily available if issues requiring attention arise during
construction. Wen nonitoring is occurring, the Seisnologist/Vibration
Consul tant must check all equipnment at the start of each work day to
confirmthat it is working properly.

.12.5 Daily Vibration Mnitoring Reports

At the end of each day of nonitoring, the Seisnol ogist/Vibration

Consul tant must record the following infornmation on a form devel oped by
t he Sei smol ogi st/ Vibration Consultant, and submt final signed reports
electronically to the Governnent wi thin 24 hours:

a. The nanme of the Contractor and/or Subcontractors responsible for the
primary construction activities generating vibrations.

b. The nane of the Seisnologist/Vibration Consultant.
c. The name of the operator of the vibration nonitoring equi prment.

d. A sketch indicating the location of the vibration nonitors and the
construction activities generating vibrations.

e. Conplete details of the particular construction activities which are
being nmonitored, including all related equi pnent, operating
frequencies, piling or excavation depths, distance fromthe
construction activities to the nmonitoring equi prent, and all other
related infornation as requested by the Government.

f. Results of nonitored vibrations and noise |levels for the particul ar

construction activity, including the frequencies of the neasured peak
particle velocities.
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g. ldentification of any activity resulting in the ground vibration or
noise limts being exceeded and the tinme of day that the limts were
exceeded. List time of day that the Contractor and CGovernment were
notified. List tine of day that the construction activity was
halted. |Include corrective actions taken to reduce ground vibration
and noi se |evels.

h. A summary of any vibration related conplaints received during the day.

i. Reports nmust be reviewed and signed by the Seisnol ogist/Vibration
Consul tant's experi enced Regi stered Professional Engineer

3.12.6 Web Interface of Interactive and Static Reports of Data

Through the use of a secure web interface, establish interactive and
static reports generated fromthe vibration nonitoring data gathered at
the site. Establish the web interface within 30 days following Notice to
Proceed. Provide backups for the website in accordance with the

requi renents stated in paragraph DATA REQUI REMENTS. The interface nust be
intuitive, easy to navigate, and include real-tinme nonitoring data.

Wthin 60 days of the notice to proceed, provide a presentation of al
conponents of the web interface for submittal approval by the Government.

3.12. 7 Adj ustments in Construction Procedures

If the Contractor receives conplaints by the public during construction
or during the Preconstruction and Postconstruction Condition Survey
process, the Contractor must follow a Vibration Screening Procedure and
fill out a Vibration Conplaint Report, in accordance with the approved
Vi bration Mnitoring Plan. The Contractor nust notify the Governnent of
any conplaint within 24 hours and nust subnit a copy of the conpleted

Vi bration Conpl aint Report within one week of the conplaint.

If the nonitoring data indicates that the ground vibration limts for any
of the three mutually perpendi cul ar conponents, or noise limt, have been
exceeded, the construction activity generating those vibrations nust be
halted i mredi ately. A deficiency correction report, giving corrective
actions or mtigation neasures to reduce ground vibrations or noise

| evel s, must be submitted by the Contractor. Construction activity may
not resunme until the report has been approved by the CGovernnment and
corrective actions or mtigation neasures are conpleted by the
Contractor. Vibration or noise mtigation or reduction neasures nust be
constructed or inplenented at no additional cost to the Governnent.

3.12.8 Government Qual ity Assurance

The Government may check the vibration nmonitoring operations at any tinme
and may perform independent vibration nonitoring.

3.12.9 Owner shi p

At the end of this contract, on a date specified by the Governnent's
Representative, all instrunentation conponents becone the property of the
CGovernment. Al data collection and recording devices nmust be calibrated
and certified by the manufacturer or a certified | aboratory prior to being
delivered to the Governnment's Representative. The Contractor is
responsi ble for all costs for the recalibration, shipping, and
verification of these data recorders.
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End of Section --
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