
Purchasing Division 

ADDENDUM NO. 2 
DATE: June 7, 2021 
FROM:  City of Grand Junction Purchasing Division
TO:  All Interested Parties 
RE: Construction Inspection Services for Hogchute Dam Improvements RFP-

4916-21-SH 

Firms responding to the above referenced solicitation are hereby instructed that the 
requirements have been clarified, modified, superseded and supplemented as to this date as 
hereinafter described. 

Clarification: 

Section 4.8 Attached Documents: 
1. Project location maps: See Sheets G01 and G03 of Construction Plans in Appendix

D of Design Report  (Page 3)
2. Photos of site; See Appendix H of Design Report (Page 47)
3. Geotechnical Report: See Appendix C of Design Report (Page 65)
4. Project Manual: Appendix D of Design Report (Page 394)

These attachments were omitted from the original RFP document. They are included in at the 
end of this Addendum. 

Please make note of the following: 

Question 1: Section 4.3 states that the consultant responsibilities are for observation of 
materials testing. Please clarify:  will materials testing be required under this contract?  Or will 
materials testing be the responsibility of a QA hired by the city or the responsibility of QC hired 
by the construction team? 
Answer: Section 4.3 states the Consultant shall observe testing of materials. It also states the 
Consultant shall measure and monitor quantities of materials used for verification and take 
samples as appropriate. The Consultant shall determine if materials meet regulatory 
compliance and document problems or concerns and alert City representatives. 

Question 2: What is the funding source for this contract?  Are there specifications other than 
City of Grand Junction that we need to be aware of? 
Answer: Funding will be provided by the City of Grand Junction. Inspectors shall ensure all 
work adheres to the Colorado Division of Water Resources, Department of Natural Resources 
Dam Safety Program Rules (2CC4-402.1), contract documents such as Construction 
Specifications and City of Grand Junction Standard Contract Documents. 



   

 
Question 3: Is there a DBE requirement?   
Answer: No. 
 
Question 4: What do you see as the biggest challenges on this project? 
Answer: Your response should include what your firm considers the biggest challenge and 
how you intend to address it. 
 
Question 5: What is most important about handling this project as an inspector? 
Answer: The City would like you to address what you think is the most important issue/s in 
handling this project. 
 
Question 6: With limited service/internet at the jobsite, what is the frequency of contact with 
the City representatives/project engineer that you expect and will there be regular visits from 
the city representatives/project engineer? 
Answer: The awarded consultant must establish reliable communication while on site (i.e. 
satellite phone, internet, etc.) in order to provide regular updates to City Staff. The awarded 
consultant should expect daily frequency of contact and regular visits. 
 
Question 7: In the contractor RFP, it states the hours are 7AM – 6PM on normal work days 
while the inspector RFP only states full time. Are these working hours the expected hours for 
the inspector as well? 
Answer: Yes. An inspector shall be on-site full time, so expect to be there whenever the 
contractor is working. 
 
 
The original solicitation for the project referenced above is amended as noted.  
 
All other conditions of subject remain the same. 
 
Respectfully, 
 
 
Susan Hyatt, Senior Buyer 
City of Grand Junction, Colorado 
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CONTACT INFORMATION

MAY 2021

HOGCHUTE (AKA CARSON)
RESERVOIR DAM REHABILITATION

CONSTRUCTION DRAWINGS FOR

PREPARED FOR THE

CITY OF GRAND JUNCTION, MESA COUNTY, COLORADO
WATER DIVISION 4, WATER DISTRICT 42

VICINITY MAP
NOT TO SCALE

PROJECT
LOCATION

City of Grand Junction

John Eklund, P.E., C.F.M.

333 West Avenue, Building C

Grand Junction, Colorado 81501

(970) 244-1558

OWNER

Ayres Associates

Todd Rudolph, P.E.

3433 Oakwood Hills Parkway

Eau Claire, Wisconsin 54701-7698

(715) 834-3161

Ayres Associates

Dustin Robinson, P.E.

3665 JFK Parkway, Building 2, Suite 100

Fort Collins, Colorado  80525

(970) 223-5556

CIVIL ENGINEER

F:\AAC2017CUI\GenBlocks\Colorado 811 Logo.JPG

DAM ID NO. 420127   CONSTRUCTION NO. C-0454A

THESE PLANS HAVE BEEN PREPARED BY ME OR UNDER MY DIRECT SUPERVISION.

TODD M. RUDOLPH

COLORADO P.E. NO. 58436

APPROVED ON THE              DAY OF 2021

STATE ENGINEER

BILL McCORMICK, CHIEF, COLORADO DAM SAFETY

COLORADO P.E. NO. 29127

THESE PLANS REPRESENT THE AS-CONSTRUCTED CONDITIONS OF HOGCHUTE DAM

REPAIRS TO THE BEST OF MY KNOWLEDGE AND JUDGMENT, BASED IN PART ON

INFORMATION FURNISHED BY OTHERS, AS OF THE              DAY OF 2021

TODD M. RUDOLPH

COLORADO P.E. NO. 58436

Department of Natural Resources

District 5 Dam Safety Engineer

Jackie Blumberg, PE

2768 Compass Drive, #102

Grand Junction, Colorado  81506

(303) 505-6469

COLORADO DIVISION OF
WATER RESOURCES

Grand Valley Ranger District

Loren Paulson, Realty Specialist

2777 Crossroads Blvd.

Grand Junction, Colorado  81506

(970) 242-8211 x4112

UNITED STATES
FOREST SERVICE

ALSO SEE DRAWING G03 FOR PROJECT LOCATION

Attachment 1
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BENCHMARK:

THE HORIZONTAL AND VERTICAL CONTROL SHOWN IS BASED ON UNADJUSTED GPS STATIC OBSERVATIONS TIED TO THE

GRAND MESA AREA (GMA) GEOID ESTABLISHED BY MESA COUNTY.  THE NORTHERLY CONTROL POINT (POINT 2) IS A PK NAIL

AND WASHER EMBEDDED IN ROCK AND IS THE BENCHMARK FOR THIS PROJECT. THE SOUTH POINT (POINT 3) IS A ROUND

HEAD BOLT EMBEDDED IN ROCK.

VERTICAL DATUM: NAVD88 - 5.187 FT

TRANSLATION FROM VERTICAL DATUM TO HISTORICAL DATUM SHOWN ON 1947 DRAWINGS: -9,751 FT (APPROXIMATE)

SHEET INDEX
SHEET DRAWING DESCRIPTION

1 G01 TITLE SHEET

2 G02
INDEX TO DRAWINGS, SURVEY NOTES, AND GENERAL NOTES

3 G03 SITE ACCESS AND BORROW AREAS  PLAN

4 G04
EXISTING SITE, STAGING, AND STOCKPILE AREAS PLAN

5 G05 GEOTECHNICAL INFORMATION

6 G06 RATING CURVES 1 OF 2

7 G07 RATING CURVES 2 OF 2

8 C01
EXISTING CONDITIONS, EXCAVATION, AND DEMOLITION PLAN - 1 OF 2

9 C02
EXISTING CONDITIONS, EXCAVATION, AND DEMOLITION PLAN - 2 OF 2

10 C03 DEWATERING PLAN - PHASE 1

11 C04 DEWATERING PLAN - PHASE 2

12 C05 EROSION CONTROL PLAN

13 C06 EROSION CONTROL DETAILS

14 C07 EROSION CONTROL DETAILS

15 C08 EROSION CONTROL DETAILS

16 C09 EROSION CONTROL DETAILS

17 C10 EROSION CONTROL DETAILS

18 C11 DAM PROPOSED CONDITIONS AND COFFERDAM

19 C12 DAM PROPOSED CONDITIONS ENLARGED PLAN

20 C13 DAM PROFILE AND DETAIL

21 C14 DAM DRAIN PIPE PROFILES

22 C15 DAM DETAILS 1 OF 2

23 C16 DAM DETAILS 2 OF 2

24 C17 DAM SECTIONS 1 OF 3

25 C18 DAM SECTIONS 2 OF 3

26 C19 DAM SECTIONS 3 OF 3

27 C20 SPILLWAY PLAN 1 OF 3

28 C21 SPILLWAY PLAN 2 OF 3

29 C22 SPILLWAY PLAN 3 OF 3

30 C23 SPILLWAY ROCK BERM PROFILES 1 OF 2

31 C24 SPILLWAY ROCK BERM PROFILES 2 OF 2

32 C25 SPILLWAY DETAILS AND SECTIONS

33 C26 SPILLWAY OVERFLOW WIER PLAN AND DETAILS

34 C27 SPILLWAY PRIMARY AND SECONDARY CHANNEL PLAN AND WATTLE DETAIL

35 C28 SPILLWAY PLANTING PLAN

36 C29 DAM INSTRUMENTATION

37 C30 INSTRUMENTATION DETAILS

38 C31 WETLAND IMPACT

39 C32 CONCRETE BUTTRESS REINFORCEMENT

40 C33 STEEL PIPE DETAILS

41 C34 TRASH RACK DETAILS

42 C35 TRASH RACK DETAILS

43 C36 IMPACT BASIN DETAILS

44 C37 MISCELLANEOUS DETAILS

SURVEY CONTROL POINT TABLE

POINT NUMBER DESCRIPTION

CP /PK-W/

CP /PK-W/

CP /BOLT/

CP /BOLT/

CP /BOLT/

CP /BOLT/

ELEVATION

9902.462

9903.882

9905.415

9901.937

9902.010

9902.091

NORTHING

15722.80

16393.64

15477.14

16157.18

15831.42

15606.47

EASTING

45752.48

45673.48

45781.19

45763.76

45734.61

45772.61

GENERAL NOTES:

1. THESE CONSTRUCTION DRAWINGS ARE SUPPLEMENTED WITH THE TECHNICAL SPECIFICATIONS FOR HOGCHUTE DAM

REHABILITATION. AN ENGINEER SEALED COPY OF BOTH DOCUMENTS MUST BE MAINTAINED AT THE JOBSITE DURING

ALL PHASES OF CONSTRUCTION.

2. THIS PROJECT FALLS UNDER THE COLORADO STATE ENGINEER'S OFFICE RULE 5 OF DAM SAFETY RULES AND

REGULATIONS FOR DAM SAFETY AND DAM CONSTRUCTION. THE CONTRACTOR, BY STARTING THIS PROJECT,

ACKNOWLEDGES THAT THEY ARE FULLY AWARE OF THE CURRENTLY ADOPTED RULES AND REGULATIONS AND HOW

THEY PERTAIN TO THEIR CONSTRUCTION PRACTICES AND SCHEDULING.

3. THIS PROJECT FALLS UNDER THE COLORADO STATE ENGINEER'S OFFICE RULE 8 FOR DAM SAFETY RULES AND

REGULATIONS FOR JURISDICTIONAL EMBANKMENT DAMS. UNDER CONTRACT WITH THE OWNER, ENGINEER SHALL

ENDEAVOR TO DETERMINE IN GENERAL IF SUCH WORK IS PROCEEDING IN ACCORDANCE WITH CONTRACT

DOCUMENTS.

4. ALL CONSTRUCTION CHANGE ORDERS MUST BE APPROVED BY THE STATE ENGINEER'S OFFICE OF COLORADO PER

RULE 8.2.5 OF DAM SAFETY RULES AND REGULATIONS FOR DAM SAFETY AND DAM CONSTRUCTION AS WELL AS THE

PROJECT ENGINEER. THIS WILL NECESSITATE A LONGER PERIOD FOR REVIEW AND APPROVALS.

SURVEY NOTES:

1

2

3

10

11

12

SEE DRAWING G04 FOR LOCATION OF SURVEY CONTROL POINTS.

LEGEND:

LIMITS OF DISTURBANCE

BORROW, STOCKPILE, OR STAGING AREA

EXISTING WETLANDS

APPROXIMATE LIMITS OF EXISTING SPILLWAY

EXISTING MAJOR CONTOUR

EXISTING MINOR CONTOUR

PRIMARY FLOW PATH

SECONDARY FLOW PATH

EXISTING CHANNEL OR  STREAM

SURVEY CONTROL POINT

GEOTECHNICAL BORE LOCATION (ORIGINAL 1947 DESIGN)

GEOTECHNICAL BORE AND PIEZOMETER LOCATION (2018)

TEST PIT

EMBANKMENT FILL

EXISTING COBBLE/ROCK SHELL

RIPRAP

TYPE 1 DRAIN FILL

TYPE 2 DRAIN FILL

EXISTING GROUND

EXISTING CHANNEL FILL

EXISTING CHANNEL CUT

APPROXIMATE LIMITS OF CLEARING AND GRUBBING
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SCALE IN FEET

NOTE:

CONTRACTOR TO PROVIDE PORTABLE FACILITIES FOR

DURATION OF PROJECT. USE OF EXISTING VAULT SHALL NOT BE

PERMISSIBLE.



NOTES:

1. TEST PITS 1 THROUGH 3 INSTALLED AND LOGGED UNDER

DIRECTION OF HUDDLESTON-BERRY ENGINEERING AND

TESTING LLC. SEE DESIGN REPORT FOR BORING LOGS.

2. SOIL BORINGS B-101(P) THROUGH B-103(P) INSTALLED AND

LOGGED UNDER DIRECTION OF RJH CONSULTANTS INC IN

2018. SEE DESIGN REPORT FOR BORING LOGS.

3. SOIL BORINGS 1 THROUGH 8 TAKEN FROM 1947 PLAN SET

'IMPROVEMENTS TO WATER SUPPLY SYSTEM, HOGCHUTE

RESERVOIR' PRODUCED BY R.J. TIPTON AND ASSOCIATES,

INC., ENGINEERS. SEE DESIGN REPORT FOR BORING LOGS.

0 75' 150'37.5'

TP1

TP2

TP3

NO. 6

B-101(P)
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B-103(P)

B-102A(P)

NO. 7

NO. 5

NO. 4

NO. 1

NO. 2

NO. 8

NO. 3

SCALE IN FEET

B-104(P)

B-105A(P)

B-105B(P)

B101 P B102A P

SANDY LEAN CLAY

LEAN CLAY

LEAN CLAY WITH SAND

SANDY LEAN CLAY WITH GRAVEL

CLAYEY GRAVEL WITH SAND

CLAYEY SAND WITH GRAVEL

CLAYEY SAND WITH GRAVEL

CLAYEY GRAVEL WITH SAND

ROAD BASE

POORLY GRADED GRAVEL WITH CLAY AND SAND

CLAYEY SAND

POORLY GRADED GRAVEL WITH CLAY AND SAND

CLAYEY GRAVEL WITH SAND

CLAYEY SAND

CLAYEY GRAVEL WITH SAND

B103 P

CLAYEY SAND WITH GRAVEL

GRAVELLY LEAN CLAY WITH SAND

CLAYEY SAND WITH GRAVEL

CLAYEY SAND WITH GRAVEL

CLAYEY GRAVEL WITH SAND

B104 P

GRAVELLY LEAN CLAY

SANDY LEAN CLAY WITH GRAVEL

GRAVELLY LEAN CLAY WITH SAND

SANDY LEAN CLAY WITH GRAVEL

LEAN CLAY WITH SAND

SANDY LEAN CLAY WITH GRAVEL

POORLY GRADED GRAVEL WITH SILT AND SAND

B105 P

CLAYEY SAND WITH GRAVEL

SANDY LEAN CLAY WITH GRAVEL

CLAYEY SAND WITH GRAVEL

GRAVELLY LEAN CLAY WITH SAND

SANDY LEAN CLAY WITH GRAVEL

SANDY LEAN CLAY

SANDY LEAN CLAY WITH GRAVEL

LEAN CLAY

LEAN CLAY WITH SAND

SANDY LEAN CLAY WITH GRAVEL

CLAYEY SAND WITH GRAVEL

DAM CREST

EL. 9902.0

E
L
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V
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9900

9860

9840

9820

9800

9780

9880

9920

ROAD BASE ROAD BASE

*SEE NOTE 2
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SPILLWAY RATING CURVE

RESERVOIR STAGE-STORAGE CURVE
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CREST OF DAM
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SEE DRAWING C02

PROTECT-IN-PLACE

EXISTING FOOT BRIDGE

REMOVE EXISTING GROUTED

ROCK SPILLWAY,

APPROXIMATE LIMITS SHOWN

EXISTING SPILLWAY CHANNEL

EXISTING DIVERSION CHANNEL

R

O

A

D

 

1

0

8

EXISTING SITE ACCESS ROAD

APPROXIMATE LIMITS OF

EXCAVATION, CLEARING,

AND GRUBBING FOR

ROCK BERMS (TYP)

LIMITS OF DISTURBANCE

APPROXIMATE EXCAVATION

LIMITS FOR OVERFLOW WIER

AVOID DAMAGE TO EXISTING SURVEY

MONUMENTS AND PIEZOMETERS ON

DAM.  IF DAMAGE IS UNAVOIDABLE,

NOTIFY ENGINEER PRIOR TO IMPACTING

MONUMENTS OR PIEZOMETERS (TYP

ALL SURVEY MONUMENTS AND

PIEZOMETERS ON DAM)

REMOVE EXISTING

8" DAM TOE DRAIN

(APPROXIMATE

LOCATION SHOWN)

APPROXIMATE EXCAVATION

LIMITS FOR EMBANKMENT WORK

ONE INCH - IF NOT,
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2
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2
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+

0
0

2
3
+

0
0

APPROXIMATE TOE OF DAM

REMOVE EXISTING TRASH

RACK STRUCTURE AND

GATE VALVES

EXISTING 30" DIA STEEL

OUTLET CONDUIT

ENCASED IN CONCRETE

REMOVE EXISTING VALVE

CONTROL HOUSE AND

FOUNDATION. REMOVE

AND REUSE EXISTING

RIPRAP MATERIAL

EXISTING RESERVOIR

OUTLET AND PLUNGE POOL

EXISTING CUTOFF

COLLARS (TYP)

CUT EXISTING 30" PIPE AND

REMOVE EXISTING UPSTREAM

PIPE AND WYE, SEE DRAWING

C16 FOR LOCATION

EXISTING WYE

REMOVE AND REUSE

EXISTING RIPRAP

MATERIAL

REMOVE EXISTING

RESERVOIR INLET

STRUCTURE

REMOVE EXPOSED EXISTING

AIR RELIEF, OIL, AND

PRESSURE PIPES, AND PLUG

AND ABANDON BURIED PIPES

REMOVE EXISTING STRUCTURE,

VALVES, AND PIPES. REGRADE

TO MATCH EXISTING

CREST OF DAM

CUT EXISTING 30" PIPE AND

REMOVE EXISTING

DOWNSTREAM PIPE, SEE

DRAWING C13 FOR LOCATION

EXISTING AIR VALVE

REMOVE DAM SHELL RIPRAP

ON ENTIRE FACE OF DAM

EXISTING BORE HOLES,

PROTECT-IN-PLACE

EXISTING BORE HOLE,

PROTECT-IN-PLACE

LIMITS OF DISTURBANCE

AVOID DAMAGE TO EXISTING SURVEY

MONUMENTS AND PIEZOMETERS ON DAM.  IF

DAMAGE IS UNAVOIDABLE, NOTIFY ENGINEER

PRIOR TO IMPACTING MONUMENTS OR

PIEZOMETERS (TYP ALL SURVEY

MONUMENTS AND PIEZOMETERS ON DAM)

APPROXIMATE EXCAVATION

LIMITS FOR EMBANKMENT WORK

IF THIS PIEZOMETER IS IMPACTED

BY EXCAVATION, IT SHALL BE

ABANDONED PER COLORADO

STATE REQUIREMENTS

REMOVE EXISTING

DAM TOE DRAIN

(APPROXIMATE

LOCATION SHOWN)

REMOVE EXISTING

DAM TOE DRAIN

(APPROXIMATE

LOCATION SHOWN)

ONE INCH - IF NOT,
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PHASE 1 DEWATERING:

FOR CONSTRUCTION ON OUTLET WORKS AND EMBANKMENT
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CARSON LAKE

CONSTRUCTION POOL

ELEV = 9851 FEET

BYPASS FLOW ROUTE

CHANNEL CAPACITY APPROXIMATELY 50 CFS

OWNER WILL OPERATE

GATES TO BYPASS NORMAL

FLOWS AROUND LAKE

LAKE WILL START TO FILL

WHEN KANNAH CREEK

FLOWS EXCEED

APPROXIMATLY 50 CFS

COFFERDAM

TOP ELEV = 9860 FT

MAX STRUCTURAL HEIGHT = 10'

BUILD COFFERDAM TO

ISOLATE OUTLET WORKS

FOR CONSTRUCTION, AVOID

EXCAVATION INTO EXISTING

LAKE BED OR EMBANKMENT

30" DIAMETER TEMPORARY

RELIEF OUTLET PIPE TIED INTO

EXISTING 30" STEEL PIPE,

INV ELEV =  9851.0'

VALVE OR GATE CONTROLLED

POSSIBLE ROUTE FOR PUMP HOSE.

OTHER ROUTES ACCEPTABLE

EXISTING 30" STEEL PIPE

EXISTING INTAKE STRUCTURE

LAKE CONTOURS FROM

1947 DESIGN DRAWINGS,

APPROXIMATE

ONE INCH - IF NOT,

SCALE ACCORDINGLY
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NOTES:

1. THE COFFERDAM WILL NOT PROTECT THE

WORKSITE FROM THE 10-YR FLOOD.

CONTRACTOR SHALL MONITOR WEATHER

FORECASTS AND EVACUATE PERSONNEL

AND EQUIPMENT FROM THE LAKE IF STORM

ACTIVITY IS EXPECTED OR IF BYPASS

CHANNEL IS APPROACHING CAPACITY.

2. PUMPING FROM LAKE TO MAINTAIN

CONSTRUCTION POOL MAY BE REQUIRED

IF NORMAL, NON-FLOOD FLOWS EXCEED

THE BYPASS CHANNEL'S 50 CFS CAPACITY.

AVERAGE MONTHLY INFLOWS PROVIDED

ON SHEET C03.

3. CONTRACTOR MUST COORDINATE WITH

WATER SUPPLY SUPERVISOR TO DIVERT

UPSTREAM INFLOWS TO DIVERSION

CHANNEL.

0 100' 200'50'

SCALE IN FEET

1. DRAW DOWN LAKE TO CONSTRUCTION

POOL ELEVATION.

2. CONSTRUCT COFFERDAM WITH RELIEF

OUTLET TIED INTO EXISTING 30" PIPE.

3. COMPLETE CONSTRUCTION ON OUTLET

WORKS, EMBANKMENT, IMPACT BASIN,

AND PRIMARY STATION

INSTRUMENTATION.

4. REMOVE COFFERDAM.

5. COMMENCE PHASE 2 DEWATERING.

EXPECTED CONSTRUCTION

SEQUENCING DURING

PHASE 1 DEWATERING:

INFLOW FLOOD HYDROLOGY WITH STARTING POOL ELEV 9851.0'

AE INTERVAL PEAK INFLOW PEAK OUTFLOW TOTAL VOLUME MAX POOL ELEV

(YR) (CFS) (CFS) (AC-FT) (FT)

2.0 122.0 54.0 10.4 9858.1

10.0 392.0 92.0 48.0 9869.3

100.0 1752.0 123.0 205.0 9883.2

ASSUMPTIONS: 100 PERCENT OF INFLOWS UP TO 50 CFS ARE BYPASSED 

AROUND LAKE. WATER RELEASED FROM LAKE DURING EVENTS 

WITH 30" RELIEF OUTLET AT INVERT ELEV 9851.0'.
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PHASE 2 DEWATERING:

FOR CONSTRUCTION ON SPILLWAY WEIR AND CHANNEL

F

L

O

W

OWNER WILL OPERATE GATES

TO ALLOW KANNAH CREEK

FLOWS TO PASS THROUGH

LAKE. FLOW INTO BYPASS

CHANNEL WILL BE MINIMIZED.

OPERATE COMPLETED

OUTLET WORKS WITH

GATE FULLY OPEN

CARSON LAKE

SPILLWAY CREST ELEV = 9895.0'

FLOW ROUTE DURING

PHASE 2 DEWATERING

ONE INCH - IF NOT,

SCALE ACCORDINGLY
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1. OPERATE COMPLETED OUTLET WORKS

WITH SLIDE GATE FULLY OPEN.

2. COMPLETE WORK ON SPILLWAY WEIR AND

CHANNEL.

0 100' 200'50'

SCALE IN FEET

EXPECTED CONSTRUCTION

SEQUENCING DURING

PHASE 2 DEWATERING:

INFLOW FLOOD HYDROLOGY WITH STARTING POOL ELEV 9851.0'

AE INTERVAL PEAK INFLOW PEAK OUTFLOW TOTAL VOLUME MAX POOL ELEV

(YR) (CFS) (CFS) (AC-FT) (FT)

2.0 172.0 98.0 61.0 9871.7

10.0 442.0 109.0 134.0 9876.0

100.0 1802.0 126.0 314.0 9885.5

ASSUMPTIONS: 1. ALL KANNAH CREEK FLOWS ENTER LAKE. NO BYPASS.

2. STARTING POOL ELEV = 9871.0'.

3. SLIDE GATE FILLY OPEN.

ESTIMATED MONTHLY AVERAGE INFLOWS AND POOL

ELEVATIONS DURING PHASE 2 DEWATERING

MONTH AVE FLOW POOL ELEV

(CFS) (FT)

JAN 3.0 9851.3

FEB 3.0 9851.3

MAR 3.0 9851.3

APR 14.0 9852.4

MAY 48.0 9857.0

JUN 96.0 9870.8

JUL 41.0 9855.8

AUG 20.0 9853.0

SEP 13.0 9852.3

OCT 7.0 9851.7

NOV 5.0 9851.5

DEC 4.0 9851.4

ASSUMPTIONS: 1. ALL KANNAH CREEK FLOWS ENTER

LAKE. NO BYPASS.

2. PROPOSED LOW-FLOW OUTLET 

STRUCTURE OPERATED FULLY 

OPEN.
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FOOT BRIDGE

SITE ACCESS ROAD

ACCESS TO DAM CREST

ACCESS TO DAM OUTLET

AND IMPACT BASIN

K

A

N

N

A

H

 

C

R

E

E

K

SPILLWAY CHANNEL

MAIN CONSTRUCTION

 STAGING AREA

PORTABLE CONCRETE

WASHOUT STRUCTURE

(LINED PITS WILL NOT BE

PERMISSIBLE)

STOCKPILE AREA FOR

IMPORTED MATERIAL

STABILIZED CONSTRUCTION

ENTRANCE, SEE VEHICLE

TRACKING PAD DETAILS ON

DRAWING C06

PERMANENT RIPRAP

OUTLET PROTECTION,

SEE SHEET C11

TEMPORARY EROSION

CONTROL LOG OUTLET

PROTECTION (90 LF)

WETLAND

EXTENTS (TYP)

COMPACTED

EARTHEN BERM

SILT FENCE

(285 LF)

SILT FENCE AT

TOE OF SLOPE

(208 LF)

SILT FENCE AT

TOE OF SLOPE

(487 LF)

FOR BERMS SEE EROSION

CONTROL NOTE 3 (TYP)

TEMPORARY SLOPE DRAIN

WITH RIPRAP OUTLET PROTECTION

AND TEMPORARY BERM

TO ROUTE DIVERSION FLOWS

DURING BERM INSTALLATION (TYP)

C

H

A

N

N

E

L

COFFER

DAM

EXISTING SPILLWAY

CHANNEL FILL AS SHOWN

(SEE DRAWINGS C20 TO C22)

APPROXIMATE

TOE OF DAM

PROTECT EXISTING TREES (TYP.)

SILT FENCE AT TOE OF

SLOPE / LIMITS OF

DISTURBANCE (471 LF)

CREST OF DAM

ONE INCH - IF NOT,

SCALE ACCORDINGLY
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NOTES:

1. ALL TEMPORARY AND PERMANENT EROSION

CONTROL SHALL COMPLY WITH THE MOST RECENT

CDOT M&S STANDARDS.

2. THE CONTRACTOR SHALL STABILIZE DISTURBED

AREAS BY SURFACE ROUGHENING, VERTICAL

TRACKING, OR A COMBINATION THEREOF.

3. FOR EROSION CONTROL AT THE SPILLWAY CHANNEL

BERMS SEE TYPICAL SECTIONS ON SHEET C25.

4. A PALLIATIVE SHALL BE USED TO CONTROL DUST

PRODUCED BY CONSTRUCTION ACTIVITIES.

5. THE CONTRACTOR SHALL PROTECT EXISTING

VEGETATION AND LIMIT IMPACT TO WETLAND AREAS.

6. THE CONTRACTOR SHALL CHECK EROSION CONTROL

MEASURES AFTER EVERY PRECIPITATION EVENT. IF

REPAIRS ARE NEEDED, REPAIRS SHALL BE

PERFORMED IMMEDIATELY.

7. THE CONTRACTOR IS RESPONSIBLE TO REPAIR ANY

DAMAGE TO FS ROAD 108 AT CONTRACTOR'S

EXPENSE PRIOR TO ISSUANCE OF FINAL

ACCEPTANCE.

0 50' 100'25'

SCALE IN FEET
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SEE DETAIL
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EXISTING 30" DIA STEEL OUTLET
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3' TYPE 1 DRAIN FILL
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STRIP TO EMBANKMENT CORE AS

NEEDED TO CONSTRUCT FILTER
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AND OUTLET DETAIL
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OUTLET CONDUIT

ENCASED IN CONCRETE

CONNECT TO EXISTING 30" STEEL

PIPE (SEE DRAWING C33)
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3. FILL MATERIAL MAY INCLUDE COBBLE AND BOULDERS, BUT

SHALL HAVE A MINIMUM OF 18" SOIL COVER.

4. WATTLES TO BE PLACED ON CHANNEL FILL AREAS. SEE

DRAWING C27 FOR DETAILS.
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1' BELOW TOP OF BERM ELEVATION.
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FIELD ADJUSTED DURING CONSTRUCTION.

3. FILL MATERIAL MAY INCLUDE COBBLE AND BOULDERS, BUT

SHALL HAVE A MINIMUM OF 18" SOIL COVER.

4. WATTLES TO BE PLACED ON CHANNEL FILL AREAS. SEE

DRAWING C27 FOR DETAILS.
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APPROXIMATELY TO THE LIMITS AND ELEVATIONS SHOWN.
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1' BELOW TOP OF BERM ELEVATION.
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FIELD ADJUSTED DURING CONSTRUCTION.

3. FILL MATERIAL MAY INCLUDE COBBLE AND BOULDERS, BUT

SHALL HAVE A MINIMUM OF 18" SOIL COVER.

4. WATTLES TO BE PLACED ON CHANNEL FILL AREAS. SEE

DRAWING C27 FOR DETAILS.
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NOTES:

1. BERM PROFILES ARE LOOKING UPSTREAM.

2. ALL LOW FLOW NOTCH SIDE SLOPES SHALL BE 2:1.
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50

 = 24" RIPRAP WITH NATIVE

MATERIAL FILLED VOIDS

NATIVE FILL MATERIAL

KOIRWRAP BLANKET

WETLAND

TYPICAL BERM SECTION

NOT TO SCALE

A

C20,C21,C22,C25

WILLOW STAKES AT 3'

SPACING ON CENTER

ALONG BERM (TYP)

EXCAVATED NATIVE SOD,

UN-COMPACTED

VARIABLE SURFACE

4.5'

EXISTING

GROUND

TOP SOIL, UN-COMPACTED

VARIABLE SURFACE

NATIVE SOD

COVER

IN AREAS WHERE NOT ENOUGH

EXCAVATED NATIVE SOD IS

AVAILABLE, COVER SHALL BE

TOP SOIL WITH WILLOW

STAKES AND BLANKET

WOOD STAKES AND

TIE-IN FOR BLANKET,

5' ON CENTER

ANCHOR FABRIC WITH WOOD

STAKES, 5' ON CENTER

1
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2
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'

6
'
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'

EXISTING SPILLWAY CHANNEL

FILL EXISTING SPILLWAY

CHANNEL WITH NATIVE

FILL MATERIAL

EXISTING GROUND

TOP OF D

50

 = 24" RIPRAP

TOP OF NATIVE SOD COVER

BOTTOM OF RELOCATED

SPILLWAY CHANNEL

(LOW FLOW NOTCH)

2

1
2

1

10'

TYPICAL BERM PROFILE

SCALE: 1"=5'
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50

 = 24" RIPRAP  WITH NATIVE

MATERIAL FILLED VOIDS

EXISTING GROUND

NATIVE FILL MATERIAL

UPLAND SEED AND

MULCH TACKIFIER

UPLAND

TYPICAL BERM SECTION

NOT TO SCALE

B

C20,C21,C22,C25

TOP SOIL,

UN-COMPACTED

VARIABLE SURFACE

4.5'

10'

1' BELOW TOP OF

BERM, AND AT THE

SAME ELEVATION AS

THE BERM LOW FLOW

NOTCH

BERM 1

SEE DRAWING C20 AND TYPICAL

SECTIONS               AND

CLASS 6 AGGREGATE

ROAD BASE

ACCESS ROAD AT BERM 1 DETAIL

NOT TO SCALE
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CAST-IN-PLACE

CONCRETE WEIR

CONCRETE FOOTING,

EXTEND 4' BEYOND

WEIR IN ALL DIRECTIONS

A

C26

N: 16173.50

E: 45759.59

N: 16320.61

E: 45822.39

L
I
N

E

M
A

T
C

H

S
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C

2
0

SPILLWAY ROCK BERM 1

(SEE DRAWING C20)

SOIL BORING NO. 7

SOIL BORING NO. 6

ROCK BERM

APPROXIMATE LIMITS OF

EXISTING AUXILIARY SPILLWAY

APPROXIMATE

LIMITS OF

EXISTING

AUXILIARY

SPILLWAY

1

9

.

4

'

2
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.
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'
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0

.

7

'

1
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.
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1

6
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12" D

50

 RIPRAP

12" D

50

 RIPRAP

SECTION

SCALE: 1"=2'

A

C26

1'-6"

6
'
-
3
"

9'-6"

EXISTING GROUND

FLOW

NORMAL POOL

ELEV = 9895.0

1
'
-
9
"

4'-0" 4'-0"

#6 @ 12" OC

#6 @ 12" OC

#5 HAIRPIN @ 12" OC

6" PVC WATERSTOP

AND 2" X 6" KEYWAY5
 
1
/
2
"

4
"
 
C

O
V

E
R

#5 HAIRPIN @ 12" OC

#5 HAIRPIN @ 12" OC

#6 @ 12" OC

W/ 12" HOOK

#5 HAIRPIN

17"

17"

14"

#5 HAIRPIN

17"

12"

17"

TOP OF BASE

FLOW NOTCH

1
'

TOP OF ROCK  BERM

ELEV = 9894.5

WEIR CREST

ELEV = 9895.0

TOP OF ROCK BERM

AT LOW FLOW NOTCH

ELEV = 9893.5

2' DEPTH OF 12" D

50

 RIPRAP AT LOW

FLOW NOTCH, 1' COVER TOPSOIL AT

ALL OTHER LOCATIONS. FILL RIPRAP

VOIDS WITH COBBLE/GRAVEL

D

50

 = 24" RIPRAP WITH

NATIVE MATERIAL

FILLED VOIDS

STRUCTURAL

FILL MATERIAL

6
'

4'

NOTES:

1. 3" COVER UNLESS NOTED

2. FOR EXPANSION JOINT

DETAILS, SEE DRAWING C32.
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9900
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2

4

"

4'-0"

2'

1.8

1

11'

EXTEND RIPRAP TO TOP

OF EXISTING SLOPE

10'-0"

9880

9900

20'-0"

1
'
-
0
"

BASE FLOW NOTCH,

LOCATED AT

CENTER OF WEIR

FRONT ELEVATION

6
'
-
3
"

EXISTING GROUND

1.5H:1V SLOPE (TYP)

CONTRACTION JOINT (TYP)

20' SPACING, SEE DETAIL

TOP OF ROCK BERM

EXPANSION JOINT

(TYP OPPOSITE END)

SEE DETAIL

SYMMETRIC ABOUT C

L

WEIR CREST ELEV = 9895.0

ELEV = 9894.0

WEIR CREST ELEV = 9895.0

WEIR CREST ELEV = 9895.0

4'-0"

2

4

"

BOTTOM OF ROCK BERM

2'

2

1

13'

EXTEND RIPRAP TO TOP

OF EXISTING SLOPE

C37

4

C37

5

10'-0"
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SCALE IN FEET

OVERFLOW WEIR PLAN

SCALE: AS SHOWN

FRONT ELEVATION

SCALE: 1"=5'



PER PLAN OR PROJECT MANAGER GUIDANCE

PLACE STAKES AT

ALTERNATING ANGLES

12" DIA BIODEGRADABLE

WATTLE (TYP)

PLACE WILLOW STAKES

AT 1' SPACING ALONG

UPSTREAM SIDE OF

WATTLES (TYP)

FOOT COMPACT

MATERIAL FROM TRENCH

TO SEAL THE WATTLE ON

UPHILL SIDE (TYP)

2"x2"x36" WOOD SUPPORT

STAKE EVERY 3' TO 4', 3 MIN

FOR SHORT LENGTHS (TYP)

EXISTING GROUND

2

"
-
3

"

T
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N
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(
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Y

P

)

2
4

"

(
T

Y
P

)

3
"
 
M
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(
T

Y
P

)

WATTLE DETAIL

NOT TO SCALE

1

C27

FILL WITH LOCAL

NATIVE MATERIAL

(TYP)

EXISTING SPILLWAY CHANNEL

EXISTING SPILLWAY CHANNEL

EXISTING SPILLWAY CHANNEL

LOW FLOW NOTCH

BERM 3

PLACE WATTLES TO

CREATE DESIRED FLOW

PATHS. PRIMARY LOW

FLOW PATH SHOULD BE TO

LOW FLOW NOTCH (TYP)

PLACE WATTLES TO

CREATE DESIRED FLOW

PATHS. PRIMARY LOW

FLOW PATH SHOULD BE TO

LOW FLOW NOTCH (TYP)

LOW FLOW NOTCH

BERM 4

LOW FLOW NOTCH

BERM 5

LOW FLOW NOTCH

BERM 6

BERM 7

LOW FLOW NOTCH

PROJECTED PRIMARY FLOW

PATH, SHOWN TO CLARIFY

ESTIMATED PATH, NO

CONSTRUCTION REQUIRED

PROJECTED PRIMARY FLOW

PATH, SHOWN TO CLARIFY

ESTIMATED PATH, NO

CONSTRUCTION REQUIRED

LIMITS OF EXISTING CHANNEL

FILL (SEE DRAWING C22)

LIMITS OF EXISTING CHANNEL

FILL (SEE DRAWING C21)

LIMITS OF EXISTING CHANNEL

FILL (SEE DRAWING C20)

PROJECTED SECONDARY

FLOW PATH, SHOWN TO

CLARIFY ESTIMATED PATH,

SEE DETAIL

PROJECTED SECONDARY

FLOW PATH, SHOWN TO

CLARIFY ESTIMATED PATH,

SEE DETAIL

C27

2

C27

2

2' TO 4'

1
'

2
'

WATTLE

WILLOW STAKES

SECONDARY

LOW FLOW PATH

EXISTING GROUND

EXISTING CHANNEL FILL

WATTLE, SECONDARY

FLOW LOW PATH DETAIL

NOT TO SCALE

2

C27

ONE INCH - IF NOT,

SCALE ACCORDINGLY
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0 35' 70'17.5'

NOTES:

1. WATTLES MAY ALSO BE CALLED FIBER ROLLS, SEDIMENT LOGS, OR EROSION LOGS.

2. PLACE WATTLES WORKING DOWNWARD FROM THE HIGHEST POINT.

3. INSTALL WATTLE IN A SHALLOW TRENCH AS SHOWN IN THE DETAIL. FOOT COMPACT

EXCAVATED MATERIAL ON THE UPHILL SIDE OF WATTLE. WHEN JOINING ENDS OF

WATTLES, FIT THE ENDS TIGHTLY TOGETHER OR OVERLAP THEM. STAKE WATTLES

ON EACH END AND EVERY 3' TO 4' FEET ON CENTER.

4. USE WEED-FREE BIODEGRADABLE MATERIALS WITH A FUNCTIONAL LIFE OF AT LEAST

2 YEARS. THE DENSITY OF THE MATERIAL SHALL BE IN THE RANGE OF 2.7 TO 4.5 LBS

PER CUBIC FOOT.

5. INSPECT THE WATTLES AFTER ANY STORMS (DURING CONSTRUCTION) THAT

PRODUCE RUNOFF AT THE SITE. REPAIR DAMAGED WATTLES, RESTORE SEAL ON

THE UPHILL SIDES, REPLACE STAKES, AND ADD MORE STAKES IF NEEDED.

LEGEND:

WATTLE

PRIMARY FLOW PATH

SECONDARY FLOW PATH

EXISTING SPILLWAY CHANNEL



CARSON LAKE

PROPOSED

SPILLWAY WEIR
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PEDESTRIAN BRIDGE

EXISTING SITE ACCESS ROAD
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EXISTING SPILLWAY CHANNEL

CREST OF DAM

SPILLWAY ROCK BERMS,

LIMITS OF PROPOSED

SPILLWAY IMPROVEMENTS

(TYP OF 7)

PROPOSED DAM

IMPROVEMENTS

APPROXIMATE LIMITS

OF EXISTING

AUXILIARY SPILLWAY

DELINEATED WETLAND

BOUNDARY

DELINEATED WETLAND

BOUNDARY

ONE INCH - IF NOT,

SCALE ACCORDINGLY
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REVEGETATION NOTES:

1. TOPSOIL WILL BE SALVAGED AND REUSED IN ALL AREAS.

2. WETLAND AREA TOPSOIL WILL BE REMOVED AS A SOD LAYER AND STORED AND WATERED ONSITE. WETLAND SOD WILL BE PLACED ON TOP OF

BERMS WITHIN THE WETLAND ZONE FOLLOWING CONSTRUCTION. EXISTING WILLOWS CAN BE TRIMMED AND INCLUDED IN SOD OR EXCAVATED WITH

ROOT MASS, STORED AND WATERED, AND REPLANTED ALONG BERM.

3. WETLAND LOCATIONS THAT ARE NOT ABLE TO BE COVERED IN HARVESTED WETLAND SOD WILL BE SEEDED AND PLANTED WITH WILLOW CUTTINGS.

4. THE DEPTH OF TOPSOIL SALVAGE IS APPROXIMATELY 6 INCHES, BUT MAY VARY DEPENDING ON ACTUAL SITE CONDITIONS. TOPSOIL GENERALLY

INCLUDES THE UPPER PART OF THE SOIL PROFILE WITH THE FOLLOWING CHARACTERISTICS (NRCS 1993, 1999; HECKMAN 2003).

A. WHERE PLANTS HAVE MOST OF THEIR ROOTS

B. WHERE THE SOIL IS DARKENED FROM THE PRESENCE OF ORGANIC MATTER

C. WHERE THERE IS A COMBINATION OF PARTICLE SIZES WITH GENERALLY NO MORE THAN APPROXIMATELY 10 PERCENT GRAVEL, 65 PERCENT

SAND, 60 PERCENT SILT, OR 20 PERCENT CLAY.

5. ALL FINISH GRADES TO BE SEEDED/PLANTED WILL BE LOOSE AND ROUGH WITH SUBSTANTIAL “MICROTOPOGRAPHY” (PLUS OR

MINUS 4 INCHES). STRAIGHT EDGES AND RIGHT ANGLES ARE TO BE AVOIDED. SOIL WILL BE LOOSENED TO A DEPTH OF 12 INCHES BEFORE PLANTING

OR SEEDING.

6. ALL AREAS DISTURBED BY THE PROJECT WILL RECEIVE 4 INCHES OF TOPSOIL. ANY DISTURBED AREAS OUTSIDE THE PROJECT LIMITS SHALL BE 

REPLACED AT THE CONTRACTORS EXPENSE.

7. LIVE CUTTINGS SHOULD BE HARVESTED FROM SITES WITHIN 1,000 VERTICAL FEET OF THE PROJECT SITE ELEVATION. CUTTINGS SHALL BE 3-4 FEET

IN LENGTH.

8. LIVE CUTTINGS WILL BE HARVESTED WHEN DORMANT (BEFORE LEAVES EMERGE OR AFTER THEY ARE DROPPED) FROM LIVE PLANTS 0.5 TO 1.0 INCH

IN DIAMETER. THE STEM WILL BE STRIPPED OF ALL BRANCHES BEFORE CUTTING AND THEN TRIMMED TO THE DESIRED LENGTH. THE LOWER

(ROOTING) END OF THE STEM WILL BE CUT AT A 45-DEGREE ANGLE AND THE UPPER END WILL BE CUT AT A 90-DEGREE ANGLE. THE LOWER END OF

THE CUTTINGS WILL BE PLACED INTO COLD WATER (<50-DEGREES F) WITHIN ONE MINUTE OF CUTTING AND THEN TRANSFERRED TO A STORAGE

VESSEL WITHIN 1 HOUR WHERE THEY WILL REMAIN COMPLETELY SUBMERGED FOR AT LEAST 72 HOURS, BUT NOT MORE THAN 14 DAYS, PRIOR TO

PLANTING. DURING PLANTING, THE CUTTINGS WILL BE KEPT WET UNTIL PLACED INTO THE GROUND AND WILL NOT BE ALLOWED OUT OF WATER FOR

MORE THAN 10 MINUTES.

9. CUTTINGS SHALL BE INSTALLED SO THAT 2/3 OF THE CUTTING ARE BELOW GRADE.

10. NO EQUIPMENT SHALL BE ALLOWED IN THE RESTORATION AREA AFTER THE SOIL IS LOOSENED.

11. ALL BLANKETED AREAS WILL BE LOOSENED, SEEDED, AND MULCHED ACCORDING TO THE REVEGETATION PLAN PRIOR TO BLANKET OR MULCH

INSTALLATION.

12. SEEDING WILL ONLY BE PERFORMED BETWEEN SEPTEMBER 1 AND WHEN THE GROUND FREEZES, OR WITHIN 30 DAYS AFTER GROUND THAWS.

13. SEEDED AREAS WILL BE HYDRO MULCHED TO ACHIEVE APPROXIMATELY 80 PERCENT GROUND COVER.

14. WETLAND SEED MIX SHALL BE MONTANE WET MEADOW MIX BY WESTERN NATIVE SEED (COALDALE, CO, 719-942-3935, westernnativeseed.com), OR

APPROVED EQUAL.

15. UPLAND SEED MIXTURE SHALL BE HIGH ALTITUDE NATIVE GRASS MIX BY BEAUTY BEYOND BELIEF WILDFLOWER SEED (BOULDER, COLORADO,

303.530.1222, www.bbbseed.com), OR APPROVED EQUAL.

16. WILLOW CUTTINGS SHALL BE INSTALLED WHEN LOCAL WILLOWS ARE DORMANT. CONTAINER STOCK MAY BE SUBSTITUTED FOR CUTTINGS.

WILLOWS WILL BE COMPOSED OF THE FOLLOWING SPECIES, WITH EACH SPECIES EVENLY DISTRIBUTED THROUGHOUT THE PLANTING AREAS:

· SANDBAR WILLOW (SALIX EXIGUA) - 60%

· BEBB WILLOW (SALIX BEBBIANA) - 20%

· DRUMMOND WILLOW (SALIX DRUMMONDIANA) - 20%

0 50' 100'25'

SCALE IN FEET

LEGEND:

WETLAND PLANTING

UPLAND PLANTING
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INSTALL PRESSURE

TRANSDUCER AND

BUBBLER ON FACE OF

INTAKE STRUCTURE AT

EL 9851 FT. A/E AND

SEO APPROVAL OF

LOCATION REQUIRED

BEFORE INSTALLATION.

APPROXIMATE LOCATION OF PRIMARY

STATION. ENSURE SITE IS LOCATED

AT TOP OF DAM AND DOES NOT

INHIBIT TRAVEL ON SERVICE ROAD.

SEE DETAIL

TWO 2" GALVANIZED STEEL CONDUIT RUNS FOR

PRESSURE TRANSDUCER CABLE AND BUBBLER

HOSE. CONDUIT FASTENED TO SIDE OF CONCRETE

ENCASEMENT CURB, SEE DETAIL

APPROXIMATE LOCATION OF

SECONDARY STATION: EL 9841.4

ENSURE SITE IS ABOVE 10,000-YR

INUNDATION LIMIT AND WITHIN CLEAR

LINE OF SIGHT TO PRIMARY STATION.

SEE DETAIL

CONDUIT RUN FOR PRESSURE

TRANSDUCER CABLE (OTHER

ROUTES ACCEPTABLE). BURIED 2"

PVC. COORDINATE WITH VENDOR

TO DETERMINE REQUIRED BURIAL

DEPTH. RESEED ACCORDING TO

SPECIFICATIONS

APPROXIMATE LOCATION OF PRESSURE

TRANSDUCER. FINAL LOCATION TO BE

DETERMINED BY VENDOR. A/E AND SEO

APPROVAL OF LOCATION REQUIRED

BEFORE INSTALLATION.

10,000-YEAR FLOOD

INUNDATION BOUNDARY

STAFF GAGE INSTALLED ON

TOP OF CONCRETE

ENCASEMENT  CURB.

SEE DETAIL

STATION MARKER SIGN POSTS (TYP.)
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NOTES:

COORDINATE WITH EARLY WARNING SYSTEM VENDOR TO

CONFIRM LOCATION AND DESIGN OF REQUIRED

APPURTENANCES.

PRIMARY STATION COMPONENTS:

1) BULLET-RESISTANCE ENCLOSURE

2) BUBBLER WATER LEVEL SENSOR

3) PRESSURE TRANSDUCER

4) TIPPING BUCKET

5) DATA LOGGER

6) SOLAR PANEL

7) BATTERY (2)

8) REGULATOR

9) INTRUSION SENSOR

SECONDARY STATION COMPONENTS:

1) BULLET-RESISTANCE ENCLOSURE

2) PRESSURE TRANSDUCER

3) DATA LOGGER WITH SPREAD-SPECTRUM WIRELESS

CONNECTION TO PRIMARY STATION

4) SOLAR PANEL

5) BATTERY (2)

6) REGULATOR

7) INTRUSION SENSOR

LEGEND:

EXISTING PIEZOMETERS

SURVEY MONUMENTS

0 50' 100'25'

SCALE IN FEET

B-101(P)

B-103(P)

B-104(P)

B-105A(P)

B-105B(P)

B-102A(P)

1

PROTECT AND AVOID DISTURBING EXISTING PIEZOMETERS

AND SURVEY MONUMENTS. IF EITHER MUST BE

DISTURBED, NOTIFY A/E.
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INSTRUMENTATION

FOUNDATION PRIMARY &

SECONDARY STATIONS DETAIL

NOT TO SCALE

1

C29

STAFF GAGE & PIPE RUN DETAIL

NOT TO SCALE

2

C29

UNDERGROUND ENCLOSURE ASSEMBLY

4
8
"
 
M

I
N

.

20" MIN.

16" MIN.

2" MIN.

6
"
 
M

I
N

.
 
F

O
R

M
 
H

E
I
G

H
T

24"-48"

2
"

3
"
 
+

/
-
 
0
.
2
5
"

4
"

3

4

" X 17" X 3" GALVANIZED ANCHOR BOLT (TYP.)

4" MIN. HEIGHT ABOVE GROUND SURFACE.

CONCRETE EDGE FINISHED ROUND.

PIPES LEADING OUT TO SENSORS

2" PIPES (PVC IF BURIED, GALVANIZED IF EXPOSED)

12" MIN. BENDING RADIUS

SIDE VIEW

TOP VIEW

2
4
"
 
F

L
A

T
 
S

U
R

F
A

C
E

5

8

" COPPER GROUNDING ROD

(10' TO 12' LENGTH)

SECTION A-A: OUTER CURB DETAIL

6
"
 
M

I
N

PIPE SECURED WITH GALVANIZED STEEL STRAPS.

MAX SPACING 3-FT. FASTEN W/ 

3

8

" EXPANSION

ANCHORS W/ MIN. 2" EMBEDMENT.

2" PIPES FOR SENSOR CABLE/TUBE.

SECURE TO SIDE OF CURB AND BURY.

CONCRETE CURB

REINFORCEMENT NOT SHOWN.

TOP OF COBBLE/ROCK SHELL

1.5"

STAMP ELEVATIONS IN WASHERS

(9851.0FT TO 9902.0FT)

SURVEY NAIL W/ CROSS.

MIN. 2" EMBEDMENT IN

CONCRETE CURB. EPOXY

PER MANUFACTURER'S

INSTRUCTIONS.

STAMPED BRASS

SURVEY MARKER

STAFF GAGE FOOT-MARKER DETAIL

TO TOP OF DAM

TO INTAKE STRUCTURE

2" PIPES FOR SENSOR CABLES/TUBES

GALVANIZED STEEL

PIPE STRAPS (TYP)

3
'
-
0
"
 
M

A
X

.

SURVEY NAILS EMBEDDED EVERY VERTICAL 0.1 FT.

SURVEY NAILS AND WASHERS SET EVERY

VERTICAL FOOT FROM EL. 9851.0 TO EL. 9902.0

PLAN VIEW

FIBER REINFORCED CONCRETE
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PROPOSED SPILLWAY WEIR

FOOT BRIDGE

EXISTING SITE ACCESS ROAD

EXISTING SPILLWAY CHANNEL

CREST OF DAM

SPILLWAY ROCK BERMS,

LIMITS OF PROPOSED

SPILLWAY IMPROVEMENTS

(TYP OF 7)

PROPOSED DAM

IMPROVEMENTS

LIMITS OF RIPRAP OUTFALL

AND OUTLET CONDUIT

CONSTRUCTION

 WETLAND IMPACT 681 SQFT

TEMPORARY AT GRADE

STREAM CROSSING

WETLAND IMPACT

615 SQFT

WETLAND IMPACT

1053 SQFT

WETLAND IMPACT

4518 SQFT

WETLAND IMPACT

1639 SQFT

WETLAND IMPACT

17,561 SQFT

ESTIMATED WETLAND BOUNDARY,

NOT INCLUDED IN DELINEATION

APPROXIMATE LIMITS

OF EXISTING

AUXILIARY SPILLWAY

DELINEATED WETLAND BOUNDARY

DELINEATED WETLAND

BOUNDARY

DELINEATED WETLAND

BOUNDARY

EXISTING SPILLWAY

CHANNEL FILL (TYP)

EXISTING SPILLWAY

CHANNEL FILL (TYP)

NEW ACCESS ROAD

WETLAND IMPACT 855 SQFT

ONE INCH - IF NOT,
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NOTES:

1. THE TOTAL ESTIMATED WETLAND IMPACT OF THE SPILLWAY

CHANNEL CONSTRUCTION AND THE OUTFALL RIPRAP BASIN

IS  26,922 SQFT (0.62 ACRES).

· 24,582 SQFT (0.56 ACRES) ARE TEMPORARY IMPACTS

· 2,339 SQFT (0.05 ACRES) ARE CONSIDERED PERMANENT

IMPACTS

· THEREFORE, COMPENSATORY WETLAND MITIGATION IS

NOT REQUIRED.

0 50' 100'25'

SCALE IN FEET

LEGEND:

LIMITS OF WETLAND BOUNDARY

APPROXIMATE LIMITS OF EXISTING AUXILIARY

SPILLWAY

TEMPORARY WETLAND IMPACT

PERMANENT WETLAND IMPACT
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#6 HAIRPIN @ 12" O.C.

20"

10"

20"

#7 @ 7" O.C.

#7 @ 7" O.C.

#7 @ 7" O.C.

#6 @ 12" O.C.

2
'
-
5
"

#7 @ 7" O.C.

#6 @ 12" O.C.

#7 @ 7" O.C.

#6 @ 12" O.C.

#7 @ 7" O.C.

#6 @ 12" O.C.

#7 CIRCULAR BAR AROUND OPENING

CONCRETE BUTTRESS DETAIL

SCALE: 1/2"=1'-0"

1

C32

180° HOOK

NOTE:

SEE OTHER DETAILS FOR FACE REINFORCEMENT

NOTES:

1. 4" COVER UNLESS NOTES.

2.

3

4

" CHAMFER ALL EXPOSED CONCRETE

EDGES (TYP).

MINIMUM DEVELOPMENT & SPLICE LENGTH FOR REBARS

b

NOTES:

MINIMUM DEVELOPMENT AND SPLICE LENGTHS

f '  =  4500 psi

c

b

Bar Size

Grade 60

          #10                  6'-2"                     4'-9"                       8'-0"                     6'-2" 

                            TOP BARS        OTHER BARS         TOP BARS        OTHER BARS

          #7                    4'-3"                     3'-4"                       5'-7"                     4'-3"  

          #11                  6'-10"                   5'-4"                       8'-11"                   6'-10"  

          #8                    4'-11"                   3'-9"                       6'-4"                     4'-11"  

          #9                    5'-6"                     4'-3"                       7'-2"                     5'-6"  

          #6                    2'-11"                   2'-3"                       3'-10"                   2'-11"  

          #5                    2'-6"                     1'-11"                     3'-2"                     2'-6"  

          #4                    2'-0"                     1'-6"                       2'-7"                     2'-0"  

          #3                    1'-6"                     1'-2"                       1'-11"                   1'-6"  

Minimum Straight

Tension Development

Length,  l

Minimum Lap Splice

For Center To Center

Bar Spacing

clear spacing         2d   &  clear  cover          d

d

1.  TOP BARS ARE HORIZONTAL BARS SO PLACED THAT MORE THAN

     12" OF CONCRETE IS CAST IN THE MEMBER BELOW THE BAR.

2.  EXCEPT AS OTHERWISE INDICATED ON THE DRAWINGS, LAP

     SPLICE LENGTH AND TENSION DEVELOPMENT l   SHALL BE NO

     LESS THAN (NO MINUS TOLERANCE) SHOWN ABOVE.

d

3.  LAP SPLICES SHALL NOT BE MADE AT POINTS OF MAXIMUM

     STRESS AS DETERMINED BY THE ENGINEER.

4.  WHERE BARS OF DIFFERENT SIZE ARE LAP SPLICED, SPLICE LENGTH

     SHALL BE THE SPLICE LENGTH OF THE LARGER BAR.

5.  ALL SPLICES SHALL BE CONTACT SPLICES AND WIRED TOGETHER.

6.  APPLIES TO ALL REINFORCING SHOWN ON ALL SHEETS.

TYPICAL 90 DEGREE HOOK FOR REBAR

BAR SIZE

GRADE 60

#10

#11

11"

1'-1"

1'-3"

1'-4"

1'-6"

6"

7"

8"

10"

1'-4"

1'-8"

1'-10"

2'-0"

6"

8"

10"

1'-0"

1'-2"

c

L

dh

HL

HL =

HOOK

LENGTH

L

d
h

D
E

V
E

L
O

P
M
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N

T

L
E

N
G

T
H

COVER

C
O

V
E

R

dh

#3

#4

#5

#6

#7

#8

#9

 f '  = 4500 psi

MIN.

= 2 

1

2

"

M
I
N

.

=
 
2
"

COMPLYING WITH MINIMUM COVER REQUIREMENTS OF

ACI 318, OTHERWISE L      MUST BE RE-CALCULATED.

APPLIES TO ALL REINFORCING SHOWN ON ALL SHEETS.

CONDUIT

CONDUIT

#6 HAIRPIN @ 12" O.C.

20"

10"

20"

PLAN

SECTION

ADJUST BARS IN FIELD FOR

AIR LINE AND HYDRAULIC

LINE CARRIER PIPE
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EXISTING PIPE TO REMAIN IN PLACE

EXISTING CONCRETE SHELL

6" THICK (MIN.)

1'-0" (M
IN.)

PREPARE PIPE TO ACCEPT BUTT WELDED

CONNECTION TO NEW PIPE PER SPECIFICATIONS

BREAK AWAY CONCRETE SHELL TO

EXPOSE AT LEAST 1' OF PROJECTING PIPE

ONE INCH - IF NOT,
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STEEL ELBOW DETAIL

SCALE: 1"=1'-0"

1

C16

STEEL PIPE CONNECTION DETAIL

SCALE: 1"=1'-0"

2

C33

STEEL PIPE ENCASEMENT DETAIL

SCALE: 1"=1'-0"

3

C33

1'-0" 1'-3"1'-3"

3'-6"

1
0
"

1
'
-
0
"

1
1
"

9
"

#5 HOOP BAR @ 6" O.C.

12 - #5 BARS

DRILL AND GROUT #5 BARS

INTO EXISTING ENCASEMENT

WITH EPOXY ADHESIVE,

MIN EMBEDMENT 17"

1 

1

2

" BEVEL

8

5

8
"

6

8

°

2
'
-
6
"

5/16" THICKNESS

MATCH TO EXISTING PIPE

ENCASEMENT, MINIMUM

CONCRETE THICKNESS 6"



1'-10" 1'-10"1'-11"

5'-0"
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2'-0"

4
"

SLIDE GATE TRASH RACK

SCALE: 1 1/2"=1'-0"

1

C16

3
'
-
0

5

8

"

4
"

4
"

3/8" X 4" P

(30 TOTAL)

L

1/2" DIA. ROD X 10' 8 1/4" LONG. USE

3/16" FILLET WELD ALL AROUND TO

BOTH SIDES OF ALL PLATES.

(LOCATE AT CENTER OF PLATE)

4"

3

8

"

4
"

3/8" X 4" P

(3 TOTAL EACH SIDE)

L

NOTE: VERIFY ALL FRAME DIMENSIONS WITH GATE

DIMENSIONS DURING SHOP DRAWING PREPARATION.

HSS 7X7X0.5

HSS 5X5X0.5

HSS 7X7X0.5 HSS 7X7X0.5

L

C

L

C

C
L
E

A
R

4"

4"

VERIFY CENTER BAR SPACING WITH GATE ACCESSORIES

1
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HSS 5X5X1/2

HSS 5X5X1/2

HSS 7X7X1/2

CENTERED ON P

9"

9
"

9
"

2
"

2
"

2" 3" 1"

3
"

2
"

3"
2"

1
1

"

11"

HSS 5X5X1/2

HSS 5X5X1/2

3
/
8

"
 
X

 
4

"
 
P 1

'
-
1

1

1

2

"

1

2

"

HSS 7X7X1/2

2
'
-
0

"

HSS 5X5X1/2

HSS 7X7X1/2

BTC-P4-GF

1G,2G

0

45°

3/8

TYP.

5/16

5/16

7/8" DIA. HOLE FOR 3/4" DIA. GALV. ADHESIVE

ANCHOR W/ 5" (MIN.) EMBEDMENT AND

OVERSIZED WASHER (TYP.)

7/8" DIA. HOLE FOR 3/4" DIA.

GALV. ADHESIVE ANCHOR W/

5" (MIN.) EMBEDMENT AND

OVERSIZED WASHER (TYP.)

L

1/2" X 9" X 9" END CAP P

L

1/2" X 9" X 9" END CAP P

L

4"

1/4

TYP.

1/4

3/8" X 4" P  (TYP.)

(EVENLY SPACED)

L

L

NOTE: VERIFY ALL FRAME DIMENSIONS WITH GATE

DIMENSIONS DURING SHOP DRAWING PREPARATION.

1/4

1/4

5/16

1"

1/2" P

L

1/2" P

L

11"

SECTION

N.T.S.

1

C34

SECTION

N.T.S.

2

C34

SECTION

N.T.S.

3

C34

SECTION

N.T.S.

4

C34

SECTION

N.T.S.
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SECTION

N.T.S.
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 2789 Riverside Parkway 
 Grand Junction, Colorado 81501 

 Phone: 970-255-8005 
  Info@huddlestonberry.com 

 
  

November 4, 2019 
 Project#01806-0002 

 
Ayres Associates 
3433 Oakwood Hills Parkway 
Eau Claire, Wisconsin  54701 
 
Attention: Mr. Chris Goodwin 
 
Subject: Geotechnical Investigation 
  Carson Lake 
  Mesa County, Colorado 
 
Dear Mr. Goodwin, 
 
This letter presents the results of a geotechnical investigation conducted by Huddleston-Berry 
Engineering & Testing, LLC (HBET) at Carson Lake on the Grand Mesa in Mesa County, 
Colorado.  The purpose of the investigation was to evaluate the subsurface conditions along the 
spillway chute to assist in designing spillway improvements for the reservoir.     

Site Conditions 
At the time of the investigation, the site was generally open.  The existing spillway channel was 
fairly heavily vegetated; however, the area beyond the channel to the south and east was 
vegetated with weeds, grasses, and scattered low brush.  The spillway channel was dry and the 
bottom of the channel was heavily armored with cobbles and boulders.  Boulders were also 
observed to scattered on the ground surface across the site.                                                   

Subsurface Investigation 
The subsurface investigation included three test pits as shown on Figure 2 – Site Plan.  The test 
pits were excavated to depths of between 5.5 and 9.0 feet below the existing ground surface.  
Typed test pit logs are included in Appendix A.   
 
As indicated on the logs, the subsurface conditions were slightly variable.  However, the test pits 
generally encountered 1.5 to 2.0 feet of organic rich topsoil materials above brown, moist, dense 
to very dense clayey sand with gravel to clayey gravel with sand soils to the bottoms of the 
excavations.  The sand and gravel soils contained varying quantities of cobbles and boulders.  
However, both TP-2 and TP-3 contained a higher percentage of cobbles and boulders than TP-1.  
This can be seen in test pit photographs included in Appendix B.  Groundwater was not 
encountered in the test pits at the time of the investigation.      
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Laboratory Testing 
Due to the presence of significant quantities of larger particles, representative samples of the 
overall soil mass were unable to be collected.  However, HBET conducted laboratory testing on 
samples of the matrix soils.  Laboratory testing included grain size analysis, natural moisture 
content determination, and Atterberg limits determination.  The laboratory testing results are 
included in Appendix C. 
     
The laboratory testing results indicate that native matrix soils are slightly to moderately plastic.  
The natural moisture content of the soils was very low at 9%.      

Spillway Structure Recommendations 
In general, the native cobble and boulder materials are in a dense to very dense condition and 
will provide excellent support for any new spillway structure.  As a result, HBET recommends 
that any new structure bear directly on the native soils.  However, where numerous boulders are 
present in the subgrade, it may be preferable to pour a concrete leveling pad to interlock with the 
boulders and provide a uniform bearing surface for the base of the structure.   
 
Although the native soils will provide excellent structural support, as observed along the existing 
channel bottom, the fine grained portion of the soils will tend to wash out.  The clays in the 
matrix have some plasticity; however, the quantity of clay is insufficient to limit hydraulic 
conductivity and prevent migration of the fines.  As a result, any new spillway structure should 
include measures to limit/prevent seepage below the structure.    
 
Prior to placement of concrete for any new structure, it is recommended that the bottom of the 
foundation excavation be moisture conditioned and proofrolled to the Engineer’s satisfaction.  
Large particles may need to be removed at the direction of the Geotechnical and/or Structural 
Engineer.   
 
For construction above properly prepared dense native soils, a maximum allowable bearing 
capacity of 3,000 psf may be used.  In addition, a modulus of subgrade reaction of 250 pci may 
be used for the dense native soils.  In general, for construction in accordance with the above 
recommendations, HBET anticipates that post-construction differential settlements will be less 
than 0.5-inch and total settlements will be less than 1.0-inch.     

Engineering Properties 
As discussed previously, due to the presence of large particles, representative samples of the 
overall native soil mass were unable to be collected.  However, the samples collected still 
contained a significant quantity of gravels.  Considering the grain-size limitations for the test, 
direct-shear testing on samples from the site would be even less representative of the natural soil 
mass.  As a result, HBET developed engineering parameters for the overall soil mass based upon 
our observations of the in-situ material and upon our geotechnical engineering experience.  The 
following conservative parameters are recommended for the native soils: 

• γ = 125 pcf 
• φ’ = 32º 
• c’ = 0 psf 
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General Notes 
The recommendations included above are based upon the results of the subsurface investigation 
and upon our experience.  These conclusions and recommendations are valid only for the subject 
project. 

As discussed previously, the subsurface conditions at the site were slightly variable.  However, 
the precise nature and extent of subsurface variability may not become evident until construction.  
Therefore, HBET should be retained to provide engineering oversight during ALL phases of the 
construction to verify the subsurface conditions and/or provide alternative recommendations in 
the event that significant subsurface variability is encountered during construction.   

We are pleased to be of service to your project.  Please contact us if you have any questions or 
comments regarding the contents of this report.   

Respectfully Submitted: 
Huddleston-Berry Engineering and Testing, LLC 

Michael A. Berry, P.E. 
Vice President of Engineering 

11/04/19
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FIGURE 1 
Site Plan
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Clayey SAND with Gravel and Organics (TOPSOIL)
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some cobbles, trace boulders, brown, moist, dense to very dense
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Clayey SAND with Gravel and Organics (TOPSOIL)

Clayey SAND with Gravel (sc) to Clayey GRAVEL with Sand (gc),
abundant cobbles, trace boulders, brown, dry to moist, dense to very
dense

***Higher percentage of cobbles and boulders than TP-1***
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Clayey SAND with Gravel and Organics (TOPSOIL)

Clayey SAND with Gravel (sc) to Clayey GRAVEL with Sand (gc),
abundant cobbles, trace boulders, brown, dry to moist, dense to very
dense

***Higher percentage of cobbles and boulders than TP-1***

Bottom of test pit at 5.5 feet.
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 APPENDIX B 
Test Pit Photographs



Spoils pile from TP-1

Profile of TP-1



Spoils from TP-2

Profile of TP-2



Spoils from TP-3

Profile of TP-3



 

 

APPENDIX C 
Laboratory Testing Results 
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BORING LOGS 
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Lat: 38.995296, Long: -108.109759 deg
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Lat: 38.995296, Long: -108.109759 deg



B-4

Lat: 38.995296, Long: -108.109759 deg



B-5

Lat: 38.995677, Long: -108.109800 deg



B-6

Lat: 38.995677, Long: -108.109800 deg



B-7

Lat: 38.995677, Long: -108.109800 deg
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Lat: 38.995667, Long: -108.109796 deg
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Lat: 38.996095, Long: -108.109881 deg
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B-12
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Lat: 38.995632, Long: -108.110160 deg
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Lat: 38.995681, Long: -108.110127 deg
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SAMPLE PHOTOGRAPHS 
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DAILY SITE REPORTS 
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APPENDIX E 
 

PERMEABILITY RESULTS 



Field Engineer/Geologist: JNH 7/28/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-101(P)
Test Number: K-1

Depth to top of Ground 
Water 30.55 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 53.0 ft

Bottom Depth of Test 
Interval 74.0 ft

Inside Diameter Pipe 1.50 in

D = Diameter, intake, sample 7.75 in

L = Length, intake, sample 21.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
41.50 0.0 0 11.0 -- -- -- --
41.22 0.5 30 10.7 3.35E-07 1.02E-05 3.35E-07 1.02E-05
41.10 1.0 60 10.6 1.46E-07 4.46E-06 2.41E-07 7.34E-06
41.01 1.5 90 10.5 1.11E-07 3.38E-06 1.98E-07 6.02E-06
40.89 2.0 120 10.3 1.49E-07 4.55E-06 1.85E-07 5.65E-06
40.79 2.5 150 10.2 1.26E-07 3.83E-06 1.74E-07 5.29E-06
40.69 3.0 180 10.1 1.27E-07 3.87E-06 1.66E-07 5.05E-06
40.60 3.5 210 10.1 1.15E-07 3.52E-06 1.59E-07 4.83E-06
40.51 4.0 240 10.0 1.16E-07 3.55E-06 1.53E-07 4.67E-06
40.40 4.5 270 9.9 1.44E-07 4.38E-06 1.52E-07 4.64E-06
40.30 5.0 300 9.8 1.32E-07 4.03E-06 1.50E-07 4.58E-06
40.21 5.5 330 9.7 1.20E-07 3.66E-06 1.47E-07 4.50E-06
40.14 6.0 360 9.6 9.41E-08 2.87E-06 1.43E-07 4.36E-06
40.06 6.5 390 9.5 1.08E-07 3.30E-06 1.40E-07 4.28E-06
39.98 7.0 420 9.4 1.09E-07 3.33E-06 1.38E-07 4.21E-06
39.89 7.5 450 9.3 1.24E-07 3.78E-06 1.37E-07 4.18E-06

Estimated Permeability 2.9E-06 to 1.0E-05 (cm/sec)
Geometric Mean of Incremental Permeability 4.0.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

0 1 2 3 4 5 6 7 8
Pe

rm
ea

bi
lit

y 
(c

m
/s

)
Time Step (minute)

Incremental From Time Zero

P:\18115 - Hogchute Dam Safety Evaluation\Engineering\Task 2 Geotech and Seepage\Permeability_Testing\18115_Permeability_Calcs_11-20-18
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Field Engineer/Geologist: JNH 9/18/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-101(P)
Test Number: K-2

Depth to top of Ground 
Water 38.84 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 53.0 ft

Bottom Depth of Test 
Interval 74.0 ft

Inside Diameter Pipe 1.50 in

D = Diameter, intake, sample 7.75 in

L = Length, intake, sample 21.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
51.77 0.0 0 12.9 -- -- -- --
51.47 0.5 30 12.6 3.04E-07 9.26E-06 3.04E-07 9.26E-06
51.23 1.0 60 12.4 2.48E-07 7.57E-06 2.76E-07 8.42E-06
51.05 1.5 90 12.2 1.89E-07 5.77E-06 2.47E-07 7.53E-06
50.72 2.5 150 11.9 1.77E-07 5.40E-06 2.19E-07 6.68E-06
50.40 3.5 210 11.6 1.77E-07 5.39E-06 2.07E-07 6.31E-06
50.12 4.5 270 11.3 1.59E-07 4.84E-06 1.96E-07 5.98E-06
49.83 5.5 330 11.0 1.69E-07 5.14E-06 1.91E-07 5.83E-06
49.57 6.5 390 10.7 1.55E-07 4.72E-06 1.86E-07 5.66E-06
49.32 7.5 450 10.5 1.53E-07 4.65E-06 1.81E-07 5.53E-06
49.07 8.5 510 10.2 1.56E-07 4.76E-06 1.78E-07 5.44E-06
48.82 9.5 570 10.0 1.60E-07 4.88E-06 1.76E-07 5.38E-06
48.61 10.5 630 9.8 1.38E-07 4.20E-06 1.73E-07 5.26E-06
48.38 11.5 690 9.5 1.54E-07 4.70E-06 1.71E-07 5.22E-06
48.18 12.5 750 9.3 1.37E-07 4.18E-06 1.68E-07 5.13E-06

Estimated Permeability 4.2E-06 to 9.3E-06 (cm/sec)
Geometric Mean of Incremental Permeability 5.3.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

0 2 4 6 8 10 12 14
Pe

rm
ea

bi
lit

y 
(c

m
/s

)
Time Step (minute)

Incremental From Time Zero
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Field Engineer/Geologist: JNH 7/24/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-102A(P)
Test Number: K-1

Depth to top of Ground 
Water 35.25 ft

Casing Stickup 3.9 ft

Top Depth of Test Interval 46.5 ft
Bottom Depth of Test 
Interval 46.5 ft

Inside Diameter Pipe 4.25 in

D = Diameter, intake, sample 4.25 in

L = Length, intake, sample 0.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
6.09 0.0 0 33.1 -- -- -- --
6.12 0.5 30 33.0 3.06E-06 9.33E-05 3.06E-06 9.33E-05
6.17 1.0 60 33.0 5.11E-06 1.56E-04 4.08E-06 1.24E-04
6.26 2.0 120 32.9 4.61E-06 1.40E-04 4.35E-06 1.32E-04
6.36 3.0 180 32.8 5.13E-06 1.56E-04 4.61E-06 1.40E-04
6.43 4.0 240 32.7 3.60E-06 1.10E-04 4.36E-06 1.33E-04
6.52 5.0 300 32.6 4.64E-06 1.42E-04 4.41E-06 1.35E-04
6.60 6.0 360 32.6 4.14E-06 1.26E-04 4.37E-06 1.33E-04
6.67 7.0 420 32.5 3.63E-06 1.11E-04 4.26E-06 1.30E-04
6.72 8.0 480 32.4 2.60E-06 7.92E-05 4.05E-06 1.24E-04
6.78 9.0 540 32.4 3.12E-06 9.52E-05 3.95E-06 1.20E-04
6.85 10.0 600 32.3 3.65E-06 1.11E-04 3.92E-06 1.20E-04

Estimated Permeability 7.9E-05 to 1.6E-04 (cm/sec)
Geometric Mean of Incremental Permeability 1.2.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

Falling Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

0 2 4 6 8 10 12
Pe
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y 
(c
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)

Time Step (minute)

Incremental From Time Zero
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Field Engineer/Geologist: JNH 7/26/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-102A(P)
Test Number: K-2

Depth to top of Ground 
Water 10.36 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 36.5 ft

Bottom Depth of Test 
Interval 48.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 7.75 in

L = Length, intake, sample 11.5 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
43.70 0.0 0 33.3 -- -- -- --
43.62 0.5 30 33.3 8.64E-08 2.63E-06 8.64E-08 2.63E-06
43.53 1.0 60 33.2 9.75E-08 2.97E-06 9.19E-08 2.80E-06
43.44 1.5 90 33.1 9.77E-08 2.98E-06 9.39E-08 2.86E-06
43.35 2.0 120 33.0 9.80E-08 2.99E-06 9.49E-08 2.89E-06
43.27 2.5 150 32.9 8.73E-08 2.66E-06 9.34E-08 2.85E-06
43.18 3.0 180 32.8 9.85E-08 3.00E-06 9.42E-08 2.87E-06
43.10 3.5 210 32.7 8.78E-08 2.68E-06 9.33E-08 2.84E-06
43.01 4.0 240 32.7 9.90E-08 3.02E-06 9.40E-08 2.87E-06
42.92 4.5 270 32.6 9.93E-08 3.03E-06 9.46E-08 2.88E-06
42.86 5.0 300 32.5 6.63E-08 2.02E-06 9.18E-08 2.80E-06
42.78 5.5 330 32.4 8.86E-08 2.70E-06 9.15E-08 2.79E-06
42.71 6.0 360 32.4 7.77E-08 2.37E-06 9.03E-08 2.75E-06
42.64 6.5 390 32.3 7.79E-08 2.37E-06 8.94E-08 2.72E-06
42.57 7.0 420 32.2 7.81E-08 2.38E-06 8.86E-08 2.70E-06
42.50 7.5 450 32.1 7.82E-08 2.38E-06 8.79E-08 2.68E-06

Estimated Permeability 2.0E-06 to 3.0E-06 (cm/sec)
Geometric Mean of Incremental Permeability 2.7.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/17/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-102A(P)
Test Number: K-3

Depth to top of Ground 
Water 37.48 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 36.5 ft

Bottom Depth of Test 
Interval 48.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 7.75 in

L = Length, intake, sample 11.5 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
43.37 0.0 0 5.9 -- -- -- --
43.33 0.5 30 5.9 2.45E-07 7.47E-06 2.45E-07 7.47E-06
43.26 1.0 60 5.8 4.33E-07 1.32E-05 3.39E-07 1.03E-05
43.20 1.5 90 5.7 3.75E-07 1.14E-05 3.51E-07 1.07E-05
43.12 2.5 150 5.6 2.53E-07 7.72E-06 3.12E-07 9.51E-06
43.02 3.5 210 5.5 3.22E-07 9.81E-06 3.15E-07 9.59E-06
42.94 4.5 270 5.5 2.62E-07 7.97E-06 3.03E-07 9.23E-06
42.86 5.5 330 5.4 2.65E-07 8.09E-06 2.96E-07 9.03E-06
42.77 6.5 390 5.3 3.03E-07 9.25E-06 2.97E-07 9.06E-06
42.72 7.5 450 5.2 1.71E-07 5.21E-06 2.80E-07 8.55E-06
42.66 8.5 510 5.2 2.07E-07 6.31E-06 2.72E-07 8.28E-06
42.61 9.5 570 5.1 1.74E-07 5.32E-06 2.62E-07 7.97E-06
42.54 10.5 630 5.1 2.47E-07 7.53E-06 2.60E-07 7.93E-06

Estimated Permeability 5.2E-06 to 1.3E-05 (cm/sec)
Geometric Mean of Incremental Permeability 8.0.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 7/23/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-103(P)
Test Number: K-1

Depth to top of Ground 
Water 25.5 ft

Casing Stickup 0.4 ft

Top Depth of Test Interval 30.0 ft
Bottom Depth of Test 
Interval 30.0 ft

Inside Diameter Pipe 4.25 in

D = Diameter, intake, sample 4.25 in

L = Length, intake, sample 0.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
1.87 0.0 0 24.0 -- -- -- --
2.48 0.3 15 23.4 1.73E-04 5.28E-03 1.73E-04 5.28E-03
2.67 0.5 30 23.2 5.49E-05 1.67E-03 1.14E-04 3.48E-03
2.90 0.8 45 23.0 6.71E-05 2.05E-03 9.85E-05 3.00E-03
3.02 1.0 60 22.9 3.53E-05 1.08E-03 8.27E-05 2.52E-03
3.37 1.5 90 22.5 5.20E-05 1.58E-03 7.24E-05 2.21E-03
3.72 2.0 120 22.2 5.28E-05 1.61E-03 6.75E-05 2.06E-03
4.04 2.5 150 21.9 4.90E-05 1.49E-03 6.38E-05 1.95E-03
4.34 3.0 180 21.6 4.66E-05 1.42E-03 6.10E-05 1.86E-03
4.66 3.5 210 21.2 5.04E-05 1.54E-03 5.94E-05 1.81E-03
4.92 4.0 240 21.0 4.15E-05 1.27E-03 5.72E-05 1.74E-03
5.29 4.5 270 20.6 6.00E-05 1.83E-03 5.75E-05 1.75E-03
5.56 5.0 300 20.3 4.45E-05 1.36E-03 5.62E-05 1.71E-03
5.82 5.5 330 20.1 4.34E-05 1.32E-03 5.50E-05 1.68E-03
6.03 6.0 360 19.9 3.54E-05 1.08E-03 5.34E-05 1.63E-03
6.25 6.5 390 19.7 3.75E-05 1.14E-03 5.22E-05 1.59E-03

Estimated Permeability 1.1E-03 to 5.3E-03 (cm/sec)
Geometric Mean of Incremental Permeability 1.6.E-03 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

Falling Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/20/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-104(P)
Test Number: K-1

Depth to top of Ground 
Water 10.4 ft

Casing Stickup 2.1 ft

Top Depth of Test Interval 26.0 ft

Bottom Depth of Test 
Interval 27.0 ft

Inside Diameter Pipe 5.75 in

D = Diameter, intake, sample 5.75 in

L = Length, intake, sample 1.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
27.00 0.0 0 14.5 -- -- -- --
26.80 1.0 60 14.3 9.84E-06 3.00E-04 9.84E-06 3.00E-04
26.66 2.0 120 14.16 6.97E-06 2.13E-04 8.41E-06 2.56E-04
26.52 3.0 180 14.0 7.04E-06 2.15E-04 7.95E-06 2.42E-04
26.41 4.0 240 13.9 5.58E-06 1.70E-04 7.36E-06 2.24E-04
26.30 5.0 300 13.8 5.63E-06 1.72E-04 7.01E-06 2.14E-04
26.15 6.0 360 13.65 7.75E-06 2.36E-04 7.14E-06 2.18E-04
26.03 7.0 420 13.53 6.26E-06 1.91E-04 7.01E-06 2.14E-04
25.90 8.0 480 13.4 6.84E-06 2.09E-04 6.99E-06 2.13E-04
25.77 9.0 540 13.3 6.91E-06 2.11E-04 6.98E-06 2.13E-04
25.65 10.0 600 13.2 6.44E-06 1.96E-04 6.93E-06 2.11E-04
25.53 11.0 660 13.03 6.50E-06 1.98E-04 6.89E-06 2.10E-04
25.41 12.0 720 12.91 6.56E-06 2.00E-04 6.86E-06 2.09E-04
25.31 13.0 780 12.81 5.51E-06 1.68E-04 6.76E-06 2.06E-04
25.21 14.0 840 12.7 5.56E-06 1.69E-04 6.67E-06 2.03E-04
25.10 15.0 900 12.6 6.16E-06 1.88E-04 6.64E-06 2.02E-04

Estimated Permeability 1.7E-04 to 3.0E-04 (cm/sec)
Geometric Mean of Incremental Permeability 2.0.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/21/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-104(P)
Test Number: K-2

Depth to top of Ground 
Water 5.99 ft

Casing Stickup 2.9 ft

Top Depth of Test Interval 8.9 ft

Bottom Depth of Test 
Interval 14.5 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 5.75 in

L = Length, intake, sample 5.6 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
13.10 0.0 0 4.21 -- -- -- --
12.47 0.5 30 3.58 1.06E-05 3.22E-04 1.06E-05 3.22E-04
11.98 1.0 60 3.09 9.58E-06 2.92E-04 1.01E-05 3.07E-04
11.59 1.5 90 2.70 8.78E-06 2.68E-04 9.64E-06 2.94E-04
11.26 2.0 120 2.37 8.49E-06 2.59E-04 9.35E-06 2.85E-04
10.85 3.0 180 1.96 6.18E-06 1.88E-04 8.29E-06 2.53E-04
10.57 4.0 240 1.68 5.02E-06 1.53E-04 7.48E-06 2.28E-04
10.42 5.0 300 1.53 3.04E-06 9.28E-05 6.59E-06 2.01E-04
10.32 6.0 360 1.43 2.20E-06 6.71E-05 5.86E-06 1.79E-04
10.24 7.0 420 1.35 1.87E-06 5.71E-05 5.29E-06 1.61E-04
10.18 8.0 480 1.29 1.48E-06 4.51E-05 4.81E-06 1.47E-04
10.13 9.0 540 1.24 1.29E-06 3.92E-05 4.42E-06 1.35E-04
10.10 10.0 600 1.21 7.97E-07 2.43E-05 4.06E-06 1.24E-04
10.06 11.0 660 1.17 1.09E-06 3.33E-05 3.79E-06 1.15E-04
10.04 12.0 720 1.15 5.61E-07 1.71E-05 3.52E-06 1.07E-04
10.02 13.0 780 1.13 5.71E-07 1.74E-05 3.29E-06 1.00E-04

Estimated Permeability 1.7E-05 to 3.2E-04 (cm/sec)
Geometric Mean of Incremental Permeability 7.9.E-05 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/17/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-105A(P)
Test Number: K-1

Depth to top of Ground 
Water 4.8 ft

Casing Stickup 2.9 ft

Top Depth of Test Interval 21.0 ft

Bottom Depth of Test 
Interval 22.0 ft

Inside Diameter Pipe 5.75 in

D = Diameter, intake, sample 5.75 in

L = Length, intake, sample 1.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
23.15 0.0 0 15.45 -- -- -- --
22.75 1.0 60 15.05 1.86E-05 5.67E-04 1.86E-05 5.67E-04
22.64 2.0 120 14.94 5.20E-06 1.58E-04 1.19E-05 3.63E-04
22.58 3.0 180 14.88 2.85E-06 8.69E-05 8.88E-06 2.71E-04
22.50 4.0 240 14.80 3.82E-06 1.16E-04 7.62E-06 2.32E-04
22.41 5.0 300 14.71 4.32E-06 1.32E-04 6.96E-06 2.12E-04
22.33 6.0 360 14.63 3.87E-06 1.18E-04 6.44E-06 1.96E-04
22.23 7.0 420 14.53 4.86E-06 1.48E-04 6.22E-06 1.89E-04
22.15 8.0 480 14.45 3.91E-06 1.19E-04 5.93E-06 1.81E-04
22.05 9.0 540 14.35 4.92E-06 1.50E-04 5.82E-06 1.77E-04
21.97 10.0 600 14.27 3.96E-06 1.21E-04 5.63E-06 1.72E-04
21.90 11.0 660 14.20 3.49E-06 1.06E-04 5.44E-06 1.66E-04
21.81 12.0 720 14.11 4.51E-06 1.37E-04 5.36E-06 1.63E-04
21.73 13.0 780 14.03 4.03E-06 1.23E-04 5.26E-06 1.60E-04
21.65 14.0 840 13.95 4.05E-06 1.24E-04 5.17E-06 1.58E-04
21.55 15.0 900 13.85 5.10E-06 1.55E-04 5.17E-06 1.57E-04

Estimated Permeability 8.7E-05 to 5.7E-04 (cm/sec)
Geometric Mean of Incremental Permeability 1.4.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/18/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-105A(P)
Test Number: K-2

Depth to top of Ground 
Water 9.18 ft

Casing Stickup 1.3 ft

Top Depth of Test Interval 52.0 ft
Bottom Depth of Test 
Interval 52.0 ft

Inside Diameter Pipe 5.38 in

D = Diameter, intake, sample 5.38 in

L = Length, intake, sample 0.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
45.40 0.0 0 34.92 -- -- -- --
45.10 0.5 30 34.62 3.68E-05 1.12E-03 3.68E-05 1.12E-03
44.80 1.0 60 34.32 3.71E-05 1.13E-03 3.70E-05 1.13E-03
44.50 1.5 90 34.02 3.74E-05 1.14E-03 3.71E-05 1.13E-03
44.25 2.0 120 33.77 3.15E-05 9.59E-04 3.57E-05 1.09E-03
43.70 3.0 180 33.22 3.50E-05 1.07E-03 3.55E-05 1.08E-03
43.13 4.0 240 32.65 3.69E-05 1.12E-03 3.58E-05 1.09E-03
42.60 5.0 300 32.12 3.49E-05 1.06E-03 3.56E-05 1.09E-03
42.07 6.0 360 31.59 3.55E-05 1.08E-03 3.56E-05 1.09E-03
41.56 7.0 420 31.08 3.47E-05 1.06E-03 3.55E-05 1.08E-03
41.05 8.0 480 30.57 3.53E-05 1.08E-03 3.55E-05 1.08E-03
40.56 9.0 540 30.08 3.45E-05 1.05E-03 3.53E-05 1.08E-03
40.06 10.0 600 29.58 3.57E-05 1.09E-03 3.54E-05 1.08E-03
39.57 11.0 660 29.09 3.56E-05 1.09E-03 3.54E-05 1.08E-03
37.66 15.0 900 27.18 3.62E-05 1.10E-03 3.56E-05 1.09E-03

Estimated Permeability 9.6E-04 to 1.1E-03 (cm/sec)
Geometric Mean of Incremental Permeability 1.1.E-03 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 9/20/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-105A(P)
Test Number: K-3

Depth to top of Ground 
Water 9.74 ft

Casing Stickup 2.8 ft

Top Depth of Test Interval 53.0 ft

Bottom Depth of Test 
Interval 73.5 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 5.75 in

L = Length, intake, sample 20.5 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
21.11 0.0 0 8.57 -- -- -- --
18.70 0.5 30 6.16 8.29E-06 2.53E-04 8.29E-06 2.53E-04
17.05 1.0 60 4.51 7.83E-06 2.39E-04 8.06E-06 2.46E-04
15.89 1.5 90 3.35 7.47E-06 2.28E-04 7.87E-06 2.40E-04
14.95 2.0 120 2.41 8.27E-06 2.52E-04 7.97E-06 2.43E-04
14.30 2.5 150 1.76 7.90E-06 2.41E-04 7.95E-06 2.42E-04
13.95 3.0 180 1.41 5.57E-06 1.70E-04 7.56E-06 2.30E-04
13.65 3.5 210 1.11 6.01E-06 1.83E-04 7.33E-06 2.24E-04
13.45 4.0 240 0.91 4.99E-06 1.52E-04 7.04E-06 2.15E-04
13.33 4.5 270 0.79 3.55E-06 1.08E-04 6.65E-06 2.03E-04
13.16 5.5 330 0.62 3.04E-06 9.28E-05 6.00E-06 1.83E-04
13.08 6.5 390 0.54 1.74E-06 5.29E-05 5.34E-06 1.63E-04
13.03 7.5 450 0.49 1.22E-06 3.72E-05 4.79E-06 1.46E-04
12.99 8.5 510 0.45 1.07E-06 3.26E-05 4.35E-06 1.33E-04
12.96 9.5 570 0.42 8.67E-07 2.64E-05 3.99E-06 1.22E-04
12.93 10.5 630 0.39 9.31E-07 2.84E-05 3.70E-06 1.13E-04

Estimated Permeability 2.6E-05 to 2.5E-04 (cm/sec)
Geometric Mean of Incremental Permeability 1.0.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
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Column at 
time, H

Incremental From Time Zero

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

0 2 4 6 8 10 12
Pe

rm
ea

bi
lit

y 
(c

m
/s

)
Time Step (minute)

Incremental From Time Zero

P:\18115 - Hogchute Dam Safety Evaluation\Engineering\Task 2 Geotech and Seepage\Permeability_Testing\18115_Permeability_Calcs_11-20-18
B-105A, K-3 11 of 13

E-11



Field Engineer/Geologist: JNH 9/19/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-105B(P)
Test Number: K-1

Depth to top of Ground 
Water 8.24 ft

Casing Stickup 1.4 ft

Top Depth of Test Interval 12.6 ft
Bottom Depth of Test 
Interval 12.6 ft

Inside Diameter Pipe 5.38 in

D = Diameter, intake, sample 5.38 in

L = Length, intake, sample 0.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
11.65 0.0 0 2.01 -- -- -- --
11.24 1.0 60 1.60 4.86E-04 1.48E-02 4.86E-04 1.48E-02
10.95 2.0 120 1.31 4.26E-04 1.30E-02 4.56E-04 1.39E-02
10.74 3.0 180 1.10 3.73E-04 1.14E-02 4.28E-04 1.31E-02
10.58 4.0 240 0.94 3.35E-04 1.02E-02 4.05E-04 1.23E-02
10.47 5.0 300 0.83 2.65E-04 8.09E-03 3.77E-04 1.15E-02
10.38 6.0 360 0.74 2.45E-04 7.46E-03 3.55E-04 1.08E-02
10.32 7.0 420 0.68 1.80E-04 5.50E-03 3.30E-04 1.01E-02
10.26 8.0 480 0.62 1.97E-04 6.00E-03 3.13E-04 9.55E-03
10.20 9.0 540 0.56 2.17E-04 6.61E-03 3.03E-04 9.23E-03
10.15 10.0 600 0.51 1.99E-04 6.08E-03 2.92E-04 8.91E-03
10.12 11.0 660 0.48 1.29E-04 3.94E-03 2.78E-04 8.46E-03
10.08 12.0 720 0.44 1.86E-04 5.65E-03 2.70E-04 8.23E-03
10.04 13.0 780 0.40 2.03E-04 6.19E-03 2.65E-04 8.07E-03
10.02 14.0 840 0.38 1.09E-04 3.33E-03 2.54E-04 7.73E-03
9.98 15.0 900 0.34 2.37E-04 7.23E-03 2.53E-04 7.70E-03

Estimated Permeability 3.3E-03 to 1.5E-02 (cm/sec)
Geometric Mean of Incremental Permeability 7.1.E-03 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01
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Field Engineer/Geologist: JNH 9/20/2018
Calculated By: JNH 11/20/2018
Checked By: ALC 11/20/2018
Approved By: GOJ 11/26/2018

Project Number: 18115
Boring: B-105B(P)
Test Number: K-2

Depth to top of Ground 
Water 5.55 ft

Casing Stickup 2.9 ft

Top Depth of Test Interval 8.6 ft

Bottom Depth of Test 
Interval 12.6 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 5.75 in

L = Length, intake, sample 4.1 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)
12.25 0.0 0 3.8 -- -- -- --
11.48 0.5 30 3.0 1.83E-05 5.58E-04 1.83E-05 5.58E-04
10.90 1.0 60 2.5 1.72E-05 5.24E-04 1.78E-05 5.41E-04
10.32 1.5 90 1.9 2.19E-05 6.66E-04 1.91E-05 5.83E-04
9.92 2.0 120 1.5 1.95E-05 5.94E-04 1.92E-05 5.86E-04
9.42 3.0 180 1.0 1.68E-05 5.13E-04 1.84E-05 5.61E-04
9.15 4.0 240 0.7 1.32E-05 4.02E-04 1.71E-05 5.21E-04
9.04 5.0 300 0.6 6.92E-06 2.11E-04 1.51E-05 4.59E-04
8.92 6.0 360 0.5 9.20E-06 2.80E-04 1.41E-05 4.30E-04
8.86 7.0 420 0.4 5.52E-06 1.68E-04 1.29E-05 3.92E-04
8.79 8.0 480 0.3 7.57E-06 2.31E-04 1.22E-05 3.72E-04
8.73 9.0 540 0.3 7.85E-06 2.39E-04 1.17E-05 3.57E-04
8.69 10.0 600 0.2 6.24E-06 1.90E-04 1.12E-05 3.41E-04
8.63 11.0 660 0.2 1.16E-05 3.55E-04 1.12E-05 3.42E-04

Estimated Permeability 1.7E-04 to 6.7E-04 (cm/sec)
Geometric Mean of Incremental Permeability 3.4.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  
Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 
Pipe From Top of Riser Pipe Time, t Time, t

Length of 
Water 

Column at 
time, H

Incremental From Time Zero
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APPENDIX F 
 

FIELD INVEST WATER LEVEL DATA 



F-1



F-2



F-3



F-4



F-5



APPENDIX G 
 

LABORATORY TESTING RESULTS 
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Moisture Content and Density
ASTM D2216 and D7263



G-2



G-3



G-4



G-5

Atterberg Limits
ASTM D4318
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G-9



G-10



G-11

Grain Size Analysis
ASTM D6913
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G-14



G-15



G-16

Grain Size Analysis with Hydrometer
ASTM D6913 and D7928
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G-18



G-19
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Percent Minus #200
ASTM D1140
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Standard Proctor Compaction
ASTM D698
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One-Dimensional Consolidation
ASTM D2435
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Consolidated Undrained
Triaxial Compression

ASTM D4767
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Permeability Test
Flow Pump

ASTM D5084, Method D
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Unconfined Compressive Strength
ASTM D2166
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G-76

Corrosion Suite
ASTM C1580, D4972, D1411, G187
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G-80

Pinhole Dispersion Test
ASTM D4647, Method A
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Other - Sample Photographs
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APPENDIX E 
 

SEEPAGE INVESTIGATION DAILY FIELD REPORTS 



DAILY SITE REPORT

18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018

Page 1 of 4

Daily_Site_Report_001_GOJ_2018-08-08

Prepared By:
Weather:

People on Site (arrival/departure time)

o

o

Equipment on Site

Mobile

At Dam Site Overnight

Excavation Progress Summary
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18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018
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Seepage Observations

Plan for Next Work Day

Site Coordination Activities
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DAILY SITE REPORT

18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018

Page 4 of 4

Daily_Site_Report_001_GOJ_2018-08-08

Photographs

Downstream toe of slope 
above the remains of the 
old outlet control structure 
and headwall prior to 
excavation for seepage 
investigation. 
 
Standing water has been 
observed for many years 
under the rocks in the area 
behind the headwall and 
along the right side of the 
conduit. 
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18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018
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Daily_Site_Report_001_GOJ_2018-08-08

Excavating the right (north) 
side of the outlet conduit, 
where water has been 
observed pooled behind the 
headwall for many years. 
 
Note the left side of the 
conduit is dry. 
 
Top of concrete-encased 
outlet conduit. 
 
Water pooled right of the 
conduit behind the 
headwall. 
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18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018
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Pooled seepage water 
draining around right end of 
headwall. 
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18115 Hogchute Dam Safety Evaluation Project Report No.: 001-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 8, 2018
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Backhoe cleaning channel 
for draining excavation 
along right side of conduit. 
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18115 Hogchute Dam Safety Evaluation Project Report No.: 002-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 9, 2018

Page 1 of 4

Daily_Site_Report_002_GOJ_2018-09-08

Prepared By:
Weather:

People on Site (arrival/departure time)

o

o

Equipment on Site

Mobile

At Dam Site Overnight

Excavation Progress Summary
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18115 Hogchute Dam Safety Evaluation Project Report No.: 002-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 9, 2018

Page 2 of 4

Daily_Site_Report_002_GOJ_2018-09-08

SEO Discussion

Seepage Observations

Plan for Next Work Day
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18115 Hogchute Dam Safety Evaluation Project Report No.: 002-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 9, 2018
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Site Coordination Activities
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18115 Hogchute Dam Safety Evaluation Project Report No.: 002-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 9, 2018

Page 4 of 4

Daily_Site_Report_002_GOJ_2018-09-08

Photographs

Seepage emerging from under the old control 
structure foundation slab is the only measurable 
water entering the excavation. 

Water is bubbling from a broken pipe in the top of 
the outlet conduit encasement.  The pipe is 
believed to extend to the upstream end of the 
conduit, passing along the conduit within the 
concrete encasement. 



DAILY SITE REPORT

18115 Hogchute Dam Safety Evaluation Project Report No.: 002-GOJ
Task 1002 Seepage Investigation Date:  Wednesday, August 9, 2018

Page 5 of 4

Daily_Site_Report_002_GOJ_2018-09-08

Water from the broken pipe emerges from under 
the slab and drains to the right side of the 
conduit, where it is collected in the excavation 
and routed around the right end of the headwall 
for measurement. 

Backhoe replacing excavated rock in the 
investigation excavation. 
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SECTION 01 01 00 
 

GENERAL REQUIREMENTS 

PART 1  GENERAL 

1.01 PROJECT DESCRIPTION 

A. In general, the project consists of:   

1. Mobilization. 
2. Drawdown, diversion, and dewatering. 
3. Erosion and sediment controls. 
4. Clearing and grubbing. 
5. Stripping and stockpiling. 
6. Developing borrow area. 
7. Construction of new auxiliary spillway weir and improved spillway chute. 
8. Excavation of embankment. 
9. Demolition of existing outlet works (buttress) intake structure. 
10. Construction of new outlet works (buttress) intake structure. 
11. Replacement and rehabilitation of existing outlet works conduit. 
12. Construction of embankment filter, filter diaphragm around conduit, and toe drain. 
13. Backfill and site restoration. 

1.02 STATE ENGINEER AUTHORITY 

A. The plans and specifications cannot be significantly changed without the prior written 
approval of the State Engineer. If changed conditions are encountered after the State 
Engineer’s approval is issued, the changes shall be documented in accordance with Rule 
8.2.5 of Rules and Regulations for Dam Safety and Dam Construction. 

B. Construction shall not be considered complete until the State Engineer has accepted the 
construction in writing. 

C. The Engineer will monitor the quality of construction as specified in Rule 8.1.2 of Rules and 
Regulations for Dam Safety and Dam Construction. The Engineer monitoring the construction 
for the Owner is responsible for compliance with the approved design and specifications, 
preparation of the necessary documentation for the State Engineer’s review and approval of 
all design change orders, and preparation of the project completion documents, and for 
recommending the project for acceptance to the State Engineer. 

1.03 WORK BY OTHERS 

A. Owner will draw down the reservoir and bypass flows prior to and during construction. 

1.04 WORK SEQUENCE 

A. The work shall be performed in accordance with general sequence or phasing included on 
the Drawings.   

1.05 PROJECT MEETINGS 

A. A preconstruction conference will be scheduled after award of contract and prior to beginning 
work.  This meeting shall be attended by A/E, Owner, an authorized representative of the 
Contractor, and a DSB representative.   

B. Periodic progress meetings will be held at project site at times designated by Owner or A/E.  
A responsible representative of Contractor who can bind Contractor to decisions shall attend.   



01 01 00-2 

1.06 WORK HOURS 

A. Work shall be conducted between the hours of 7:00 a.m. to 6:00 p.m. on normal work days, 
unless approved for unusual circumstances.   

B. Give written notice to A/E whenever it is desired to perform work at night, or on a Saturday, 
Sunday, or holiday, or to vary period of hours during which work is carried on each day.  If 
approved, such work shall be subject to requirements furnished in writing by A/E, and no 
extra compensation will be allowed. 

1.07 SUBMITTAL PROCEDURES 

A. See Section 01 33 00.   

1.08 PERMITS AND CODES 

A. Owner will obtain permits, licenses, and approvals, which may include the following:   

1. State of Colorado Division of Water Resources Office of the State Engineer Dam Safety 
Branch Approval for the Alteration, Modification, or Repair of a Dam and Reservoir. 

2. US Army Corps of Engineers (USACE) Clean Water Act Section 404 Nationwide Permit 
and Clean Water Act Section 401 Water Quality Certification Authorization. 

3. Colorado State Historic Preservation Office (SHPO) Section 106 review. 
4. US Forest Service (USFS) Special Use Permit. 
5. Colorado Discharge Permit System (CDPS) General Permit for Stormwater Discharges 

Associated with Construction Activities, COR400000. 
6. Mesa County Construction Stormwater Permit. 

B. Contractor shall comply with the requirements of the above permits, licenses, and approvals.  
If a copy of a permit, license, or approval is not available for review prior to the Bid Deadline, 
and if it contains a requirement not covered by the Contract Documents, such a requirement 
will be considered extra work if Contractor makes a claim under the terms of the General 
Conditions.  Work shall not begin on items applicable to the above until the required permit, 
license, or approval is received.   

C. Contractor shall provide all other necessary permits and licenses and pay all fees, taxes, and 
royalties, unless otherwise indicated. 

D. Comply with local and municipal ordinances and applicable state and national codes.   

1.09 TEMPORARY UTILITIES 

A. Contractor shall be responsible for providing temporary electric power as required for 
construction purposes.  Provide portable power supply or make arrangements with local utility 
company.   

B. Contractor shall be responsible for obtaining water for its needs.  Pay cost of water used and 
meter rental, if applicable. 

C. Contractor shall provide temporary outside toilets sufficient for construction workers.  Toilets 
shall be self-contained chemical type and shall comply with applicable Codes.  Maintain 
sanitary facilities in a clean and sanitary condition; supply toilet paper until completion of 
project.  Contractor may not use USFS pit toilets located in project parking lot. 

1.10 FIELD OFFICES 

A. Contractor's Office:   

1. Contractor shall provide and maintain a temporary office where directed for itself and its 
subcontractors. 
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2. Office shall have a meeting area for holding construction project meetings.  Meeting will 
be attended by representatives of Contractor, A/E, Owner, and each subcontractor 
actively working on site.   

B. A/E's Office:   

1. Contractor shall provide and maintain a temporary office for use by A/E.  Office may be 
in same mobile trailer as Contractor's office.   

2. Provide the following equipment in A/E office:  standard desk and chair, first aid kit and 
access to a copy machine.   

3. Contractor shall arrange and pay for the following services:  Power, heating, air 
conditioning, trash cans, and weekly trash pick-up service.     

4. When directed, move A/E's office into a suitable area in building. 

C. Internet Access: 

1. Contractor shall arrange and pay for a wireless internet access point in the Contractor’s 
or A/E’s temporary office.   

a. The access point shall allow dynamic IP addresses (DHCP) and be able to 
accommodate IPSec based VPN products. 

b. The wireless internet access speed shall be a minimum of 10 Mbps download and 
3 Mbps upload such as provided through a 4G LTE cellular connection. 

c. The wireless service shall be secured with a password.  Password shall be 
provided to A/E. 

d. The wireless router shall have sufficient capacity to handle at least four computers 
operating simultaneously and accessing the internet simultaneously.  A/E could 
have two wireless devices simultaneously accessing the internet.   

1.11 PROTECTION 

A. Furnish and maintain proper barricades, fences, signal lights, warning signs, and personnel 
as required to properly protect and safeguard the work, persons, animals, and property 
against injury. 

1.12 ENVIRONMENTAL CONTROLS 

A. See Section 01 57 19.   

1.13 TRAFFIC CONTROL 

A. Conduct operations to ensure minimum interference with streets, walks, and adjacent 
facilities not part of construction project.   

B. Do not close or obstruct streets, walks, or other occupied or used facilities without permission 
from authorities having jurisdiction.  Provide alternate routes around closed or obstructed 
traffic ways if required by governing regulations.   

1.14 PRODUCT REQUIREMENTS 

A. General:  Provide new products manufactured and conditioned for the particular application 
as recommended by manufacturer, unless otherwise noted.  Transport, handle, store, and 
protect products as specified and in accordance with manufacturer's recommendations. 

B. Acceptable Manufacturers:  Products, materials, and equipment identified by reference to a 
manufacturer's name, catalog number, or model are identified for the purpose of establishing 
a standard of type, function, appearance, and quality.  Unless otherwise noted, any other 
product, material, or equipment which will perform adequately the duties imposed by the 
general design will be considered for substitution in accordance with the provisions below. 
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C. Bid Phase Substitutions:  Substitutions and "or equal" items proposed prior to the Bid 
Deadline shall be submitted in accordance with the Instructions to Bidders. 

D. Construction Phase Substitutions:  Substitutions and "or equal" items proposed after Contract 
has been awarded shall be submitted for approval prior to their use.  Consideration will be 
given only to proposed substitutions and "or equal" items where:   

1. The products named in the Contract Documents are no longer available or cannot be 
provided within the Contract Time.   

2. The manufacturers' standard products are no longer in conformance with the specified 
requirements. 

3. Owner's interests may be adversely affected. 

E. Substitution Procedures:  Requests for substitution of alternate products or use of "or equal" 
items shall be submitted with complete references to manufacturer's product identification 
and product data indicating composition, guarantee, availability, applicable standards or 
agency approvals met or exceeded, restrictions imposed on product, and manufacturer's 
recommended method of application or installation.  A substitution or an "or equal" item will 
be considered acceptable if the product will perform adequately the duties imposed by the 
general design and, in opinion of A/E, is of equal substance, quality, appearance, and 
function, unless the named item is necessary for interchangeability or if the named product 
has been demonstrated to be most cost-effective. 

1.15 SURVEYS, STAKING, LINE AND GRADE 

A. Owner will provide baseline reference points and benchmarks as indicated on Drawings.  
Contractor shall provide all other survey staking and layout as required to complete the Work.   

1.16 FIELD MEASUREMENTS AND INSPECTION OF SURFACES 

A. Contractor shall layout its Work based on reference points furnished by Owner and shall be 
solely responsible for the accuracy of its measurements.  Verify grades, lines, levels, 
locations, and dimensions as shown on Drawings, and inspect surfaces that are to receive 
work before proceeding with fabricating, assembling, fitting, or erecting.  Notify A/E in writing 
in case of unsuitable conditions, defective substrates, or discrepancies in Contract 
Documents.  Starting of work shall imply acceptance of conditions. 

B. Correct any errors or defects due to faulty measurements, improper layout, or failure to report 
discrepancies.   

1.17 CONSTRUCTION CLEANING 

A. Keep work area free of accumulations of surplus materials, rubbish, and debris. 

1.18 ACCESS ROAD MAINTENANCE 

A. Notify A/E and Owner before removing any existing trees along the access road. 

B. Restore access road to dam to conditions prior to construction. 

1.19 PUNCH LIST 

A. A "punch list" will be prepared and distributed to Contractor at Substantial Completion.  Items 
on punch list shall be completed within 30 days.  Required submittals (see below) shall be 
completed prior to or when requesting final payment.   

1.20 CLOSEOUT SUBMITTALS 

A. Submit the following items to A/E prior to or with final Application for Payment:   
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1. Project record drawings marked to show all changes made during construction.  
Dimension underground and concealed work and utilities from permanent reference 
points; record vertical distances.  Make and record measurements to the nearest 0.5 ft 
on a clean drawing set.   

2. Evidence of continuing insurance coverage complying with insurance requirements (see 
Conditions of the Contract).   

3. Contractor's affidavit, along with final releases and waivers of liens as required by 
Owner, indicating that all debts and claims against project (less amounts withheld by 
Owner) have been paid in full or otherwise satisfied.   

4. Consent of surety company to final payment.   

1.21 DEFINITIONS 

A. Dimensions on drawings and details are subject to field measurements. 

B. The term "working days" shall exclude weekends (Saturday and Sunday) and holidays. 

C. References to "Division 00" shall mean the Bidding Requirements and Contracting 
Requirements.   

D. References to "DSB” shall mean State of Colorado Division of Water Resources Office of the 
State Engineer Dam Safety Branch.  

E. References to “USACE” shall mean US Army Corps of Engineers. 

F. References to "Colorado DOT Std. Spec." shall mean Colorado Department of 
Transportation, Standard Specifications for Road and Bridge Construction, latest edition. 

G. References to “USFS” shall mean US Forest Service. 

H. References to “CDPS” shall mean Colorado Discharge Permit System. 

I. References to "A/E", "Architect", or "Engineer" shall mean Ayres. 

J. References to "Owner" shall mean City of Grand Junction. 

PART 2  (NOT USED) 

PART 3  (NOT USED) 

END OF SECTION 
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SECTION 01 22 50 
 

MEASUREMENT AND PAYMENT 

PART 1  GENERAL 

1.01 GENERAL REQUIREMENTS 

A. Payment for all work done in compliance with the Contract Documents, including all labor, 
equipment, materials, and performance of operations relative to construction of this project, 
will be made under the Bid Items listed below.  Work required by the Contract Documents for 
which there is not a Bid Item will be considered incidental to the Contract and no additional 
compensation will be allowed. 

B. Owner reserves the right to alter Drawings, modify incidental work as may be necessary, and 
increase or decrease quantities of work to be performed, including deduction or cancellation 
of any one or more Bid Items.  Changes in the Work shall not be considered as a waiver of 
any conditions of the Contract nor invalidate any provisions thereof.  When changes result in 
revised quantities of work to be performed, Contractor shall accept payment according to 
contract unit prices appearing in the original Contract.  A supplemental agreement between 
Contractor and Owner may be requested by either party when cumulative changes involve a 
net increase or decrease of more than 20 percent in total contract amount. 

C. Final measured quantities determined in field by A/E at time of construction shall govern over 
approximate quantities shown on the Bid Schedule, unless otherwise noted.  Contractor shall 
take no advantage of any apparent error or omission in Drawings or Specifications, and A/E 
shall be permitted to make corrections and interpretations as may be deemed necessary for 
fulfillment of the intent of the Contract Documents. 

PART 2  (NOT USED) 

PART 3  EXECUTION 

3.01 MOBILIZATION 

A. This work consists of work and operations necessary for movement of personnel, equipment, 
supplies, and incidentals to project site and for establishment of Contractor's offices and other 
temporary facilities (including sanitary) necessary for work on project; and of all other work 
and operations which must be performed, or for which costs must be incurred before 
beginning work on various items on project site; and demobilization at completion of work. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for MOBILIZATION, payable to 
Contractor in accordance with the following schedule: 

1. When 5 percent or more of original contract amount is earned, 40 percent of amount bid 
for mobilization will be paid. 

2. When 25 percent or more of original contract amount is earned, 80 percent of amount 
bid for mobilization will be paid. 

3. When 90 percent or more of original contract amount is earned, 100 percent of amount 
bid for mobilization will be paid. 

3.02 EROSION CONTROL 

A. This work consists of furnishing, installing, and maintaining erosion and other environmental 
control measures in accordance with Section 01 57 19.   
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B. Measurement for payment will be as a complete unit of work acceptably completed. 

C. Payment will be made at the contract lump sum price for EROSION CONTROL, payable to 
Contractor in accordance with the following schedule:   

1. When erosion control measures are installed, 75 percent of amount bid for erosion 
control will be paid.   

2. When erosion control measures have been removed, 100 percent of amount bid for 
erosion control will be paid.   

3.03 CONSTRUCTION DEWATERING 

A. This work consists of diverting surface water, constructing cofferdams, and dewatering 
construction site in accordance with Section 01 57 60 as required to complete the work. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for CONSTRUCTION DEWATERING, 
payable to Contractor in accordance with the following schedule: 

1. When site is dewatered for construction, 75 percent of amount bid for dewatering will be 
paid. 

2. When all dewatering measures are removed, 100 percent of amount bid for dewatering 
will be paid. 

3.04 DEMOLITION 

A. This work consists of removing the existing low-level outlet’s intake and outfall structures, the 
existing low-level outlet’s piping and controls (extent of removal indicated on the Drawings), 
and the existing grouted riprap overflow spillway in accordance with Section 02 41 00. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for DEMOLITION. 

3.05 CONCRETE OVERFLOW SPILLWAY 

A. This work consists of constructing the Concrete Overflow Spillway as designated in the 
Drawings and in accordance with Section 03 30 00, Section 31 20 00, and Section 31 37 00. 
Included in this bid item are required excavation and backfill, riprap armoring of the 
structure’s abutments, and other items necessary and incidental for construction of the 
Concrete Overflow Spillway. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for CONCRETE OVERFLOW 
SPILLWAY. 

3.06 EMBANKMENT EXCAVATION 

A. This work consists of excavating and stockpiling the downstream rock shell and embankment 
fill as shown on the Drawings and as defined in Section 31 24 00 and Section 31 20 00. 

B. Measurement for payment will bDraine as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for EMBANKMENT EXCAVATION. 
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3.07 TYPE I DRAIN FILL 

A. This work consists of furnishing and placing Type I Drain Fill, including the filter diaphragm, in 
accordance with Section 33 41 66 and as shown on the Drawings. 

B. Measurement for payment will be the number of cubic yards of Type I Drain Fill acceptably 
placed within the Type I filter and diaphragm limits indicated on the Drawings. 

1. Type I Drain Fill required to fill voids resulting from over excavation outside specified 
lines and grades will not be measured for payment, unless such over excavation is 
authorized to remove unsuitable material where unsuitable condition is not a result of 
Contractor’s operations. 

 
C. Payment will be made at the contract unit price per cubic yard for TYPE I DRAIN FILL. 

3.08 TYPE II DRAIN FILL 

A. This work consists of furnishing and installing Type II Drain Fill in accordance with Section 33 
41 66 and as shown on the Drawings. 

B. Measurement for payment will be the number of cubic yards of Type II Drain Fill acceptably 
placed within the Type II filter limits indicated on the Drawings. 

1. Type II Drain Fill required to fill voids resulting from over excavation outside specified 
lines and grades will not be measured for payment, unless such over excavation is 
authorized to remove unsuitable material where unsuitable condition is not a result of 
Contractor’s operations. 

 
C. Payment will be made at the contract unit price per cubic yard for TYPE II DRAIN FILL. 

3.09 HDPE PERFORATED DRAIN PIPE 

A. This work consists of furnishing and installing perforated HDPE drain pipes and fittings as 
indicated on the Drawings and in accordance with Section 33 41 66 and Section 33 42 15. 

B. Measurement for payment will be the number of linear feet of perforated HDPE drain pipe in 
place, not to exceed limits shown on Drawings. 

C. Payment for drainage pipe will be made at the contract unit price per linear foot for HDPE 
PERFORATED DRAIN PIPE. 

3.10 HDPE SOLID DRAIN PIPE 

A. This work consists of furnishing and installing non-perforated (solid) HDPE drain pipes, 
fittings, and cleanouts as indicated on the Drawings and in accordance with Section 33 41 66 
and Section 33 42 15. 

B. Measurement for payment will be the number of linear feet of solid drain pipe in place, not to 
exceed limits shown on Drawings. 

C. Payment for drainage pipe will be made at the contract unit price per linear foot for HDPE 
SOILID DRAIN PIPE. 

3.11 EMBANKMENT BACKFILL 

A. This work consists of placing and compacting embankment fill and placing the downstream 
rock shell, restoring stockpile areas, and other items necessary and incidental for 
construction of the embankment as shown on the Drawings and as indicated in Section 31 24 
00, Section 31 20 00, and Section 31 23 33. 
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B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for EMBANKMENT BACKFILL. 

3.12 IMPORTED EMBANKMENT FILL 

A. This work consists of furnishing additional embankment fill, as required, to construct the 
embankment as shown on the Drawings and as indicated in Section 31 24 00. 

B. Measurement for payment will be the number of cubic yards of imported embankment fill 
acceptably placed within the limits indicated on the Drawings.  

C. Payment will be made at the contract unit price per cubic yard for IMPORTED 
EMBANKMENT FILL. 

3.13 STAINLESS STEEL SLIDE GATE 

A. This work consists of furnishing and installing a stainless steel slide gate and frame, a 
hydraulic actuator, hydraulic tubing, a portable gas-powered hydraulic pump, anchorages, 
fittings, and other items necessary and incidental for installing the stainless steel slide gate 
and hydraulic controls as shown on the Drawings and in accordance with Section 35 22 28 
and Section 33 42 15. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price each for STAINLESS STEEL SLIDE 
GATE. 

3.14 CONCRETE BUTTRESS INTAKE STRUCTURE 

A. This work consists of constructing the concrete buttress intake structure, the concrete conduit 
encasement (from the intake structure to the locking valve box at the top of dam), furnishing 
and installing required PVC piping (for air venting and for carrying hydraulic lines), furnishing 
and installing the steel elbow, and other items necessary and incidental for construction of 
the intake structure as designated in the Drawings and in accordance with Section 03 30 00, 
Section 33 42 15, and Section 05 50 00. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for CONCRETE BUTTRESS INTAKE 
STRUCTURE 

3.15 LOCKING VALVE BOX 

A. This work consists of furnishing and installing a locking valve box at the top of dam to house 
the stainless steel slide gate’s hydraulic connections and furnishing and installing the ductile 
iron vent riser as shown on the Drawings and as indicated in Section 26 05 43 and Section 
33 42 15. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for LOCKING VALVE BOX. 

3.16 TRASH RACK 

A. This work consists of furnishing and installing the slide gate steel trash rack as shown on the 
Drawings and as indicated in Section 05 50 00. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 
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C. Payment will be made at the contract lump sum price for TRASH RACK. 

3.17 WETLAND SOIL STOCKPILING 

A. This work consists of stripping, stockpiling, watering, and replacing wetland soils as shown on 
the Drawings and as indicated in Section 32 92 26. 

B. Measurement for payment will be the number of square yards of viable wetland soils, not to 
exceed the limits shown on the Drawings, successfully stockpiled and replaced following 
construction of the rock berms.   

C. Payment for wetland soil stockpiling will be made at the contract unit price per square yard for 
WETLAND SOIL STOCKPILING. 

3.18 AUXILIARY SPILLWAY GRADING 

A. This work consists of earthwork in the auxiliary spillway area to the lines and grades shown 
on the Drawings and as indicated in Section 31 20 00. 

B. Measurement for payment for auxiliary spillway grading will be the square yards of spillway 
grading not to exceed limits shown on Drawings will be made at the contract unit price per 
square yard.  

C. Payment for auxiliary spillway grading will be made at the contract unit price per square yard 
for AUXILIARY SPILLWAY GRADING. 

3.19 AUXILIARY SPILLWAY ROCK BERMS  

A. This work consists of furnishing and placing riprap and other items necessary and incidental 
for construction of the rock berms in the auxiliary spillway in accordance with the Drawings 
and as indicated in Section 31 37 00. 

B. Measurement for payment will be the number of linear feet of rock berms constructed.   

C. Payment for riprap will be made at the contract unit price per linear foot for AUXILIARY 
SPILLWAY ROCK BERMS. 

3.20 30-INCH STEEL PIPE 

A. This work consists of furnishing and installing new 30-inch steel pipe and concrete pipe 
encasement at the locations designated in the Drawings and in accordance with Section 33 
42 15 and Section 03 30 00. 

B. Measurement for payment will be the linear feet of pipe and encasement placed.   

C. Payment will be made at the contract unit price per linear foot for 30-INCH STEEL PIPE. 

3.21 CIPP PIPE LINING 

A. This work consists of lining the 30-inch steel pipe in accordance with Section 33 01 36 and as 
shown on the Drawings. Any special equipment, personnel, materials, inspections, and 
reports required for this work shall be incidental to this item. 

B. Measurement for payment will be the number of linear feet of pipe acceptably lined. 

C. Payment for CIPP pipe lining will be made at the contract unit price per linear foot for CIPP 
PIPE LINING. 
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3.22 IMPACT BASIN 

A. This work consists of constructing the downstream concrete impact basin as designated in 
the Drawings and in accordance with Section 03 30 00, Section 31 20 00, Section 31 37 00, 
and Section 05 52 04. Included in this bid item are required excavation and backfill, riprap 
armoring downstream of the concrete structure, constructing the steel railing, and other items 
necessary and incidental for construction of the concrete impact basin. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for IMPACT BASIN. 

3.23 SITE RESTORATION 

A. This work consists of placing topsoil, fertilizing, seeding, sodding, planting, and mulching in 
accordance with Sections 32 92 26 and 32 99 10. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for SITE RESTORATION. 

3.24 EARLY WARNING SYSTEM 

A. This work consists of furnishing and installing the early warning system, staff gage, and 
station markers as shown on the Drawings and in accordance with Section 40 70 10. This bid 
item includes all items necessary for the construction, installation, and implementation of a 
functional early warning system, staff gage, and station markers. 

B. Measurement for payment will be as a complete unit of work acceptably performed. 

C. Payment will be made at the contract lump sum price for EARLY WARNING SYSTEM. 

END OF SECTION 
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SECTION 01 33 00 
 

SUBMITTAL PROCEDURES 

PART 1  GENERAL 

1.01 SUMMARY 

A. Submit items to A/E for review as required by the various Contract Documents.  Refer to 
individual specification sections, General Conditions, Supplementary Conditions, and 
sections of Division 01 - General Requirements for submittal requirements. 

B. At the preconstruction meeting, DSB will identify key submittals requiring joint DSB and A/E 
review and approval. 

1.02 GENERAL PROCEDURES 

A. Follow the requirements for each submittal type as specified below. 

B. Submittals shall be identified with project name, numbered consecutively, and bear the stamp 
of approval of Contractor as evidence of accuracy, compatibility, and conformance with 
contract requirements.  Submittals not so stamped will be returned without being examined.   

C. Give specific written notice of each variation that submittals may have from requirements of 
the Contract Documents.   

D. Partial submittals will not be considered.  Submit each portion of work complete in one 
submittal. 

E. Products subject to submittal review shall not be used in the work until submittals have been 
reviewed and bear the stamp and signature of A/E.  Submittals will only be reviewed for 
general conformance with the design concept of the project and general compliance with the 
information given in the Contract Documents.  Contractor shall be responsible for confirming 
and correlating all quantities and dimensions, selecting fabrication processes and the means 
and methods of construction, coordinating its work with that of all other trades, and 
performing all work in a safe and satisfactory manner.  Corrections or comments made on 
submittals shall not relieve Contractor from compliance with requirements of Drawings and 
Specifications and shall not be considered an order for extra work. 

F. If information on previously reviewed shop drawings is altered, submit changes for review. 

G. Maintain complete copies of all final submittals at the project site.   

1.03 SHOP DRAWINGS 

A. Required shop drawings are designated in the various specification sections.  Submit shop 
drawings for review prior to fabrication, delivery, or installation in one of the following formats: 

1. PDF electronic file.  An annotated PDF electronic file will be returned to Contractor.   

B. Each brochure of shop drawings shall contain an index of contents and shall consist of layout 
details, schedules, setting instructions, manufacturer's literature, and other data specifically 
prepared for the work.  Reproductions of contract drawings may not be used without prior 
approval. 

1.04 PRODUCT DATA 

A. Required product data are designated in the various specification sections.  Submit product 
data for review prior to delivery or installation in one of the following formats:   
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1. PDF electronic file.  An annotated PDF electronic file will be returned to Contractor.   

B. Product data shall consist of manufacturer's literature, illustrations, and brochures of catalog 
cuts; instructions for handling, storage, and installation; and specifications and design data.  
Where manufacturer's standard literature includes multiple products or options, identify the 
specific products and options as required for this project.   

1.05 SAMPLES 

A. Prior to fabrication, delivery, or installation, submit samples as designated in the various 
specification sections.  Allow reasonable time for review and testing.   

1. Submit samples in sufficient quantity and of adequate size to show quality, type, and 
extremes of color range, finish, and texture.  Submit a minimum of two sets of 
appearance and color samples.   

B. Label each sample stating material, description, project name, and Contractor's name.  
Expedite submittal of appearance and color samples following Notice to Proceed.   

C. Submit samples with transmittal letter requesting review; prepay transportation charges.  
Samples shall become Owner's property, unless otherwise designated. 

D. Samples will be reviewed for acceptability or selection of color, pattern, and texture only.  
Compliance with specifications is the responsibility of Contractor.   

E. Order no materials subject to sample review until receipt of written notice of completion of 
review.  Installed materials shall match reviewed samples.  No review of samples shall be 
taken in itself to change contract requirements. 

1.06 CERTIFICATES OF COMPLIANCE 

A. Submit certificates of compliance as designated in the various specification sections in one of 
the following formats:   

1. PDF electronic file. 

B. Certificates shall be furnished by manufacturer, producer, or supplier of material or product 
and shall indicate that material or product conforms to or exceeds specified requirements.  
Include supporting reference data as appropriate.  Certificates may be recent or previous test 
results on material or product, but must be acceptable to A/E.   

1.07 PERMITS AND APPROVALS 

A. Submit permits, code inspections, and agency approval documents as designated in the 
various specification sections in one of the following formats: 

1. PDF electronic file. 

1.08 TEST REPORTS 

A. Submit test reports as designated in the various technical specifications in one of the 
following formats:   

1. PDF electronic file. 

1.09 OPERATION AND MAINTENANCE (O/M) MANUALS 

A. Submit operation and maintenance manuals covering each item of equipment furnished or 
installed under the Contract.  Submit individual preliminary O/M brochures in PDF electronic 
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format within 30 days after completion of shop drawing or product data review.  Submit final 
O/M manuals prior to substantial completion in the following formats: 

1. PDF electronic file of entire manual, and 
2. Two bound paper sets (unless otherwise specified in the various specification sections). 

B. For each item of equipment, include the following information:   

1. A/E-reviewed shop drawings and product data. 
2. Installation and operating instructions. 
3. Maintenance instructions and address of authorized service center. 
4. Wiring diagrams and parts lists. 
5. Test data and certifications. 
6. Manufacturer's warranty information. 

C. Designate correct model number where literature covers more than one model. 

D. Write and furnish duplicate operation and maintenance instructions for items fabricated or 
assembled by Contractor. 

E. Electronic Manual: 

1. Submit manual in the form of a single PDF file for entire project. 
2. Use electronic files prepared by manufacturer where available.  Where scanning of 

paper documents is required, configure scanned file for minimum readable file size. 
3. Group data according to specification section and organize with bookmarks.  Bookmark 

both specification sections and individual products so that resulting bookmarks reflect a 
readily navigated document tree.   

4. Include an overall table of contents of the O/M manuals furnished. 

F. Paper Manuals: 

1. Furnish data in 8-1/2 in. x 11 in. or 11 in. x 17 in. size; photographically reduce 
information if required.  Place data into D-style, 3-ring hard cover binders; fold 11 in. x 
17 in. sheets as required.  Group data according to specification section and organize 
with tabbed index dividers on which the product name is typed. 

2. Label binders as follows: 

[Systems or Equipment Designation] 
OPERATION AND MAINTENANCE MANUAL 

[Project Name] 
[Project Location] 

 
3. Integrate general, mechanical, and electrical construction into same binder(s) when 

practicable.  Individual subcontract O/M manuals will be acceptable provided they are 
placed in binder(s) as specified above.   

4. Include an overall table of contents of the O/M manuals furnished. 

1.10 PROJECT RECORD DOCUMENTS 

A. Keep a current set of paper documents at project site that are marked to show all changes 
made during construction.  Dimension underground and concealed work and utilities from 
permanent reference points; record vertical distances.  Make and record measurements to 
the nearest 0.1 ft.  Submit project record documents upon completion of Work. 



01 33 00-4 

PART 2  (NOT USED) 

PART 3  (NOT USED) 

END OF SECTION 
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SECTION 01 57 19 
 

TEMPORARY ENVIRONMENTAL CONTROLS 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide temporary environmental controls as shown and as specified.  Comply with 
applicable provisions of Divisions 00 and 01.   

1.02 DEFINITIONS 

A. References to "Colorado DOT Std. Spec." shall mean Colorado Department of Transportation 
Standard Specifications for Road and Bridge Construction (available at 
https://www.codot.gov/business/designsupport/cdot-construction-specifications/2019-
construction-specifications/2019-specs-book/2019-standard-specifications).   

1.03 SUBMITTALS 

A. Submit in accordance with Section 01 33 00: Submittals. 

B. Inspection Reports:  Submit one copy of weekly inspection reports for erosion and sediment 
controls. 

C. Technical product literature for all commercial products to be used for sedimentation and 
erosion control. 

D. Contractor’s Sedimentation and Erosion Control Plan: A plan describing Best Management 
Practices (BMPs) in accordance with local, state, and federal regulations and permits and this 
Section and Drawings stamped and sealed by a professional engineer as required. 

1.04 PERMITS 

A. Owner will: 

1. Submit a Colorado Discharge Permit System (CDPS) General Permit for Stormwater 
Discharges Associated with Construction Activities, COR400000 Permit Application at 
least 10 working days prior to the start of construction. 

2. Provide Contractor with a copy of the notice of General Permit coverage.   
3. File Notice of Termination after construction site has undergone final stabilization. 
4. Apply for Mesa County Construction Stormwater Permit 

https://etrakit.mesacounty.us/etrakit3/. 

B. Contractor shall:   

1. Comply with the requirements of the General Permit and the Sedimentation and 
Erosion Control Plan and keep a copy of these documents at project site during 
construction.   

2. Post a copy of the Certificate of Permit Coverage in a conspicuous place on the 
construction site. 

PART 2  PRODUCTS 

2.01 SILT FENCE 

A. Posts: 2-inch by 2-inch; 4 feet 6-inch long, wood stakes, suitably durable for driving without 
cracking, as approved by the A/E.  
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B. Fabric: Woven, polypropylene, ultraviolet resistant material. Mirafi, Inc. Mirafi 100X, or 
approved equal. 

C. Prefabricated commercial silt fence, if substituted for built-in-field fence: Mirafi Inc. 
"Envirofence” or approved equal. 

2.02 EROSION BALES 

A. Certified weed hay or straw certified under the North American Weed Free Forage 
Certification Program and the New Mexico State University Seed Certification (NMSUSC) 
Program. Each certified weed free erosion bale shall be identified with purple and yellow 
twine, and regional Forage Certification Program tag indicating the Regional Forage 
Certification Program Number unless otherwise specified by the program. 

B. Erosion bales shall be inspected for and Regionally Certified as weed free based on the 
Regionally Designated Noxious Weed and Undesirable Plant List. Do not unload certified 
weed free erosion bales or remove their identifying twine, wire or tags until the A/E has 
inspected and accepted them. Provide a certificate of compliance showing the transit 
certificate number or a copy of the transit certificate as supplied from the forage producer. 

2.03 EROSION LOGS 

A. Curled aspen wood excelsior with a consistent width of fibers evenly distributed throughout 
the log and a seamless casing comprised of a photodegradable tube netting. Fungus free, 
resin free and free of growth or germination inhibiting substances. Furnish logs with the 
minimum diameter and length shown on approved erosion and sediment control plans.  

2.04 VEHICLE TRACKING PAD 

A. Constructed tracking pad complying with Colorado DOT Std. Spec. 208.02. 

B. Use crushed natural aggregate with at least two fractured faces that meets the Colorado DOT 
Std. Spec. gradation requirements for vehicle tracking pads.   

C. Geotextile fabric for tracking pads shall be Colorado DOT Std. Spec., Subsection 712.08, 
Class 2 fabric. 

2.05 PERMANENT SEED 

A. See Section 32 92 36. 

PART 3  EXECUTION 

3.01 EROSION CONTROL 

A. General:  Maintain erosion control measures to protect the project site and prevent sediment 
pollution of adjacent water courses and properties.  At a minimum, provide erosion control 
measures as indicated on the Drawings.   

B. Applicable Standards:  Unless otherwise shown or specified, erosion control measures shall 
comply with:   

1. CDPS General Permit for Stormwater Discharges Associated with Construction 
Activities, COR400000. 

2. Colorado DOT Std. Spec.   

C. Time Period:  Install erosion control measures prior to start of construction and maintain them 
until final completion of work.  Unless otherwise instructed, remove temporary erosion control 
measures prior to final application for payment.   
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D. Stripping:  Strive to limit stripping of sod and vegetation to a period that will expose bare soil 
to the least possibility of erosion that construction requirements will allow.   

E. Diversions:  Construct and maintain dams, channels, flumes, sumps, surface roughening, 
and other temporary diversion and protective works to divert streamflow and other surface 
water through or around construction site and away from work while construction is in 
progress.  Unless otherwise specified, a diversion must discharge into the same natural 
drainageway in which its head waters are located. 

F. Sediment Barriers:  Construct and maintain one or more sediment barriers to receive runoff 
leaving site.   

1. Affix silt fence to ground and maintain in suitable structural condition to last until 
vegetation establishes.   

2. Affix erosion logs to ground, either by wood stakes (recommended method) or by 
equivalent anchorage if frozen winter subgrade prevents driving stakes.  Equivalent 
anchorages include using steel posts (removed after vegetation establishes) or erosion 
bales spaced at same intervals as planned stakes or other approved equivalent 
method. 

G. Trackout Control:  Prevent tracking of soils and sediments onto public and private streets by 
constructing and maintaining stabilized work surfaces and trackout controls in accordance 
with Colorado DOT Std. Spec.  Check dual tire vehicles for picked up tracking pad materials 
prior to leaving site.  Refresh and loosen tracking pad as needed to allow stones to contact 
full tire tread (at least up to start of sidewall) of exiting vehicles.  If a vehicle or tire washing 
station is established, water from washing shall drain into a suitable sediment trap or settling 
device.  Remove at the end of each workday soils and sediment reaching public and private 
streets not part of the construction site. 

H. Re-establishment of Vegetation:  Re-establish temporary or permanent vegetation on 
disturbed areas within the time limits allowed by applicable standards.   

I. Sediment Deposits:  Remove and dispose of sediment deposits when deposits reach one-
half the volume capacity of sediment barrier, unless otherwise indicated.   

3.02 EROSION CONTROL MONITORING AND REPORTING 

A. Contractor shall conduct the following inspections: 

1. Weekly inspections of implemented erosion and sediment controls. 
2. Inspections of erosion and sediment controls within 24 hours after a precipitation event 

that produces 0.5 in. of rain or more during a 24 hour period.   

B. Contractor shall prepare weekly written reports of all inspections that include: 

1. Date, time, and exact place of inspection. 
2. Name of individual who performed inspection. 
3. An assessment of condition of erosion and sediment controls. 
4. A description of any erosion and sediment control implementation and maintenance 

performed. 
5. A description of the present phase of construction at site. 

3.03 DUST CONTROL 

A. Minimize dispersion of dust from construction operations by application of water or other dust 
control materials.  Controls shall confine dust and dirt within the immediate area of project.  
Masonry and debris shall be thoroughly soaked during demolition and loading operations. 
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3.04 NOISE CONTROL 

A. Provide noise control measures to limit the amount of noise and prevent nuisance.  Properly 
equip all equipment with mufflers.  Limit construction activities generating significant noise to 
normal working hours. 

3.05 MATERIAL HANDLING AND SPILL PREVENTION 

A. Hazardous materials shall be handled and stored in accordance with the recommendations of 
the manufacturer and Material Safety Data Sheets (MSDS).  Containers or equipment leaking 
any contaminants shall be repaired, removed from the site, or utilize drip pans for 
containment purposes.   

B. Spills of any contaminants shall be immediately reported to the Colorado Water Quality 
Control Division Hotline at 877.518.5608.  Contractor shall maintain an emergency spill kit at 
the project site containing contaminant containment products and absorbent materials (inlet 
socks, dry absorbent materials, and similar products). 

3.06 HAZARDOUS ENVIRONMENTAL CONDITIONS 

A. If underground petroleum storage tanks, petroleum contaminated soils, or other hazardous 
environmental conditions are encountered, and are not identified to be part of the work, 
Contractor shall immediately stop all work in connection with the hazardous condition and 
shall notify Owner and A/E.  (See the General Conditions of the Contract for specific 
procedures that may apply.)   

END OF SECTION 
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SECTION 01 57 60 
 

CONSTRUCTION DEWATERING 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide construction dewatering as shown and as specified.  Comply with applicable 
provisions of Divisions 00 and 01. 

B. Work under this Section shall consist of removal of surface water and ground water as 
necessary to perform required work, including:   

1. Building and maintaining temporary impounding works, channels, and diversions.   
2. Furnishing, installing, and operating pumps, piping, and other facilities and equipment.   
3. Removing temporary works and equipment when no longer required. 

C. Contractor shall be responsible for design of dewatering system as specified below.  

D. Construction dewatering is broken down into Phase 1 and Phase 2, as indicated on the 
Drawings. Phase 1 dewatering is to facilitate construction of the new outlet works, the 
embankment, and the downstream impact basin. Phase 2 dewatering is to facilitate 
construction of the overflow spillway weir and channel improvements. 

E. Cofferdam (required for Phase 1 dewatering) will not protect the worksite from the 10-yr flood. 
Contractor shall monitor weather forecasts and current conditions and evacuate equipment 
and personnel from the drained reservoir should there be a risk of water levels in the lake 
rising above the specified construction pool.  

1.02 SUBMITTALS 

A. Dewatering Plan:  Submit Dewatering Plan consisting of the following: 

1. Cofferdam Cross Section:  Submit cross section showing minimum and maximum 
cofferdam height, minimum and maximum grades near cofferdam, and distance from 
cofferdam section to nearest dam structure.  Top elevations of cofferdams shown on 
the Drawings are to be considered minimum and may not be reduced unless Contractor 
obtains A/E permission and Contractor accepts all liability for workmanship lost and 
damages due to premature overtopping of cofferdam.   

2. Location Map:  Submit phased dewatering plan showing all stages and sequences of 
cofferdam construction and removal with adequate descriptions so that A/E can 
evaluate possible reductions to flood capacity of dam. 

3. Cofferdams less than 10 feet in height do not need to bear Professional Engineer’s 
Stamp. If cofferdam height is greater than 10 feet, submit cofferdam drawing bearing 
Professional Engineer’s Stamp. Drawing(s) shall include height and depth of cofferdam, 
width of cofferdam materials (sheet size or base width), and minimum grade elevations 
near cofferdam. A/E approval of Contractor cofferdam drawing shall be considered only 
as review in conformance with dewatering intent and not considered as a full structural 
review or confirmation that cofferdam is suitable for intended purpose. 

B. Permit Applications:  After A/E's approval of Dewatering Plan, make application for required 
Contractor-furnished cofferdam and dewatering permits.  Submit copy of applications to A/E. 

C. Permits:  Submit copy of permits obtained for project prior to starting the applicable work. 

D. Make submittals in accordance with Section 01 33 00. 
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1.03 PERMITS 

A. General:  Rehabilitation of the dam, including cofferdams and diversions, shall be in 
accordance with Colorado Division of Water Resources Office of the State Engineer, U.S. 
Army Corps of Engineers (COE), Mesa County, and US Forest Service permits issued for 
project.  The work is subject to inspection, review, and approval by these agencies.   

B. Owner-Furnished Dam Rehabilitation Permit:  Owner has obtained permits to rehabilitate 
dam from DSB, COE, and USFS.  Refer to Appendices.   

C. Contractor-Furnished Dewatering Permit:  Contractor’s method of accommodating seepage 
may require a Colorado Discharge Permit System (CDPS) General Permit COG080000 for 
Discharges from Short-Term Construction Dewatering Activities. Contact Colorado 
Department of Public Health and Environment for more details.  Required dewatering 
permit(s) shall be obtained at Contractor’s cost and no additional schedule allowance will be 
given to accommodate the permit review period. 

D. Contractor-Furnished Water Diversion Plan: Contractor must provide a water diversion plan 
in accordance with Rule 8.1.1 of DWR’s Rules and Regulations for Dam Safety and Dam 
Construction. 

E. Permit Compliance:  Should Contractor's actions or construction not be in compliance with 
applicable permits, Contractor shall remedy situation as directed by Owner, and all costs 
associated with those actions shall be borne by Contractor.   

1.04 SITE CONDITIONS 

A. Information on flood flows and average flows is presented on the Drawings.   

B. Owner will draw down the reservoir prior to construction. 

C. Owner will operate the diversion gates upstream of the reservoir during construction. 

PART 2  PRODUCTS 

2.01 DESIGN REQUIREMENTS 

A. Contractor shall be responsible for:   

1. Protection of work area and safely passing stream flow for duration of construction.   
2. Means and methods for dewatering work areas, including the actual dimensions, 

configurations, stability, and dewatering capacity of cofferdams and protective works. 
3. All safety precautions and programs related to the work. 

2.02 MATERIALS 

A. Contractor shall furnish all materials for and shall construct and maintain, as it deems 
necessary, all cofferdams, channels, drains, sumps, and protective works for protection of 
work areas.   

B. Contractor may select whatever materials it wishes for use in cofferdam, subject to permit 
requirements and the following:   

1. Sheet piling may not be used within 10 ft of any permanent structure due to potential 
vibration damage. 

2. Cofferdam top elevation shown on the Drawings may not be exceeded. 
3.  Cofferdam shall be equipped with a temporary 30-inch relief outlet as shown on the 

Drawings.  
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PART 3  EXECUTION 

3.01 DIVERTING SURFACE WATER DURING PHASE 1 DEWATERING 

A. Owner shall draw down the reservoir prior to construction and shall operate the existing 
bypass channel to divert normal river flows around the lake during construction.  Owner 
estimates that the existing bypass channel can divert up to 50 cfs around the lake.  River 
flows exceeding 50 cfs may flow into the lake and cause levels to rise.  

B. If lake levels rise above the specified construction pool elevation shown on the Drawings, 
Contractor shall drain the lake using a temporary outlet. If the temporary outlet is not capable 
of draining the lake sufficiently, Contractor shall use pumping for additional release capacity. 

C.  Construct, maintain, and operate cofferdams, channels, flumes, sumps, and other temporary 
diversion and protective works to divert streamflow and other surface water through or 
around construction site and away from work while construction is in progress.  Unless 
otherwise specified, diversions must discharge into the same natural drainageway in which its 
headwaters are located. 

D. Surface water diversion procedures shall not create a condition where erosion or deposition 
of materials occurs in stream.  Riprap or other means of protection shall be provided for 
erosion protection adjacent to all cofferdams where flows could occur.   

E. Diversion works which are moved out of position by any cause during installation shall be 
righted or enlarged so as to provide necessary clearance.   

F. As work area is dewatered, diversion works that are not watertight shall be plugged or sealed 
as much as practical to reduce infiltration of water into work area.   

G. No shoring will be permitted in diversion works which will induce stress, shock, or vibration in 
permanent structure. 

3.02 DIVERTING SURFACE WATER DURING PHASE 2 DEWATERING 

A. Owner will operate the reservoir’s low-level outlet works with the gate fully open to pass 
stream flows through the lake and dam. During this phase, Owner shall operate the bypass 
gates upstream of the reservoir to minimize flow into the bypass channel and overflow 
spillway. 

3.03 DEWATERING EXCAVATIONS AND WORK AREAS 

A. Foundations, cutoff trenches, and other parts of construction site shall be dewatered and kept 
free of standing water or excessively muddy conditions for proper execution of construction 
work.  Furnish, install, operate, and maintain wells, drains, sumps, pumps, and other 
equipment needed to perform dewatering as specified.  Dewatering methods that cause loss 
of fines from foundation materials will not be permitted. 

B. Maintain pumping operations to keep work area dry until all materials, equipment, and debris 
have been removed and diversion works is to be removed.   

C. Maintain water levels at least 12 inches below prepared subgrades. 

3.04 DEWATERING BORROW AREAS 

A. Maintain borrow areas in drainable condition or otherwise provide for timely and effective 
removal of surface waters that accumulate, for any reason, within borrow areas. 
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3.05 REMOVAL OF TEMPORARY WORKS 

A. Remove temporary works when no longer required; level and grade earth as required to 
restore appearance and to prevent obstruction to flow or any other interference with operation 
of or access to permanent works. 

B. Unless otherwise noted, pipes and casings shall be removed from temporary wells and wells 
shall be filled to adjacent ground level with gravel or other approved material. 

C. Construction dewatering material shall be removed from site and properly disposed of.   

D. Contractor shall make its own arrangements for a disposal site and shall pay all costs 
involved.   

3.06 REPAIR OF DAMAGES 

A. Contractor shall repair, at its expense, any damage to foundations, structures, or other 
improvements caused by failure of any part of cofferdams or protective works.   

END OF SECTION 
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SECTION 02 41 00 
 

DEMOLITION 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide demolition work as shown and as specified.  Comply with applicable provisions of 
Divisions 00 and 01. 

1.02 RELATED SECTIONS 

31 05 10  Site Preparation. 
31 20 00  Earth Moving and Embankments 
32 92 36  Native Species Seeding 
 

1.03 PRE-DEMOLITION CONFERENCE 

A. Contractor shall schedule a pre-demolition conference prior to beginning demolition to be 
attended by authorized representatives of A/E, Owner, and Contractor and by interested 
agencies. 

B. Contractor shall give notice of conference to agencies listed under "Permits and Notification 
of Agencies" article, below. 

1.04 SUBMITTALS 

A. Demolition Work Plan:  Submit a demolition work plan for A/E's information at least one week 
prior to start of work.  Work plan shall include: 

1. Work Sequence:  Sequence of operation for demolition and removal work. 
2. Noise and Dust Control Plan:  Planned measures to minimize noise levels and control 

dust emissions from demolition activities. 
3. Material Disposal Plan:  Planned material disposal/recycling locations. 

B. Permits:  Submit copy of each application to and permit received from agencies having 
jurisdiction.   

C. Disposal/Recycling Documentation:  Submit copy of each disposal manifest or letter of 
acceptance for all disposed and recycled materials.   

D. Make submittals in accordance with Section 01 33 00. 

1.05 PERMITS AND NOTIFICATION OF AGENCIES 

A. Demolition Permit:  Obtain and pay for demolition permit from local jurisdiction.   

B. Colorado Department of Public Health and Environment Notification:  Submit and pay for 
Form DNA08 "Demolition Notification Application Form" to the Permit Coordinator at least 
10 working days prior to demolition.   

C. Utility and Agency Notifications:  Make arrangements with the following utilities and agencies 
so that work may proceed with least disruption of traffic and services in area.  Notify Owner, 
A/E, adjacent property owners, and each of the following agencies having jurisdiction three 
days prior to beginning work. 

1. Department of Public Works. 
2.  US Forest Service. 
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3. Police Department. 
4. Fire Department. 

1.06 WORKER QUALIFICATIONS 

A. Contractor is responsible for health and safety of its personnel during all demolition and 
construction work, including hazardous materials training, if required, in accordance with 
applicable laws and regulations.   

1.07 EXISTING CONDITIONS 

A. Prior to bidding, thoroughly inspect existing conditions. 

B. Conditions existing at time of inspection for bidding purposes will be maintained by Owner in 
so far as practicable.  However, variations within facilities may occur by Owner's removal and 
salvage operations prior to start of demolition work. 

C. Structures to be demolished will be vacated and use discontinued prior to start of work.  
Owner assumes no responsibility for actual condition of structures to be demolished. 

D.  The existing low-level intake structure and outlet conduit will be submerged/buried at the time 
of bidding. Thus, these structures will not be accessible for inspection during bidding. 

1.08 EXPLOSIVES 

A. Use of explosives will not be permitted. 

PART 2  PRODUCTS 

2.01 FILL MATERIAL 

A. Comply with the requirements of Section 31 20 00.   

PART 3  EXECUTION 

3.01 PROTECTION OF EXISTING IMPROVEMENTS 

A. Comply with requirements of Section 01 01 00 / 31 05 10 and governing regulations. 

B. Conduct operations to prevent damage to adjacent facilities.  Provide interior and exterior 
shoring, bracing, or support to prevent movement, settlement, or collapse of adjacent 
facilities to remain and to prevent premature collapse of structures to be demolished.  
Maintain work and site in orderly condition to prevent accidents. 

C. Protect survey monuments, reference points, benchmarks, and monitoring wells. Notify 
owner of disturbance. 

3.02 SALVAGE 

A. Items designated for salvage to Owner shall be removed in a workmanlike manner and neatly 
stored on-site.  Items not designated for salvage to Owner shall become property of 
Contractor and shall be removed from site.   

B. Salvaged items capable of disassembly shall be dismantled into individual components or 
subsections. 
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3.03 DEMOLITION 

A. See Drawings for specific areas, depths, and limits of demolition, removal, salvage, and 
disposal.  Restrict demolition activities to project limits. 

B. Minimize dispersion of dust from demolition operations and dust generated by equipment 
traffic by application of water or other dust control materials.  Controls shall confine dust and 
dirt within immediate area of demolition.  Thoroughly soak masonry and debris during 
demolition and loading operations. 

C. Crushing of concrete, brick, and other masonry materials will be allowed on site, provided the 
material is not contaminated with hazardous materials. 

3.04 BELOW-GRADE STRUCTURES 

A. Demolish and remove all foundations, footings, concrete slabs-on-ground, and all other 
below-grade construction within construction limits. 

3.05 FILLING EXCAVATIONS AND VOIDS 

A. Completely fill below-grade areas and voids resulting from demolition in accordance with the 
requirements of Section 31 20 00.   

3.06 DISPOSAL OF DEMOLISHED MATERIALS 

A. Remove from site and legally dispose of all debris, rubbish, and other materials resulting from 
demolition operations.  Storage or sale of removed materials will not be permitted on site.   

B. Keep all haul roads clean and free of debris.  Take measures to avoid littering waste. No 
waste or litter shall buried in any open trench, excavation or fill area in the project site. 

3.07 RESTORATION 

A. Repair adjacent improvements damaged by demolition operations.  Clean adjacent areas of 
dust, dirt, and debris caused by demolition operations.  Return adjacent areas to condition 
existing prior to start of work. 

B. Topsoil, fertilize, seed, and mulch exposed soils in accordance with Section 32 92 36, except 
areas designated to receive new construction.   

3.08 CLOSEOUT 

A. Deliver to Owner all designated salvage items; obtain receipts from Owner for materials 
delivered. 

END OF SECTION 
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SECTION 03 30 00 
 

CAST-IN-PLACE CONCRETE 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide cast-in-place concrete work as shown and as specified.  Comply with applicable 
provisions of Divisions 00 and 01. 

1.02 SUBMITTALS 

A. Shop Drawings:  Submit shop drawings for fabrication, bending, and placement of concrete 
reinforcement.  Comply with ACI 315. 

B. Product Data:  Submit product data for each product specified. 

C. Mix Designs:  Submit proposed mix designs to A/E ten days prior to beginning concrete work.  
Do not begin concrete production until mixes have been reviewed.   

D. Delivery Tickets:  Submit delivery ticket to A/E for each load of concrete delivered to project. 

E. Test Reports:  Testing agency shall submit copy of field and laboratory reports to A/E. 

F. Make submittals in accordance with Section 01 33 00. 

1.03 QUALITY ASSURANCE 

A. Give A/E two working days notification of all planned concrete pours so that appropriate 
construction observation can be present at the project site. 

B. Prior to placing concrete, request review of reinforcement steel by A/E. 

1.04 CODES AND STANDARDS 

A. Comply with the following codes and standards, except as otherwise designated: 

1. ACI 301  Specifications for Structural Concrete. 
2. ACI 304  Guide for Measuring, Mixing, Transporting and Placing Concrete. 
3. ACI SP-2  Manual of Concrete Inspection. 

1.05 TESTING 

A. Contractor shall arrange and pay for services of a qualified testing agency acceptable to 
Owner and independent of Contractor. 

B. Testing agency shall test concrete to measure slump, entrained-air content, temperature, unit 
weight, and compressive strength to determine compliance with specifications.  Furnish test 
apparatus and cylinders, perform on-site sampling and testing, submit samples, and perform 
laboratory tests.   

C. On-site tests shall be performed under observation of A/E unless waived.  

D. Slump, Air Content, Temperature, and Unit Weight Tests:   

1. Perform slump, air content, temperature, and unit weight tests prior to concrete 
placement each truck load, whenever there is a change in consistency of concrete, and 
when concrete cylinders are prepared.  
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2. Test for slump in accordance with ASTM C143, air content in accordance with ASTM 
C231, temperature in accordance with ASTM C1064, and unit weight in accordance 
with ASTM C138. 

3. If measured slump, air content, temperature, or unit weight falls outside specified limits, 
immediately check another portion of same batch.  In event of a second failure, 
concrete shall be rejected. 

E. Compressive Strength Tests: 

1. During progress of work, prepare two sets of test cylinders per 50 cu yd or fraction 
thereof for each class of concrete placed each day.   

2. Obtain samples in accordance with ASTM C172.  Cast, identify, transport, and cure 
cylinders in accordance with ASTM C31.  Test strength of cylinders in accordance with 
ASTM C39. 

3. If 6x12 in. cylinders are used, a set shall consist of three cylinders for laboratory curing.  
Obtain one 7-day and two 28-day compressive strength tests.  

4. If 4x8 in. cylinders are used, a set shall consist of four cylinders for laboratory curing.  
Obtain one 7-day and three 28-day compressive strength tests.  

5. If the requirements specified in the "Cold Weather Placing" article below apply, in 
addition to the above laboratory cylinders, a set shall also include two extra 6x12 in. or 
three extra 4x8 in. cylinders for field curing and laboratory testing.  Obtain 28-day 
compressive strength tests on field cured samples. 

6. If test results indicate deficiencies, A/E may require additional tests and may order 
remedial work.   

PART 2  PRODUCTS 

2.01 CEMENTITIOUS MATERIAL 

A. Cement:  Portland cement, ASTM C150, Type I. 

B. Fly Ash:  ASTM C618, Class C. 

2.02 AGGREGATES 

A. Fine and coarse aggregates, ASTM C33, consisting of clean, hard, durable sand and crushed 
rock, crushed gravel, or gravel.   

B. Coarse aggregate shall meet grading requirements for size number 67, 57, or 467.  Maximum 
coarse aggregate size for each class of concrete shall be as indicated in Part 4 Schedules.  
Ratio of coarse aggregate to fine aggregate shall not be less than 1:1 nor more than 2:1. 

2.03 WATER 

A. Mixing water shall be potable, free of oil, acid, excessive alkalinity, organic matter, and salts. 

2.04 ADMIXTURES 

A. Air-entrained admixture shall conform to ASTM C260. 

B. Water reducing admixture shall conform to ASTM C494, Class A. 

C. Other admixtures which do not adversely affect strength and durability of concrete may be 
used with permission of A/E, if used in strict accordance with manufacturer's instructions.  
Care shall be exercised to assure that the admixture does not increase or decrease air 
content outside of allowable limits.  Do not use salt or chemical anti-freeze admixtures. 
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2.05 FORMWORK 

A. Forms for Exposed Finish Concrete:  Construct forms for exposed concrete surfaces with 
water-resistant plywood, metal, metal-framed plywood-faced, or other acceptable panel type 
materials, to provide continuous, straight, smooth, exposed surfaces.  Furnish in largest 
practicable sizes to minimize number of joints and to conform to joint system if shown.  
Provide form material with sufficient thickness to withstand pressure of newly placed concrete 
without bow or deflection.  Rust-stained steel forms are not acceptable. 

B. Forms for Unexposed Finish Concrete:  Construct forms for concrete surfaces which will be 
unexposed in finished structure with plywood, lumber, metal, or other acceptable material.  
Provide lumber that is dressed on at least one side and two edges for tight fit. 

2.06 REINFORCING STEEL 

A. ASTM A615, Grade 60, new billet steel bars.   

B. Provide metal chairs, stirrups, spacers, and hangers to support reinforcement and insure 
against displacement during placement of concrete.  All supports shall be plastic protected 
(Concrete Reinforcing Steel Institute [CRSI], Class 1) or stainless steel protected (CRSI, 
Class 2).   

2.07 REINFORCING ADHESIVE 

A. General:  Diameter and embedment depth of adhesive anchors shall be as indicated on the 
Drawings.  Embedment depth into sound concrete shall develop the yield strength of 
reinforcing bar.   

B. Epoxy Adhesive:  Hilti “HIT-RE 500-V3”, Powers Fasteners “Pure110+”, Simpson “SET-XP”, 
or approved equal.   

C. Acrylic Adhesive:  Hilti “HIT-HY 200”, Powers Fasteners “AC100+ Gold”, Simpson “AT-XP”, 
or approved equal.   

2.08 EXPANSION JOINT FILLER 

A. Premolded joint filler, ASTM D1751, asphalt-saturated cellulosic fiber; 1/2 in. thickness by 
depth of concrete, unless otherwise shown.   

2.09 EXPANSION JOINT SEALANT 

A. Urethane, one or two part, air curing, elastomeric sealant complying with ASTM C920, 
Type S or M, Grade NS (vertical joints) or Grade P (horizontal joints), Class 25. 

2.10 WATERSTOP 

A. PVC Waterstop:  PVC 6 in. x 1/4 in., split bulb, ribbed type, unless otherwise shown.  Use 
poly (vinyl chloride) with no reclaimed material.  Provide factory-fabricated corners, 
intersections, and directional changes.   

B. Hydrophilic Waterstop:  Coiled, rope-like, cold joint waterstop impregnated with sodium 
bentonite which swells upon contact with water; CETCO "Waterstop RX", Sika "Swellstop", 
W.R. Meadows "Waterstop EC Plus", or approved equal. 

2.11 MOISTURE-RETAINING COVER 

A. Waterproof paper, polyethylene film, or polyethylene-coated burlap complying with ASTM 
C171. 
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2.12 CURING COMPOUND 

A. White, waterborne, membrane-forming curing compound, ASTM C309, Type 2, Class B, 
dissipating. 

2.13 CONCRETE MIXTURES 

A. Conform to minimum standards for class and usage in Part 4 Schedules. 

B. Prepare design mixes for each type of concrete on the basis of compressive strength by 
methods recommended in ACI 301.  Use an independent materials laboratory for preparing 
and reporting proposed mix designs. 

C. Provide water-reducing admixture for all concrete work.  Provide air entraining admixture as 
scheduled.   

D. Add fiber reinforcement for usages indicated on the Drawings and at rate indicated in Part 4 
Schedules.   

2.14 BONDING AGENT 

A. Water-based epoxy resin/portland cement bonding agent; Sika "Armatec 110  
EpoCem", or approved equal.   

2.15 PATCHING MORTAR 

A. Horizontal Surfaces:  Polymer-modified, portland-cement, trowel grade patching  
mortar; Sika "SikaTop 122 Plus", or approved equal.   

B. Vertical and Overhead Surfaces:  Polymer-modified, portland-cement, fast- 
setting, non-sag patching mortar; Sika "SikaTop 123 Plus", or approved equal.   

2.16 SYNTHETIC FIBER REINFORCEMENT 

A. Fibrillated polypropylene fibers designed for secondary reinforcement of concrete slabs, 
complying with ASTM C1116, Type III, not less than 3/4 in. long. 

PART 3  EXECUTION 

3.01 FORMWORK INSTALLATION 

A. Design, construct, erect, brace, and maintain formwork according to ACI 301.   

B. Form 3/4 in. chamfers at corners to produce uniformly straight lines and tight edge joints.  
Extend terminal edges to required limit and miter chamfer strips at changes in direction.  
Unexposed corners may be formed either square or chamfered.   

C. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 
instructions, before placing reinforcement.   

3.02 EMBEDDED ITEM INSTALLATION 

A. Place and secure anchorage devices and other embedded items required for adjoining work 
that is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be embedded.   

B. Adhesive for reinforcing bars shall not be installed into concrete that is less than 21 days old. 
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3.03 SLAB SUBGRADE PREPARATION 

A. Sprinkle subgrade with water.   

3.04 STEEL REINFORCEMENT INSTALLATION 

A. Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting 
reinforcement.   

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that 
reduce bond to concrete.   

C. Position reinforcement steel to provide minimum concrete cover as indicated on the 
Drawings.  Unless otherwise specified on Drawings, minimum reinforcement cover shall be 
3 in.   

D. Requirements for minimum development and splice lengths: 

 

E. Requirements for 90-degree hooks: 
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3.05 JOINTS 

A. General:  Construct joints true to line with faces perpendicular to surface plane of concrete. 

B. Construction Joints:  Install construction joints so that strength and appearance of concrete is 
not impaired, at locations shown or as approved by A/E. 

C. Isolation and Expansion Joints:  Provide expansion joint filler to isolate slabs-on-grade from 
old concrete, walls, and other vertical surfaces, and where shown. 

D. Contraction Joints in Slabs:  Provide contraction (control) joints in slabs-on-grade to form 
panels of patterns as shown.  If joint pattern is not shown, provide joints not exceeding 15 ft 
in either direction and located to conform to bay spacing wherever possible (at column 
centerlines, half bays, third-bays). 

1. Form contraction joints by inserting 1/4 in. x 1/4 slab depth premolded plastic, 
hardboard, or fiberboard strip into fresh concrete until top surface of strip is flush with 
slab surface.  Tool slab edges round on each side of insert.  After concrete has cured, 
remove inserts and clean groove of loose debris. 

2. Contraction joints in unexposed slabs may be formed by 1/8 in. x 1/4 slab depth saw 
cuts.  Saw joints prior to formation of shrinkage cracks; achieve an even crisp joint. 

E. Contraction Joints in Walls:  Provide contraction (control) joints in walls as shown.  If not 
shown, provide a contraction joint within 10 to 15 ft of wall corner and at a maximum spacing 
of 25 ft thereafter. 

1. Total depth of inside and outside contraction joints shall be 1/4 of wall thickness. 

3.06 WATERSTOP INSTALLATION 

A. PVC Waterstop:  Provide continuous waterstop where shown on the Drawings and anywhere 
non-horizontal concrete joints extend upstream to downstream.  Splice PVC waterstops by 
heat sealing adjacent surfaces in accordance with manufacturer's recommendations.  Do not 
expose waterstop to a direct flame which could cause charring.  Lap splices are not 
permitted.  Embed approximately half of the waterstop on each side of joint.  Support and 
protect waterstop during construction and repair or replace damaged waterstop. 

B. Hydrophilic Waterstop:  Provide hydrophilic waterstop where shown on the Drawings.  Install 
waterstop in accordance with manufacturer's recommendations.  Place joint material to water 
side of reinforcement; comply with minimum cover requirements. 
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3.07 MIXING CONCRETE 

A. "Ready-mix" concrete shall be produced, delivered and handled in accordance with ASTM 
C94.  Concrete shall be deposited at job site within one hour after introduction of water in 
mix.  Care shall be taken in transferring concrete from truck or mixer to avoid segregation of 
aggregates in mixture. 

3.08 CONCRETE PLACEMENT, GENERAL 

A. Place concrete as specified and in accordance with ACI 301.  Maintain reinforcing steel in 
proper position. 

B. Place concrete in segments corresponding with locations of the expansion joints shown on 
the Drawings. 

C. Deposit concrete continuously or in layers of such thickness that no concrete will be placed 
on concrete which has hardened sufficiently to cause formation of seams or planes of 
weakness.  If a section cannot be placed continuously, provide construction joints.  Deposit 
concrete as near as practicable to final location to avoid segregation from rehandling or 
flowing. Do not subject concrete to any procedure which will cause segregation. 

D. Screed concrete to proper level to avoid excessive skimming or grouting. 

E. Do not use concrete which becomes non-plastic and unworkable, or does not meet required 
quality control limits, or which has been contaminated by foreign materials.  Do not use 
retempered concrete.  Remove rejected concrete from project site. 

F. Concrete shall not be placed around castings, frames, joints, and other embedded items until 
they have been accurately adjusted and set to required alignment and grade.  Prior to placing 
of concrete, castings, frames, and embedded metal fixtures shall be painted on their contact 
surface with a heavy coat of asphaltic mastic or separated with expansion joint filler. 

3.09 PLACING CONCRETE INTO FORMS 

A. Deposit concrete in forms in horizontal layers not deeper than 18 in. and in a manner to avoid 
inclined construction joints. 

B. Remove temporary spreaders in forms when concrete placing reaches elevation of 
spreaders. 

C. Consolidate concrete in forms by mechanical vibrating equipment and supplement by hand-
spading, rodding or tamping.  Use vibrators designed to operate at a speed of not less than 
6000 impulses per minute when submerged in concrete.  Vibration of forms and reinforcing 
will not be permitted. 

D. Do not use vibrators to move concrete inside forms.  Insert and withdraw vibrators vertically 
at uniformly spaced locations not farther than visibly effective.  Do not insert vibrators into 
lower layers of concrete that have begun to set.  At each insertion, limit duration of vibration 
to time necessary to consolidate concrete and complete embedment of reinforcement and 
other items without segregation of mix. 

3.10 PLACING CONCRETE SLABS 

A. Deposit and consolidate concrete slabs in a continuous operation, within limits of construction 
joints, until panel or section is complete. 

B. Consolidate concrete during placing operations using mechanical vibrating equipment.  
Thoroughly work concrete around reinforcement and other embedded items and into corners.  
Consolidate concrete placed in beams and girders of supported slabs, and against bulkheads 
of slabs on ground, as specified for formed concrete structures.  Consolidate concrete in 
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remainder of slabs by vibrating bridge screeds, roller pipe screeds, or other acceptable 
methods.  Limit time of vibrating consolidation to prevent bringing an excess of fine aggregate 
to surface. 

C. Bring slab surfaces to correct level with straight edge and strike off. Use bull floats or darbies 
to smooth surface, leaving it free of humps or hollows.  Do not sprinkle water on concrete 
surface while in plastic state.  Do not disturb slab surfaces prior to beginning finishing 
operations. 

3.11 COLD WEATHER PLACING 

A. Protect concrete work from physical damage or reduced strength caused by frost, freezing 
actions, or low temperatures, in compliance with ACI 306 and as specified below. 

1. When air temperature falls to or is expected to fall below 40 deg F, uniformly heat water 
and aggregates before mixing to obtain a concrete mixture temperature of not less than 
60 deg F (50 deg F for sections thicker than 31 in.) and not more than 90 deg F at point 
of delivery. 

2. Do not use frozen materials or materials containing ice or snow.  Do not place concrete 
on frozen subgrade or on subgrade containing frozen materials.  Ascertain that forms, 
reinforcing steel, and adjacent concrete surfaces are entirely free of frost, snow and ice 
before placing concrete. 

3. During seasons when atmospheric temperature may be expected to drop below 40 deg 
F, concrete shall be protected by covering with impermeable paper and insulated 
blankets.  Retain covering for seven days. 

4. During seasons when atmospheric temperature may be expected to drop below 40 deg 
F, prepare extra concrete cylinders for field curing in accordance with “Testing” article 
above.  Store field-cured cylinders in a location specified by A/E and in accordance with 
ACI 318 Section 26.5.3.2. 

3.12 HOT WEATHER PLACING 

A. When hot weather conditions exist that would seriously impair quality and strength of 
concrete, place concrete in compliance with ACI 305 and as specified below. 

1. Cool ingredients before mixing to maintain concrete temperature at time of placement 
below 80 deg F.  Mixing water may be chilled, or chopped ice may be used to control 
temperature provided water equivalent of ice is calculated in total amount of mixing 
water. 

2. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel 
temperature will not exceed the ambient air temperature immediately before 
embedment in concrete. 

3. Spray forms, reinforcing steel, and subgrade just before concrete is placed. 
4. Do not use set-control admixtures, unless approved by A/E. 

3.13 FINISHING FORMED SURFACES 

A. Provide standard rough finish to formed surfaces to be concealed in finish work or by other 
construction, unless otherwise designated.  Standard rough form finish shall be the concrete 
surface having texture imparted by form facing material, with defective areas repaired and 
patched and fins and other projections exceeding 1/4 in. in height rubbed down with wood 
blocks. 

B. Provide standard smooth finish for formed surfaces exposed-to-view or to receive a covering 
applied directly or bonded to concrete, such as waterproofing, dampproofing, or paint.  
Standard smooth finish shall be the as-cast concrete surface obtained with form facing 
material, with defective areas repaired and patched and fins and other projections on surface 
completely removed and smoothed. 
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3.14 FINISHING UNFORMED SURFACES 

A. Thoroughly float surface after concrete has been struck off.  Check and level surface plane to 
a tolerance not exceeding 1/4 in. in 10 ft when tested with a 10 ft straightedge placed on 
surface at not less than two different angles.   

B. Exterior walks and ramps shall have a lightly broomed surface with grain perpendicular to 
direction of travel. 

C. Edges shall be neatly trimmed with 1/4 in. radius edging tool.   

3.15 CURING 

A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures.  Cure formed and unformed concrete for seven days or until 75 percent of the 
required 28-day compressive strength is obtained, whichever is less, but no less than three 
days regardless of the compressive strength obtained from testing.   

B. Moisture-Retaining Cover:  Apply moisture-retaining cover to wet cure flat surfaces not 
receiving curing compound and other surfaces where formwork is removed prior to end of 
curing period. 

C. Curing Compound:  Apply white-pigmented membrane curing compound to exterior slabs, 
walks, and ramps, unless otherwise indicated.   

3.16 REMOVAL OF FORMS 

A. Remove forms from cast-in-place concrete only after concrete has achieved sufficient 
strength to support itself and superimposed loads; but in no case in less time than stated 
below. 

B. Forms not supporting weight of concrete, such as sides of walls and similar parts of the work, 
may be removed 24 hours after placing concrete, provided concrete is sufficiently hard to not 
be damaged by form removal operations, and provided that curing and protection operations 
are maintained. 

C. Forms supporting weight of concrete, such as elevated slabs and other structural elements, 
may not be removed in less than 14 days, and not until concrete has attained design 
minimum 28-day compressive strength. 

3.17 EXPANSION JOINT SEALING 

A. Provide joint sealant where designated on Drawings.   

B. Thoroughly clean joints, removing foreign matter such as dirt, dust, moisture, paint, lacquer, 
grease, form release agents, bond breakers, deleterious curing compounds, or other surface 
irregularities or treatments.   

C. Install sealant in accordance with manufacturer's specifications and recommendations.  
Prime or seal joint surfaces as recommended by sealant manufacturer.  Clean adjacent 
surfaces soiled by sealant operations. 

3.18 CONCRETE SURFACE REPAIRS 

A. Formed Surfaces:  Request inspection of concrete surfaces immediately after removal of 
formwork.  After inspection, repair and patch defective areas as soon as practicable. 

1. Remove bulges and projections by chipping or tooling.  Rub or grind surface after 
removal.   
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2. For patching within 7 days of concrete pour, use dry-pack mortar consisting of one part 
portland cement to 2-1/2 parts fine aggregate passing a No. 16 mesh sieve and only 
enough water as required for handling and placing.  Cut out honeycomb, rock pockets, 
voids over 1/4 in. diameter, and holes left by tie rods and bolts.  Remove defects down 
to solid concrete but, in no case, to a depth of less than 1 in.  Make edges of cuts 
perpendicular to concrete surface or slightly undercut to provide a key at edge of cut.  
Thoroughly clean, dampen with water, and brush-coat area to be patched with bonding 
agent.  Place patching mortar before bonding agent has dried.  Compact mortar in 
place and strike off slightly higher than surrounding surface.  For exposed-to-view 
surfaces, patch shall match color of surrounding concrete. 

3. Beyond 7 days from pour, concrete repairs need to be completed using an epoxy 
patching mortar. 

4. For patching less than 1 in. in depth, Contractor may propose a proprietary patching 
product in lieu of removing concrete to minimum depth of 1 in.  Submit proposed 
product to A/E for approval.   

B. Unformed Surfaces:  Repair surfaces that do not meet specified requirements. 

1. Correct low and high areas.  Submit proposed repair products to A/E for approval. 
2. Fill cracks with an approved epoxy mortar which will match slab finish in density and 

performance.  Grind filler smooth and even with adjacent surface, free of bumps or 
depressions at joint. 

PART 4  SCHEDULES 

4.01 CLASSES OF CONCRETE 

  Min. Comp.   Min. Max. Air 
  Strength  Max. Cement, Water- Content, 
  @ 28 days, Max. Agg. Bags/ Cement % By 
Class  p.s.i.            Slump* Size   C.Y.        Ratio      Volume   

AA 4500 4" 3/4" 6** 0.45 5-8% 

* Value before pumping concrete. 

** Fly ash shall be used to constitute between 15 to 30% by weight of total cementitious material. 

4.02 USAGE SCHEDULE 

A. Use class AA concrete for all work. 

B. Where fiber-reinforced concrete is indicated on Drawings, use synthetic fiber reinforcement at 
a minimum rate of 1.5 lb fiber per batch yard of concrete.   

END OF SECTION 
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SECTION 03 62 00 
 

NON-SHRINK GROUTING 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide non-shrink grouting as shown and as specified.  Comply with applicable provisions of 
Divisions 00 and 01. 

B. Use non-shrink grout for bedding and grouting precast concrete, structural steel, railings, 
machinery, equipment, column bases, pipe sleeves, and as designated. 

1.02 SUBMITTALS 

A. Product Data:  Submit manufacturer's product data and installation instructions in accordance 
with Section 01 33 00.   

PART 2  PRODUCTS 

2.01 NON-SHRINK GROUT 

A. Grout shall be non-metallic, non-gas forming, non-shrink, pre-blended and ready-to-use 
requiring only the addition of water at project site. 

B. Provide grout complying with ASTM C1107; Euclid "Euco N-S Grout", L & M "Crystex", 
W.R. Meadows "Sealtight 588", Sika "SikaGrout 212", or approved equal. 

2.02 WATER 

A. Clean, potable, and free from oil, acid, alkalines, and organics. 

PART 3  EXECUTION 

3.01 FORMING 

A. Provide forms of sufficient strength and securely anchored and shored to withstand pressure 
of grout and conditions during placement.  Fit forms closely together and seal joints.  Provide 
adequate clearance for ease of grout placement. 

B. Forming should allow for a minimum of 1 in. head of grout above bottom of base plates. 

3.02 PREPARATION 

A. Clean grout contact surfaces of oil, grease, scale, and other foreign matter.  Chip away 
unsound concrete leaving surface level but rough.  Remove grease, oil, dirt, and coatings 
from underside of base plates of machinery, rails, and bolts. 

B. Saturate concrete contact area with water 12 hours prior to grouting.  Before placing grout, 
remove excess or free standing water. 

3.03 MIXING 

A. Mix grout in a conventional mortar mixer or blend using propeller type mixer and electric drill.  
Position mixing equipment as close as practical to area to be grouted with adequate means 
of transporting grout for quick and easy placement. 
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B. Mix water and grout in accordance with manufacturer's instructions.  Amount of water used 
should be minimum quantity to produce desired grout consistency. 

C. Mix only that quantity of grout that can be placed within 30 minutes after mixing. 

3.04 GROUTING 

A. Follow established concreting procedures observing precautions for hot and cold weather 
concreting. 

B. Place grout using most practical method; poured in place or pressure grouted by gravity or 
plunger.  Completely fill space to be grouted; keep grout thoroughly compacted and free from 
air pockets.  When practical, place grout from one side flowing to opposite side to avoid air 
entrapment. 

C. Do not remove forms until grout has taken an initial set and will not slump.  After removal, cut 
off excess grout and finish to a smooth surface. 

D. Prevent rapid loss of water from grout during first 48 hours by covering with wet burlap or 
polyethylene sheet or by use of an approved membrane curing compound. 

E. Remove shims or leveling devices after curing for 48 hours. 

END OF SECTION 
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SECTION 05 50 00 
 

METAL FABRICATIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide metal fabrications as shown and as specified.  Comply with applicable provisions of 
Divisions 00 and 01. 

1.02 COORDINATION 

A. Furnish inserts and anchoring devices to be embedded in concrete for installation of 
miscellaneous metal work.  Provide setting drawings, templates, and instructions for 
installation of anchorage devices.  Coordinate delivery with related work to avoid delays.   

B. See concrete section for installation of inserts and anchors. 

1.03 SUBMITTALS 

A. Shop Drawings:  Submit shop drawings for fabrication, delivery, and erection of metal 
assemblies.  Include product data, load tables, layouts, elevations, details of sections, 
connections, anchorage, and accessory items.  Provide templates for anchors and bolts 
installed under other sections. 

B. Welder/Weld Certifications:  Submit certificate of AWS or ASME Welder at least 2 weeks 
before welding is scheduled to start.  No welding shall be done until such certificates are 
received. 

C. Mill Certificates:  Furnish certified mill tests of chemical and physical properties of steel used 
in fabrication. 

D. Testing Report:  Submit a report documenting weld quality assurance testing. 

E. Make submittals in accordance with Section 01 33 00.   

1.04 QUALITY ASSURANCE 

A. Establish and maintain a quality control program to assure compliance with these 
specifications and the drawings.  Maintain records of quality control tests and inspections. 
Contractor shall be responsible for 100% visual inspection and necessary correction of all 
weld deficiencies. 

B. Arrange and pay for services of an accredited testing laboratory approved by the Company 
representative to inspect weld quality.  All defects revealed as a result of tests shall be 
rectified by Contractor to the satisfaction of the Company representative and at no additional 
cost to Company. 

C. Nondestructive Examination of Welds: Completed welds and weld profiles shall be 
100 percent visually examined and shall be in accordance with requirements of AWS D1.1. 

D. Magnetic Particle Examination:  Magnetic particle examination shall be made on all groove 
welds and a random 15 percent of fillet welds in accordance with AWS standards.  

E. Welding Standards:  Comply with applicable provisions of AWS D1.1 "Structural Welding 
Code--Steel" and AWS D1.3 "Structural Welding Code--Sheet Steel."  Certify that each 
welder has satisfactorily passed AWS qualification tests for welding processes involved and, 
if pertinent, has undergone recertification.   
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1.05 FIELD MEASUREMENTS 

A. Take measurements prior to shop fabrication.  Allow for trimming and fitting to make field 
adjustments.  Correct defects resulting from failure to take proper measurements. 

PART 2  PRODUCTS 

2.01 STEEL 

A. Plate:  ASTM A572, Grade 50. 

B. Other Shapes, Plates, and Bars:  ASTM A36 or ASTM A572, Grade 50.   

C. Tubing:  ASTM A500, Grade C, cold-formed steel tubing.   

2.02 STAINLESS STEEL 

A. Sheet, Strip, and Plate:  ASTM A240 or ASTM A666, Type 304 or Type 316.   

B. Bars and Shapes:  ASTM A276, Type 304 or Type 316.   

C. Tubing:  ASTM A554, Grade MT304 or Grade MT316.   

D. Pipe:  ASTM A312, Grade TP304 or Grade TP316.   

2.03 EPOXY ADHESIVE ANCHORS 

A. Description:  Epoxy adhesive anchors with threaded rods, nuts, and washers. 

B. Performance Requirements:  Diameter and embedment depth of anchors shall be as 
indicated on the Drawings. 

C. Adhesive:  Adhesive shall be Hilti "HIT-RE 500-V3".   

D. Rods, Nuts, and Washers:  Anchor rods shall be Hilti HAS-E-55 Rod, ASTM F1554, Grade 
55, zinc-plated.  Anchor rod shall include nuts and washers supplied by rod manufacturer that 
are compatible with rod. 

2.04 FASTENERS 

A. Zinc-Plated Steel Fasteners:  Regular hexagon-head bolts, ASTM F3125, Grade A325, Type 
1; with hex nuts, ASTM A563; and, where indicated, flat washers, ASTM F436; with coating 
complying with ASTM B633 or ASTM F1941, Class Fe/Zn 5. 

B. Stainless Steel Fasteners:  Regular hexagon-head annealed stainless steel bolts, ASTM 
F593, with hex nuts, ASTM F594; and, where indicated, flat washers; Alloy Group 1 or Alloy 
Group 2.   

2.05 FABRICATION 

A. Use materials of designated type, size, and thickness or, if not shown, of required strength, 
stiffness, and durability.  Work to field measurements and shop drawings, using proven 
details of fabrication and support.  Miscellaneous framing and support members shall comply 
with AISC Specification. 

B. Where exposed to view, use materials that are smooth and free of surface blemishes such as 
pitting, seam marks, roller marks, rolled trade names, and roughness. 
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C. Form work true to line and level with accurate angles and surfaces and straight sharp edges.  
Ease exposed edges to a radius of approximately 1/32 in. unless otherwise shown.  Form 
bent-metal corners to smallest radius possible without causing grain separation or other 
impairment.  Shearings and punchings shall be clean and true. 

D. Weld corners and seams continuously; comply with AWS recommendations.  Grind exposed 
welds smooth and flush; match and blend with adjoining surfaces.  Weld discoloration of 
exposed surfaces is not acceptable. 

E. Form exposed connections with hairline joints, flush and smooth, using concealed fasteners 
wherever possible.  Use exposed fasteners of type shown or, if not shown, Phillips flathead 
(countersunk) screws or bolts. 

F. Provide anchorage devices and fasteners for securing miscellaneous metal items to in-place 
construction, including threaded fasteners for concrete and masonry inserts, toggle bolts, 
through-bolts, lag bolts, wood screws, and other connectors as required.  Cut, reinforce, drill, 
and tap miscellaneous metal work as required to receive hardware and connections required 
by other trades. 

G. Preassemble and fit items to minimize field splicing and assembly.  Disassemble units only 
as necessary for shipping and handling limitations.  Clearly identify units for reassembly and 
installation. 

2.06 SHOP PAINTING 

A. Painting shall be in accordance with Section 09 90 00. 

2.07 STAINLESS-STEEL FINISHES 

A. Remove tool and die marks and stretch lines or blend into finish.   

B. Provide dull satin finish No. 6, unless otherwise indicated.   

C. When finishing is completed, passivate and rinse surfaces.  Remove embedded foreign 
matter and leave surfaces chemically clean.   

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install anchorage devices and fasteners for adequate support.   

1. Expansion anchors shall not be installed into concrete that is less than 7 days old. 
2. Adhesive anchors shall not be installed into concrete that is less than 21 days old. 

B. Perform cutting, drilling, and fitting, as required.  Set work accurately in location, alignment, 
and elevation, plumb, level, true, and free of rack, measured from established lines.  Provide 
temporary bracing or anchors in formwork for items to be built into concrete. 

END OF SECTION 
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SECTION 05 52 04 
 

STEEL RAILINGS 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide steel railings and handrails as shown and as specified. Comply with applicable 
provisions of Divisions 00 and 01 and Section 05 50 00. 

1.02 SUBMITTALS 

A. Shop Drawings:  Submit shop drawings and product data in accordance with Section 
01 33 00. 

PART 2  PRODUCTS 

2.01 STEEL PIPE 

A. ASTM A53; Type E or S, Grade B, black finish, Sch. 80. 

2.02 SAFETY RAILINGS 

A. Fabricate welded steel railings from 1-1/2 in. round steel pipe, unless otherwise shown.  
Welds shall be ground smooth and flush. 

B. Post spacing shall not exceed 4 ft, unless otherwise shown.  Where not shown otherwise, top 
of top rail shall be 42 in. above floor or 34 in. above stair treads measured vertically at stair 
riser line. 

C. Form simple and compound curves by bending pipe in jigs to produce uniform curvature for 
each repetitive configuration required; maintain cylindrical cross-section of pipe throughout 
entire bend without buckling, twisting or otherwise deforming exposed surfaces of pipe. 

D. Provide wall returns at ends of wall-mounted handrails, except where otherwise indicated. 

E. Close exposed ends of pipe by welding 3/16 in. thick steel plate in place or by use of 
prefabricated fittings. 

2.03 BRACKETS, FLANGES, FITTINGS AND ANCHORS 

A. Provide wall brackets, end closures, flanges, miscellaneous fittings and anchors for 
interconnections of pipe and attachment of railings and handrails to other work.  Furnish 
inserts and other anchorage devices for connecting railings and handrails to concrete or 
masonry work. 

2.04 PRIMER 

A. Shop prime railing and accessories (except galvanized items) with one coat rust-inhibitive, 
lead and chromate free, alkyd or modified alkyd primer, unless otherwise designated in 
Section 09 90 00.  Primer shall be compatible with finish coats specified.   

2.05 NONSHRINK GROUT 

A. Grout shall be non-shrink, non-metallic, non-gas forming, pre-blended and ready-to-use 
requiring only the addition of water at project site.  Provide grout complying with CRD-C621; 
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Euclid "Euco N-S Grout", L & M "Crystex", Meadows "Sealtight 588", Sika "SikaGrout 212", 
Sonneborn "Sonogrout", or approved equal.   

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Installation shall be in accordance with shop drawings and manufacturer's recommendations.  
Perform cutting, welding, and fitting required for installation.  Set the work accurately in 
location, alignment, and elevation.  Install plumb, level, true, and free of rack. 

B. Fit exposed connections accurately together to form tight hairline joints.  Weld connections 
which cannot be shop-welded because of shipping size limitations.  Grind joints smooth and 
touch-up shop paint coat. 

C. Adjust railings prior to securing in place to ensure proper matching at butting joints and 
correct alignment throughout their length.  Space posts and supports as shown.  Plumb posts 
in each direction.  Secure posts and rail ends to building construction as shown.  Fasteners 
shall be tightened so completed railing is rigid and completely free of play at joints and 
attachments.  For railing posts inserted in sleeves set in concrete, fill annular space between 
post and sleeve with non-shrink, non-metallic grout. 

3.02 PROTECTION FROM ENTRAPPED WATER 

A. For exterior use, provide drains from railing system to prevent damage caused by freezing of 
entrapped water.  For interior installations subject to high humidity, make provision to drain 
water from railing system.   

B. When posts are mounted into concrete or when bends or elbows occur at low points, drill 
1/8 in. diameter weep holes at lowest elevations. 

3.03 EXPANSION JOINT INSTALLATION 

A. Provide expansion joints at locations indicated, or if not indicated, at intervals not to exceed 
40 ft.  Provide slip joint with internal sleeve extending 2 in. beyond joint on either side; fasten 
internal sleeve securely to one side; locate joint within 6 in. of posts. 

END OF SECTION 
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SECTION 09 90 00 
 

PAINTING AND COATING 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide painting and coating as shown and as specified.  Comply with applicable provisions 
of Divisions 00 and 01. 

1.02 WORK INCLUDED 

A. Work includes:   

1. Shop priming and shop finish painting trash rack. 
2. Shop priming and shop finish painting of steel railings. 

1.03 DEFINITIONS 

A. Applicable abbreviations are: 

1. DFT:  Dry Film Thickness.   
2. SSPC:  The Society for Protective Coatings.   

1.04 SUBMITTALS 

A. Product Data:  Submit manufacturer's specifications, including label analysis and application 
instructions for each material specified. 

B. Color Charts:  Furnish color charts for selection of paint colors.   

C. Make submittals in accordance with Section 01 33 00. 

PART 2  PRODUCTS 

2.01 PAINT AND COATINGS 

A. Provide products by one of the following or approved equal: 

1. Tnemec. 
2. Sherwin-Williams Co. (S-W). 
3. Carboline. 
4. PPG Protective & Marine Coatings. 

B. Contractor shall submit a specific list of products he wishes to use if manufactured by a 
company other than that noted in Painting Schedule.   

C. Refer to Drawings and painting schedule for finishes and coating systems to be applied to 
various surfaces.   

PART 3  EXECUTION 

3.01 SUBSTRATE EXAMINATION 

A. Examine substrates and surfaces and conditions under which work is to be performed.  Do 
not proceed with this work until unsatisfactory conditions have been corrected. 
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B. Do not paint over dirt, rust, scale, grease, moisture, scuffed surfaces, or conditions otherwise 
detrimental to formation of a durable paint film. 

3.02 SURFACE PREPARATION 

A. Perform preparation procedures for each substrate in strict accordance with paint 
manufacturer's instructions and as specified. 

B. Remove all hardware, hardware accessories, and similar items in place and not to be 
painted, or provide surface-applied protection prior to surface preparation and painting 
operations.  Remove mounted accessories if necessary for complete painting of items or 
adjacent surfaces.  Following completion of painting, reinstall removed items. 

C. Clean surfaces to be painted before applying paint or surface treatments.  Remove oil and 
grease prior to mechanical cleaning.  Program cleaning and painting so that contaminants 
from cleaning process will not fall onto wet, newly-painted surfaces. 

3.03 MATERIAL PREPARATION 

A. Prepare painting materials in accordance with manufacturer's directions.  Mix materials 
before application to produce uniform density.  Stir as required during application of 
materials.  Do not stir surface film into material; remove film and, if necessary, strain material 
before using. 

B. Store materials not in actual use in tightly covered containers.  Maintain containers used in 
storage, mixing and application of paint in a clean condition, free of foreign materials and 
residue. 

3.04 APPLICATION 

A. Apply paint in accordance with manufacturer's directions.  Use applicators and techniques 
best suited for type of material being applied. 

B. The finished paint coating shall be free from holidays, pinholes, bubbles, runs, drops, ridges, 
waves, laps, unnecessary brush marks, and variations in color, texture, and gloss.  All paint 
coats shall be applied in such manner as to produce an even, continuous film of uniform 
thickness.  Edges, corners, crevices, seams, joints, welds, and other surface irregularities 
shall receive special attention to ensure that they receive an adequate thickness of paint.   

C. Paints shall be applied only to surfaces that are above the dewpoint temperature and that are 
completely free of moisture.  The temperature of the surfaces to be painted and of air in 
contact with them shall be not less than 50 deg. F. during paint application nor shall paint be 
applied if the surfaces can be expected to drop to 50 deg. F. before the film has dried to a 
reasonably firm condition.  Paint shall not be applied to surfaces heated by direct sunlight or 
other sources to temperatures that will cause detrimental blistering, pinholing, or porosity of 
the film.   

PART 4  SCHEDULES 

4.01 PAINTING SCHEDULE 

A. Coating Systems:  Provide the following coating systems for the various substrates indicated.  
Named products are specified to establish a standard of type and quality.  See "Paint and 
Coatings" article, above, for a complete list of acceptable manufacturers.   

B. Ferrous Metal:  Use for ferrous metal trash rack:   

1. Wasser:   
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a. System Type:  Moisture-cured urethane.   
b. Surface Preparation: r SSPC SP-10 with a 2-3 mil blast profile.   
c. Primer:  One coat Wasser MC-Zinc at 3.0 mils DFT.   
d. Finish:  Two coats Wasser MC-Tar at 6.0 mils DFT per coat.   
e. Total DFT:  15.0 mils.   

2. Sherwin-Williams:   

a. System Type:  Moisture-cured urethane.   
b. Surface Preparation:  r SSPC SP-10 (with a 2-3 mil blast profile.   
c. Primer:  One coat S-W Corothane I Galvapac Zinc at 3.0 mils DFT.   
d. Finish:  Two coats S-W Corothane I Coal Tar at 6.0 mils DFT per coat.   
e. Total DFT:  15.0 mils.   

END OF SECTION 
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SECTION 26 05 43 
 

LOCKING VALVE BOX 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide locking valve box to house hydraulic connections at top of dam as shown and as 
specified.  Comply with applicable provisions of Divisions 00 and 01.   

PART 2  PRODUCTS 

2.01 VALVE BOX 

A. Valve box shall be in accordance with CDOT Std. Spec., Section 604.   

2.02 VALVE BOX COVER 

A. Furnish valve box entrance cover and frame as shown on the Drawings.  

B. Cover:  1/4“ thick aluminum diamond plate, 36”x36”, 300 psf live load rating, mill finish, lifting 
mechanism with reinforced composite tubes and electro coated compression springs, 
automatic hold open arm, forged aluminum hinges with stainless steel pins, neoprene 
gasketed standard slam lock with keyed cylinder lock and underside release knob.  Cover 
and frames shall be Bilco Type J-AL, Nystrom FDDP, Halliday Type WIR, or approved equal.  

C. Frame:  1/4” thick extruded aluminum channel with continuous concrete anchor, with 
continuous EPDM debris gasket and 1-1/2” aluminum coupling for drain.  

D.  Guarantee:  10-year material. 

PART 3  EXECUTION 

3.01 VALVE BOX INSTALLATION 

A. Install valve box as shown on the Drawings in accordance with CDOT Std. Spec., Section 
604.   

3.02 VALVE BOX COVER INSTALLATION 

A. Install valve box cover as shown on the Drawings in accordance with manufacturer’s 
recommendations. Ensure cover can freely open without obstruction by the air vent pipe riser. 

END OF SECTION 
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SECTION 31 05 10 
 

SITE PREPARATION 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide site preparation as shown and as specified.  Comply with applicable provisions of 
Divisions 00 and 01.   

B. Work includes, but is not limited to: 

1. Protecting improvements, plants, and utilities. 
2. Temporarily removing and replacing improvements. 
3. Locating utilities and coordinating with utility companies. 
4. Clearing and grubbing trees and vegetation. 
5. Salvaging topsoil. 
6. Performing site demolition and abandonments. 

PART 2  (NOT USED) 

PART 3  EXECUTION 

3.01 PROTECTION 

A. Protect improvements on site and on adjoining properties.  Provide barricades, coverings, or 
other types of protection as necessary to prevent damage and to safeguard against injury.  
Restore to original condition improvements damaged by the work or improvements which 
required temporary removal during construction. 

B. Protect existing vegetation indicated to remain against unnecessary cutting, breaking, 
bruising, or smothering by stockpiling excavated materials or parking of vehicles within drip 
line.  Provide temporary fences, tree wells, barricades, or guards; repair or replace trees and 
vegetation damaged by construction operations. 

C. Maintain survey monuments, reference points, and benchmarks; notify Owner of disturbance 
to markers. 

D. No extra payment or time will be allowed for protection work that could have been suspected 
or anticipated by site inspection and interpretation of bidding documents prior to execution of 
contract. 

3.02 LOCATING EXISTING UTILITIES 

A. Location and description of underground utilities and structures shown on drawings are 
approximate and are based on records available to Owner or surface features indicating their 
existence.  There may be other utilities within project area that are not shown. 

B. Notify all affected utility companies of construction operations at least three working days 
before beginning work near their facilities.  Do not begin excavation work until underground 
utility locations have been marked. 

C. Use caution when excavating so that exact location of underground utilities, both known and 
unknown, may be determined.  Provide adequate protection and support for utilities during 
construction operations. 
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D. If uncharted or incorrectly charted utilities are encountered during excavation work, or if 
proposed construction conflicts with existing utilities, give prompt notice and submit proposed 
solution to A/E for approval.  Cooperate with Owner and public and private utility companies 
to keep their services and facilities in operation.  Repair damaged utilities to satisfaction of 
utility owner. 

3.03 SITE CLEARING 

A. Remove trees, stumps, snags, shrubs, brush, heavy growths of grass, weeds and other 
vegetation, improvements, rubbish and debris, and obstructions that interfere with proposed 
construction; remove items only as necessary for completion of work. 

B. Cut brush and vegetation flush with ground.  Grub out stumps, roots having a diameter of 
2 in. or larger, and root clusters to a depth of at least 2 ft below subgrade elevation for 
pavements, structures, and embankments and 6 in. below ground surface in other areas. 

C. Carefully and cleanly cut roots and branches of trees indicated to be left standing, where 
such roots and branches obstruct new construction.  Cut back roots a minimum of 1 ft from 
concrete work, paving, and structures and to a depth of not less than 2 ft below structures, 
foundations, and embankments. 

3.04 TOPSOIL STRIPPING 

A. Topsoil shall include all friable, fertile, loam soil suitable for grass and plants, found at 
surface, reasonably free of subsoil, clay lumps, stones, objects over 2-in. diameter, weeds, 
large roots, root clusters, and other objectionable material. 

B. Strip topsoil from project area to whatever depths encountered; prevent intermingling with 
underlaying subsoil or other objectionable material.  Remove heavy growths of grass from 
areas before stripping topsoil. 

C. Where trees are indicated to remain, terminate stripping a sufficient distance from such trees 
to prevent damage to root system. 

D. Stockpile topsoil in storage piles in areas where designated.  Construct storage piles to freely 
drain surface water.  Cover or sprinkle water on storage piles to prevent windblown dust. 

3.05 DEMOLITION 

A. Remove structures, pavements, utilities, and other improvements within construction limits as 
shown and as required for construction.   

B. If removing only a portion of pavement, curb, gutter, sidewalk, or similar surface 
improvements, remove the improvement to an existing joint or saw cut the improvement to 
provide a smooth straight joint.   

C. Owner shall have first right to retain all useful salvage.  All items not retained by Owner and 
construction debris shall become property of Contractor.   

3.06 DEBRIS DISPOSAL 

A. Remove debris and excess materials from site and legally dispose of it; do not burn debris. 

END OF SECTION 
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SECTION 31 20 00 
 

EARTH MOVING AND EMBANKMENTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide earth moving and embankment work as shown and as specified.  Comply with 
applicable provisions of Divisions 00 and 01. 

1.02 RELATED SECTIONS 

31 05 10  Site Preparation. 
33 41 66  Drain Fill. 
33 42 15  Piping and Accessories. 

1.03 CLASSIFICATION 

A. Excavation of materials encountered under this work will be unclassified without regard to 
type, difficulty to remove, or suitability for use in construction. 

1.04 SUBMITTALS 

A. Test Reports:  Submit reports for laboratory and field tests required under "Testing" article.   

B. Make submittals in accordance with Section 01 33 00.   

C. For footing, slab and pavement subgrades. 

1. Test reports for footing, slab, and pavement subgrades shall be submitted prior to placing 
concrete or paving materials.  .   

D. For Embankment Fill materials: 

1. Two weeks prior to start of construction, submit source and sample results of proposed 
materials.  

2. Grain size analysis in accordance with ASTM C136 and, if more than 15% passes the 
#200 sieve, use ASTM C117 to demonstrate acceptability of source. 

3. Optimum moisture-maximum density curve for fill materials in accordance with ASTM 
D1557. 

4. Direct shear tests performed at 95% Modified Proctor density, near optimum moisture in 
accordance with ASTM D3080.   

E. If additional Rock and Cobble fill is needed, provide source and gradation. 

F. A/E will review submittals for conformance with the specified requirements and the design 
parameters.  A/E will also confirm material compatibility with Drain Fill. 

G. During construction, submit test reports for field tests.  

1.05 TESTING (SUBGRADES) 

A. Contractor shall arrange and pay for soil sampling and testing by a qualified testing agency, 
acceptable to Owner and independent of Contractor.   

B Contractor shall notify A/E ahead of sampling and testing to allow A/E opportunity to observe 
testing and sampling.   
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C. Test subgrade and fill materials for gradation in accordance with ASTM C136 for 
conformance with ASTM D2487 gradation limits. Test materials for Atterberg limits index in 
accordance with ASTM D4318. Gradation and Atterberg limits tests are required for each 
distinct type of soil encountered. Multiple sets of tests per stockpile may be required if the 
stockpile contains different soil types.  

D. Provide one optimum moisture-maximum density curve for each type of soil encountered in 
subgrade and fills under foundations, structure slabs, and paved areas; determine maximum 
densities in accordance with ASTM D1557. 

E. During course of work, testing agency shall inspect and approve subgrades and fill layers 
before further construction work is performed on each layer.  Perform field density tests in 
accordance with ASTM D6938 or ASTM D1556.  Take tests as follows:   

1. Footing Subgrade:  Perform at least one field test for every 10,000 sq ft of structure 
area, but in no case less than three tests, to verify that the bearing capacity 
requirements are met.   

2. Structure Slabs and Paved Areas:  Perform at least one field density test on fill 
subgrade for every 2000 sq ft of structure slab or paved area, but in no case less than 
three tests.  In each compacted fill layer, perform at least one field density test for every 
2000 sq ft of overlaying structure slab or paved area, but in no case less than three 
tests. 

3. Foundation Wall Backfill:  Perform at least two field density tests at locations and 
elevations as directed. 

F. If in opinion of A/E, based on reports of testing agency and inspection, subgrade or fills which 
have been placed are below specified density, provide additional compaction and testing at 
no additional cost to Owner. 

1.06 TESTING (EMBANKMENTS) 

A. Laboratory Testing:   

1. Perform at least two sets of laboratory tests for each 1,000 cu yd of compacted material 
used from each source.   

2. Fill materials shall be tested for gradation in accordance with ASTM C136 and ASTM 
C117 for conformance with ASTM D2487 gradation limits, and for liquid limit and 
plasticity index in accordance with ASTM D4318.  Optimum moisture-maximum density 
curve for fill material shall be determined in accordance with ASTM D1557.   

3. Results of laboratory tests shall be received prior to any material placement.   

B. Field Testing:   

1. Perform a minimum of one field density test for each vertical foot of fill for every 100 lin 
ft of embankment fill. 

2. Field density tests shall be in accordance with ASTM D6938 or ASTM D1556.   
3. Where soil materials do not conform to type or density specified, soil shall be replaced 

or reworked to conform.  Cost of extra tests for replaced or reworked areas shall be 
paid for by Contractor.   

 

1.07 PROTECTION 

A. Protect existing improvements, utilities, trees and shrubs, and reference marks in accordance 
with Section 31 05 10. 

1.08 BLASTING 

A. Use of explosives is not permitted. 
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PART 2  PRODUCTS 

2.01 SOIL MATERIALS, GENERAL 

A. Soil materials shall be free of organic matter, debris, frozen soils, ice, and other objectionable 
materials.  Rock particles larger than maximum size specified shall be removed prior to 
placement of soil. If not otherwise specified, rock particles shall be no larger than 1/2 the 
specified lift (layer) thickness. 

B. Select existing material from required excavations may be used for fill or backfill if it meets 
the specified product requirements.  If necessary, furnish additional approved material from 
suitable off-site sources. 

2.02 EMBANKMENT FILL 

A. Select, natural, free draining soils complying with ASTM D2487 soil classification groups CL 
or SC, or combinations thereof, and suitable for compaction.  Plasticity Index for material 
shall be greater than 10.   

B. Embankment fill shall comply with the following gradation by weight 

Percent Passing 

Sieve Designation             Range                

3/4"                          95-100 
3/8"                          85-90 
No. 4                        75-80                       
No. 40                      50-60 
No. 100                    45-55 
No. 200                    40-50 

 

2.03 COBBLE AND ROCK SHELL 

A. This material is existing on site and consists of well graded riprap from sand size material to 
24-inch diameter riprap.  If importing of additional Cobble Rock Shell material is needed, it 
needs to match a similar gradation to existing material.    

B. Imported cobble and rock shell shall comply with requirements of Colorado DOT Std. Spec., 
Section 506, Table 506-2 for d50 = 12” riprap with the following gradation by weight: 

 
Typical Stone       Percent Material Smaller  
Dimension (inches)           Than Typical Stone           

21"                            70-100 
18"                           50-70 
12”                           35-50                       
4”                       2-10 
 

2.04 GRANULAR FILL 

A. Select soils complying with ASTM D2487 soil classification groups GW (well-graded gravel), 
GP (poorly-graded gravel), SW (well-graded sand), or SP (poorly-graded sand).  Aggregate 
shall pass a 1-1/2-in. sieve and not more than 35% shall be retained on a No. 10 sieve.  
Maximum 5% by weight shall pass a No. 200 sieve. 
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2.05 STRUCTURAL FILL 

A. Select soils complying with ASTM D2487 soil classification groups GW, GP, SW, or SP; or 
these groups in combination with groups GM, GC, SM, or SC (dual symbol soils).  Aggregate 
shall pass a 1-1/2-in. sieve and not more than 35% shall be retained on a No. 10 sieve.  
Maximum 12% by weight shall pass a No. 200 sieve; plasticity index shall not exceed 5. 

2.06 GENERAL SITE FILL 

A. Select, natural, free draining soils complying with ASTM D2487 soil classification groups GW, 
GP, SW, SP, GM, GC, SM, SC, or combinations thereof, and suitable for compaction.  
Maximum aggregate size shall be 1/2 specified lift thickness. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Prepare site for work in accordance with Section 31 05 10. 

B. Layout and stake lines and grades as required to complete the work.   

C. Layout of work is to be performed and certified in writing by a licensed surveyor. 

3.02 EMBANKMENT FOUNDATION PREPARATION 

A. Foundations for embankment fill shall be stripped in accordance with Section 31 05 10 to 
remove vegetation and topsoil.  If shown, or required to remove unsuitable materials, provide 
excavation work. 

B. Except as otherwise specified, grade earth foundation surfaces to remove surface 
irregularities and scarify parallel to axis of fill or otherwise acceptably score and loosen to a 
minimum depth of 2 in.  Control moisture content of loosened material as specified for 
Embankment Fill, and compact and bond surface materials with first layer of fill as specified 
for subsequent layers of fill. 

C. Foundation and abutment surfaces shall be not steeper than 1 horizontal to 1 vertical, unless 
otherwise specified.  Fill test pits and other cavities with material conforming to specifications 
for earth fill. 

D. Keep earth abutment surfaces free of loose, uncompacted earth in excess of 2 in. in depth 
normal to slope and at a moisture content that embankment fill can be compacted against 
them to affect a good bond between fill and abutments.  Clear rock foundation of loose 
materials by hand or other effective means.  Keep foundations and abutments free of 
standing water when fill is placed. 

3.03 EXCAVATION FOR STRUCTURES 

A. Excavate to achieve necessary dimensions, lines, and grades.  Conform to elevations and 
dimensions shown within a tolerance of plus or minus 1 in., and extending a sufficient 
distance from footings and foundations as required for bracing and supports, concrete 
formwork, installation of services, other required construction, and for inspection. 

B. For footings and foundations, take care not to disturb bottom of excavation.  Excavate to final 
grade just before concrete is placed.  Trim bottoms to required lines and grades to leave 
solid, undisturbed base to receive granular fill, base course, or concrete as shown. 



31 20 00-5 

3.04 TRENCHING 

A. Excavate trenches so that pipe can be laid safely and accurately to required line and grade.  
Hand excavate for bells, fittings and projections to allow for proper jointing and to ensure that 
pipe rests evenly along barrel and is not resting on bell. 

B. In sand and gravel soils, bottom of trench may be shaped to fit bottom 1/3 of pipe.  In silt or 
clay soils, bottom of trench shall be 4 in. below pipe barrel and 3 in. below bell.  In rock, 
bottom of trench shall be 6 in. below pipe barrel.  Under foundations and footings, bottom of 
trench shall be 8 in. below pipe.  Provide Granular Bedding as specified below. 

C. Trench widths in ordinary soil shall be limited at top of pipe to not less than a 6 in. clearance 
on either side of barrel to allow for installation of bedding material between pipe and trench 
wall.  Maximum trench width at top of pipe shall be outside pipe diameter plus 24 in. (30 in. 
minimum).  Trench above top of pipe may be sloped, stepped or vertical to comply with state 
and federal regulations regarding trenches. 

D. Minimum trench width in rock shall not be less than that for ordinary soil.  Maximum trench 
width shall be outside pipe diameter plus 18 in. for an unsheathed trench, and outside pipe 
diameter plus 24 in. for sheathed trench. 

3.05 UNAUTHORIZED EXCAVATION 

A. Unauthorized excavation consists of removal of materials beyond indicated elevations or side 
dimensions without specific direction of A/E.  Unauthorized excavation, as well as remedial 
work, shall be at Contractor's expense.  Notify A/E prior to backfilling if unauthorized 
excavations are made. 

B. Under footings, foundations, underpinning, equipment bases, and retaining walls, fill 
unauthorized excavation by extending indicated bottom elevation of footing or base to 
excavation bottom, without altering required top elevation.  Lean concrete or compacted fill 
may be used to bring elevations to proper position when approved by A/E. 

C. Elsewhere, backfill and compact unauthorized excavations as specified for authorized 
excavations of same classification, unless otherwise directed. 

3.06 STABILITY OF EXCAVATIONS 

A. Maintain sides and slopes of excavations in a safe condition until completion of backfilling.  
Slope sides of excavations to angle of repose of material excavated; otherwise, shore and 
brace where sloping is not possible either because of space restrictions or stability of material 
excavated.  Take precautions to prevent slides or cave-ins when excavations are made in 
locations adjacent to backfilled excavations, and when sides of excavations are subjected to 
vibrations from traffic, machinery, or any other source.  Comply with applicable codes and 
ordinances. 

3.07 SHORING AND BRACING 

A. Carry down shoring and bracing as required as excavation progresses.  Maintain shoring and 
bracing while excavations are open. 

B. Provide and maintain shoring and bracing, such as sheet piling, uprights, stringers and cross-
braces, in good serviceable condition.  Use timbers that are sound and free of large or loose 
knots. 

C. Provide permanent steel sheet piling or pressure treated timber sheet piling wherever 
subsequent removal of sheet piling might permit lateral movement of soil under adjacent 
structures.  Cut off tops as required and leave permanently in place. 
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3.08 DEWATERING 

A. Perform earthwork in a manner to prevent surface water and ground water from flowing into 
excavations.  Promptly remove water from excavations using pumps, sumps, and dewatering 
system components necessary to convey water away from excavations.  If underground 
springs are encountered, notify A/E before proceeding. 

B. Convey water removed from excavations and rain water to collection or run-off areas.  
Provide and maintain temporary drainage ditches and other diversions outside excavation 
limits for each structure.  Do not use foundation or utility trench excavations as temporary 
drainage ditches. 

C. Provide filter material, trash screens, and other devices around pumps and intakes to avoid 
pumping or discharging sediment from construction site.   

D. Provide pumping to maintain water level in work areas at least 12 inches below prepared 
subgrade. 

3.09 STOCKPILING 

A. Stockpile excavated materials meeting the requirements for fill and backfill where directed 
until required for the work.  Place, grade, and shape stockpiles for proper drainage.  Locate 
stockpiles a sufficient distance from edge of excavations, even though such excavations may 
be sheeted and braced, to prevent such material from falling or sliding into excavations and 
to prevent cave-ins. 

3.10 COLD WEATHER PROTECTION 

A. Protect excavation bottoms against freezing when atmospheric temperature is less than 35 
deg F by covering with dry insulating materials of sufficient depth to prevent frost penetration. 

3.11 SUBGRADE EXAMINATION AND PREPARATION 

A. Examine subgrade prior to placing fill.  Remove organic materials and debris subject to rot or 
corrosion.  Plow, strip, or break-up sloped surfaces steeper than 1 vertical to 4 horizontal so 
that fill material will bond with subgrade.   

B. In structure and pavement areas, proof-roll exposed subgrade in overlapping passes in a 
perpendicular grid pattern with a fully-loaded tandem-axle dump truck weighing not less than 
10 tons, or other equipment of similar size and weight, to compact subgrade and detect areas 
which must be undercut or improved.  Inform A/E of unsuitable, unconsolidated subgrade 
soils.   

C. After subgrade soil is stable, scarify top 6 to 8 in., moisture condition, and compact surface to 
density specified in Part 4 Schedules.   

D. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or 
construction activities, as directed by A/E, without additional compensation.   

3.12 ADDITIONAL EXCAVATION (OVER EXCAVATION) 

A. If unsuitable bearing materials, such as poorly compacted fill, existing foundations, rubble, 
debris, or organic deposits, are encountered at required subgrade elevations, carry 
excavations deeper and replace excavated material with properly compacted Structural Fill 
as directed by A/E.   

B. Where over excavation below footing subgrade is required, widen over excavation beyond 
footing edges at least 1 ft for each 1 ft of over excavation depth.   
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C. Removal of unsuitable material and its replacement as directed will be paid for as extra work, 
unless a pay item is included in the Bid Schedule.  Do not proceed with extra or unit price 
work until authorized.   

3.13 EQUIPMENT-PLACED ROCK AND COBBLE SHELL 

A. Place Rock and Cobble Shell material at the locations, thicknesses, lines, and grades shown 
on the Drawings. 

B. Stones with typical stone dimensions that are equal to D50 and larger shall be placed at the 
top surface with faces and shapes matched to minimize voids and form as smooth a surface 
as practical. Dumping and backhoe placement alone is not sufficient to ensure a properly 
interlocked system. The material may be machine-placed and then arranged as necessary by 
use of an excavator with a multi-prong grappling device or by hand to interlock and form a 
substantial bond. 

C. Hand placement will be required where necessary to correct obvious irregularities and to 
prevent damage to adjacent improvements and wherever equipment placement methods are 
unsatisfactory. 

3.14 PLACEMENT 

A. Do not place fill until required excavation and foundation preparation have been inspected 
and approved.  Do not place fill upon frozen surface; no snow, ice, or frozen material shall be 
incorporated in fill. 

B. Place fill in approximately horizontal layers; do not exceed maximum loose layer thickness 
specified.  Spread piles and windrows uniformly.  Spreading and compacting equipment shall 
travel approximately parallel to centerline of embankment. 

C. Place fill to be hand compacted or compacted by manually directed power tampers in layers 
not to exceed maximum thickness specified for manually compacted fill. 

D. Adjacent to structures, place fill to prevent damage and allow structures to assume loads 
gradually and uniformly at approximately the same rate on all sides of structure.  Do not 
travel heavy equipment over cast-in-place concrete work until cured a minimum of 14 days, 
unless otherwise approved. 

E. Earth fill in dams, levees, and embankments designed to retain water shall meet the following 
requirements: 

1. Distribute materials throughout each zone uniformly, free from lenses, pockets, or 
layers differing substantially in texture or graduation. 

2. Scarify layers too hard and smooth for proper bond with succeeding layer; scarify 
parallel to axis of fill to a depth of 2 in. 

3 Where fill material is placed adjacent to existing embankment, cut the face of the 
existing embankment with minimum of 12 inch vertical cuts stepped up the face of 
embankment prior to placement of new fill.   

4. Maintain top surfaces of fills approximately level during construction, except provide a 
crown or cross-slope of not less than 2 percent for drainage.  If the work requires fill to 
be placed higher at parts of an embankment, maintain top surface of each part level as 
specified above. 

5. Place fill in continuous layers from abutment to abutment, except where openings to 
facilitate construction or to allow stream flow are authorized.  Route equipment travel 
approximately parallel to embankment centerline. 

6. Construct embankments required to be built at different levels so slopes of bonding 
surfaces between adjacent levels of embankment are not steeper than 3 horizontal to 1 
vertical.  Strip bonding surface of loose material and scarify, moisten, and recompact at 
specified moisture content and density to insure good bond with new fill. 
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3.15 CONTROL OF MOISTURE CONTENT 

A. During placement and compaction of fill, maintain moisture content of materials being placed 
within the specified range. 

B. Apply water to fill materials by sprinkling at excavation site or during placement of fill if 
necessary.  Obtain uniform moisture distribution by discing, blading, or other approved 
methods prior to compaction of layer.  If material is too wet when deposited on fill remove or 
dry it to specified moisture content prior to compaction. 

C. If top surface of preceding layer of compacted fill or a foundation or abutment surface in zone 
of contact with fill becomes too dry to permit suitable bond, scarify and moisten it by 
sprinkling to an acceptable moisture content prior to placement of next layer of fill. 

3.16 COMPACTION 

A. Compact each layer of fill to a mass density not less than the percent of maximum density 
specified in 4.01 Compaction Schedule.   

B Provide compaction equipment required to obtain specified compaction.  Compaction by 
travel of grading equipment is not considered adequate for uniform compaction.  Small 
vibratory compactors are required wherever fill is placed adjacent to foundation walls, 
footings, and piers.  Pipe bedding and initial backfill shall be hand or mechanically tamped. 

C. Manually compact fill adjacent to structures to density of surrounding fill by means of 
manually directed power tampers or plate vibrators.  Do not operate heavy equipment within 
2 ft of any structure; do not operate vibrating rollers within 5 ft of any structure.  Compaction 
by means of drop weights will not be permitted. 

D. Do not pass compacting equipment over cast-in-place concrete until cured 14 days (7 days 
for precast concrete with a concrete cradle) or over conduits until backfill has been placed 
above structure to a height equal to one-half the clear span width of structure or pipe or 2 ft, 
whichever is greater.  

E. Compacting of fill adjacent to structures may be started when concrete has attained design 
strength, determined by test cylinders (ASTM C31).  If concrete strength is not determined by 
tests, passage of heavy equipment and compaction of fill adjacent to structures may not be 
started until the following curing periods have elapsed: 

     Minimum 
                                             Structure                                            Curing Period 

 Retaining walls, counterforts, and wing walls 14 days 

 Cast-in-place conduits and risers (forms removed) 14 days 

 Cast-in-place concrete conduits and risers (with inside forms in 7 days 
 place) 

 Walls backfilled on both sides simultaneously 7 days 

 Footings 4 days 

3.17 SOIL FILL 

A. Place and compact fill materials in layers to required elevations as follows: 

1. Under turf and planted areas:  Use General Site Fill. 
2. Under footing, foundation, building slab, pavement, and walk areas:  Use Structural Fill. 
3. For upper 6 in. immediately under building slabs and walks:  Use Granular Fill. 
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4. For backfill behind retaining walls:  Use Structural Fill. 

B. Do not place soil fill on frozen subgrades. 

3.18 GRADING 

A. Grade areas within project limits to achieve cross sections, lines, and elevations indicated.  
Slope grades to direct water away from structures and to prevent ponding.  Finish surface to 
be reasonably smooth and free from irregular surface changes.  Provide a smooth transition 
between adjacent existing grades and new grades.   

B. Finish subgrades to required elevations within the following tolerances: 

1. Turf and Unpaved Areas:  Plus or minus 1 in. 
2. Pavements and Walks:  Plus or minus 0.5 in. 
3. Structure Slabs:  Tolerance of 0.5 in. when tested with 10 ft straightedge. 

3.19 MAINTENANCE 

A. Where completed compacted areas are disturbed by subsequent construction operations or 
adverse weather, scarify surface, re-shape, and compact to required density prior to further 
construction. 

B. Where settling is measurable or observable at excavated areas during general project 
warranty period, remove surface (pavement, lawn or other finish), add fill or backfill material, 
compact, and replace surface treatment.  Restore appearance, quality, and condition of 
surface or finish to match adjacent work, and eliminate evidence of restoration to greatest 
extent possible. 

3.20 DISPOSAL OF EXCESS AND WASTE MATERIALS 

A. Remove excess excavated material and trash, debris, and other waste materials and legally 
dispose of them off-site.   



31 20 00-10 

PART 4  SCHEDULES 

4.01 COMPACTION SCHEDULE 

 

              Lift 
       Material Type                          Usage                         Thickness (1)       Compaction (2)   

 Granular Fill Below concrete slabs. 6" 95% 

  Other designated areas. 8" 95% 

 Structural Fill Under foundations. 8" 95% 

  Below concrete slabs. 8" 95% 

 General Site Fill Unpaved areas 10 ft. or less  8" 95% 
  outside structure line. 

  Unpaved areas more than  12" 90% 
  10 ft. outside structure line. 

 Embankment Fill Embankment 8”-10”(3) 95%(4) 

 (1) Place manually compacted materials in maximum 4 in. layers.  

 (2) Percent of maximum density determined in accordance with ASTM D1557 (Modified Proctor 
test).   

 (3)  Hand compaction of embankment fill is not allowed.   

 (4)  Moisture content of embankment fill to be within 3% of optimum.   

 

END OF SECTION 
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SECTION 31 37 00 
 

RIPRAP 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide loose rock riprap, including geotextile filter fabric, as shown and as specified.  
Comply with applicable provisions of Divisions 00 and 01. 

1.02 SUBMITTALS 

A. Product Data:   

1. Borrow site is shown on the drawings.  Provide access to sources to enable A/E to 
inspect and obtain samples once the riprap is produced.  Do not deliver riprap until 
reviewed by A/E. 

2. Submit fabric product data.  Include material samples, certification of physical 
properties, and installation procedures.   

B. Make submittals in accordance with Section 01 33 00.   

1.03 TESTING 

A. A/E may perform tests to verify that riprap and completed work meet specified requirements.  
However, these tests are not intended to provide Contractor with information it may need to 
assure that materials and workmanship meet requirements of specifications, and their 
performance will not relieve Contractor of responsibility of performing its own tests for that 
purpose. 

PART 2  PRODUCTS 

2.01 RIPRAP 

A. Riprap shall consist of hard, dense, durable stone, angular in shape and resistant to 
weathering.  Rounded stone or boulders shall not be used as riprap material. The stone shall 
have a specific gravity of at least 2.5.  Each piece shall have its greatest dimension not 
greater than three times its least dimension. 

B. Wash riprap, if needed, to remove clays, silts, and fine organic materials. 

C. Riprap gradation shall comply with requirements of Colorado DOT Std. Spec., Section 506, 
Table 506-2.  
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Riprap Size 
Designation 

Percent of Material 
Smaller Than 
Typical Stone 

Typical Stone 
Dimension (inches) 

Typical Stone 
Weight (pounds) 

D50 = 12 inch 70-100 
50-70 
35-50 
2-10 

21 
18 
12 
6 

440 
275 
85 
3 

D50 = 24 inch 100 
50-70 
35-50 
2-10 

42 
33 
24 
9 

3500 
1700 
650 
35 

 

2.02 RIPRAP BEDDING 

A. Material used for riprap bedding shall meet the requirements for Drain Gravel in 
Section 33 41 66 – Drain Fill. 

PART 3  EXECUTION 

3.01 SUBGRADE PREPARATION 

A. Grade subgrade surfaces to lines and grades as shown with an allowance for riprap.  
Remove organic materials.  Compact soft subgrade soils.  When fill to achieve subgrade lines 
is required, provide granular materials. 

3.02 PLACING DRAIN GRAVEL RIPRAP BEDDING 

A. Place riprap bedding at the locations, thicknesses, lines, and grades shown on the Drawings. 

B. General: Surfaces to receive bedding materials shall be smooth and firm, free from 
deleterious materials, and shall be brought to the lines and grades shown on the Drawings.  
Prepare the surfaces that are to receive bedding materials, by rolling and trimming as 
necessary to enable a uniform lift of bedding of the specified thickness to be placed thereon.  
Surface preparation will include, but not be limited to, bringing all low spots up to the lines 
and grades shown on the Drawings with compacted fill and removing all material projecting 
above lines and grades shown on the Drawings. 

C. Placement: Place the bedding materials in a manner that minimizes segregation and results 
in uniform lifts of bedding materials of the thicknesses shown on the Drawings. Place riprap 
bedding materials from the bottom of the slope working up the slope. 

D. Moisture condition the materials as necessary to control dust and to minimize segregation. 

E. Compaction is not required for the bedding materials; however, bedding materials shall be 
spread in such a manner as to form a smooth, uniform layer under the riprap. 

3.03 EQUIPMENT-PLACED ROCK RIPRAP 

A. Place riprap at the locations, thicknesses, lines, and grades shown on the Drawings. 

B. Stones with typical stone dimensions that are equal to D50 and larger shall be placed at the 
top surface with faces and shapes matched to minimize voids and form as smooth a surface 
as practical. Dumping and backhoe placement alone is not sufficient to ensure a properly 
interlocked system. The material may be machine-placed and then arranged as necessary by 
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use of an excavator with a multi-prong grappling device or by hand to interlock and form a 
substantial bond. 

C. Hand placement will be required where necessary to correct obvious irregularities and to 
prevent damage to adjacent improvements and wherever equipment placement methods are 
unsatisfactory. 

3.04 HAND-PLACED RIPRAP 

A. Riprap shall be securely bedded with larger rocks firmly in contact one to another.  Spaces 
between larger rocks shall be filled with smaller rocks and spalls.  Smaller rocks shall not be 
grouped as a substitute for larger rock.  Flat slab rock shall be laid on edge. 

END OF SECTION 
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SECTION 32 92 36 
 

NATIVE SPECIES SEEDING 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide native species seeding as shown and as specified.  Comply with applicable 
provisions of Divisions 00 and 01. 

B. Types of work required include, but are not limited to, the following:   

1. Preparing, topsoiling, seeding, and mulching areas designated on Drawings to receive 
native species seeding.   

2. Maintaining native species seeding for a 1-year period.   

1.02 RELATED SECTIONS 

31 05 10  Site Preparation:  For topsoil removal. 

1.03 SUBMITTALS 

A. Product Data:  Submit product labels for seed mixtures proposed for use on project. 

B. Make submittals in accordance with Section 01 33 00.   

1.04 WORK SEASONS 

A. Conduct seeding during favorable weather conditions. Seeding will only be performed 
between September 1 and when ground freezes, and when the ground thaws and June 1, 
unless approved by Owner’s Representative ““ground thaw” shall be defined as the earliest 
date in a new calendar year in which seed can be buried 1/2" into the surface soil (topsoil) 
through normal drill seeding methods. “ground freeze” shall be defined as that time during the 
fall months in which the topsoil, due to freeze conditions, prevents burying the seed 1/2" into 
the topsoil through normal drill seeding operations. Comply with seed supplier's 
recommendations for planting conditions.   

PART 2  PRODUCTS 

2.01 TOPSOIL 

A. Loam, sandy loam, silty clay loam, or clay loam humus-bearing surface soil; 100% passing 
the 2 in. sieve; neither excessively acid, nor excessively alkaline; reasonably free of subsoil, 
clay lumps, brush, and weeds; and free of extraneous matter harmful to plant growth. 

B. Reuse topsoil salvaged from within work area.  If necessary, obtain topsoil to supplement 
insufficient quantities at site from naturally well-drained local sources; do not obtain from 
bogs or marshes. 

2.02 NATIVE SEED 

A. General:  Deliver in bags tagged and labeled to show percentage of purity and germination.  
Seed shall have been tested within 1-year prior to date of seeding and shall conform to latest 
State and Federal seed laws. 



32 92 36-2 

B. Upland Areas:  Upland seed mixture shall be High Altitude Native Grass Mix by Beauty 
Beyond Belief Wildflower Seed (Boulder, Colorado, 303.530.1222, www.bbbseed.com) or 
approved equal.   

C. Wetland Areas: Wetland seed mix shall be Montane Wet Meadow Mix by Western Native 
Seed (Coaldale, CO, 719-942-3935, westernnativeseed.com), or approved equal. 

2.03 MULCH 

A. Field or marsh hay or straw of oats, barley, rye, or triticale. 

B. Mulch shall be inspected for and Regionally Certified as weed free based on the Regionally 
Designated Noxious Weed and Undesirable Plant List for Colorado, Wyoming, Montana, 
Nebraska, Utah, Idaho, Kansas, and South Dakota   

C. Mulch materials shall not contain excessive moisture which prevents uniform feeding through 
mulching machine. 

2.04 FERTILIZER 

A. Fertilizer as recommended by seed provider. 

PART 3  EXECUTION 

3.01 FINISH GRADING 

A. Disturbed area shall be graded to be reasonably smooth; fill all washes and gullies to 
conform to required lines and grades. 

3.02 TOPSOIL PLACEMENT 

A. After completion of finish grading, place minimum of 4 in. of topsoil over areas indicated to be 
seeded. 

B. Smooth grade topsoil to eliminate irregularities.  Remove rocks and hard soil clods.  Finished 
topsoil grade shall be 1 in. below adjoining grade of any surfaced area.   

3.03 FERTILIZING 

A. Apply fertilizer to prepared topsoil according to seed provider’s recommendations. 

3.04 SEEDING 

A. Subgrade shall be final graded to the design elevation leaving the surface in a roughened 
condition.  Shallow potholes and low ridges can remain following grading to promote variety 
of soil moisture regime conditions.  In no case will a smooth, compacted seed bed common 
to a typical construction site be allowed to remain as the final grade. Re-work previously 
prepared areas that have become compacted or damaged by rains or traffic. 

B. Apply native seed mixture using a drop spreader or broadcast spreader using method and 
application rate recommended by seed provider.   

C. Do not sow immediately following rain, when ground is too dry, when ground is frozen or 
untillable, or during windy periods. 

D. Do not seed areas in excess of that which can be mulched on same day. 
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3.05 MULCHING 

A. Apply straw mulch uniformly in all seeded areas at rate of 1-1/2 tons per acre to a loose 
depth of 1 to 2 in.  Anchor mulch using non-asphalt-based tackifier or mulch nets installed 
and stapled according to manufacturer's recommendations.   

B. Mulch shall be applied within 4 hours after seeding.  Areas not mulched within 4 hours after 
seeding or prior to precipitation or damaging winds on site shall be reseeded with the 
specified seed mix and re-mulched at the Contractor’s expense. 

C. Avoid applying mulch in windy conditions. 

3.06 HYDROMULCHING 

A. At Contractor's option, mulch may be applied by hydromulch method at a minimum rate of 
1700 lb per acre.   

B. Mix components in water using equipment specifically designed for hydromulch application.  
Continue mixing until uniformly blended into homogeneous slurry suitable for hydraulic 
application.  Include nonasphaltic tackifying agent in mixture.   

3.07 POST PLANTING MAINTENANCE 

A. Maintain seeded areas for 1-year following planting.   

B. Follow seed provider recommendations for maintenance and care during the 1-year period 
following planting.  

3.08 ESTABLISHMENT AND REPLACEMENT 

A. Seeded areas which fail to become established during the 1-year maintenance period shall 
be reseeded and maintained to ensure healthy growth.  Because native seed mixtures are 
difficult to assess the first year of growth, satisfactory establishment of the cover crop and 
general erosion control by vegetation shall constitute establishment.   

END OF SECTION 
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SECTION 33 01 36 
 

CURED-IN-PLACE PIPE LINING 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide cured-in-place lining as shown and as specified.  Comply with applicable provisions 
of Divisions 00 and 01. 

B. Existing 30-inch steel outlet pipe to be lined is deteriorating but is generally believed to be 
intact with no obstructions.  Pipe has not been televised by Owner.   

C. Cured-in-place lining shall be installed over the length of the 30-inch steel outlet pipe, both 
existing and newly installed, from just downstream of the intake structure elbow to the outfall 
structure. Lining of the intake structure elbow is not required. 

D. The pipe shall be televised before and after installation of the cured-in-place lining. 

1.02 RELATED SECTIONS 

33 42 15  Piping and Accessories. 

1.03 SUBMITTALS 

A. Product Data:  Submit product data for lining materials.   

B. Installer Qualifications:  Submit documentation of installer qualifications as specified in 
"Quality Assurance" article below. 

C. Work Procedures:  Submit proposed procedures for review at least 10 days prior to beginning 
lining operations. Proposed procedures shall include: 

 1. Proposed materials (e.g., liner, resin, end treatments, etc.). 
 2. Manufacturer’s technical literature. 
 3. Installation instructions. 
 4. Test methods. 
 5. Certifications for liner materials, resins, tube, cure method, etc. 
 
D. All design calculations for the CIPP including liner thickness for the parameters specified. 
 
E. Pre- and Post-Installation Video Inspection Reports: Contractor shall complete video 

inspections of the pipe to be lined both before and after installation of the CIPP liner. Submit 
reports of inspections performed. Video shall be recorded on a standard definition DVD 
suitable for use in a computer DVD drive.   

F. Curing logs. 

G. Make submittals in accordance with Section 01 33 00.   

1.04 QUALITY ASSURANCE 

A. Liner installer shall have a minimum of 20,000 linear feet of pipe lining experience with the 
specified product. Liner installer shall provide contact information for the owners of such 
projects upon request. 
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1.05 PATENTS 

A. Contractor shall warrant to Owner that the methods, materials and equipment used herein, 
where covered by patents, are furnished in accordance with applicable licenses and that the 
prices included on Bid Form include applicable royalties and fees in accordance with such 
license.  Warranty shall include defense against claims from infringement of patent and shall 
save harmless Owner and his Representatives from loss on account thereof. 

1.06 TESTING 

A. Contractor shall arrange and pay for testing of the CIPP liner by a qualified testing agency, 
acceptable to Owner and independent of Contractor. 

B.  A minimum of one (1) 12-inch long restrained sample shall be taken from the installed liner at 
a location to be approved by A/E and SEO. The sample shall be tested for flexural modulus 
and flexural strength according to ASTM D790 and thickness according to ASTM D2122. 
Test results must meet the design requirements.  

C. A minimum of three (3) flat plate samples (i.e., coupons) shall be prepared from the tube and 
resin system. Coupon samples must be fully bonded and cured. The samples shall be tested 
for flexural modulus and flexural strength according to ASTM D790. Flexural modulus and 
strength test results must meet the design requirements.  

D. Contractor shall field measure liner thickness at a minimum of eight (8) locations along the 
liner’s length in accordance with ASTM D2122. Measured thicknesses must equal or exceed 
the design thickness. 

PART 2  PRODUCTS 

2.01 LINING MATERIAL 

A. General:  Pipe lining system must be recommended by the manufacturer for the type of 
application shown on the Drawings. A/E and SEO approval of pipe lining system is required. 

B. Size:  Liner shall be properly sized to diameter and length as shown. Contractor shall field 
verify pipe length and diameter prior to ordering liner. The liner shall be manufactured to 
expand sufficiently but not greater than 10 percent, achieving a tight fit against the host pipe 
after installation. 

C. Structural Capacity: Contractor shall design the pipe lining system according to the following 
parameters: 

 1.  No less than 58 ft of overburden material with an estimated unit weight of 125 lb per cu ft 
 (pcf).  

 2. Minimum live loading: HS-20. 
 3. Assume 2% ovality (to be refined following pre-installation inspection). 
 4. Assume fully deteriorated host pipe. 
 5. Initial Flexural Strength: 4,500 psi (minimum). 
 6. Initial Flexural Modulus of Elasticity: 250,000 psi (minimum). 
 
D. Tube Material:  Liner shall be constructed to meet the requirements of ASTM F2019. Glass 

fiber material is required for this application. Felt liners are not acceptable. 

E. Curing:  The glass fiber liner shall be cured with UV light sources at a constant inner 
pressure. 

F. Service Life: A minimum service life of 50 years is required for the installed product. 
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2.02 RESIN MATERIAL 

A. All resin must be able to cure by UV light. 

B. Resin system may be of the corrosion-resistant vinyl ester or polyester type. When properly 
cured within the tube composite, the resin system must meet the physical property 
requirements of ASTM F1216 and ASTM F1743. 

2.03 UV LIGHT SYSTEM 

A. UV light system shall have the ability to record parameters during the curing process to 
ensure that the liner is properly cured. Minimum recording parameters include the project 
name, date and time, curing speed, light source and wattage, inner air pressure, inner 
temperatures, and length of liner. Recording parameters shall be documented in the curing 
logs to be submitted to A/E and SEO for review (see Section 1.03). 

2.04 END TREATMENTS 

A. Provide end treatment(s) to transition from CIPP-lined pipe to unlined steel pipe. End 
treatments shall prevent CIPP liner from separating from the host pipe because of water 
pressure and high flow velocities. End treatments shall be designed for a minimum static 
head of 75 ft and a minimum flow velocity of 40 ft/s. 

B. End treatments shall be rubber membrane seals manufactured in compliance with ASTM 
D3900 and ASTM D3568. Rubber membrane seals shall be secured using stainless steel 
retaining bands. Stainless steel retaining bands shall comply with UNS S30400 (Type 304), 
UNS S31600 (Type 316), UNS S31603 (Type 316L), or UNS N08367 (AL-6XN) and shall 
conform to ASTM A240 Standard Specifications for heat-resisting chromium and chromium-
nickel stainless steel plate, sheet, and strip for pressure vessels. All material such as push 
tabs, shims, and wedges shall be made compatible with the base metal selected. 

C. Contractor may use alternative end treatment methodology if approved by A/E and SEO. 

PART 3  EXECUTION 

3.01 PIPE PREPARATION 

A.  All internal debris shall be removed from the original pipeline. Pipeline shall be cleaned with 
hydraulically powered equipment, high velocity jet cleaners, or mechanically powered 
equipment as required for the CIPP lining operation. 

3.02 PRE-INSTALLATION PIPE INSPECTION 

A. Inspect pipe after cleaning.  

B. Inspection of pipe shall be performed by experienced personnel trained in locating breaks, 
obstacles, and service connections by closed-circuit television. The interior of the pipe shall 
be carefully inspected to determine the location of any conditions that may prevent proper 
installation of the proposed pipe lining operation, such as protrusions, collapsed or crushed 
pipe, infiltration conditions, and reductions in the cross-sectional area. These conditions shall 
be noted and brought to A/E's attention immediately. The pre-installation video (copy) shall 
be turned over to the A/E prior to pipe lining. 

C. Contractor shall measure the internal diameter of the existing pipe at least three (3) locations. 
Prior to ordering of the liner, verify the internal dimensions of the existing pipe to ensure that 
the lining utilized will be of appropriate dimension. 

D.  Based on the results of the inspection, Contractor shall make design modifications, as 
required, prior to ordering the liner. 



33 01 36-4 

3.03 INSTALLATION OF LINER 

A. Install liner according to manufacturer’s recommendations and ASTM F2019.  

B. Finished lining shall be continuous over entire length of an insertion run from just downstream 
of the low-level intake structure elbow (upstream) to the outfall structure (downstream) and 
shall be as free as commercially practicable from visual defects such as foreign inclusions, 
dry spots, pinholes, and delamination.  Lining shall be impervious and free of any leakage 
from pipe to surrounding ground or from ground to inside of lined pipe. 

C. Defects which will affect integrity or strength of lining in the foreseeable future or warranty 
period shall be repaired at Contractor's expense in a manner mutually agreed by Owner and 
Contractor. 

D. Gliding Foil: A continuous heavy gauge (10mm) plastic sheet shall be pulled into place over 
the entire length of host pipe, covering 1/3 to 1/2 the diameter of lower portion of the host 
pipe, protecting liner during the pull in process. 

E. Liner Installation: Liner shall be securely attached to winch and pulled into place taking care 
not to exceed pulling forces as stated in manufacturer’s installation protocol. 

F. Liner Inflation: Liner shall be inflated per manufacturer’s inflation process. Once inflated to 
working pressures the liner shall fit tightly against the host pipe. 

G. Pre-Curing Inspection: Once working inflation pressures are reached, the liner shall be 
inspected by closed-circuit television on light assembly checking for proper fit and expansion 
of the liner. Contractor shall repair any identified deficiencies or irregularities. 

3.04 CURING 

A. Cure liner using UV light according to ASTM F2019. 

B. Initial curing speeds shall start off at a sufficient speed to ensure the first 15 ft of liner is cured 
properly, ramping up to working speed to properly cure the remainder of liner per 
manufacturer’s protocol. The same process shall be adhered to during the last 15 ft of liner. 

C.  Provide curing logs to Owner, A/E, and SEO within 24 hours of installation. 

3.05 END TREATMENTS 

A. Install end treatments per manufacturer’s recommendations. 

3.06 POST-INSTALLATION INSPECTION 

A. Upon completion, perform a visual inspection (or closed-circuit television inspection if a visual 
inspection is not possible) of the installed CIPP. Inspection shall be in accordance with ASTM 
F1743. Provide post-installation video (copy) to Owner, A/E and SEO within 24 hours of the 
inspection. 

B. Installed liner shall be free from visual defects such as foreign inclusions, dry spots, keel, 
boat hull, pinholes, wrinkles, fins, and other deformities. Defects and deformities may, at the 
discretion of the A/E or SEO, be cause for rejection of the entire liner. 

3.07 WARRANTY 

A. The finished liner shall be warranted against defects in material and installation for a period of 
1 year from the date of completion of the installation. The Contractor shall be responsible to 
repair all installation defects, for the one year warranty period. The Contractor shall be 
responsible to cover all costs, including materials and labor, associated with these repairs. 
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Contractor shall also be responsible to repair damage to the installed liner that may occur 
because of other ongoing construction activities. 

END OF SECTION 
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SECTION 33 41 66 
 

DRAIN FILL 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide Drain Fill for drainage blankets and as riprap bedding as shown and as specified.  
Comply with applicable provisions of Divisions 00 and 01. 

1.02 RELATED SECTIONS 

01 57 60 - Construction Dewatering. 
31 20 00 - Earth Moving and Embankments. 
33 42 15 - Piping and Accessories. 
 

1.03 SUBMITTALS 

A. Drain Fill Source:  At least two weeks prior to start of construction, submit source and sample 
results of proposed Drain Fill materials.   

B. Test Report:   

1. Grain size analysis in accordance with ASTM C136 of proposed Drain Fill to demonstrate 
acceptability of source. 
2. Optimum moisture-maximum density curve for fill materials in accordance with ASTM 
D1557.   

C. Make submittals in accordance with Section 01 33 00.   

1.04 TESTING 

A. A/E will perform tests to verify Drain Fill in place.  These tests are not intended to provide 
Contractor with information needed to assure proper execution of work and test performance 
will not relieve Contractor of responsibility of performing tests for that purpose. 

B. At least one grain size analysis will be performed for each type of Drain Fill for each 100 lin ft 
along the embankment where Drain Fill is placed.  Contractor shall provide A/E free access 
to placed material for purpose of obtaining samples for testing.  Samples will be obtained 
from in-place, compacted Drain Fill. 

C. Contractor shall arrange and pay for soil sampling and testing by a qualified testing agency, 
acceptable to Owner and independent of Contractor.   

D. Field Testing:   

1. Perform a minimum of one field density test for each vertical foot of Drain Fill for every 
100 lin ft of Drain Fill placement. 

2. Field density tests shall be in accordance with ASTM D6938 or ASTM D1556.   
3. Where soil materials do not conform to type or density specified, soil shall be replaced 

or reworked to conform.  Cost of extra tests for replaced or reworked areas shall be 
paid for by Contractor.   
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1.05 DELIVERY, STORAGE, AND HANDLING 

A. Drain Fill aggregates shall be stored and handled by methods that prevent segregation of 
particle sizes or contamination by other materials. 

PART 2  PRODUCTS 

2.01 DRAIN FILL MATERIALS 

A. Drain Fill aggregates shall be sand, gravel, crushed stone or mixtures thereof, composed of 
clean, hard, durable mineral particles free from organic matter, clay balls, soft particles, 
excessive fine-grain soils, or other substances that would interfere with their free-draining 
properties.  

1. Not more than 15 percent, by weight, shall be flat, elongated particles.   
2. Not more than 5 percent of material finer than a No. 4 sieve shall be crushed limestone. 
3. Material passing the No. 200 shall be non-plastic.   

B. Drain Fill shall comply with the following gradation by weight:   

 Percent Passing 
Sieve Designation Type 1(1) Type 2(2)       Drain Gravel(3) 

1"   
3/4"  100 
1/2"      100 
3/8" 100 90-100  85-100 
No. 4 95-100 20-55   10-30  
No. 8 80-100 5-30    0-10 
No. 16 50-85 0-10     0-5 
No. 30 25-60 
No. 50 5-30 0-5 
No. 100 0-10 
No. 200 0-5 
 

(1) ASTM C33 Fine Aggregate 
(2) ASTM D448 No. 89 
(3) ASTM No. 8 
 

C. Type 1 Drain Fill shall have a minimum moisture content of 10%. Additional water may be 
added in the field.   

PART 3  EXECUTION 

3.01 DRAINFILL COMPACTION TEST 

A. Contractor shall construct a Type 1 testing area at a location off the dam footprint. The 
purpose of this test area is to construct a large enough test area to place and compact Type 
1 Drain Fill by the methodology selected by Contractor. 

B. Provide minimum two weeks notice to A/E of when test will be completed.  Test to be 
completed under observation of A/E and SEO.   

C. Test shall be conducted by placing a one foot sacrificial layer of Type 1 Drain Fill.  A second 
lift, placed using a maximum 8” lift thickness, will be placed and compacted by the 
contractors chosen methodology. 
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D. Contractor shall arrange and pay for soil sampling and testing of the compacted Type 1 Drain 
Fill by a qualified testing agency, acceptable to Owner and independent of Contractor.  
Testing agency shall complete at least two (2) field density tests on the test section (using 
either ASTM D6938 or ASTM D1556) to determine if specified level of compaction is 
achieved. Testing agency shall also complete  one (1) grain size analysis (using ASTM C136) 
to ensure compaction method does not result in an unacceptable level of particle breakdown. 

E. If specified compaction is not achieved, additional test compaction efforts will be required 
until specified compaction and gradation is achieved. 

F. A/E and Contractor shall document the required compaction effort to achieve design 
compaction and this methodology shall be used for placement of Type 1 Drain Fill on the 
project.   

G. Placement of Type 1 Drain Fill may not occur until A/E and SEO approve of the Contractor’s 
proposed compaction method. 

3.02 PREPARATION 

A. Foundation surfaces and trenches shall be clean and free of organic matter, loose soil, 
foreign substances, and standing water when Drain Fill is placed.  Earth surfaces upon or 
against which Drain Fill will be placed shall not be scarified. 

B. Contaminated Drain Fill near edge of each excavation section shall be removed prior to 
continuation of placement of Drain Fill. 

C. Do not prepare any more base than can be satisfactorily covered that same working day. 

3.03 PLACEMENT 

A. Drain Fill shall not be placed until subgrade has been inspected and approved by A/E.  Drain 
Fill shall not be placed over or around pipe or drain tile until installation of pipe or tile has 
been inspected and approved. 

B. Type 1 Drain Fill shall be placed uniformly in layers not more than 8 in. deep before 
compaction.  When compaction is accomplished by manually controlled equipment, layers 
shall be not more than 8 in. deep.  Material shall be placed in a manner to avoid segregation 
of particle sizes and to ensure continuity and integrity of all zones.  No foreign materials shall 
be allowed to become intermixed with or otherwise contaminate Drain Fill. 

C. Type 2 Drain Fill shall be place to lines shown.  Place Type 2 material to form a smooth 
uniform layer around drain pipes.   

D. Traffic shall not be allowed to cross over drains at random.  Equipment crossovers shall be 
maintained, and number and location of such crossovers shall be established and approved 
prior to beginning of Drain Fill placement. Each crossover shall be cleaned of all 
contaminating materials and shall be inspected and approved by A/E before additional Drain 
Fill is placed. 

E. Damage to foundation surface or to sides or bottoms of trenches occurring during placement 
of Drain Fill shall be repaired before Drain Fill placement is continued. 

F. Upper surface of Drain Fill constructed concurrently with adjacent zones of earth fill shall be 
maintained at an elevation at least 1 ft above upper surface of adjacent fill. 

G. Drain Fill over or around pipe or drain tile shall be placed in a manner to avoid displacement 
of pipe or tile in line or grade. 
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3.04 CONTROL OF MOISTURE 

A. Type 1 Drain Fill shall be near saturated during placement. When addition of water is 
required, it shall be applied in such a way as to avoid excessive wetting of adjacent earth fill. 

3.05 COMPACTION 

A. Type 1: Compact to 70% relative density.  Avoid over compaction of Drain Fill.  A/E will 
compare stockpiled and in-place Drain Fill samples and particle breakdown by over 
compaction cannot exceed 2%. 

B. Type 2 and Drain Gravel: No compaction of Type 2 drain material and Drain Gravel will be 
required beyond that resulting from placing and spreading operations. 

END OF SECTION 
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SECTION 33 42 15 
 

PIPING AND ACCESSORIES 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide piping and accessories as shown and as specified.  Comply with applicable 
provisions of Divisions 00 and 01. 

1.02 RELATED SECTIONS  

31 20 00  Earth Moving and Embankments.   
33 01 36  Cured-in-Place Pipe Lining. 
33 41 66  Drain Fill. 
40 70 10  Instrumentation. 

1.03 QUALITY ASSURANCE 

A. Welding Standards:  Comply with applicable provisions of AWS D1.1 "Structural Welding 
Code--Steel" and AWS D1.3 "Structural Welding Code--Sheet Steel."  Certify that each 
welder has satisfactorily passed AWS qualification tests for welding processes involved and, 
if pertinent, has undergone recertification.   

1.04 SUBMITTALS 

A. Product Data:  Submit product data for pipe, fittings, and other piping accessories.   

B. Test Reports:  Submit report for leakage testing. 

C. Record Drawings:  Accurately record locations of pipe and field changes on a set of 
Drawings.  Prior to final application for payment, deliver record drawings to A/E. 

D. Make submittals in accordance with Section 01 33 00.   

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Carefully unload and store pipe to prevent chipping, cracking, or damage to surface coatings.  
Pipe shall not be skidded upon ground.  Repair damaged coatings. 

PART 2  PRODUCTS 

2.01 HDPE PIPE 

A. ANSI/AWWA C906, DR 32.5, high density, perforated or non perforated pipes.  Joints shall 
consist of an integral bell and spigot and shall be water tight according to requirements of 
ASTM D3212 (10.8 psi pressure test).   

B. Pipe perforations shall meet the following specifications 

C. Capacity of each perforation : 0.08 gpm 

D. Hole Size: 5/32” or 3.9688 mm 

E. Hole Spacing: 8 holes equally spaced around pipe circumference, every 1” of pipe 
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2.02 STEEL PIPE 

A. Steel pipe conforming to AWWA C200 and having the following minimum wall thickness: 

   Diameter   Minimum Wall Thickness 

 30" 0.375" 

B. Joints shall be in accordance with AWWA C200.  Joints must be welded.  Pipe ends for field-
welded joints shall be beveled in accordance with AWWA C206. 

C. Steel pipe shall have an interior lining of primer and coal-tar enamel (AWWA C203), cement 
mortar (AWWA C205), or near-white blast cleaned (SSPC SP-10) and painted with one 7-mil 
coat of coal-tar epoxy, unless otherwise noted. 

D. Exterior of all pipe shall receive two coats of coal tar epoxy, 7 mils dry thickness per coat, 
applied to commercial blast cleaned surface (SSPC SP-6). 

2.03 STAINLESS STEEL HYDRAULIC TUBING 

A. Tubing: Stainless steel hydraulic tubing per ASTM A269, TP304, seamless. 

1. Nominal pipe sizes as per Drawings. 
2. Pipe schedule suitable for service under the following conditions: 

a.  125 barg pressure. 
b. 25 second opening time. 
c. 10 second closing time. 
d. Minimum wall thickness shall be: 

1) 3/4" OD tubing and smaller: 0.049 inches. 
2) 7/8” to 1” OD tubing: 0.065 inches. 
3) 1-1/4” to 1-1/2” OD tubing: 0.095 inches. 

3. Confirm pressure requirements of equipment and increase thickness as required if the 
maximum working pressure is higher. 

B. Fittings: Stainless steel “Seal-Lok” tubing fittings per SAE J1453 and ISO 8434-3 
manufactured by Parker Hannifan Corporation, or approved substitute.   

2.04 PVC PLASTIC PIPE 

A. Poly (vinyl chloride) (PVC) plastic pipe, Sch. 40, type 1, grade 1, meeting requirements of 
ASTM D1785, unless otherwise designated.  Joints shall be solvent cement type or threaded 
type (Sch. 80 only) using teflon tape. 

B. Provide Sch. 40, ASTM D2466 or D2467, socket-type fittings, in size and classification the 
same as connecting pipe, suitable for solvent cement joints, unless otherwise noted. 

C. Solvent cement shall be a compatible solution of type 1, grade 1, unplasticized PVC plastic 
compound in accordance with ASTM D2564, free-flowing and free of lumps, undissolved 
particles or foreign matter that will adversely affect ultimate joint strength or chemical 
resistance. 

2.05 GALVANIZED STEEL PIPE 

A. Steel pipe, welded or seamless, conforming to ASTM A53; Sch. 40, unless otherwise 
designated. 

B. Provide welded or flanged joints for piping 2-1/2 in. diameter and larger and threaded joints 
for piping 2 in. diameter and smaller, unless otherwise designated.  Steel welding fittings shall 
be ANSI B16.9, std. wt.; steel flanges shall be ANSI B16.5, Class 150; and malleable iron 
threaded fittings shall be ANSI B16.3, Class 150; unless otherwise designated. 
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C. Where designated, plastic coating and wrap shall comply with requirements of American Gas 
Association. 

2.06 DUCTILE IRON PIPE 

A. Ductile iron pipe shall conform to AWWA C151, Class 52 unless otherwise shown.  Pipe 
sections shall be straight and true circular sections with inner and outer surfaces concentric.  
Pipe sections shall be at least 16 ft long. 

B. Fittings shall conform to AWWA C110 or C153, 250 psi working pressure. 

C. Pipe and fittings shall have standard thickness cement mortar lining and interior bituminous 
coating conforming to AWWA C104.  Apply bituminous seal coat on exterior of pipe and 
fittings conforming to AWWA C151.  Coatings shall be smooth, tough and tenacious and 
impervious to water without tendency to scale off, and shall not be brittle. 

D. Pipe joints shall be either push-on type (slip joint) or mechanical joint conforming to AWWA 
C111. 

2.07 RODENT GUARD 

A. Rodent guard to be fabricated from galvanized metal with bolt on band and expanded metal 
screen. 

2.08 DUCTILE IRON SEWER ADAPTER 

A. Ductile iron body with rubber gasket.   

2.09 PIPE STRAP 

A.  Heavy-duty, 2-hole type, galvanized. 

2.10 EXPANSION ANCHORS 

A. Description:  Wedge type, torque-controlled expansion anchors with washers. 

B. Acceptable Manufacturers:  Anchors shall be Hilti, ITW Ramset/Red Head, Powers 
Fasteners, Simpson Strong-Tie, Wej-it, or approved equal. 

C. Materials:  Provide stainless steel anchors of diameter indicated on the Drawings.   

1. Stainless Steel Anchors:  ASTM F593 stainless steel bolts and ASTM F594 stainless 
steel nuts, Alloy Group 1 or Alloy Group 2. 

2.11 FLEXIBLE CONDUIT SEAL 

A. Description: Provide a flexible, foam-based conduit seal to prevent water from flowing into 
bottom of the 8-inch PVC pipe used to house the hydraulic lines. Seal must be removable 
without causing damage to the PVC carrier pipe or surrounding concrete. 

B. Required sealing head: 50 ft. 

C. Required operating temperature: 20 to 100 ⁰F. 

D. Acceptable manufacturers: Duraline Hydra-Seal S-60 or approved equal.  
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PART 3  EXECUTION 

3.01 LINE AND GRADE 

A. Provide staking as required to install pipe and drainage structures to line and grade as shown 
on Drawings. 

3.02 LAYING OF PIPE 

A. Where practicable, begin at lowest point of proposed pipe line; lay with bell end or receiving 
groove edge upstream in direction of laying. 

B. Cut in and connect to existing pipe and drainage structures as required.  When connection to 
an existing pipe is required, contact A/E if adjustments to inverts are needed.   

C. Pipe shall be laid immediately following the trench preparation and bedding provisions of 
Section 31 20 00 / 31 23 33.   

D. Exercise care when handling pipe.  Ropes, slings, or other devices must be used for lowering 
pipe into trench.  Only pipe which is suitable for use is to remain on site.  Damaged or broken 
pipe shall be immediately separated from acceptable pipe. 

E. Lay pipe uniformly to line and grade on a prepared bed providing even support along entire 
barrel.  Excavate bell holes in bedding material so pipe will rest on barrel and not on bell.  As 
work progresses, interior shall be cleared of dirt and debris.  Do not lay pipe where water is 
above bedding material except where A/E determines that foundation is stable, pipe will not 
be displaced upward, and joint construction will not be affected by water. 

F. Each pipe shall be bedded by hand or by equally careful means to 12-in. cover before laying 
subsequent pipes.  Fill space between pipe and trench wall in 6-in. layers and manually 
compact.  Pipe sizes larger than 15-in. diameter may require mechanical compaction of 
bedding material. 

G. When work is not in progress, water may be allowed to flow into newly laid pipe if provisions 
are made to prevent dirt from washing into pipe. 

3.03 JOINTING 

A. Joint materials and methods shall conform to manufacturer's recommendations. 

B. Pipe joints shall be clean before joints are made.  No joints shall be made under water. 

3.04 ALIGNMENT AND GRADE 

A. Contractor shall view the HDPE drain pipe and PVC hydraulic carrier and vent pipes after 
installation and backfill using a televised inspection. If defects are found due to failure of 
installation or materials, Contractor shall promptly correct defects at no additional cost to 
Owner.   

3.05 FIELD CUTTING PERFORATIONS 

A. Field drill perforations in HDPE pipe if manufactured product does not meet specifications.   

3.06 SECURING PIPE TO CONCRETE 

A. Secure pipe to concrete as shown on the Drawings using straps and expansion anchors. 
Required strap spacing and anchor embedment depths are indicated on the Drawings. Install 
expansion anchors according to manufacturer’s instructions. Expansion anchors shall not be 
installed into concrete that is less than 7 days old. 
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3.07 INSTALLING FLEXIBLE CONDUIT SEAL 

A. Install at location shown on Drawings according to manufacturer’s instructions. 

END OF SECTION 
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SECTION 35 22 28 
 

STAINLESS STEEL SLIDE GATES 

PART 1  GENERAL 

1.01 SUMMARY 

A. Install Owner-provided stainless steel slide gate, accessories, and operators as shown and 
as specified.  Comply with applicable provisions of Divisions 00 and 01. 

1.02 RELATED SECTIONS 

03 30 00 – Cast-in-Place Concrete. 
33 42 15 – Piping and Accessories.  

1.03 SUBMITTALS 

A. O/M Manuals:  Submit installation instructions and operation and maintenance manuals for 
slide gate and operators.   

B. Design Computations:  Submit fabricator’s design computations for gate and stem. 

C. Certifications:  Submit certifications from fabricator that gate meets applicable ASTM and 
AWWA standards. 

D. Make submittals in accordance with Section 01 33 00.   

PART 2  PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Owner will procure slide gate, accessories, and operators and store for Contractor to obtain 
and deliver to site. Owner will notify Contractor of storage location prior to construction. 

B. The following Articles 2.02 through 2.07 are provided for State submittal requirements and 
Contractor information.   

2.02 DESIGN REQUIREMENTS 

A. Design gates to comply with AWWA C561 and the following conditions. 

B. Gates shall have self-adjusting seals.  Gates that utilize adjustable wedges are not 
acceptable. 

C. To compensate for debris strikes, gate bottom edge shall be designed to resist a static load 
of 1,000 lb per lin ft that is applied 3 in. above gate bottom lip.  

D. Gates shall be operable at variable gate open positions in increments of 0.10 ft to regulate 
flow.  Gate shall be able to remain in any closed, partially open, or fully open position for long 
periods of time without excessive vibrations. 

E. Gates shall not vibrate excessively during opening, closing, or static positioning.    

2.03 SLIDE GATES AND ACCESSORIES 

A. Provide fabricated stainless steel slide gates complying with AWWA C561 and 4.01 Stainless 
Steel Slide Gate Schedule. 
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B. Gates designated for flush-bottom closure shall have a seal mounted either on gate slide or 
on gate frame.  Full length of contacting member shall be accurately machined to make an 
effective seal when gate is closed. 

C. Provide stainless steel hydraulic lines per gate manufacturers recommendation. 

2.04 MANUAL OPERATORS 

A. A hand-operated hydraulic pump shall be provided as back up operator.   

2.05 PORTABLE HYDRAULIC OPERATOR 

A. One underwater (fully submerged) hydraulic operating system shall be provided to operate 
the gate.  The system shall be designed to operate the gate smoothly and uniformly and hold 
the gate in the desired position.  The gate shall be operated manually with a provided 
portable, gasoline-powered hydraulic pump mounted to a hand cart.   

B. Connections to hydraulic lines will be accessible via a locked valve box located at the top of 
the dam embankment. 

C. The hydraulic power unit (HPU) shall be designed to operate using environmentally-friendly 
(confirm with Owner prior to constructing HPU) hydraulic fluid such as Mobil 224H. 

2.06 GROUT AND FRAME LEAKAGE SEAL 

A. Grout furnished for installation of embedded components shall be as recommended by gate 
manufacturer for the site conditions. 

B. Frame to concrete connection shall be free of leakage.  Acceptable leakage seals include a 
layer of grout between frame and existing concrete, rubberized membranes, or injectable 
waterstops.  Design and furnishing of leakage seal materials shall be responsibility of gate 
manufacturer. 

2.07 FINISH 

A. Ferrous metal surfaces shall receive surface preparation and high-solids epoxy protective 
coating or equivalent suitable for outdoor exposure before shipment to site.   

B. Machined surfaces, tapped holes, and threads shall receive protective coat of grease. 

PART 3  EXECUTION 

3.01 GATE INSTALLATION 

A. Install gates in accordance with shop drawings and manufacturer's recommendations and in 
a manner that will prevent leakage around seats and binding of gates during operation. 

B. Surfaces of metal against which concrete will be placed shall be free from oil, grease, loose 
mill scale, loose paint, surface rust, and other debris or objectionable coatings. 

C. Anchor bolts, thimbles, and frames shall be secured in true position and in forms and held in 
alignment during placement of concrete.  Mechanical anchors shall not be installed into 
concrete that is less than 7 days old.  Adhesive anchors shall not be installed into concrete 
that is less than 21 days old.   

D. Concrete surfaces against which seals will bear or against which flat frames or plates are to 
be installed shall be smooth and uniform. 
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E. Install frame and anchorages in a manner that prevents leakage between frame and concrete 
buttress and secures gate for all load conditions. 

F. When a gate is attached to a wall thimble, mastic or resilient gasket shall be applied between 
gate frame and thimble in accordance with recommendation of gate manufacturer. 

3.02 LIFT INSTALLATION 

A. Gate stems, stem guides, and gate operators shall be carefully aligned so that stem is 
parallel to guide bars or angles on gate frame after installation. 

3.03 OPERATIONAL TESTS 

A. Clean, lubricate, and otherwise service gates and operators in accordance with 
manufacturer's instructions.  Operate each gate several times throughout its full range.  Test 
functioning of each operator.  Adjust as necessary to insure satisfactory operation of gate 
system. 

B. Should any gate vibrate excessively during opening, closing, or static positioning (see 
"Design Requirements" article above), manufacturer shall promptly attend a meeting onsite 
with A/E to discuss cause and solutions for vibrations. 

C. A certified field technician from the gate manufacturer shall inspect the final installation. 

3.04 LEAKAGE TEST 

A. Perform a leakage test on all slide gates.  Maximum permissible leakage at normal pool shall 
be 0.10 gallons per minute per foot of seating perimeter in compliance with AWWA C561, 
5.2.2.  Adjust gates to meet permissible leakage. 

PART 4  SCHEDULES 

4.01 STAINLESS STEEL SLIDE GATE SCHEDULE 

           Max. Unbalanced     
  Size (in.)*    Frame            Head (ft)            Wall 
Quantity     w x h    Stem* Type*  Type  Seating Unseating Thimble Operation 

1    36x36 HC FB  Flange 55 10 No M and P 
     Frame 

*Abbreviations: 

Size: w - clear opening width, h - clear opening height 

Stem: HC - hydraulic cylinder 

Type: FB - flush bottom 

Operation: M - manual P - portable hydraulic operator 

END OF SECTION 



40 70 10-1 

SECTION 40 70 10 
 

INSTRUMENTATION 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide a complete system of instrumentation as shown and as specified, except as 
designated elsewhere.  Responsibility under this Section consists of system design, 
installation, start-up and testing, and instruction of Owner's authorized personnel.  Coordinate 
with related work of other sections; see below.  Comply with applicable provisions of 
Divisions 00 and 01. 

B. Equipment shall be of latest and most modern design; components shall be current models at 
time of bidding.  Equipment shall have overall performance, precision, and accuracy as 
guaranteed by manufacturer; units shall be stable, vibration free, properly operating in 
accordance with manufacturer's recommendations.  Contractor shall be responsible for all 
details as required, including any undesignated items necessary for a complete installation, 
properly installed and ready for operation.  Contractor shall be fully responsible for additional 
costs resulting from unauthorized deviations from these specifications. 

C. System shall be the product of one (1) single approved Vendor who has an experience 
record in real-time early warning systems satisfactory to the Owner and A/E based on 
established systems.  Vendor shall provide instrumentation and electronics as shown on the 
Drawings and real-time satellite data transmittal services to allow for the Owner and other 
stakeholders to keep informed of meteorological and hydrological conditions at the dam.  
Vendor shall provide a web-based interface from where the real-time data can be viewed.  
Vendor shall also provide capabilities for automated data monitoring and the issuing of 
alarms when specified data thresholds are met or exceeded.  See the early warning system 
feasibility study provided in the Appendices.  

1.02 RELATED SECTIONS 

01 33 00  Submittal Procedures. 
01 57 60  Construction Dewatering. 
01 60 00  Product Requirements. 
33 42 15  Piping and Accessories. 
 

1.03 SHOP DRAWINGS 

A. Submit shop drawings for instrumentation in accordance with Section 01 33 00 and 
instructions of individual Sections.  Furnish the following information: 

1. Manufacturer's product data and specifications. 
2. Shop drawings showing general dimensions, openings, connections, components, 

wiring schematics, templates, required appurtenances, and construction details. 
3. Weight of major components. 
4. Parts suppliers, service crews, and repair facilities. 
5. Recommended installation procedures. 

B. Submit systems complete in one submittal; individual segments of systems will not be 
reviewed. 

C. Review of shop drawings by A/E will not relieve Contractor of responsibility for providing 
materials, workmanship, and design which meet specifications and operating conditions. 
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D. See the Drawings for the two (2) general locations and layout for the proposed 
instrumentation stations. Contractor shall submit shop drawings for the concrete foundations 
needed to accept the selected vendor’s instrumentation pedestals. 

1.04 OPERATION AND MAINTENANCE (O/M) MANUALS 

A. Submit O/M manuals in accordance with Section 01 33 00 and as specified in individual 
sections; include the following: 

1. A/E-reviewed shop drawings and product data. 
2. Installation and operating instructions. 
3. Maintenance instructions and address of authorized service center. 
4. Wiring diagrams and parts lists. 
5. Test data and certifications. 
6. Manufacturer's warranty information. 

1.05 MAINTENANCE CONTRACT 

A. Where designated, supplier/manufacturer shall offer to the Owner for consideration a 5-year 
renewable maintenance-service contract at an additional cost.  Submit maintenance-service 
contracts for review with shop drawings. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Deliver instrumentation to job site at appropriate time for installation.  Equipment items shall 
be packaged in cartons, crated, or affixed to pallets with protective wrappings.  Exercise care 
to prevent damage from handling. 

B. Protect stored components in accordance with manufacturer's instructions.  Store mechanical 
and electrical components in a warm, dry location; store fabrications off ground, under cover, 
and away from damp or corrosive surfaces.  Keep equipment dry at all times.  Equipment 
suppliers shall periodically inspect to insure proper storage of equipment.   

1.07 WARRANTY 

A. System manufacturer shall warranty for 1 year that all equipment is free from defects in 
design, materials and workmanship.  Furnish and install replacement parts for defective 
components at no additional cost. 

B. Unless otherwise designated, warranty provisions shall begin with date of Substantial 
Completion or with Owner's acceptance for beneficial use, whichever is earlier, but not prior 
to receipt of manufacturer's report of startup services (where designated).  Beneficial use 
shall commence when product has been fully installed, tested and adjusted in accordance 
with Contract Documents (and in the case of operating equipment, has been certified by 
manufacturer to be ready for operation), is ready to be used for intended application, and is 
accepted by Owner for use. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Vendor shall select system components from established manufacturers of instruments with 
proven track records of long-term, successful reliability in conditions like those at Hogchute 
Dam.  All products shall be manufactured in accordance with the specifications by one of the 
named manufacturers or approved equal; substitutions shall be submitted in accordance with 
Section 01 60 00 and Instructions to Bidders. 

B. The system shown on plan sheets is designed by OneRain Incorporated.  Contractors may 
use a OneRain system or approved equal. 
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2.02 PROTECTION 

A. All infrastructure shall be powder coated to prevent corrosion and to improve aesthetics. 

B. Instruments and electronics shall be protected from weather and tampering. 

1. Each site shall use traffic-style infrastructure capable of withstanding high winds 
manufactured by Pelco or an approved equal. 

2. Batteries shall be housed within locking, watertight, stainless steel, National Electrical 
Manufacturer Association (NEMA) rated enclosures. 

3. Electronic components shall be housed within locking, watertight, plastic, NEMA rated 
enclosures.  Plastic NEMA rated enclosures shall be housed in locking 1/4”-thick steel 
enclosures to prevent damage from firearms.  

4. Antennas, sensors, and solar panels shall be mounted in such a way as to prevent 
tampering and damage from firearms. 

2.03 EQUIPMENT IDENTIFICATION 

A. Each item of equipment shall have a nameplate, securely attached, with manufacturer's 
designations and characteristics. 

2.04 BUBBLER 

A. Provide bubbler-type water level sensor to measure depth of water in reservoir. 

B. Operating ambient temperature: -40 to +158 ⁰F (-40 to 60 ⁰C).  

C. Operating altitude: 9,900 ft. 

D. Operating humidity: 0 to 95 percent. 

E. Required depth measurement: 0 to 60 ft. 

F. Bubbler gas delivery: Constant-flow bubbler system with built-in compressor.  User-
programmable bubbling rates of 30 to 120 bubbles per minute. 

G. Purge pressure: 20 to 90 PSI, user selectable. 

H. Power supply: 10.8 to 16.5 V DC. 

I. Output interface: SDI-12 compatible with data logger. 

J. Accuracy: 0.01 ft or 0.1% of measured depth, whichever is greater. 

K. Desiccators: The bubbling mechanism and the non-submersible transducer must be 
equipped with a desiccating system. 

L. Enclosure: NEMA4. 

M. Manufacturers: FTS or approved equal. 

2.05 PRESSURE TRANSDUCER 

A. Provide temperature-compensated pressure transducer-type water level sensors to measure 
depth of water in reservoir (as a backup to the bubbler-type sensor) and in the stream below 
the dam (as a primary sensor). 

B. Operating temperature: 23 to +113 ⁰F (-5 to +45 ⁰C). 

C. Operating altitude: 9,900 ft. 
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D. Operating humidity: 0 to 95 percent. 

E. Required depth measurement: 0 to 60 ft. 

F. Power supply: 12 to 24 V DC. 

G. Output interface: SDI-12 compatible with data logger. 

H. Accuracy: 0.05% of measured depth. 

I. Materials: Corrosion-resistant metal. 

J. Manufacturers: OTT or approved equal.  

2.06 TIPPING BUCKET 

A. Provide tipping bucket-type rain gauge with 0.01-inch measurement resolution at a rate of 0 
to 25 inches per hour. 

B. Required operating temperatures 32 to 140 ⁰F. 

C. Diameter: 8 inches. 

D. Switch rating: 200 V DC max.  

E. Output: SDI-12 compatible with data logger. 

F. Materials: UV-resistant plastic or corrosion-resistant metal, shock and vibration resistant. 

G. Manufacturer: Design Analysis Associates, WaterLog Series, Model H-340 or approved 
equal. 

2.07 DATA LOGGER (PRIMARY STATION) 

A. Provide a primary data logger to record measured data from the tipping bucket, pressure 
transducer, and bubbler installed at the top of dam.  The primary data logger shall also 
receive data from the secondary station via a 900 MHz spread-spectrum radio feed.  The 
primary station shall broadcast recorded data from the site using a satellite transmitter. 

B. Manufacturer: Campbell Scientific CR1000X Measurement and Control Data Logger or 
approved equal. 

2.08 DATA LOGGER (SECONDARY STATION) 

A. Provide a secondary data logger to record measured data from the pressure transducer 
installed at the secondary station downstream of the dam.  The secondary data logger shall 
transmit recorded data to the primary station on top of the dam via a 900 MHz spread-
spectrum radio feed. 

B. Manufacturer: Campbell Scientific CR300-RF407 Series Measurement and Control Data 
Logger or approved equal. 

2.09 APPURTENANCES 

A. Battery: Campbell Scientific PS200 12 V Power Supply with Charging Regulator or approved 
equal. Provide two (2) batteries at each station for power redundancy. 

B. Solar Panel: Campbell Scientific SP10 Solar Panel or approved equal. 
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C. 900 MHz Antenna for Primary Station: Campbell Scientific 900 MHz 6dBd Omni Antenna 
w/Type N Female and Mounting Hardware or approved equal. 

D. 900 MHz Antenna for Secondary Station: Campbell Scientific 900 MHz 6dBd Yagi Antenna 
with Type N Female and Mountain Hardware or approved equal. 

E. Satellite Transmitter: ORBCOMM ST 6100 or approved equal.  

F. Conduit: For buried applications, provide PVC Plastic Pipe. For non-buried applications, 
provide Galvanized Steel Pipe. See Section 33 42 15 – Piping and Accessories. 

G. Underground Enclosure Assembly: Precast polymer concrete construction with open bottom. 
Equipped with stainless steel hex-head cover bolts.  

2.10 STATION MARKERS 

A. Post: 1.375” deep carbon-steel heavy duty u-channel post, 6-foot tall. Green baked enamel 
finish.  Uline (1-800-295-5510) Model No. H-4585 or approved equal. 

B. Plate: aluminum plate, 1/8-inch minimum thickness, sharp edges and corners removed.  
Plate is coated with Label on side facing the access road on top of dam. 

C. Label:  non-metalized microprismatic lens reflective coating for production of reflective work 
zone signs.  ASTM D4956 Type III or IV.  White “3M High Intensity Prismatic Reflective 
Sheeting Series 3930” or approved equal. 

D. Marker:  self-adhesive exterior-rated waterproof and fade-resistant vinyl letters.  Letters shall 
be all black with no background (stand-alone).  Coordinate labeling names and numbers with 
A/E prior to ordering labels.  Marker is located on side facing the gravel road. 

E. Mounting hardware: each plate requires two sets of stainless steel 3/8-inch standard thread 
stainless bolt, nut, front washer, and back washer.  Owner will consider alternative mounting 
solutions that are rust-free and stable against winter wind forces on plate. 

PART 3  EXECUTION 

3.01 INSTALLATION, GENERAL 

A. Install equipment and systems in accordance with shop drawings and manufacturer's 
recommendations. 

B. Installation of primary station instrumentation and electronics must take place during Phase 1 
dewatering, when the lake is drawn down and the intake structure is dewatered by cofferdam. 

3.02 VENDOR SERVICES 

A. Supplier of instrumentation and electronics shall provide services of a factory-trained service 
representative to:   

1. Review the Drawings of required appurtenant structures (e.g., foundations, piping, etc.), 
providing feedback if the design of any of these structures requires modification to 
ensure compatibility with Vendor’s instrumentation and electronics. 

2. Meet with Contractor onsite prior to construction to identify final locations of primary and 
secondary stations. 

3. Install instrumentation and electronics. 
4. Check and adjust equipment prior to operation. 
5. Check integral equipment supplied by other manufacturers.   
6. Observe field tests of equipment.   
7. Train Owner's operator(s) in operation of equipment.   
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B. Notify A/E, Owner, and DSB when this initial service will be performed.   

C. After start-up of equipment, service representative shall furnish a letter to A/E and Owner 
confirming that the installation is in accordance with manufacturer recommendations, 
necessary alignments and adjustments have been made, and equipment is operating 
properly.   

D. In addition to initial services, manufacturer shall provide for 1-day inspection trips after 
1 month and 6 months of operation to inspect and adjust equipment. 

3.03 SYSTEM TESTS 

A. Prior to acceptance, conduct an operational test, under observation of A/E and DSB, to 
demonstrate that installed equipment and systems meet purpose and intent of Specifications.  
Performance shall be demonstrated throughout operating range. 

B. Test shall demonstrate that equipment and systems are not defective electrically, 
mechanically, or otherwise, and are in a safe and satisfactory operating condition. 

3.04 CLEANING 

A. Clean components and systems for intended use and in accordance with Division 01. 

3.05 STATION MARKERS 

A. Coordinate marker name and numbering system with Owner.   

B. The intent of the crest stationing posts is to visually indicate crest movement by allowing 
sighting along the tops of each post from end to end of the embankment.  Therefore, it is 
important to align posts carefully so that the tops of each post are in a straight line and level. 

C. Assemble the plates with label on one side and marker on same side as label, carefully 
keeping markers centered and neat.  Avoid placing marker near future bolt locations. 

D. Drive stationing post and label systems at 100-ft increments of stationing, as shown on plans, 
noting that posts along crest of dam shall be located at downstream breakline of 
embankment crest.  All posts along the stations shall be in a straight line and have the same 
top elevation.  All labels shall face access road. 

END OF SECTION 
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