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APPENDIX III 

Cost Analysis 



Area Option Description
ESTIMATE 
COST

LOWER 
BOUND

UPPER 
BOUND

I No Action $                ‐    $                ‐    $                ‐ 
II Removal – Regrade with Catchment Ditch  $     299,000   $     150,000  $     449,000 
III Removal – Remove Vegetation and Scale $     371,000  $     186,000  $     557,000 
IV Removal / Protection ‐ Remove Vegetation, Scale, and Install Draped Mesh $  1,040,000  $     520,000  $  1,560,000 
V Removal / Protection – Reslope and Construct Catchment Ditch, Install Draped Mesh on Upper Portion of Lower Slope $     841,000  $     421,000  $  1,262,000 
VI Reinforcement – Install Grouted Dowels and Shotcrete Facing $  1,693,000  $     847,000  $  2,540,000 
VII Reinforcement – Install Anchored Mesh, Spot Dowels / Rock Bolts  $  1,664,000   $     832,000  $  2,496,000 
I No Action  $                ‐     $                ‐    $                ‐ 
II Protection – Reslope, Construct Catchment Ditch, and Fence at Crest of Lower Slope  $  1,366,000  $     683,000  $  2,049,000 
III Protection – Hybrid System ‐  Barrier at Crest of Lower Slope and Draped Mesh on Lower Face $  2,240,000  $  1,120,000  $  3,360,000 
IV Protection – Improved Catchment  with Hybrid System (Combination of Options II and III)  $  2,640,000   $  1,320,000  $  3,960,000 
I No Action $                ‐    $                ‐    $                ‐ 
II Protection – Reslope, Construct Catchment Ditch, and Fence at Crest of Lower Slope  $  9,334,000  $  4,667,000  $14,001,000 
III Protection – Hybrid System ‐  Barrier at Crest of Lower Slope and Draped Mesh on Lower Face $11,013,000  $  5,507,000  $16,520,000 
IV Protection – Improved Catchment  with Hybrid System (Combination of Options II and III)  $14,603,000   $  7,302,000  $21,905,000 
I No Action $                ‐    $                ‐    $                ‐ 
II Warning – Install Rockfall Warning Fence  $  2,745,000   $  1,373,000  $  4,118,000 
III Monitoring – Inclinometer, Tiltmeters, and/or Routinely Scheduled LiDar Survey $  2,579,000  $  1,290,000  $  3,869,000 
IV Removal – Trim blasting and Rock Removal Using Airbags and Scaling $  6,261,000  $  3,131,000  $  9,392,000 
V Reinforcement – Install Tensioned Rock Bolts, Dental Concrete, and Anchored Mesh $  9,025,000  $  4,513,000  $13,538,000 
VI Protection – Install Hybrid System Barrier at Crest of Lower Slope and Draped Mesh below, or Draped Mesh with Sacrificial Fences $10,086,000  $  5,043,000  $15,129,000 
VII Protection – Raise Roadway Elevation or shift Roadway West to Create Catchment $10,792,000  $  5,396,000  $16,188,000 
VIII Protection – Rock Shed over Road $17,128,000  $  8,564,000  $25,692,000 
IX Combination ‐ Localized Trim Blasting, Reinforcement of Devil's tea Table and Shotcrete or Dental Concrete  $12,356,000   $  6,178,000  $18,534,000 

Green cells indicate preliminary preferred alternative. 
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For: Job Number: 59447 Sheet No.
By:       Check By: NN & JS Check by: PDT
Date:  Date: 1/20/2014 Date: 2/20/2015

Area Option Description
Slope 
Length 
(ft)

Slope 
Height 
(ft)

Slope 
Angle 

(degrees)

Slope Face 
Area  (sf)

Slope 
Length 
(ft)

Slope 
Height 
(ft)

Slope 
Angle 

(degrees)

Slope Face 
Area  (sf)

Total Slope 
Face Area  

(sf)

Cut Area 
(ft2/ft)         

(See Attached)
Item UNIT UNIT COST ESTIMATE COST ESTIMATE COST LOWER BOUND UPPER BOUND

I No Action 500 75 60 43,301 ‐ 43,301 ‐ ‐ 0 ‐ $0.00 $0 $0 $0 $0
Rock Excavation 2,823 CY $90.00 $254,048
Embankment 148 CY $40.00 $5,926
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500
Vegetation Removal 4,811 SY $3.00 $14,434
Rock Scaling 529 CY $600.00 $317,543
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500
Vegetation Removal 4,811 SY $3.00 $14,434
Rock Scaling 529 CY $600.00 $317,543
Rock Dowels 625 LF $100.00 $62,500
Draped Mesh 43,301 SF $14.00 $606,218
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500
Rock Excavation 1,411 CY $90.00 $127,024
Embankment 148 CY $40.00 $5,926
Rock Dowels 625 LF $100.00 $62,500
Draped Mesh 43,301 SF $14.00 $606,218
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500
Vegetation Removal 4,811 SY $3.00 $14,434
Rock Scaling 529 CY $600.00 $317,543
Rock Dowels 6,000 LF $100.00 $600,000
Shotcrete 4,811 SY $150.00 $721,688
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500
Vegetation Removal 4,811 SY $3.00 $14,434
Rock Scaling 529 CY $600.00 $317,543
Rock Dowels 6,000 LF $100.00 $600,000
Anchored Mesh 43,301 SF $16.00 $692,820
Asphalt 294 Tons $90.00 $26,453
Rock Drain Holes 500 ft $25.00 $12,500

I No Action 580 35 35 35,392 580 35 85 20,378 55,770 ‐ ‐ 0 ‐ $0.00 $0 $0 $0 $0
Rock Excavation 3,645 CY $90.00 $328,012
Embankment 172 CY $40.00 $6,874
Rockfall Barrier 580 LF $1,700.00 $986,000
Asphalt 341 Tons $90.00 $30,685
Rock Drain Holes 580 ft $25.00 $14,500
Vegetation Removal 6,197 SY $3.00 $18,590
Rock Scaling 682 CY $600.00 $408,976
Rockfall Barrier 580 LF $1,700.00 $986,000
Draped Mesh 55,770 SF $14.00 $780,773
Asphalt 341 Tons $90.00 $30,685
Rock Drain Holes 580 ft $25.00 $14,500
Vegetation Removal 6,197 SY $3.00 $18,590
Rock Excavation 3,645 CY $90.00 $328,012
Rock Scaling 682 CY $600.00 $408,976
Rock Dowels Dowel Length x (L / Draped Mesh Anchor Spacing ) 725 LF $100.00 $72,500
Rockfall Barrier 580 LF $1,700.00 $986,000
Draped Mesh 55,770 SF $14.00 $780,773
Asphalt 341 Tons $90.00 $30,685
Rock Drain Holes 580 ft $25.00 $14,500

I No Action 3,450 50 50 225,183 ‐ ‐ 0 ‐ $0.00 $0 $0 $0 $0
Rock Excavation 35,098 CY $90.00 $3,158,850
Embankment 1,022 CY $40.00 $40,889
Rockfall Barrier 3,450 LF $1,700.00 $5,865,000
Asphalt 2,028 Tons $90.00 $182,524
Rock Drain Holes 3,450 ft $25.00 $86,250
Vegetation Removal 25,020 SY $3.00 $75,061
Rock Scaling 2,752 CY $600.00 $1,651,340
Rockfall Barrier 3,450 LF $1,700.00 $5,865,000
Draped Mesh 225,183 SF $14.00 $3,152,559
Asphalt 2,028 Tons $90.00 $182,524
Rock Drain Holes 3,450 ft $25.00 $86,250
Vegetation Removal 25,020 SY $3.00 $75,061
Rock Excavation 35,098 CY $90.00 $3,158,850
Rock Scaling 2,752 CY $600.00 $1,651,340
Rock Dowels 4,313 LF $100.00 $431,250
Rockfall Barrier 3,450 LF $1,700.00 $5,865,000
Draped Mesh 225,183 SF $14.00 $3,152,559
Asphalt 2,028 Tons $90.00 $182,524
Rock Drain Holes 3,450 ft $25.00 $86,250

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

II

III

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

Cut Area x L /27

Cut Area x L /27

Slope Length

Slope Length

Dowel Length x (L / Draped Mesh Anchor Spacing )
‐

Slope Face Area

152

‐

‐

152

Slope Face Area
Slope Length

580

‐

85 20,378 55,770

43,301

43,301

43,301

35,392

35,392

580 35

43,301

‐‐

170

‐

$1,663,750 $831,875

Slope Face Area / 9

Slope Face Area * Thickness / 27

C

IV
Protection – Improved Catchment with 
Hybrid System (Combination of Options II 
and III)

C

IV

50

II

IV
Protection – Improved Catchment with 
Hybrid System (Combination of Options II 
and III)

Protection – Hybrid System ‐  Barrier at 
Crest of Lower Slope and Draped Mesh 
on Lower Face

Protection – Reslope, Construct 
Catchment Dithc, and Fence at Crest of 
Lower Slope

Slope Face Area

Slope Face Area

‐35,392

Slope Length

50 50

3,450 50

Cut Area x L /27

275

[(H' / Anchor Spacing) x (L' / Anchor Spacing)] Dowel L

$2,640,036 $1,320,018

‐

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

Cut Area x L /27

Slope Face Area

Slope Face Area / 9

B

A

VII
Reinforcement – Install Anchored Mesh, 
Spot Dowel / Rock Bolts

VI

III
Protection – Hybrid System ‐  Barrier at 
Crest of Lower Slope and Draped Mesh 
on Lower Face

Removal / Protection – Reslope and 
Construct Ditch, Install Draped Mesh on 
Upper Slope

IV

II

Slope Face Area * Thickness / 27

Slope Face Area / 9
Slope Face Area / 27

Slope Face Area

8'H x2'V x 0.5' x L / 27

Protection – Reslope, Construct 
Catchment Dithc, and Fence at Crest of 
Lower Slope

8'H x2'V x 0.5' x L / 27

Cut Area x L /27 x 0.5

Slope Length

Slope Face Area / 9

Slope Face Area

8'H x2'V x 0.5' x L / 27

L / 50 spacing * 50' long

L / 50 spacing * 50' long

L / 50 spacing * 50' long

L / 50 spacing * 50' long

L / 50 spacing * 50' long

CONCEPT DEVELOPMENT QUANTITY AND COST ESTIMATE

III

75
Removal / Protection ‐ Remove 
Vegetation, Scale, and Install Draped 
Mesh

Removal – Remove Vegetation and Scale

Removal – Regrade with Catchment 
Ditch

‐

Slope Face Area / 9
Slope Face Area / 27

QUANTITY

500

75 60

60

500

75 60

75500

500

500

60

V

Upper SlopeLower Slope

75 60

‐

3,450

75 60 43,301

43,301

500

Reinforcement – Install Grouted Dowels 
and Shotcrete Facing

580 35

50 50

35

580 35 35

3,450

580 35 35

Dowel Length x (L / Draped Mesh Anchor Spacing )

Slope Face Area * Thickness / 27

43,301

8'H x2'V x 0.5' x L / 27

Slope Face Area * Thickness / 27
[(H' / Anchor Spacing) x (L' / Anchor Spacing)] Dowel L
Slope Face Area / 9

L / 50 spacing * 50' long

Slope Length

Slope Face Area

225,183

Slope Face Area / 9

L / 50 spacing * 50' long

Slope Face Area / 9

‐

‐

‐

‐ 43,301

‐ 43,301

‐ 43,301

‐ 43,301

43,301

‐

580 35 85 20,378 55,770

35 85 20,378 55,770

225,183

225,183

$298,927 $149,463 $448,390

$370,929 $185,465 $556,394

$1,260,931

$1,692,617 $846,309 $2,538,926

$1,039,647 $519,823 $1,559,470

$840,620 $420,310

$11,012,734 $5,506,367 $16,519,101

$2,495,624

$1,366,071 $683,035 $2,049,106

$2,239,525 $1,119,762 $3,359,287

$14,602,834 $7,301,417 $21,904,251

L / 50 spacing * 50' long

L / 50 spacing * 50' long

L / 50 spacing * 50' long

$3,960,054

$9,333,513 $4,666,757 $14,000,270

Dowel Length x (L / Draped Mesh Anchor Spacing )

L / 50 spacing * 50' long

L / 50 spacing * 50' long

Slope Face Area / 9

Cut Area x L /27
‐

Slope Face Area * Thickness / 27

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

Rt. 29 Rockfall

1/19/2015
BTF



For: Job Number: 59447 Sheet No.
By:       Check By: NN & JS Check by: PDT
Date:  Date: 1/20/2014 Date: 2/20/2015

Area Option Description
Slope 
Length 
(ft)

Slope 
Height 
(ft)

Slope 
Angle 

(degrees)

Slope Face 
Area  (sf)

Slope 
Length 
(ft)

Slope 
Height 
(ft)

Slope 
Angle 

(degrees)

Slope Face 
Area  (sf)

Total Slope 
Face Area  

(sf)

Cut Area 
(ft2/ft)         

(See Attached)
Item UNIT UNIT COST ESTIMATE COST ESTIMATE COST LOWER BOUND UPPER BOUND

CONCEPT DEVELOPMENT QUANTITY AND COST ESTIMATE

QUANTITY

Upper SlopeLower Slope

Rt. 29 Rockfall

1/19/2015
BTF

I No Action 3,000 200 65 662,027 ‐ 662,027 ‐ ‐ 0 ‐ $0.00 $0 $0 $0 $0
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 1,618 CY $600.00 $970,973
Warning Fence 3,000 LF $500.00 $1,500,000
Rock Drain Holes 3,000 ft $25.00 $75,000
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 1,618 CY $600.00 $970,973
Inclinometer 4 EA $20,000.00 $80,000
Tiltmeter 4 EA $1,000.00 $4,000
LiDar Survey 25 EA $50,000.00 $1,250,000
Rock Drain Holes 3,000 ft $25.00 $75,000
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 8,091 CY $600.00 $4,854,863
Rock Excavation 10,818 CY $90.00 $973,594
Asphalt 1,764 Tons $90.00 $158,717
Rock Drain Holes 3,000 ft $25.00 $75,000
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 8,091 CY $600.00 $4,854,863
Rock Dowels 3,750 LF $100.00 $375,000
Rock Bolt Testing 66 EA $1,800.00 $119,165
Shotcrete 11,034 SY $150.00 $1,655,067
Anchored Mesh 99,304 SF $16.00 $1,588,864
Asphalt 1,764 Tons $90.00 $158,717
Rock Drain Holes 3,000 ft $25.00 $75,000

‐ Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 8,091 CY $600.00 $4,854,863
Rockfall Barrier 1,950 LF $1,700.00 $3,315,000
Rock Dowels 938 LF $100.00 $93,750
Draped Mesh 99,304 SF $14.00 $1,390,256
Asphalt 1,764 Tons $90.00 $158,717
Rock Drain Holes 3,000 ft $25.00 $75,000

‐ Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 8,091 CY $600.00 $4,854,863
Embankment 100,000 CY $40.00 $4,000,000
Asphalt 18,480 Tons $90.00 $1,663,200
Rock Drain Holes 3,000 ft $25.00 $75,000
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Scaling 8,091 CY $600.00 $4,854,863
Rock Shed 1 EA $12,000,000.00 $12,000,000
Rock Drain Holes 3,000 ft $25.00 $75,000
Vegetation Removal 66,203 SY $3.00 $198,608
Rock Excavation 55,556 CY $90.00 $5,000,000
Rock Dowels 1,238 LF $100.00 $123,750
Rockfall Barrier 3,000 LF $1,700.00 $5,100,000
Rock Bolt Testing 25 EA $1,800.00 $45,000
Asphalt 1,764 Tons $90.00 $158,717
Shotcrete 11,034 SY $150.00 $1,655,067
Rock Drain Holes 3,000 ft $25.00 $75,000

References: Assumed Unit Costs: ‐ ‐ $0.00
1)  Indicates input values, all other cells are equations or descriptive Vegetation Removal SY $3.00
2)  The following assumptions were made throughout the quantity estimates above: Embankment CY $40.00

0.33 (ft) = Scaling Thickness Rock Scaling CY $600.00 
12 (ft) = Anchor Spacing (Draped Mesh) Rock Excavation CY $90.00 
10 (ft) = Anchor Spacing (Shotcrete or Anchored Mesh) Rock Dowels LF $100.00 
10 (ft) = Anchor Spacing (Barrier Mesh) Anchored Mesh SF $16.00 
15 (ft) = Dowel Length Draped Mesh SF $14.00 

3) Unit costs based obtain from a Rockfall Specialty Contractor 1/7/15 and NJDOT Bid Price Reports.  Shotcrete SY $150.00 
Rockfall Barrier LF $1,700.00
Rock Bolt Testing EA $1,800.00
Warning Fence LF $500.00
Inclinometer EA $20,000.00
Tiltmeter EA $1,000.00
LiDar Survey EA $50,000.00
Rock Shed EA $12,000,000.00
Asphalt Tons $90.00
Rock Drain Holes ft $25.00

0.15 * Slope Face Area / 9

Length of Slope
Combination – Blasting to Create a Mid‐
Slope Bench, Reinforcement of Devil's 
Tea Table with Tensioned Rock Bolts and 
Shotcrete

3,000

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

Slope Face Area x 0.1

200 65 662,027 Assumed 25

D

IX 662,027

65

500

97

‐

‐

Slope Face Area x 0.1

Assuming 4" Thick

Tensioned rock bolts assumed to have the same unit cost

$12,356,142

L / 50 spacing * 50' long

Dowel Length x (0.33 L / Draped Mesh Anchor Spacing )
Cut Area x L /27

$18,534,213$6,178,071

II

III

IV

V

VI

VII

Warning – Install Rockfall Warning Fence 3,000 200 65

3,000

3,000

200 65

65

Protection – Install Hybrid System Barrier 
at Crest of Lower Slope and Draped Mesh 
below, or Draped Mesh with Sacrificial 
Fences

Reinforcement – Install Tensioned Rock 
Bolts, Dental Concrete, and Anchored 
Mesh

Removal – Trim blasting and Rock 
removal Using Airbags and Scaling

Monitoring – Inclinometer, Tiltmeters, 
and/or Routinely Scheduled LiDar Survey

200

3,000 200

VIII Protection – Rock Shed over Road 3,000 200 65

3,000 200 65
Protection – Raise Roadway Elevation or 
shift Roadway West to Create Catchment

3,000 200 65

Slope Face Area

Slope Length

0.1 * Slope Face Area

662,027

662,027

662,027

‐

Dowel Length x (L / Draped Mesh Anchor Spacing )

$2,744,581

Slope Face Area x 0.1

0.15 * Slope Face Area / 9

662,027

662,027

662,027

662,027 ‐

Slope Face Area x 0.1
Slope Face Area

2.16 tn/cy x L x 44' x 1.75' / 27 cf/cy (Full Depth)

0.2 * Slope Face Area

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

Slope Face Area / (No. of Rock Bolts / Area) 

0.15* Slope Face Area

Slope Face Area x 0.1

L / 50 spacing * 50' long
No of LiDar Surveys (Once per year for 25 years)

$17,128,471 $8,564,235 $25,692,706

$10,791,671 $5,395,835 $16,187,506

‐

0.1 * Slope Face Area

‐ 662,027 0.2 * Slope Face Area

Inclinometers
(No of Tiltmeters / Area) / Slope Face Area

‐ 662,027

662,027

‐ 662,027

662,027

‐

‐

‐

662,027

‐ 662,027

$9,025,284 $4,512,642 $13,537,925

Slope Face Area

Slope Face Area

Slope Face Area x 0.15

Slope Length x 0.65
$5,043,097 $15,129,291

2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy

No of Rocksheds
L / 50 spacing * 50' long

L / 50 spacing * 50' long

Area of Roadway x Thickness of Roadway

Slope Face Area
Slope Face Area

L / 50 spacing * 50' long

Dowel Length x (0.25xL / Draped Mesh Anchor Spacing )

Cut Area x L /27 $3,130,391 $9,391,172

$2,578,581 $1,289,290 $3,867,871

$10,086,194

$6,260,781

(Pre‐Split Drilling Incidental)

$1,372,290 $4,116,871

L / 50 spacing * 50' long

L / 50 spacing * 50' long

L / 50 spacing * 50' long

Assume 50 ft Long Every 50'

Includes Rock Anchor Costs



APRIL 2015 ROCKFALL HAZARD MITIGATION REPORT
ROUTE 29 MILE POST 27.31 to 30.43
KINGWOOD TOWNSHIP, HUNTERDON COUNTY, NJ 

APPENDIX IV

2003 Rockfall Hazard Ratings and Report 
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