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

APPENDIX II

Record Plans for Rt. 29
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ROCKFALL HAZARD MITIGATION REPORT APRIL 2015
ROUTE 29 MILE POST 27.31 to 30.43
KINGWOOD TOWNSHIP, HUNTERDON COUNTY, NJ
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RT. 29 ROCKFALL CONCEPT DEVELOPMENT CONSTRUCTION COST ESTIMATE SUMMARY

Area | Option Description ESTIMATE LOWER UPPER
COST BOUND BOUND
| No Action S - S -1 S -
1] Removal — Regrade with Catchment Ditch S 299,000 [ § 150,000| $ 449,000
1l Removal — Remove Vegetation and Scale S 371,000 | $ 186,000 $ 557,000
A IV |Removal / Protection - Remove Vegetation, Scale, and Install Draped Mesh $ 1,040,000 | S 520,000f $ 1,560,000
Vv Removal / Protection — Reslope and Construct Catchment Ditch, Install Draped Mesh on Upper Portion of Lower Slope S 841,000 | S 421,000f $ 1,262,000
VI  |Reinforcement — Install Grouted Dowels and Shotcrete Facing $ 1,693,000 | S 847,000[ $ 2,540,000
VIl |Reinforcement — Install Anchored Mesh, Spot Dowels / Rock Bolts S 1,664,000 | S 832,000] $ 2,496,000
I No Action S - S | s i
B 1] Protection — Reslope, Construct Catchment Ditch, and Fence at Crest of Lower Slope $ 1,366,000 | S 683,000[ S 2,049,000
1] 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 Il and Ill) $ 2,640,000 | S 1,320,000 $ 3,960,000
| No Action S - S -1 s -
c 1] Protection — Reslope, Construct Catchment Ditch, and Fence at Crest of Lower Slope S 9,334,000 | S 4,667,000| $14,001,000
11 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 Il and II1) $14,603,000 | $ 7,302,000] $21,905,000
| No Action S - S 1 s i
I Warning — Install Rockfall Warning Fence S 2,745,000 | $ 1,373,000 $ 4,118,000
Il |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 S 6,261,000 | $ 3,131,000] $ 9,392,000
D Vv Reinforcement — Install Tensioned Rock Bolts, Dental Concrete, and Anchored Mesh $ 9,025,000 | S 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
VIl |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 | S 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
:lGreen cells indicate preliminary preferred alternative.
$25,000,000
$20,000,000
M Lower Bound
Estimate
$15,000,000
$10,000,000
W Upper Bound
Estimate
$5,000,000
$0 -
A-l  A-ll  A-ll A-IV AV A-VI A-VII B-l B-1l  B-lll B-IV  C-l C-ll C-lll C-Iv  D-l D-Il. D-lI D-Iv D-v D-VI D-VII D-VliI D-IX




For: Rt. 29 Rockfall Job Number: 59447 Sheet No.
By: BTF Check By: NN & JS Check by: PDT H N T B
Date: |1/19/2015 Date: 1/20/2014 Date: 2/20/2015
CONCEPT DEVELOPMENT QUANTITY AND COST ESTIMATE
Lower Slope Upper Slope
Slope | Slope Slope Slope Face Slope | Slope Slope Slope Face Total Slope Cut Area
Area | Option Description Length | Height Angle Area (sf) Length | Height Angle Area (sf) Face Area (ftz/ft) Item QUANTITY UNIT UNIT COST ESTIMATE COST| ESTIMATE COST | LOWER BOUND | UPPER BOUND
(ft) (ft) (degrees) (ft) (ft) | (degrees) (sf) (See Attached)
No Action 500 75 60 43,301 - 43,301 - = - 0 - $0.00 SO S0 S0 S0
Rock Excavation Cut Areax L /27 2,823 CcY $90.00 $254,048
y |Removal = Regrade with Catchment so0| 75 60| 43301 1 23,300 |JETEC R EE U Ol PO (L) 27 Las Y $40.00 £5,926 $298,927 $149,463 $448,390
Ditch Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 294 Tons $90.00 $26,453
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
Vegetation Removal Slope Face Area /9 4,811 SY $3.00 $14,434
. Rock Scaling Slope Face Area / 27 529 CcY $600.00 $317,543
1] Removal — Remove Vegetation and Scale 500 75 60 43,301 - 43,301 - Asphalt 2.16 tnjcy x Lx 44'x 0.167/ 27 cf/cy BT Tons $90.00 $26.453 $370,929 $185,465 $556,394]
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
Vegetation Removal Slope Face Area /9 4,811 SY $3.00 $14,434
Removal / Protection - Remove Ezzt SD?VI\:ZIgs SDIS\;P\/ZIFf::g/:;e:({?Draped Mesh Anchor Spacing ) Z;z E: zigggg $2;;§g(3)
\% \’\/Aeegsehtatlon, Scale, and Install Draped 500 75 60 43,301 - 43,301 - Draped Mesh Slope Face Area 23.301 oF $14.00 $606.218 $1,039,647 $519,823 $1,559,470
Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 294 Tons $90.00 $26,453
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
Rock Excavation Cut Areax L /27 x 0.5 1,411 cY $90.00 $127,024
’ Removal / Protection - Reslope and ;r:ciagzwzilt 8D:v:ezl \I{exngﬁl :(LL//Z[Zraped Mesh Anchor Spacing ) :Zli E: Sigggg Sgilzgg
\Y E(;r;s;-trrl;lcct);:ch, Install Draped Mesh on 500 75 60 43,301 - 43,301 152 Draped Mesh Tee e e 23,301 SF $14.00 $606,218 $840,620 $420,310 $1,260,931
Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 294 Tons $90.00 $26,453
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
Vegetation Removal Slope Face Area /9 4,811 SY $3.00 $14,434
Rock Scaling Slope Face Area * Thickness / 27 529 cY $600.00 $317,543
Reinforcement — Install Grouted Dowels Rock Dowels [(H' / Anchor Spacing) x (L' / Anchor Spacing)] Dowel L 6,000 LF $100.00 $600,000
VI land shotcrete Facing =00 ® 60| 43301 ) 43,301 : Shotcrete Slope Face Area /9 4,811 Sy $150.00 $721,688 51,692,617 $846,309 $2,538,926
Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 294 Tons $90.00 $26,453
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
Vegetation Removal Slope Face Area /9 4,811 SY $3.00 $14,434
Rock Scaling Slope Face Area * Thickness / 27 529 cY $600.00 $317,543
Reinforcement — Install Anchored Mesh, Rock Dowels [(H' / Anchor Spacing) x (L' / Anchor Spacing)] Dowel L 6,000 LF $100.00 $600,000
Vi Spot Dowel / Rock Bolts =00 ® & 43,301 ) 43,301 : Anchored Mesh Slope Face Area 43,301 SF $16.00 $692,820 51,663,750 $831,875 $2,495,624]
Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 294 Tons $90.00 $26,453
Rock Drain Holes L / 50 spacing * 50' long 500 ft $25.00 $12,500
No Action 580 35 35 35,392 580 35 85 20,378 55,770 - = = 0 - $0.00 SO S0 S0 S0
Rock Excavation Cut Areax L /27 3,645 cY $90.00 $328,012
Protection — Reslope, Construct Embankment 8'Hx2'Vx0.5'xL/27 172 cY $40.00 $6,874
Il Catchment Dithc, and Fence at Crest of 580 35 35 35,392 580 35 85 20,378 55,770 170 Rockfall Barrier Slope Length 580 LF $1,700.00 $986,000 $1,366,071 $683,035 $2,049,106]
Lower Slope Asphalt 2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy 341 Tons $90.00 $30,685
Rock Drain Holes L / 50 spacing * 50' long 580 ft $25.00 $14,500
Vegetation Removal Slope Face Area /9 6,197 SY $3.00 $18,590
Protection — Hybrid System - Barrier at Eoctfsilagng‘ i:ope Eacet/:]rea * Thickness / 27 g:; E: nggggg :;gg'g;g
ockfall Barrier ope Leng| ,700. ,
. 1] ELEE;;feI;t;\;I:eI’ Slope and Draped Mesh 580 35 35 35,392 580 35 85 20,378 55,770 - Draped Mesh SlopelFace Area 55,770 oF $14.00 $780.773 $2,239,525 $1,119,762 $3,359,287
Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 341 Tons $90.00 $30,685
Rock Drain Holes L /50 spacing * 50' long 580 ft $25.00 $14,500
Vegetation Removal Slope Face Area /9 6,197 SY $3.00 $18,590
Rock Excavation Cut Areax L /27 3,645 CcY $90.00 $328,012
Protection — Improved Catchment with Rock Scaling Slope Face Area : 682 cY $600.00 $408,976
IV |Hybrid System (Combination of Options Il| 580 35 35| 35392] 580 35 85| 20378 55,770 - Egztfgﬁ‘g:l;er Elzg:'L'éi"gih b loie vzd e Ay S gl ;gg ti 3 f‘;gg:gg $§;§:ggg $2,640,036 $1,320,018]  $3,960,054
and i) Draped Mesh Slope Face Area 55,770 SF $14.00 $780,773
Asphalt 2.16 tn/cy x L x 44' x 0.167"' / 27 cf/cy 341 Tons $90.00 $30,685
Rock Drain Holes L / 50 spacing * 50' long 580 ft $25.00 $14,500
No Action 3,450 50 50 225,183 - - - 0 - $0.00 $0 S0 S0 50
Rock Excavation Cut Areax L /27 35,098 cY $90.00 $3,158,850
Protection — Reslope, Construct Embankment 8'Hx2'Vx0.5'xL/27 1,022 cY $40.00 $40,889
Il Catchment Dithc, and Fence at Crest of 3,450 50 50 225,183 275 Rockfall Barrier Slope Length 3,450 LF $1,700.00 $5,865,000 $9,333,513 $4,666,757 $14,000,270]
Lower Slope Asphalt 2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy 2,028 Tons $90.00 $182,524
Rock Drain Holes L /50 spacing * 50' long 3,450 ft $25.00 $86,250
Vegetation Removal Slope Face Area /9 25,020 SY $3.00 $75,061
Protection — Hybrid System - Barrier at Eoctfsilallaing‘ Z:ope tacet/;rea * Thickness / 27 ;'Zécz) (L:: 55?8888 z;'gz;'ggg
ockfall Barrier ope Leng ’ ,700. ,865,
c 1 g;ez;il;c;\;vceer Slope and Draped Mesh 3,450 50 50( 225,183 - Draped Mesh Slope Face Area 225.183 oF $14.00 $3.152,559 $11,012,734 $5,506,367 $16,519,101
Asphalt 2.16 tn/cy x L x 44' x 0.167"' / 27 cf/cy 2,028 Tons $90.00 $182,524
Rock Drain Holes L /50 spacing * 50' long 3,450 ft $25.00 $86,250
Vegetation Removal Slope Face Area /9 25,020 SY $3.00 $75,061
Rock Excavation Cut Areax L /27 35,098 cY $90.00 $3,158,850
A L — o O T
! B ) ock Dowels owel Length x raped Mesh Anchor Spacing i} . i
v 2:2::?) System (Combination of Options II| 3,450 50 50 225,183 - Rockfall Barrier Slope Length 3.450 I $1.700.00 <5.865,000 $14,602,834 $7,301,417 $21,904,251
Draped Mesh Slope Face Area 225,183 SF $14.00 $3,152,559
Asphalt 2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy 2,028 Tons $90.00 $182,524
Rock Drain Holes L /50 spacing * 50' long 3,450 ft $25.00 $86,250




For: Rt. 29 Rockfall Job Number: 59447 Sheet No.
By: BTF Check By: NN & JS Check by: PDT H N T B
Date: |1/19/2015 Date: 1/20/2014 Date: 2/20/2015
CONCEPT DEVELOPMENT QUANTITY AND COST ESTIMATE
Lower Slope Upper Slope
Slope | Slope Slope Slope Face Slope | Slope Slope Slope Face Total Slope Cut Area
Area | Option Description Length | Height Angle Area (sf) Length | Height Angle Area (sf) Face Area (ftz/ft) Item QUANTITY UNIT UNIT COST ESTIMATE COST| ESTIMATE COST | LOWER BOUND | UPPER BOUND
(ft) (ft) (degrees) (ft) (ft) | (degrees) (sf) (See Attached)
No Action 3,000 200 65 662,027 - 662,027 - o = 0 - $0.00 S0 S0 S0 S0
Vegetation Removal 0.1 * Slope Face Area 66,203 SY $3.00 $198,608
. . Rock Scaling 0.2 * Slope Face Area 1,618 CY $600.00 $970,973
1] Warning — Install Rockfall Warning Fence 3,000 200 65 662,027 - 662,027 - WarnnalEees Slopellength 3,000 F $500.00 $1.500,000 $2,744,581 $1,372,290 $4,116,871
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
Vegetation Removal 0.1 * Slope Face Area 66,203 SY $3.00 $198,608
Rock Scaling 0.2 * Slope Face Area 1,618 CY $600.00 $970,973
Monitoring — Inclinometer, Tiltmeters, Inclinometer Inclinometers 4 EA $20,000.00 $80,000
i and/or Routinely Scheduled LiDar Survey ST 200 65| 662,027 . 662,027 : Tiltmeter (No of Tiltmeters / Area) / Slope Face Area 4 EA $1,000.00 $4,000 52,578,581 $1,289,290 $3,867,871
LiDar Survey No of LiDar Surveys (Once per year for 25 years) 25 EA $50,000.00 $1,250,000
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
Vegetation Removal Slope Face Area x 0.1 66,203 SY $3.00 $198,608
Removal - Trim blasting and Rock Rock Scaling Slope Face Area 8,091 CY $600.00 $4,854,863
v removal Using Airbags and Scaling 3,000 200 65 662,027 - 662,027 97 Rock Excavation Cut Areax L /27 10,818 CY $90.00 $973,594 $6,260,781 $3,130,391 $9,391,172
Asphalt 2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy 1,764 Tons $90.00 $158,717
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
Vegetation Removal Slope Face Area x 0.1 66,203 SY $3.00 $198,608
Rock Scaling Slope Face Area 8,091 cY $600.00 $4,854,863
e T o ol S
ock Bolt Testing . ,800. i
\% ::elz-: Dental Concrete, and Anchored 3,000 200 65 662,027 - 662,027 - Shotcrete 0.15 * Slope Face Area /9 11,034 SY $150.00 51,655,067 $9,025,284 $4,512,642 $13,537,925
Anchored Mesh 0.15* Slope Face Area 99,304 SF $16.00 $1,588,864
Asphalt 2.16 tn/cy x L x 44' x 0.167' / 27 cf/cy 1,764 Tons $90.00 $158,717
b Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
- Vegetation Removal Slope Face Area x 0.1 66,203 SY $3.00 $198,608
Protection — Install Hybrid System Barrier Rock ScalingA Slope Face Area 8,091 cY $600.00 $4,854,863
at Crest of Lower Slope and Draped Mesh Rockfall Barrier Slope Length x 0.65 : 1,950 LF $1,700.00 $3,315,000
Vi below, or Draped Mesh with Sacrificial 3,000 200 65 662,027 - 662,027 Rock Dowels Dowel Length x (0.25xL / Draped Mesh Anchor Spacing ) 938 LF $100.00 $93,750 $10,086,194 $5,043,097 $15,129,291
! Draped Mesh Slope Face Area x 0.15 99,304 SF $14.00 $1,390,256
Fences Asphalt 2.16 tn/cy x Lx 44' x 0.167' / 27 cf/cy 1,764 Tons $90.00 $158,717
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
- Vegetation Removal Slope Face Area x 0.1 66,203 SY $3.00 $198,608
Protection — Raise Roadway Elevation or Rock Scaling Slope Face Area 8,091 CcY $600.00 $4,854,863
Vil shift Roadway West to Create Catchment 3,000 200 65 662,027 - 662,027 Embankment Area of Roadway x Thickness of Roadway 100,000 CY $40.00 $4,000,000 $10,791,671 $5,395,835 $16,187,506
Asphalt 2.16 tn/cy x Lx 44' x 1.75' / 27 cf/cy (Full Depth) 18,480 Tons $90.00 $1,663,200
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
Vegetation Removal Slope Face Area 66,203 SY $3.00 $198,608
. Rock Scaling Slope Face Area 8,091 cY $600.00 $4,854,863
VIII  |Protection — Rock Shed over Road 3,000 200 65 662,027 - 662,027 - Rock Shed No of Rocksheds 1 EA $12,000,000.00 12,000,000 $17,128,471 $8,564,235 $25,692,706
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
Vegetation Removal Slope Face Area x 0.1 66,203 SY $3.00 $198,608
Rock Excavation Cut Areax L /27 55,556 cY $90.00 $5,000,000
Combination — Blasting to Create a Mid- Rock Dowels Dowel Length x (0.33 L / Draped Mesh Anchor Spacing ) 1,238 LF $100.00 $123,750
Slope Bench, Reinforcement of Devil's Rockfall Barrier Length of Slope 3,000 LF $1,700.00 $5,100,000
X Tea Table with Tensioned Rock Bolts and EeTe 200 & 662,027 662,027 20 Rock Bolt Testing Assumed 25 25 EA $1,800.00 $45,000 512,356,142 56,178,071 518,534,213
Shotcrete Asphalt 2.16 tn/cy x L x 44' x 0.167"' / 27 cf/cy 1,764 Tons $90.00 $158,717
Shotcrete 0.15 * Slope Face Area / 9 11,034 SY $150.00 $1,655,067
Rock Drain Holes L / 50 spacing * 50' long 3,000 ft $25.00 $75,000
References: Assumed Unit Costs: - - $0.00
1) :llndicates 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 CcY $600.00
12  |(ft) = Anchor Spacing (Draped Mesh) Rock Excavation CY $90.00|(Pre-Split Drilling Incidental)
10 |(ft) = Anchor Spacing (Shotcrete or Anchored Mesh) Rock Dowels LF $100.00|Tensioned rock bolts assumed to have the same unit cost
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[{Assuming 4" Thick
Rockfall Barrier LF $1,700.00 [Includes Rock Anchor Costs
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|Assume 50 ft Long Every 50'
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APPENDIX IV

2003 Rockfall Hazard Ratings and Report
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Golder Associates Inc. é

The Federal Trust Building é

24 Commerce Street, Suite 430, 4th Floor ? GOld,er
Newiark N 07102 P Associates
Telephone (973) 6210777

Fax (973) 621-7725

www . golder.com

June 18, 2004 Project No.: 033-6228
ELECTRONIC MAIL AND FEDEX

The RBA Group
One Evergreen Place
Morristown, New Jersey 07962

Attn:  Mr. Andrew M. Muldowney, P.E.

Re: REMEDIAL DESIGN ALTERNATIVES REPORT
NEW JERSEY DEPARTMENT OF TRANSPORTATION
ROUTE 29 ROCKFALL MITIGATION EVALUATION PROJECT
LAMBERTVILLE TO FRENCHTOWN, NEW JERSEY

Ladies and Gentlemen:

Golder Associates Inc. (Golder) is pleased to submit this Remedial Design Alternatives Report to
The RBA Group (RBA) for the New Jersey Department of Transportation (NJDOT) Route 29
Rockfall Mitigation Evaluation Project. Approval to undertaken and complete this rockfall hazard
evaluation project and prepare this report was authorized by RBA under two (2) separate
Subconsultant Agreements, dated June 30, 2003 and February 11, 2004.

SCOPE OF SERVICES

Golder was retained to undertake and complete a rockfall hazard review and evaluation to document
current conditions, incorporate new data not included within previous studies, develop updated
rockfall hazard ratings and develop preliminary, conceptual-level rockfall hazard remedial
alternatives for each evaluated slope within the assessment corridor.

For the referenced project, the assessment corridor is defined by Route 29 Mile Posts (MP) 16 thru
34.5, or from the Southside of Lambertville, Mercer County, New Jersey to Frenchtown, Hunterdon
County, New Jersey. See Figure 1. See Appendix “A” for drawings including aerial photographs
and environmental constraints along the assessment corridor.

In summary, Golder’s scope-of-work for the referenced project involved providing the following
professional geotechnical engineering services:

1) Review previously completed rockfall hazard ratings of slopes within the assessment
corridor;

2) Investigate and review available, historical rockfall data;

3) Inspect and photograph each evaluated slope to document current conditions;

4) Establish updated rockfall hazard ratings for each evaluated slope;

OFFICES ACROSS AFRICA. ASIA. AUSTRALIA. EUROPE. NORTH AMERICA AND SOUTH AMERICA



The RBA Group June 18, 2004
Mr. Andrew M. Muldowney, P.E. -2- Project No.: 033-6228

5) Develop preliminary, conceptual-level rockfall hazard remedial alternatives;
6) Provide rockfall hazard mitigation recommendations; and
7) Prepare a rockfall hazard Remedial Design Alternatives Report.

Summaries of completed field investigations and the findings/conclusions related to Items 1 thru 4
above were presented previously within two (2) separate technical memoranda dated November 3,
2003 and April 2, 2004 (see Appendices “B” and “C”). Hence, this report only provides the findings
and conclusions related to Items 5 thru 7 above.

PROJECT DESCRIPTION

The Route 29 Rockfall Hazard Mitigation Project involves the identification of existing rockfall
hazard risks and establishment of remedial design alternatives to mitigate said risks for rock cut
slopes within the assessment corridor (along Route 29 from MP 16 to 34.5). See Figure 1. See
Appendix “A”.

In general, Route 29 runs parallel to the Delaware River from Trenton, Mercer County, New Jersey
to Frenchtown, Hunterdon County, New Jersey. During construction of Route 29, numerous rock
cuts were excavated into bedrock to make room for the roadway, and over time these slopes have
shed rock debris due to a combination of ice/root jacking and/or geologic erosion mechanics.

The bedrock geology within the assessment corridor is characteristic of the Piedmont physiographic
province, which include shales interbedded with sandstone, siltstone and argillites of the Brunswick
formation; argillites interbedded with shale of the Lockatong formation; and sandstones interbedded
with shale of the Stockton formation. Within the Piedmont province, steep slopes form bluffs along
the Delaware River and follow along its tributary streams.

OVERVIEW OF ROCKFALL HAZARD RATINGS

During 1988 and 1989, NJDOT completed a system-wide review of all rock cut slopes along both
State and Interstate Highway Systems in New Jersey, and this statewide review program can be
summarized as follows:

e Phase I involved reviewing over 450 rock cut slopes, making cursory visual observations of
each slope, assigning preliminary ratings and noting appropriate rockfall mitigation
measures;

e Phase I identified over 110 rock cut slopes rated in the “High-High” (e.g., high probability of
rockfall and high probability of rockfall reaching the travel lanes) category, and one (1) slope
was identified as requiring immediate attention; and

e Phase II involved completing detailed hazard ratings on the identified “High-High” rock cut
slopes.

In 1994, NIDOT updated its previously established 1988/1989 preliminary and detailed rockfall

hazard ratings for the rock cut slopes identified along the referenced project’s assessment corridor.
See Table 1 for a summary of NJDOT’s updated rockfall hazard slope ratings

Golder Associates
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Table 1 — 1994 Rockfall Hazard Slope Ratings

16.00 North HH

17.30 17.80 North Varies (LL to HH)
17.90 North HH
18.05 North HH
18.20 North LL
18.60 North HH
21.90 North LH
23.10 North HM
23.10 South MM
23.20 North HH
23.30 North HH
26.00 North HH
27.20 North HH
27.30 North HH
27.50 North HH
27.78 28.38 North HH
28.50 North HH
29.10 North MH
29.63 29.83 North HH
29.85 30.45 North HH
Notes:

1) “H”=High; “M” = Medium; “L” = Low
2) “XY”=“X" Potential for a Rockfall
“Y” Potential for a Fall to Reach Roadway

During August 2003 and March 2004, Golder re-inspected and re-evaluated all twenty (20) of the
rock cut-slopes identified in Table 1 to collect new, additional, current slope data and to establish
updated rockfall hazard ratings. In addition, Golder inspected and documented back-slope conditions
above each evaluated rock cut-slope.

See Appendices “B” and “C” for technical memoranda dated November 5, 2003 and April 2, 2004,
respectively, for additional information related to Golder’s field investigation findings/conclusions
and updated rockfall hazard slope ratings.

See Table 2 for a summary of Golder’s updated rockfall hazard slope ratings for each of the
evaluated rock cut slopes within the referenced project’s assessment corridor.

Table 2 — 2004 Rockfall Hazard Slope Ratings

16.00 | 16.01 North 75 25 60 degrees B
17.30 | 17.90
1790 | 18.05 North 4025 5to25 Varies A
18.05 18.06
18.10 | 18.20 North 530 15 n/a B

Golder Associates
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18.60 | 18.63 North 160 15 n/a

B
21.90 | 21.97 North 350 40 n/a B
23.10 | 23.12 North 80 25 n/a C
23.10 | 23.16 South 300 40 n/a C
2320 | 23.23 North 160 30 n/a C
2330 | 23.36 North 330 5to25 n/a C
26.00 | 26.10 North 530 60 40 degrees B
2720 | 27.30
North 740 20 n/a B
27.30 | 27.34
2740 | 27.50 North 530 75 n/a A
27.50- | 27.65 North 800 50 45 degrees A
27.78 | 28.48 North 3700 >100 35 degrees A
29.20 | 29.30 North 530 40 n/a B
29.63 | 29.83 North 1060 30 n/a B
29.85 | 3045 North 3200 >100 40 degrees A
Notes:
1) All lengths, heights and angles presented are approximate, based on field
measurements and/or estimations.
2) See Table 3 for detailed rockfall hazard slope rating descriptions.

Table 3 — Slope Rating Descriptions

CK
High Risk: High potential for rockfall to reach roadway.
A Remedial actions are required, and should be developed
and implemented following an expedited schedule.

Moderate Risk: Medium potential for rockfall to reach
roadway. Remedial actions might be required, but
implementation could possibly be extended over time to
accommodate budgetary constraints.

Low Risk: Low potential for rockfall to reach roadway.
C Remedial actions may not be required, but inspection
and monitoring of these slopes should continue.

For rock cut-slopes between MPs 17.30 and 18.06, it should be noted that rockfall hazard slope
ratings could not be established because these slopes consist of a combination of soil slopes with
rock fragments on the surface, cut slopes in talus rock masses, and/or historic rock block retaining
structures, which have experienced varied degrees of distress.

However, Golder recommends that the slopes between MPs 17.30 and 18.06 be classified as “High
Risk”, based on qualitative assessments of observed conditions, Golder’s experience with similar
slope conditions and the fact that this section of the roadway has little to no shoulder lane.

POTENTIAL REMEDIAL DESIGN ALTERNATIVES

Over the course of the project, potential remedial actions for problem slopes were identified, and
different methods were identified to mitigate degrees of risk associated with potential rockfall events.
In general, these mitigation techniques can be divided into the following three (3) remedial design
categories, which are as follows:
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1. Rock Removal;
2. Rock Stabilization; and
3. Rockfall Control.

The following sections of this report provide brief descriptions for each of the above categories of
rockfall hazard remedial design alternatives.

Rock Removal

Removal of loose or unstable blocks of rock or rock masses would require hand and/or machine
scaling to remove loose rocks from crests and slope faces, trim blasting to remove larger rock masses
that cannot be easily or safely hand/machine scaled, and/or reduction of slope angles to create
rockfall catchment areas adjacent to the roadway.

Where rock removal is performed above active roadways, traffic controls and/or temporary rockfall
control measures, where traffic controls cannot be implemented, would be required, as necessary, to
protect the active roadway.

Brief descriptions of these rock-removal remedial design alternatives are as follows:

e Hand Scaling: The process of scaling by physically removing loose rocks from rock slope
crests and/or faces by means of hand tools. Hand scaling is often done following blasting
and over the life of a rock slope to mitigate risks associated with future rockfall events. The
process of hand scaling usually entails trained personnel rappelling down or using
crane/hoist baskets over slope faces to dislodge loose rocks from the face using steel pry bars
and/or airbag jacks. Visual impacts and aesthetic effects of scaling tend to be limited.
Scaling activities can be timed to reduce impacts on wildlife.

e Machine Scaling: The process of machine scaling, like hand scaling, involves removing
loose rocks from rock slope crests and/or faces by means of heavy machinery, which could
consist of large backhoes, cranes, backhoe mounted hoe-rams (percussion rams), and/or jack-
hammers. However, the ability to use heavy machinery is often limited by equipment reach,
access and the size of rock material to be removed. Visual impacts following scaling are as
noted above for hand scaling. The use of trim blasting is often considered preferable to
machine scaling, because the duration of noise and construction is reduced. As with hand
scaling, scaling activities can be timed to reduce impacts on wildlife.

e Trim Blasting: Trim blasting is used to scale rock blocks or volumes of loose rock that are
either too large for hand/machine scaling or are inaccessible to machinery. Trim blasting is
also implemented to reduce construction durations. The process of trim blasting involves
drilling parallel, drill holes, or pre-split-type holes and placement of small explosive charges
behind loose rock blocks or rock masses to effect their scaling from rock slope crests and/or
faces. Visual impacts following trim blasting are generally as noted for hand/machine
scaling. Construction impacts include drilling noise, dust and blasting. Impacts to wildlife
can be minimized by timing the construction. Typically, trim blasting is also followed by
hand scaling activities.
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e Slope Angle Reduction: Where bedding, joint or fracture orientations create potentially
unstable rock blocks that are too large to remove using hand/machine scaling and/or trim
blast, reducing the slope angle can be the preferred remedial design alternative, if it can be
performed within right-of-way restrictions. The process of slope angle reduction involves
laying the slope back to a more stable configuration or by creating new rockfall catchment
areas. This alternative would entail rock excavation by blasting and reconstruction of ditches
at the toes of slope. Visual impacts would include new slope geometries, which could
potentially be noticeable by people familiar with the slope. Construction impacts would
include equipment noise including rock drills, heavy equipment and blasting, and dust.
Impacts to wildlife can be minimized by timing the construction.

Rock Stabilization

Rock stabilization involves securing potentially unstable rock blocks/masses by mechanical means
such as rock bolting, buttressing, lashing and/or shotcreting. Rock blocks that are bounded by joint
or bedding planes that are relatively tight can be bolted or pinned in place.

The installation of rock bolts and/or pins involves drilling multiple holes through the rock block and
into the intact rock mass behind the block. Steel bolts consisting of reinforcing bars are inserted and
grouted within the drilled holes. The bolts keep the joint surfaces in tight contact such that maximum
friction along the joint surface is maintained and sliding is resisted. In general, rock bolting is not
very effective on blocks that have already been displaced and have dilated joints.

Rock lashing involves installing bolts as rock anchors and stringing cables from the installed rock
bolts across the blocks to lash them together. Rock lashing is effective for rocks that have dilated
joints, which may have undergone some displacement.

Rock lashing, because it is generally conducted on isolated rock blocks rather than large areas of
slopes, generally has limited visual impacts. The installation of bolts and lashing is accomplished
with percussion drilling techniques. Impacts to wildlife can be minimized by timing the construction.

Buttressing involves constructing concrete props or buttresses to support potentially unstable blocks
of rock and/or overhangs. This method of stabilization is not commonly used but it can provide a
suitable solution in particular conditions.

Rockfall Control

Rockfall control involves the construction of barriers to catch, stop and/or direct/redirect the
trajectory of falling rock blocks/masses. Catching falling rocks can be achieved by constructing
rockfall catchment ditches or constructing barriers that would absorb the rocks’ impact energy.

In general, catchment ditches at the toes of existing rock slopes within the assessment corridor are
very small and in many cases non-existent. The efficiency of catch ditches can be improved by
modifying the geometry of the ditch to increase the ditch width and depth, or constructing lips on the
outside edge of the ditch such that rocks cannot climb or bounce over while falling.

Impact barriers, including walls or high impact fences, can be constructed along roadway shoulders.
These impact barriers can also consist of concrete or timber walls, gabion walls, or cable net fences.
Specific design details for such impact barriers depend on the heights needed and the impact energies
likely to strike said barriers.
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Impact barriers should be separated from the traveled lanes by guardrails or “Jersey” barrier. Post-
construction impacts can be aesthetically acceptable. Construction impacts are generally confined to
the area close to the roadways so impacts to wildlife should be minimal during construction.

Rockfall drape nets can be use to limit rockfall energies by controlling the rates of rockfall debris
falling down slope and conveying said rockfall to designated catchment areas. Hence, rockfall drape
nets allows the rock mass to ravel down slope and controls the outward bouncing motion of the
rockfall debris, so that it is contained close to the toe of slope.

Steel wire mesh drape nets are generally used to control blocks smaller than 2 feet in nominal
dimension. Post construction impacts are visual and can be mitigated, to some extent, by selecting
materials (galvanized or coated) that blend with the surrounding rock mass colors. Construction
impacts can be limited by scheduling.

In general, rockfall drape nets are constructed as free-hanging meshes supported along rock slope
crests, and lengths of coverage depends on slope geometries and location and size of catchment
ditches. In addition, drape nets can be supported above rock slope crest surfaces to allow rock blocks
tumbling down slope, along back slopes, to be controlled by said drape nets.

RECOMMENDATIONS

As presented in Table 2, a total of seventeen (17) rock cut-slopes within the referenced project’s
assessment corridor were inspected and evaluated to establish updated rockfall hazard slope ratings,
and a summary of these rated rock cut-slopes is as follows:

e Five (5) slopes were rated to be “high-risk”, which require expedited remedial actions to
mitigate risks associated with rockfall;

e Eight (8) slopes were rated to be “medium risk”, which might require remedial actions to
mitigate risks associated with rockfall. However, needs for such remedial actions should be
further evaluated based on continued, routine slope inspections. Hence, implementation of
remedial actions for these slopes could possibly be extended over time; and

e Four (4) slopes were rated to be “low-risk”, which do not require remedial action at this time,
but should be routinely re-inspected and re-evaluated to identify potential future rockfall
hazard risks, if any.

Therefore, recommended rockfall hazard remedial design alternatives for the referenced project can
be described by the following three (3) categories: a) Engineered Controls; b) Monitoring and
Inspection; and c) Project Pipeline Assignments. The following sections of this report present
Golder’s recommendations for each of these categories.

Engineered Controls

As previously mentioned, five (5) slopes were rated to be “high risk”, and require expedited remedial
action to mitigate risks associated with rockfall. Hence, recommendations for each of these five (5)
evaluated slopes are as follows:
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MP-17.30 to MP-18.06: Slopes within this area are composed of a combination of soil
slopes with rock fragments on the surface, cut slopes in talus rock masses and/or historic
rock block retaining structures, which have experienced varied degrees of distress.

The recommended remedial design alternative for this area will ultimately be dependent on
whether NJDOT plans to realign and/or widen the roadway in this section of the assessment
corridor to establish a full shoulder lane at the toe of the slope.

If NJDOT elects to demolish the existing historic rock block wall and cut further into the
existing soil and talus rock slopes, the preferred remedial design alternative might involve
excavating the entire talus rock mass and stabilizing the exposed rock face. However, the
spatial extent and volume of this talus rock mass is not currently known.

Given uncertainty regarding the talus rock mass and NJDOT’s future plans to realign/widen
the roadway, Golder recommends, at this time, that this section of the assessment corridor be
remedied by stabilizing the slope using either gravity (i.e., gabion or bin walls) or drilled
soldier pile and pre-cast concrete lagging retaining wall systems.

In addition, Golder recommends that tops of these retaining walls be raised 5 feet (min.)
above the toe of the adjacent back-slope to provide for a rockfall catchment area and prevent
rockfall from the back-slope from traveling down slope and into the roadway corridor.

MP-27.40 to MP-27.50: Slopes within this area are composed of grey siltstone and dark
grey basalt intersected by numerous fractures dividing the rock mass into discrete rock
blocks.

Golder recommends that this section of the assessment corridor be remedied by the
following: a) clearing vegetation from the entire rock cut-slope face utilizing cutting
techniques; b) hand scaling the entire rock cut-slope face; and c) installing rockfall drape
nets over the entire rock cut-slope face.

MP-27.50 to MP-27.65: Slopes within this area are composed of massively bedded dark
grey fine-grained sedimentary rocks (i.c., mudstone or siltstone), which are intersected by
both bedding and sub-vertical fracture planes.

Golder recommends that this section of the assessment corridor be remedied by the
following: a) clearing vegetation from the entire rock cut-slope face utilizing cutting
techniques; b) hand scaling the entire rock cut-slope face; c) installing rockfall drape nets
over the entire rock cut-slope face; d) removing large, unstable rock blocks/masses from
back-slope areas; and €) installing rockfall energy impact fences along cut-slope crests to
prevent rockfall from tumbling down the back-slope and falling into the roadway.

MP-27.78 to MP-28.48: Slopes within this area are composed of massively bedded to thinly
laminated grey to red shale and siltstone rocks, which are intersected by both bedding and
sub-vertical fracture planes and exhibit moderate to severe weathering.

Golder recommends that this section of the assessment corridor be remedied by the
following: a) clearing vegetation from the entire rock cut-slope face utilizing cutting
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techniques; b) hand scaling the entire rock cut-slope face; c) installing rockfall drape nets
over the entire rock cut-slope face; d) removing large, unstable rock blocks/masses from
back-slope areas; and e) installing rockfall energy impact fences along cut-slope crests to
prevent rockfall from tumbling down the back-slope and falling into the roadway.

o  MP-29.85 to MP-30.45: Slopes within this area are composed of massively bedded light to
reddish-brown fine-grained sedimentary rocks (i.e., mudstone or siltstone), which are
intersected by both bedding and sub-vertical fracture planes.

Golder recommends that this section of the assessment corridor be remedied by the
following: a) clearing vegetation from the entire rock cut-slope face utilizing cutting
techniques; b) hand scaling the entire rock cut-slope face; c) installing rockfall drape nets
over the entire rock cut-slope face; d) removing large, unstable rock blocks/masses from
back-slope areas; and e) installing rockfall energy impact fences along cut-slope crests to
prevent rockfall from tumbling down the back-slope and falling into the roadway.

In addition, Golder recommends that NJDOT implement the above rockfall hazard remedial design
alternatives utilizing a phased approach consisting of the following two (2) stages;

Stage I:
1. Clear vegetation from entire cut-slope;

2. Hand scale entire cut-slope; and
3. Remove large, unstable rock blocks/masses from back-slope areas.

Stage I1:
1. After scaling, re-inspect, map and re-evaluate rock cut-slope to determine whether or not

additional engineered controls (i.e., rock bolts/dowels, drape nets and impact fences) are
required;

2. If additional engineering controls are required, define locations for all recommended
engineered controls; and

3. Install the recommended engineered solutions in accordance with the technical specifications
provided in the Contract Documents.

It is Golder’s opinion that the above phased approach should provide NJDOT with adequate controls
on project costs by providing engineered controls in areas that warrant such remedial measures.
Hence, Golder recommends that NJDOT consider “unit price” contracting options for installing
specified engineered controls.

Monitoring and Inspection

Regardless of whether engineered controls are implemented, Golder recommends that each of the
evaluated slopes within the assessment corridor be re-inspected and re-evaluated on a routine,
continual basis to document changes in slope conditions and identify potential future rockfall hazard
risks, if any.

However, periods between re-inspections would likely not be uniform, and depend on previously

established rockfall hazard slope ratings. See Table 4 for Golder’s recommended monitoring and
inspection periods for each rockfall hazard slope rating classification:
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Table 4 — Recommended Monitoring and Inspection Periods

A High Risk Annually (min.), or more frequent
B Moderate Risk Once every year, or as established by NJDOT
C Low Risk Once every two (2) years, or as established by NJDOT

Ultimately, NJDOT would be responsible for scheduling future rock slope inspections and
evaluations, and Golder understands NJDOT would either utilize “in-house” personnel or elect to use
external engineering design consultants to undertake and complete this work on a continual basis.

Project Pipeline Assignments

NJDOT has established a project delivery process allowing for all projects to be advanced from
feasibility study through design and into construction, and this process is comprised of four (4)
project pipelines, which can be summarized as follows:

Complex projects requiring feasibility assessments; preliminary and
1 final design submissions; and preparation of contract documents and
engineer cost estimates.

Moderate projects requiring some involvement with Right-of-Way,

2 utilities and/or environmental permits.

Moderate to simple projects having clearly defined Scopes-of-Work and
3 minimal involvement with Right-of-Way, utility and/or environmental

permits.

Simple projects requiring no involvement with Right-of-Way and
4 minimal or no involvement with utility and/or environmental permit. In

addition, these projects would be managed by NJDOT Operations.

With exception of the slopes between mileposts MP-17.3 to MP-18.06, it is Golder’s opinion that the
recommended rockfall hazard remedial design alternatives represent moderate to simple degrees of
difficulty. However, it should be noted that, at this time, the degree of involvement with respect to
Right-of-Way, utility and environmental permits are not clearly defined.

Therefore, based on the above descriptions, Golder recommends the following project pipelines for
each of the designated “high risk” rock slopes and for each work phase:

17.30 n/a n/a

1

27.40 | 27.50 I Clear Vegetation/Rock Scaling 4
1I Engineered Controls 3

27.50 | 27.65 I Clear Vegetation/Rock Scaling 4
11 Engineered Controls 3

27.78 | 28.48 1 Clear Vegetation/Rock Scaling 4
1I Engineered Controls 3

29.85 | 3045 I Clear Vegetation/Rock Scaling 4
1I Engineered Controls 3
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PRELIMINARY CONSTRUCTION COSTS

For planning purposes, NJDOT requested that Golder develop conceptual-level, preliminary
construction cost estimates for its recommended rockfall hazard remedial design alternatives. Hence,
preliminary opinions of potential construction costs were prepared for only those rock cut-slopes
designated as “high risk”. See Table 2.

See Table 5 for the referenced project’s preliminary construction costs to implement the
recommended remedial design alternatives for each of the five (5) designated “high risk” rock cut-
slopes. Furthermore, these construction costs have been broken down to show cost components
associated with each of the “high risk” rock cut-slopes.

Given the nature and high degree of uncertainty associated with the referenced project, Golder
recommends these conceptual-level, preliminary construction cost estimates utilize contingency
factors of 40%. Overall, the total estimated construction cost to implement the recommended
remedial design alternatives is about $19,452,000 (see Table 5).

However, it should be noted that the costs presented in Table 5 do not include requisite design,
inspection, construction management/oversight and/or long-term maintenance costs. In addition,
these costs assume that the recommended remedial design alternatives would be aesthetically
acceptable to NJDOT and the local community.

Long-term maintenance will be required to maintain the recommended remedial design alternatives,
and maintenance activities could include, but would not be limited to, the following: a) removal of
rock debris at bases of rock cut-slopes; b) repair/replacement of damages drape nets and/or impact
barriers; ¢) removal of rock debris collected in the installed rockfall impact barriers; and d) clearing
of vegetation cover re-growth.
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LIMITATIONS

This report was prepared for the exclusive use of RBA and NJDOT for specific applications on the
referenced project, in accordance with generally accepted geotechnical engineering practices.

Recommendations contained herein only represent preliminary, conceptual-level rockfall hazard
remedial design alternatives, and should not be misconstrued to represent final design
recommendations.

Golder assumes that the referenced project’s final design would be undertaken and completed by
others, and final designs should include, but not be limited to, the following: establish limits of work;
define scope and extent of engineered solutions; prepare appropriate contract documents; and
establish final engineers’ cost estimates.

Recommendations contained herein were based on Golder’s current understanding of the referenced
project, which is that NJDOT does not intend or plan to realign and/or widen Route 29 through the
assessment corridor.

Any realignment or widening of Route 29 through the assessment corridor would directly impact the
rockfall hazard slope ratings and remedial design alternatives presented herein. Hence, the
recommendations presented herein should be reassessed, if NJDOT elects to consider any
realignment and/or widening options.

Recommendations included herein assume that the overall rockfall hazard mitigation program will be
visual and aesthetically accepted by NJDOT and the local community. If alternate remedies are
required to satisfy more stringent visual and/or aesthetic design criteria, the recommendations and
preliminary construction costs presented should be revised accordingly.

Recommendations included herein are contingent upon one another, and no recommendation should
be followed independent of others. In addition, Golder’s recommendations should be incorporated in
the future construction drawings and technical specifications prepared by others.

This report provides no warranties expressed or implied. In addition, Golder cannot be held
responsible for claims, damages or liability arising from interpretations or reuse of subsurface
information collected and provided by others.

If changes to the nature and/or design of the referenced project are planned, the conclusions and
recommendations contained herein should not be construed to be valid, unless said changes are
reviewed and associated conclusions modified or verified by Golder in writing.

Furthermore, if design of the recommended remedial measures at “high risk™ sections are deferred
for more than one (1) year, said associated slopes should be re-inspected, re-evaluated at the
frequency recommended in Table 4 herein to determine whether or not slope conditions have
changed and require different remedial design approaches.
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CLOSURE
Golder is pleased to have had the opportunity to prepare this Remedial Design Alternatives Report
for RBA, and looks forward to continued participation on the referenced project. If you have any

questions, please feel free to contact either of the undersigned at (973) 621-0777.

Very truly yours,

GOLDER ASSOCIATES INC.

Mark F. McNeilly, P.E.
Senior Consultant and Associate

Robert E. Stetkar, P.E.
Practice Leader and Principal

Attachments
C.c.: R.Cross
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