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1 Introduction

1.1 Forward
The purpose of this document is to present detailed calculations used to size ventilation and mechanical smoke control systems designed for new Carmel Road Tunnels project, being constructed in Haifa, Israel by Ashtrom – Solel Boneh Joint Venture.
It also includes a summary description of proposed Ventilation Systems which will serve as basis for design and construction.
1.2 Project Description

The Carmel Tunnels project includes the construction of four (4) road tunnels which are located as follows:

· West tunnels from Hof Carmel Interchange to Rupin Road: linked by two (2) unidirectional tunnels (T1 & T2), with 2-lanes each, 3,280m long.
· East tunnels from Rupin Road to Hakrayot Interchange: linked by two (2) unidirectional tunnels (T3 & T4), with 2-lanes each, 1,720m long.

Carmel Tunnels shall be operated according to toll based Traffic Management System.

The ventilation system is based on longitudinal design, with reversible operation. In general flow direction will in same direction of traffic. Ventilation capacity shall be controlled according to environmental, emergencies, operational and maintenance considerations.

The ventilation calculations presented below are based on minimum requirements for control of environmental conditions in normal operation for traffic forecasts at opening of tunnels in 2010 and future forecast for the year 2025.  For all cases both congested and free-flowing traffic conditions are taken into account.

The Ventilation Systems shall be sized to serve a dual-function of both normal ventilation and smoke control. At present the criteria for smoke control corresponds to the recommended value of 5m/s critical velocity. However this figure shall be checked according to CFD (Computational Fluid Dynamics) analysis which is currently in progress. As per program requirements, the tunnel can be used for transport of "Non Hazardous" materials only.
These calculations also cover checking of the program/permit documents requirement for control of pollution levels caused by ventilation discharge from portals in the populated Rupin Road area.
1.3 Reference Documents and Standards

The following reference documents and International Standards were used:

· NFPA 502 – 2004 : Standard for Road Tunnels, Bridges and Other Limited Access Highways.
· PIARC XVIIth Road Congress 1987.
· Program Document dated 17/07/96 issued by AMY-METOM.
· Norwegian Public Roads Administration standard for Road Tunnels, 1997 and 2004 editions.
2 Design Criteria

2.1 Outside Conditions
2.1.1 Ventilation Systems Outdoor Condition

The following temperatures are considered as average design conditions for calculation of "stack effect" in tunnels, to be taken into consideration when sizing ventilation systems (additional positive or negative thrust): 

Summer:

· Outside ambient:
30(C dry bulb

· Tunnel ambient:
24(C dry bulb

Winter:

· Outside ambient:
10(C dry bulb

· Tunnel ambient:
20(C dry bulb

2.1.2 Air-conditioning Systems Outdoor Conditions

Summer:

· Dry Bulb design condition:
32 (C
· Wet Bulb design condition:
26 (C


· Extreme maximum:

40 (C dry bulb

Winter:

· Dry bulb design condition:
5 (C
· Wet bulb design condition:
3 (C
· Extreme minimum:

-1 (C dry bulb
Continuous operation and serviceability of equipment is to be ensured at annual extreme dry bulb temperatures (regardless of whether heating or cooling needs are being met).
2.1.3 Wind Conditions
Western portals (Hof Carmel):

· West wind:
7 m/s

Eastern portals (Hakrayot):

· East wind:
5 m/s

2.1.4 Elevation

The following average elevations for each tunnel are used for calculation of Carbon Monoxide (CO) atmospheric concentrations:

· West tunnels:
86m above sea level

· East tunnels:
72m above sea level

2.2 Tunnels Configuration

Tunnel geometry used for ventilation calculations is as shown in following table and figures:
	Tag
	from
	to
	Type
	Location
	Legnth
	Gradient

	T1
	Hof Carmel
	Rupin
	2 lane Unidirectional

Uphill
	South West (SW)
	3,280m
	+1.8%

	T2
	Rupin
	Hof Carmel
	2 lane Unidirectional

Downhill
	North West (NW)
	3,280m
	(-)1.8%

	T3
	Rupin
	Hakrayot
	2 lane Unidirectional

Downhill
	South East (SE)
	1,720m
	(-)5.5%

	T4
	Hakrayot
	Rupin
	2 lane Unidirectional

Uphill
	Noth East (NE)
	1,720m
	+5.5%


Tunnel section:

· Type: circular vaulted section

· Cross section area:
55m2
· Perimeter:
29m

· Hydraulic diameter:
4 x Area / Perimeter 
= 4 x 55 / 29

= 7.6m


Figure 1: Tunnels configuration
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Figure 2: Typical tunnels section
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2.3 Traffic Data
2.3.1 Forecast Traffic Flow
Forecast of traffic flows or hourly flow rate, are based on figures received from the traffic consultant and Yafe Nof, as follows:

Table of forecast traffic flows (veh/h)

	Tunnel
	2010
	2015
	2025

	T1 – SW Uphill
	1,760
	890
	1,730

	T2 – NW Downhill
	1,060
	2,350
	2,410

	T3 – SE Downhill
	1,993
	1,530
	1,890

	T4 – NE Uphill
	1,503
	2,430
	2,470


Table of traffic flows used in ventilation calculation, based on above forecasts (veh/h)
	Tunnel
	2010
	2025

	T1 – SW Uphill
	1,760
	1,760

	T2 – NW Downhill
	1,060
	2,410

	T3 – SE Downhill
	1,993
	1,993

	T4 – NE Uphill
	1,503
	2,470


2.3.2 Traffic Conditions
Ventilation calculations are made according to four different types of traffic conditions as follows:
· Extremely congested 10km/h and total stoppage

· Congested slow moving 20km/h

· Free flowing 30km/h

· Free flowing 60km/h

The following terms are used in PIARC to define traffic conditions:

· Traffic concentration (D) expressed in veh/km.lane
· Traffic speed (V) expressed in km/h

· Traffic flow (I) expressed in veh/h at 60km/h
Where: I(veh/h) = V(km/h) x D(veh/km)

The following assumptions are used for each of the 4 traffic conditions, based on Traffic Data for Ventilation Design in section IV.4.3 of PIARC:
· Congested 10km/h and full stoppage:
assume traffic density (D) = 120veh/km.lane
with 50% full stoppage (jam) in the long tunnels T1 & T2
and 75% full stoppage (jam) in shorter tunnels T3 & T4
· Slow moving 20km/h:
assume traffic flow (I) = forecast I @ 60km/h x 60%
· Flowing 30km/h:
assume traffic flow (I) = forecast I @ 60km/h x 75%
· Flowing 60km/h:
assume traffic flow (I) = forecast I @ 60km/h
2.3.3 Heavy Vehicles
The following criteria are used concerning type and percentage of heavy vehicles in the tunnels, for NOx and Visibility calculations related to diesel driven motors:

· Percentage heavy vehicles, such as buses and trucks: 10%

· Average weight: 17T
2.4 CO Concentrations
The following maximum concentrations of CO, according to different traffic conditions, are required by the program:
· Jam:
200ppm
· Congested:
100ppm (although PIARC recommended value is 150ppm)

· Free flowing:
100ppm

The following criteria were used for CO emissions, based on PIARC section II.1.2.1:

· Class B: periodic emission controls

· Year: 2000 

· Basic CO emission for passenger cars: 0.3m3/h.veh
2.5 NOx Concentrations

The following maximum concentration of NOx is required by the program:
· NOx limit: 15ppm (as NO2)
The following criteria were used for NO emissions, based on Norway Road Tunnel standard 1990 for heavy vehicles:

· NOx emission: 1.3x10-3 m3/km.veh
· Correction factor for catalyser effect based on more recent standards: 0.7 average
2.6 Visibility
The following minimum visibility distances due to smoke emissions from heavy vehicles, according to different traffic conditions, are required by the program:

· Jam / congested:
0.009(m-1) = 111m

· Flowing:
0.005(m-1) = 200m

The following criteria were used for Smoke emissions, based on PIARC section II.1.3:

· Class B: periodic emission controls

· Year: 2000 

· Basic Smoke emission for bus/truck: 13m3/h.T

2.7 Fire Smoke Exhaust
The program provides a reference of 5m/s critical velocity. However actual air flow capacities for smoke exhaust are based on results of CFD (Computational Fluid Dynamics) analysis.
As per program requirement, the transport of "Non Hazardous" materials is allowed only.

2.8 Preliminary fans selection

For the purpose of comparing ventilation systems size and capacity according to calculation results of different traffic conditions in each tunnel, a preliminary selection of Jet fans was made.
The tunnel cross-section and required traffic gauge of 4.8m ("gabrit") allows a certain number of alternatives of number, size and power of fans which can be suspended from tunnel roof. The following solutions were compared (see figures below):
· 2 fans per group, nominal diameter (100cm (40"), 30kW truly reversible – figure 3

· 3 fans per group, nominal diameter (90cm (35"), 20kW truly reversible – figure 4

· 1 fan per group, nominal diameter (120cm (50"), 45kW truly reversible – figure 5
· Mixed solution of 3 fans per group – figure 6: 
1 x nominal diameter (120cm (50"), 45kW truly reversible
2 x nominal diameter (80cm (30"), 15kW truly reversible

The optimal solution concerning size and number of fans depends to the following factors:

· Larger fan sizes (diameter) have best energy efficiency, allowing reduction in running costs.

· Minimise quantity of fans for reduced initial cost and maintenance cost.

· Provide sufficient number of fans to allow reduced capacity operation with incremental staged operation of fans, to adapt actual ventilation capacity to operational requirements.

The following Jet fan configuration was adopted as the optimal solution (see figure 3):
· Fans per group:
2

· Nominal diameter:
(100cm (40") each

· External diameter:
(120cm

· Suspension height:
178cm

· Absorbed fan power:
26kW

· Motor power:
30kW

· Fan thrust:
875N

· Fan flow:
24m3/s

· System factor:
0.7

Figure 3: 2 x (100cm Jet Fan configuration (selected solution)
[image: image3.wmf]
Figure 4: 3 x (90cm Jet Fan configuration

[image: image4.wmf]
Figure 5: 1 x (120cm Jet Fan configuration

[image: image5.wmf]
Figure 6: 1 x (120cm + 2 x (80cm Jet Fan configuration
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3 Ventilation Calculation and Results
3.1 Computational Calculations

Ventilation calculations are based on formulas, graphs and calculation method described in PIARC and Norwegian Road Tunnel Standard.

The calculations were performed according to a computational method based on a Microsoft ACCESS program developed in-house by HRVAC.

The computational method includes the following steps which are carried out for each tunnel and for each of the traffic conditions:

1. Calculation of total fresh air quantities required for CO dilution

2. Calculation of total fresh air quantities required for diesel smoke dilution

3. Calculation of resulting NOx concentration from maximum fresh air quantities obtained in the previous steps
4. Increase fresh air quantities if NOx limit is not met

5. Determination of number of fans required according to calculated hydraulic resistance based on:

· Maximum condition of fresh air quantity for CO, Smoke or NOx dilution

· Positive or negative resistance according to traffic speed (self-ventilation effect at higher speeds in unidirectional tunnel)
· Worst condition of wind resistance at portal

· Worst condition of temperature conditions and resulting negative "stack effect" (summer or winter)
6. Additional resistance calculation to determine number of fans required in emergency fire smoke control situation, based critical velocity and corresponding air quantities.

The following table lists computer runs performed for each tunnel and all traffic conditions. Corresponding detailed computer printouts are attached in Annex 3.
	Computer run no.
	Tunnel
	Traffic condition
	Year
	Detailed runs for each year

	391001A
	T1 – SW uphill
	Stoppage
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001B
	T1 – SW uphill
	Congested 20km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001C
	T1 – SW uphill
	Free flowing

30km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001D
	T1 – SW uphill
	Free flowing

60km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001E
	T1 – SW uphill
	Fire
	
	Fans selection

	391002A

391002A1
	T2 – NW downhill
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002B

391002B1
	T2 – NW downhill
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002C

391002C1
	T2 – NW downhill
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002D

391002D1
	T2 – NW downhill
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002E
	T2 – NW downhill
	Fire
	
	Fans selection

	391003A
	T3 – SE downhill
	Stoppage
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003B
	T3 – SE downhill
	Congested 20km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003C
	T3 – SE downhill
	Free flowing

30km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003D
	T3 – SE downhill
	Free flowing

60km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003E
	T3 – SE downhill
	Fire
	
	Fans selection

	391004A

391004A1
	T4 – NE uphill
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004B

391004B1
	T4 – NE uphill
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004C

391004C1
	T4 – NE uphill
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004D

391004D1
	T4 – NE uphill
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004E
	T4 – NE uphill
	Fire
	
	Fans selection

	391004A3

391004A4
	T4 – NE uphill

Rupin pollution, reverse operation
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004B3

391004B4
	T4 – NE uphill

Rupin pollution, reverse operation
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004C3

391004C4
	T4 – NE uphill

Rupin pollution, reverse operation
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004D3

391004D4
	T4 – NE uphill

Rupin pollution, reverse operation
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection


Note:
Rupin pollution scenario for tunnel T4 – NE uphill, was checked in two ways:

1. Determine increased number of fans required to ventilate the tunnel in reverse direction, against traffic speed of 30km/h maximum.
2. Check resulting NOx concentrations from increased fresh air flow by forced operation of proposed number of fans in base solution, in free flowing traffic conditions where self ventilation is normally sufficient.

3.2 Results – Summary of Fan Selections
Summary table of ventilation calculation results taken form computer printouts, is attached in Annex 2.

The following tables summarize fresh air flow rates and corresponding required number of fans for all traffic conditions:

Tunnel T1 – South/West, Uphill: length 3,280m, gradient +1.8%, years 2010 and 2025
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391001A
	391001B
	391001C
	391001D
	391001E

	1.
	Traffic flow
	Veh/h
	1,760
	1,760
	1,760
	1,760
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	227
	208
	195
	173
	

	2.3
	Air speed in tunnel
	m/s
	4.1
	3.8
	3.5
	3.1
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	176
	138
	185
	288
	

	3.3
	Air speed in tunnel
	m/s
	3.2
	2.5
	3.4
	5.2
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	227
	208
	220
	220
	

	4.3
	Air speed in tunnel
	m/s
	4.1
	3.8
	4.0
	4.0
	

	4.4
	Calculated NOx
	ppm
	11.5
	12.2
	13.5
	13.0
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	CO
	CO
	NOx
	Visibility
	CFD

	5.2
	Fresh air flow
	m3/s
	227
	208
	220
	288
	

	5.3
	Air speed in tunnel
	m/s
	4.1
	3.8
	4.0
	5.2
	

	5.4
	Total required thrust
	N
	19,636
	15,731
	13,889
	9,496
	

	5.5
	Required fan quantity
	U
	22.4
	18.0
	15.9
	10.9
	

	5.6
	Installed fan quantity
	U
	24
	18
	16
	12
	30

	5.7
	Total fan power
	kW
	720
	540
	480
	360
	900


Tunnel T2 – North/West, Downhill: length 3,280m, gradient (-)1.8%, year 2010
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391002A
	391002B
	391002C
	391002D
	391002E

	1.
	Traffic flow
	Veh/h
	1,060
	1,060
	1,060
	1,060
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	219
	120
	113
	not calculated
	

	2.3
	Air speed in tunnel
	m/s
	4.0
	2.2
	2.1
	not calculated
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	78
	not calculated
	not calculated
	not calculated
	

	3.3
	Air speed in tunnel
	m/s
	1.4
	not calculated
	not calculated
	not calculated
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	40
	not calculated
	not calculated
	not calculated
	

	4.3
	Air speed in tunnel
	m/s
	0.7
	not calculated
	not calculated
	not calculated
	

	4.4
	Calculated NOx
	ppm
	11.5
	not calculated
	not calculated
	not calculated
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	CO
	CO
	CO
	see 2025
	CFD

	5.2
	Fresh air flow
	m3/s
	219
	120
	113
	not calculated
	

	5.3
	Air speed in tunnel
	m/s
	4.0
	2.2
	2.1
	not calculated
	

	5.4
	Total required thrust
	N
	21,421
	7,320
	2,904
	self ventilated
	

	5.5
	Required fan quantity
	U
	24.5
	8.4
	3.3
	0
	

	5.6
	Installed fan quantity
	U
	26
	10
	4
	0
	36

	5.7
	Total fan power
	kW
	780
	300
	120
	0
	1,080


Tunnel T2 – North/West, Downhill: length 3,280m, gradient (-)1.8%, year 2025
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391002A1
	391002B1
	391002C1
	391002D1
	391002E1

	1.
	Traffic flow
	Veh/h
	2,410
	2,410
	2,410
	2,410
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	219
	274
	257
	228
	

	2.3
	Air speed in tunnel
	m/s
	4.0
	5.0
	4.7
	4.1
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	78
	84
	96
	121
	

	3.3
	Air speed in tunnel
	m/s
	1.4
	1.5
	1.7
	49
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	80
	80
	90
	90
	

	4.3
	Air speed in tunnel
	m/s
	1.5
	1.5
	1.6
	1.6
	

	4.4
	Calculated NOx
	ppm
	13.1
	12.7
	13.3
	12.8
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	CO
	CO
	CO
	CO
	CFD

	5.2
	Fresh air flow
	m3/s
	219
	274
	257
	228
	

	5.3
	Air speed in tunnel
	m/s
	4.0
	5.0
	4.7
	4.1
	

	5.4
	Total required thrust
	N
	21,421
	31,041
	23,409
	(-)12,358
	

	5.5
	Required fan quantity
	U
	24.5
	35.5
	26.8
	0
	

	5.6
	Installed fan quantity
	U
	26
	36
	28
	0
	36

	5.7
	Total fan power
	kW
	780
	1,080
	840
	0
	1,080


Tunnel T3 – South/East, Downhill: length 1,720m, gradient (-)5.5%, years 2010 and 2025
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391003A
	391003B
	391003C
	391003D
	391003E

	1.
	Traffic flow
	Veh/h
	1,993
	1,993
	1,993
	1,993
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	161
	119
	111
	99
	

	2.3
	Air speed in tunnel
	m/s
	2.9
	2.2
	2.0
	1.8
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	39
	26
	25
	10
	

	3.3
	Air speed in tunnel
	m/s
	0.7
	0.5
	0.5
	0.2
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	40
	40
	40
	40
	

	4.3
	Air speed in tunnel
	m/s
	0.7
	0.7
	0.7
	0.7
	

	4.4
	Calculated NOx
	ppm
	11.4
	11.0
	13.0
	12.5
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	CO
	CO
	CO
	CO
	CFD

	5.2
	Fresh air flow
	m3/s
	161
	119
	111
	99
	

	5.3
	Air speed in tunnel
	m/s
	2.9
	2.2
	2.0
	1.8
	

	5.4
	Total required thrust
	N
	9,333
	4,969
	1,120
	(-)15,401
	

	5.5
	Required fan quantity
	U
	10.7
	5.7
	1.3
	0
	

	5.6
	Installed fan quantity
	U
	12
	6
	2
	0
	28

	5.7
	Total fan power
	kW
	360
	180
	60
	0
	840


Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2010
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391004A
	391004B
	391004C
	391004D
	391004E

	1.
	Traffic flow
	Veh/h
	1,503
	1,503
	1,503
	1,503
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	196
	109
	102
	91
	

	2.3
	Air speed in tunnel
	m/s
	3.6
	2.0
	1.9
	1.7
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	221
	112
	156
	125
	

	3.3
	Air speed in tunnel
	m/s
	4.0
	2.0
	2.8
	2.3
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	140
	130
	156
	150
	

	4.3
	Air speed in tunnel
	m/s
	2.5
	2.4
	2.8
	2.7
	

	4.4
	Calculated NOx
	ppm
	13.0
	13.6
	13.3
	13.3
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	Visibility
	NOx
	Visibility
	NOx
	CFD

	5.2
	Fresh air flow
	m3/s
	221
	130
	156
	150
	

	5.3
	Air speed in tunnel
	m/s
	4.0
	2.4
	2.8
	2.7
	

	5.4
	Total required thrust
	N
	12,699
	3,780
	3,293
	(-)8,006
	

	5.5
	Required fan quantity
	U
	14.5
	4.3
	3.8
	0
	

	5.6
	Installed fan quantity
	U
	16
	6
	4
	0
	28

	5.7
	Total fan power
	kW
	480
	180
	120
	0
	840


Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2025
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h
	Fire smoke exhaust

	
	
	
	391004A1
	391004B1
	391004C1
	391004D1
	391004E

	1.
	Traffic flow
	Veh/h
	2,470
	2,470
	2,470
	2,470
	

	2.
	CO
	
	
	
	
	
	

	2.1
	CO limit
	ppm
	200
	100
	100
	100
	

	2.2
	Fresh air flow
	m3/s
	196
	179
	168
	149
	

	2.3
	Air speed in tunnel
	m/s
	3.6
	3.3
	3.1
	2.7
	

	3.
	Visibility
	
	
	
	
	
	

	3.1
	Visibility limit
	m-1
	0.009
	0.005
	0.005
	0.005
	

	3.2
	Fresh air flow
	m3/s
	221
	184
	259
	207
	

	3.3
	Air speed in tunnel
	m/s
	4.0
	3.3
	4.7
	3.8
	

	4.
	NOx
	
	
	
	
	
	

	4.1
	NOx limit
	ppm
	15
	15
	15
	15
	

	4.2
	Fresh air flow
	m3/s
	221
	220
	259
	240
	

	4.3
	Air speed in tunnel
	m/s
	4.0
	4.0
	4.7
	4.4
	

	4.4
	Calculated NOx
	ppm
	13.5
	13.2
	13.2
	13.6
	

	5.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	5.1
	Selection criteria
	
	Visibility
	NOx
	Visibility
	NOx
	CFD

	5.2
	Fresh air flow
	m3/s
	221
	220
	259
	240
	

	5.3
	Air speed in tunnel
	m/s
	4.0
	4.0
	4.7
	4.4
	

	5.4
	Total required thrust
	N
	12,699
	10,907
	12,786
	(-)5,009
	

	5.5
	Required fan quantity
	U
	14.5
	12.5
	14.6
	0
	

	5.6
	Installed fan quantity
	U
	16
	14
	16
	0
	28

	5.7
	Total fan power
	kW
	480
	420
	480
	0
	840


Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2010 – Rupin Pollution, reverse operation against traffic
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 30km/h
adjusted (1)

	
	
	
	391004A3
	391004B3
	391004C3
	391004C3

	1.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	

	1.1
	NOx at tunnel portal
	ppm

(m3/h)
	13.0

(6.5)
	13.6

(6.4)
	13.3

(7.5)
	13.4
(6.5)

	1.2
	Fresh air flow
	m3/s
	221
	130
	156
	135

	1.3
	Air speed in tunnel
	m/s
	4.0
	2.4
	2.8
	2.5

	1.4
	Total required thrust
	N
	27,221
	15,826
	22,787
	20,642

	1.5
	Required fan quantity
	U
	31.1
	18.1
	26.0
	23.6

	1.6
	Installed fan quantity
	U
	30
	16
	26
	24

	1.7
	Total fan power
	kW
	900
	480
	780
	720


Notes:

(1) 
Adjusted calculation in strict accordance to Norway 2004 for catalyst effect on NOx emissions with 10% heavy vehicles. Resulting correction factor for NOx production = 0.61 (instead of 0.7 initially employed) 

Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2025 – Rupin Pollution, reverse operation against traffic
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 30km/h
adjusted (2)
	Flowing 30km/h
adjusted (3)

	
	
	
	391004A4
	391004B4
	391004C4
	391004C3
	391004C3

	2.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	
	

	2.1
	NOx at tunnel portal
	ppm

(m3/h)
	13.5

(10.8)
	13.3

(10.4)
	13.2

(12.3)
	19.2
(10.7)
	13.4
(8.4)

	2.2
	Fresh air flow
	m3/s
	221
	220
	259
	155
	175

	2.3
	Air speed in tunnel
	m/s
	4.0
	4.0
	4.7
	2.8
	3.2

	2.4
	Total required thrust
	N
	27,221
	33,664
	48,357
	31,475
	31,014

	2.5
	Required fan quantity
	U
	31.1
	38.5
	55.3
	36
	35.4

	2.6
	Installed fan quantity
	U
	30
	36
	56
	36
	36

	2.7
	Total fan power
	kW
	900
	1,080
	1,680
	1,080
	1,080


Notes:

(2) 
Adjusted calculation in strict accordance to Norway 2004 for catalyst effect on NOx emissions with 10% heavy vehicles. Resulting correction factor for NOx production = 0.61 (instead of 0.7 initially employed)
(3) 
Adjusted calculation in strict accordance to Norway 2004 for catalyst effect on NOx emissions with 7% heavy vehicles. Resulting correction factor for NOx production = 0.54 (instead of 0.7 initially employed) 

The 2 previous results tables for T4 Rupin pollution calculation with reverse operation of fans (2010 & 2025), include adjusted correction factors which take into account use of catalyser for reduction of NOx emissions, based on more recent Norwegian Code published in 2004.

The analysis of these results shows that:

· For the year 2010, the permit requirement for reverse operation with speed limit of 30km/h can be fully met.

· For future 2025 horizon with increased traffic density, requirement for reverse operation with speed limit of 30km/h, can be met with 7% heavy vehicles.
However the proposed solution in the Rupin pollution situation, is to use forced operation of fans in the direction of traffic, to allow increased dilution of NOx. Resulting concentrations of NOx in this configuration are shown in the following tables:

Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2010 – Rupin pollution, forced operation with traffic
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h

	
	
	
	391004A
	391004B
	391004C
	391004C

	1.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	

	1.1
	NOx at tunnel portal
	ppm

(m3/h)
	6.1

(6.5)
	5.7

(6.4)
	6.7

(7.5)
	5.5

(7.2)

	1.2
	Fresh air flow
	m3/s
	300
	310
	310
	360

	1.3
	Air speed in tunnel
	m/s
	5.5
	5.6
	5.6
	6.5

	1.4
	Total required thrust
	N
	20,919
	20,959
	20,157
	20,130

	1.5
	Required fan quantity
	U
	23.9
	24.0
	23
	23

	1.6
	Installed fan quantity
	U
	24
	24
	24
	24

	1.7
	Total fan power
	kW
	720
	720
	720
	720


Tunnel T4 – North/East, Uphill: length 1,720m, gradient +5.5%, year 2025 – Rupin pollution, forced operation with traffic
	Item
	Description
	Units
	Congested 10km/h or Full Stoppage
	Slow 20km/h
	Flowing 30km/h
	Flowing 60km/h

	
	
	
	391004A
	391004B1
	391004C1
	391004D1

	2.
	Fan selection: (100cm (40"), 30kW, 875N
	
	
	
	
	

	2.1
	NOx at tunnel portal
	ppm

(m3/h)
	5.7

(10.8)
	8.8
(10.4)
	10.0
(12.3)
	8.2
(11.8)

	2.2
	Fresh air flow
	m3/s
	320
	330
	340
	400

	2.3
	Air speed in tunnel
	m/s
	5.7
	6.0
	6.2
	7.3

	2.4
	Total required thrust
	N
	23,396
	23,473
	24,016
	23,066

	2.5
	Required fan quantity
	U
	26.7
	26.8
	27.4
	26.4

	2.6
	Installed fan quantity
	U
	28
	28
	28
	28

	2.7
	Total fan power
	kW
	840
	840
	840
	840


3.3 Results – Summary of Ventilation Electrical Load
3.3.1 Electrical Loads for Year 2010

The following table summarizes total installed number of fans and connected electrical power for the year 2010:
	Item
	Traffic Condition
	Tunnel T1

SW Uphill
	Tunnel T2

NW Downhill
	Tunnel T3

SE Downhill
	Tunnel T4

NE Uphill

	1.1
	Congested 10km/h and Full Stoppage
	24 fans

720 kW
	26 fans

780 kW
	12 fans

360 kW
	30 fans

900 kW reversed

	1.2
	Slow 20km/h
	18 fans

540 kW
	10 fans

300 kW
	6 fans

180 kW
	16 fans

480 kW reversed

	1.3
	Flowing 30km/h
	16 fans

480 kW
	4 fans

120 kW
	2 fans

60 kW
	24 fans

720 kW reversed

	1.4
	Flowing 60km/h
	12 fans

360 kW
	0 fans

0 kW
	0 fans

0 kW
	0 fans

0 kW

	1.5
	Fire, pending CFD results
	30 fans

900 kW
	36 fans

1,080 kW
	28 fans

840 kW
	28 fans

840 kW

	1.6
	Installed
	32 fans

960 kW
	38 fans

1,140 kW
	30 fans

900 kW
	30 fans

900 kW


The following table compares different scenarios for combined operation of tunnel's ventilation for the year 2010:
	Item
	Traffic Condition
	Tunnel T1

SW Uphill
	Tunnel T2

NW Downhill
	Tunnel T3

SE Downhill
	Tunnel T4

NE Uphill
	Combined Total

	1A
	T2 + T4 congested

1.3+1.1+1.3+1.1
	16 fans

480 kW
	26 fans

780 kW
	2 fans

60 kW
	30 fans

900 kW reversed
	74 fans

2,220 kW

	1B
	T1 + T3 congested

1.1+1.3+1.1+1.3
	24 fans

720 kW
	4 fans

120 kW
	12 fans

360 kW
	24 fans

720 kW reversed
	64 fans

1,920 kW

	1C
	All congested

1.1+1.1+1.1+1.1
	24 fans

720 kW
	26 fans

780 kW
	12 fans

360 kW
	30 fans

900 kW
reversed
	92 fans

2,760 kW

	1D
	All slow 20km/h

1.2+1.2+1.2+1.2
	18 fans

540 kW
	10 fans

300 kW
	6 fans

180 kW
	16 fans

480 kW reversed
	50 fans

1,500 kW

	1E
	All flowing 30km/h

1.3+1.3+1.3+1.3
	16 fans

480 kW
	4 fans

120 kW
	2 fans

60 kW
	24 fans

720 kW reversed
	46 fans

1,380 kW

	1F
	All flowing 60km/h

1.4+1.4+1.4+1.4
	12 fans

360 kW
	0 fans

0 kW
	0 fans

0 kW
	0 fans

0 kW
	12 fans

360 kW

	1G
	Fire in T2

1.5+1.5+1.3+1.3
	6 fans

180 kW
	36 fans

1,080 kW
	2 fans

60 kW
	4 fans

120 kW
	48 fans

1,440 kW

	1H
	Fire in T3

1.3+1.3+1.5+1.5
	16 fans

480 kW
	4 fans

120 kW
	28 fans

180 kW
	16 fans

840 kW
	64 fans

1,920 kW

	1I
	Total Installed

1.5+1.5+1.5+1.5
	32 fans

960 kW
	38 fans

1,140 kW
	30 fans

900 kW
	30 fans

900 kW
	130 fans

3,900 kW


Note: 

1. For fire scenarios 1G and 1H it is assumed that:
- all fans shall be operated in the fire tunnel for smoke exhaust, less 2 fans situated in direct proximity of the fire.
- 6 to 16 fans shall be operated in the adjacent tunnel to create over-pressure by running the fans against one another, according to CFD results.
- in the remaining tunnels a traffic speed of 30km/h is taken into account.
2. Scenarios 1C, 1D & 1I are shown for comparison only, they are not considered as real cases.
Recommended total eclectic power connection for ventilation system operation in year 2010, is 2,400kW with full emergency power back-up.

3.3.2 Electrical Loads for Year 2025

The following table summarizes total installed number of fans and connected electrical power for the year 2025:
	Item
	Traffic Condition
	Tunnel T1

SW Uphill
	Tunnel T2

NW Downhill
	Tunnel T3

SE Downhill
	Tunnel T4

NE Uphill

	2.1
	Congested 10km/h and Full Stoppage
	24 fans

720 kW
	26 fans

780 kW
	12 fans

360 kW
	30 fans

900 kW reversed

	2.2
	Slow 20km/h
	18 fans

540 kW
	36 fans

1,080 kW
	6 fans

180 kW
	36 fans

1,080 kW reversed

	2.3
	Flowing 30km/h
	16 fans

480 kW
	28 fans

840 kW
	2 fans

60 kW
	36 fans

1,080 kW reversed

	2.4
	Flowing 60km/h
	12 fans

360 kW
	0 fans

0 kW
	0 fans

0 kW
	0 fans

0 kW

	2.5
	Fire, pending CFD results
	30 fans

900 kW
	36 fans

1,080 kW
	28 fans

840 kW
	28 fans

840 kW

	2.5
	Installed
	32 fans

960 kW
	44 fans

1,320 kW
	30 fans

900 kW
	36 fans

1,080 kW


The following table compares different scenarios for combined operation of tunnel's ventilation for the year 2025:
	Item
	Traffic Condition
	Tunnel T1

SW Uphill
	Tunnel T2

NW Downhill
	Tunnel T3

SE Downhill
	Tunnel T4

NE Uphill
	Combined Total

	2A
	T2 + T4 congested

2.3+2.1+2.3+2.1
	16 fans

480 kW
	26 fans

780 kW
	2 fans

60 kW
	30 fans

900 kW reversed
	74 fans

2,220 kW

	2B
	T1 + T3 congested

2.1+2.3+2.1+2.3
	24 fans

720 kW
	28 fans

840 kW
	12 fans

360 kW
	36 fans

1,080 kW reversed
	100 fans

3,000 kW

	2C
	All congested

2.1+2.1+2.1+2.1
	24 fans

720 kW
	26 fans

780 kW
	12 fans

360 kW
	36 fans

1,080 kW reversed
	92 fans

2,760 kW

	2D
	All slow 20km/h

2.2+2.2+2.2+2.2
	18 fans

540 kW
	36 fans

1,080 kW
	6 fans

180 kW
	36 fans

1,080 kW reversed
	96 fans

2,880 kW

	2E
	All flowing 30km/h

2.3+2.3+2.3+2.3
	16 fans

480 kW
	28 fans

840 kW
	2 fans

60 kW
	36 fans

1,080 kW reversed
	82 fans

2,460 kW

	2F
	All flowing 60km/h

2.4+2.4+2.4+2.4
	12 fans

360 kW
	0 fans

0 kW
	0 fans

0 kW
	0 fans

0 kW
	12 fans

360 kW

	2G
	Fire in T2

2.5+2.5+2.3+2.3
	6 fans

180 kW
	36 fans

1,080 kW
	2 fans

60 kW
	4 fans

120 kW
	48 fans

1,440 kW

	2H
	Fire in T3

2.3+2.3+2.5+2.5
	16 fans

480 kW
	4 fans

120 kW
	28 fans

180 kW
	16 fans

840 kW
	64 fans

1,920 kW

	2I
	Total Installed

2.5+2.5+2.5+2.5
	32 fans

960 kW
	44 fans

1,320 kW
	30 fans

900 kW
	36 fans

1,080 kW
	142 fans

4,260 kW


Note: 

1. For fire scenarios 2G and 2H it is assumed that:
- all fans shall be operated in the fire tunnel for smoke exhaust, less 2 fans situated in direct proximity of the fire.
- 6 to 16 fans shall be operated in the adjacent tunnel to create over-pressure by running the fans against one another, according to CFD results.
- in the remaining tunnels a traffic speed of 30km/h is taken into account.

2. Scenarios 2C, 2D & 2I are shown for comparison only, they are not considered as real cases.

Recommended total eclectic power connection for ventilation system operation in year 2025 is 3,000kW with 2,400kW emergency power back-up.

4 Description of Installations

4.1 Jet Fans
Jet fans for tunnel ventilation shall be truly reversible type.
Fan motors shall be suitable for 400V, 3 phase, 50Hz. They shall be class F, with fire rating of 250(C for 2hours. Bearings shall be calculated for 100,000h.

Jet fans shall be equipped with 2D silencers in order to obtain 85dB(A) measured at 1m above the road level in any point in the tunnel, with back-ground traffic noise. 

Recommended manufacturers:

· FLAKT WOOD

· MATTHEW YATES

· WITT & SOHN

· ZITRON

The following table summarizes the quantity and location of Jet fans installed in tunnels for initial phase, based on CFD simulation for fire scenario. Refer also to tunnel ventilation layout drawings.

	Tunnel
	Electrical Room
	Number of Fans:

1st phase
	Number of Fans: future
	Fan Size and Power

	T1 – SW Uphill
	Elec. Room #1
	6
	/
	Ø100cm – 30kW

	T1 – SW Uphill
	Elec. Room #4
	6
	/
	Ø100cm – 30kW

	T1 – SW Uphill
	Elec. Room #7
	8
	/
	Ø100cm – 30kW

	T1 – SW Uphill
	Elec. Room #10
	6
	/
	Ø100cm – 30kW

	T1 – SW Uphill
	Elec. Room #12
	6
	/
	Ø100cm – 30kW

	T1 – SW Uphill
	Sub-total
	32
	0
	

	T2 – NW Downhill
	Elec. Room #1
	6
	2
	Ø100cm – 30kW

	T2 – NW Downhill
	Elec. Room #4
	8
	2
	Ø100cm – 30kW

	T2 – NW Downhill
	Elec. Room #7
	8
	2
	Ø100cm – 30kW

	T2 – NW Downhill
	Elec. Room #10
	8
	/
	Ø100cm – 30kW

	T2 – NW Downhill
	Elec. Room #12
	8
	/
	Ø100cm – 30kW

	T2 – NW Downhill
	Sub-total
	38
	6
	


	Tunnel
	Electrical Room
	Number of Fans:

1st phase
	Number of Fans: future
	Fan Size and Power

	T3 – SE Downhill
	Elec. Room #13
	10
	/
	Ø100cm – 30kW

	T3 – SE Downhill
	Elec. Room #16
	10
	/
	Ø100cm – 30kW

	T3 – SE Downhill
	Elec. Room #18
	10
	/
	Ø100cm – 30kW

	T3 – SE Downhill
	Sub-total
	30
	0
	

	T4 – NE Uphill
	Elec. Room #13
	10
	2
	Ø100cm – 30kW

	T4 – NE Uphill
	Elec. Room #16
	10
	2
	Ø100cm – 30kW

	T4 – NE Uphill
	Elec. Room #18
	10
	2
	Ø100cm – 30kW

	T4 – NE Uphill
	Sub-total
	30
	6
	

	
	Total
	130
	12
	


4.2 Ventilation Electrical Panels
Jet Fans shall be connected to MCC (Motor Control Panels) equipped with DOL (Direct On Line) starters.

MCC shall be of "drawer" type design allowing maintenance/replacement of individual fan starter and protection element, without effecting continuous operation of other fans.

Fan power supply cables section shall be made according to the following criteria with regards voltage drops:

· Minimum MCC voltage: 380V

· Minimum motor starting voltage: 320V

4.3 Instrumentation and Controls
Each tunnel shall be equipped with sets of the following sensor/controllers:

· CO, x3 per tunnel (entering, leaving and centre)
· NOx, x2 per tunnel (entering, leaving)
· Visibility (VIS), x2 per tunnel (entering, leaving)
· Air direction (AD), x2 per tunnel (entering, leaving)
· Velocity (VE), x2 per tunnel (entering, leaving)
For "entering" and "leaving" locations, sensors shall be located at a distance of 300m from portals, inside the tunnels.
Typical instrument measuring ranges for sensors located inside tunnel, are as follows:

· CO: 0 to 300 ppm

· NOx: 0 to 25 ppm

· VIS: 0 to15 1/km

· VE: -20 to +20 m/s

Recommended manufacturer:

· ACP ARIAS, CARUSO & PARTNER

Tunnel Ventilation System controls are based on PLC's (Programmable Logic Controllers) including automatic "Integrated" software designed to operate on a stand-alone basis. PLC's automatic controls shall be associated with "Operational" software which is part of FMS/MMS and includes computerized Ventilation Management System installed in Control Centre allowing for remote command and monitoring of all Tunnel Ventilation System parameters.

Recommended manufacturer for PLC's:

· MODICON

· SIEMENS

Fans shall be automatically operated according to monitored levels of CO, NOx and Visibility. In normal free-flowing traffic, the induced draft caused by "piston effect" should be sufficient for self-ventilation of tunnel without operation of fans. Operation of fans when required due to slow moving or congested traffic situations, shall be by stepped sequencing of pairs of fans according to pre-programmed logic. Localized forced operation of fans can be realized at all times by remote control from Control Center using Ventilation Management System installed on MMS.

In addition to CO, NOx and Visibility sensors, the ventilation control system is equipped with air speed and direction measuring stations installed in each tunnel. These instruments shall be used to monitor and record ventilation system operating capacity parameters and serve as an aid to determine ventilation effectiveness for optimization and diagnostic purposes.

In fire situation, the ventilation systems shall be operated at full capacity in the effected tunnel for smoke exhaust. Fans shall be operated in same direction as traffic, which allows for vehicles located after the fire to exit the tunnel under their own power and provides a supply of clean air for vehicles blocked by the fire.

Fans in the adjoining tunnel shall be operated in 2 directions against each other, in order to pressurize the tunnel to prevent infiltration of smoke through the interconnecting escape corridors.

In some cases additional pressurization systems of escape corridors are employed in accordance to CFD results. 

Different configuration of fans operation according to location of fire, shall be according to pre-programmed control logic which is part of PLC "integrated" software. In the event of a fire alarm, smoke exhaust operation shall be manually activated by operator from Control Centre using MMS "operational" software, according to evaluation of incident via tunnel CCTV surveillance. Automatic activation of smoke exhaust system shall prevail after pre-programmed time delay.

Written by

David Young

ANNEX 1: 
Detailed Ventilation Calculation Summary of Results Table
(enclosed as separate document)
Carmel Tunnel Ventilation BOD_Annex 1 .pdf (pages 1 to 13)
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ANNEX 2: 
Rupin Pollution, Reversed Operation Calculation
(enclosed as separate document)

Carmel Tunnel Ventilation BOD_Annex 2.pdf (pages 1 to 21)
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ANNEX 3: Ventilation Calculation Computer Print Outs
(enclosed as separate document)
Carmel Tunnel Ventilation BOD_Annex 3_1.pdf (pages 1 to 30)
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Carmel Tunnel Ventilation BOD_Annex 3_2.pdf (pages 31 to 60)
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Carmel Tunnel Ventilation BOD_Annex 3_3.pdf (pages 61 to 90)
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Carmel Tunnel Ventilation BOD_Annex 3_4.pdf (pages 91 to 102)
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	Computer run no.
	Tunnel
	Traffic condition
	Year
	Detailed runs for each year

	391001A
	T1 – SW uphill
	Stoppage
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001B
	T1 – SW uphill
	Congested 20km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001C
	T1 – SW uphill
	Free flowing

30km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001D
	T1 – SW uphill
	Free flowing

60km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391001E
	T1 – SW uphill
	Fire
	
	Fans selection

	391002A

391002A1
	T2 – NW downhill
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002B

391002B1
	T2 – NW downhill
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002C

391002C1
	T2 – NW downhill
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002D

391002D1
	T2 – NW downhill
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391002E
	T2 – NW downhill
	Fire
	
	Fans selection

	391003A
	T3 – SE downhill
	Stoppage
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003B
	T3 – SE downhill
	Congested 20km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003C
	T3 – SE downhill
	Free flowing

30km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003D
	T3 – SE downhill
	Free flowing

60km/h
	2010 and 2025

(identical)
	CO

Diesel smoke

NO

Fans selection

	391003E
	T3 – SE downhill
	Fire
	
	Fans selection

	391004A

391004A1
	T4 – NE uphill
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004B

391004B1
	T4 – NE uphill
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004C

391004C1
	T4 – NE uphill
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004D

391004D1
	T4 – NE uphill
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004E
	T4 – NE uphill
	Fire
	
	Fans selection

	391004A3

391004A4
	T4 – NE uphill

Rupin pollution, reverse operation
	Stoppage
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004B3

391004B4
	T4 – NE uphill

Rupin pollution, reverse operation
	Congested 20km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004C3

391004C4
	T4 – NE uphill

Rupin pollution, reverse operation
	Free flowing

30km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection

	391004D3

391004D4
	T4 – NE uphill

Rupin pollution, reverse operation
	Free flowing

60km/h
	2010

2025
	CO

Diesel smoke

NO

Fans selection
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ROAD TUNNELS APPENDIX C VENTILATION

Fresh air requirethent for lowering the
visibility-reducing patticle content:

Fyig 3
=B Ik
Qanr Cun [m ]

In calculating the necessary fresh air
requirement, the particle content is deter-
mined as Cy; = 1.5 mg/m3,

NO, - production

Calculation model for production of
nitrous gases (NO,):

N Qe
evwwv\\) Ly

RPN OIDY
'G/Jb/o:( RIE

Concentration of nitrous gases is given

by:

CNox = QN”X

Qair

Quir is the required quantity of fresh air for

reduction of COans or visibility pollution
in the tunnel.

Designed air speed,
U = Qpay / 3600 x Ay (m/s)

Ay = standard cross-section

Tabie C.6 Correction factor for gradients, k, , in calculating NO,-content

Uphill gradient in

% 0 2 4

k 1.0 17 2.2

For downhill gradient k, = 0,5.

28 3.4 4.0 4.6

Table C.7 Correction factor heavy vehicles k,, in calculating NO,-content

Driving speed
(km/t) 20 30

% ke 8 7

INox (kiat * M ke My kg oL

[m3/km)]
QNox produced quantity of NO,-gas
[m3/km]
dNox = basic value for light vehicles, 1.3-10-3
m3/km-veh
kst = catalyser effect, determined as 0.3
M; = traffic volume, light vehicles [veh/h}
M, = traffic volume, heavy vehicles [vel/h]
kg = correction factor for driving on gradi
ents, see Table C.6
ky = correction factor for heavy vehicles see

Table C.7

40 50 60 >60

2. Calculation of required thrust for
longitudinal ventilation

General

A system of longitudinal ventilation may

be constructed with or without a ventila-

tion shaft/side-adit. The air flow may be

calculated as pipe flow and a simple

equation for air movement in the tunnel

may be formulated. :
The forces which generate ventilation

in a tunnel are of three types:

* mechanical ventilation force

* meteorological ventilation force

* piston effect from vehicles.

115

{0





k, = correction factor for driving on gradients,

See Figure 10.10. k = 0.5 is used for downhil]

gradients s

L = tunnel length in km

7

MQZO

Height above sea-level in m

500 600 700 800 900 1000

1100 1200

112 1.24 135 1.47 1.58 1.69

181 193

Figure 10.9 Correction factor for height above sea-level, k,,

Gradient uphill, %

i
1
i
J
i/

0 2 4 6 8 10 | 12
10 | 1.8 2.7 3.6 45| 52155 \
\\-
Figure 10.10 Correction factor for gradients, k, h
Volume of fresh air required to improve visibility
P,
Qu = ___ m’h
C\dl O’ /2) (/ (}
- IOx~production .
Calculation of nitrogs gas (NOx) production Ji o4 A k
® - m<‘<k6}yM{, L((ga €)X 5’\L
—5 Qo = QN'(MI."'R('MJ'J(:’L NOy = )
Qux = volume of produced NO, gas in tunnel,m"h

Uy = basic value for car, 1.3-10- m*/km.veh

M, = traffic volume, light vehicles, veh/h

M, = traffic volume , heavy vehicles, veh/h

il





CHAPTER 10 - VENTILATION

correction factor for driving on gradients.
See Figure 10.11

. LT !
RENRIISSe £ S oo ",

. \
correction factor for heavy vehicles, ./

See Figure THQ -

~. oo s g
it et e

The concentration of nitrous gasses is determined by the formula;

QNOx

CNOx =

Qlun

" Quq is the volume of fresh air required to dilute CO gas or to improve visibility in a tunnal. [

SO

Py oM )

s,

Uphill gradients, %
0 2 4 6 8 10 12
k, 1.0 1.7 2.2 2.8 34 4.0 4.6

k' =

. Figure 10.11

If the distribution between traffic directions is unknown, it is assumed that 2/3 drive uphill,

0.5 is used for downhill gradients

Correction factor for gradients, k.

Traffic speed in km/h
20 | 30 | 40 | 50 | 60 | »60
k | 8 7 | 5 35 | 25| 25

Figure 10.12

1005 Calculation of required thrust for longitudinal ventilation

. Figure 10.3 shows exaniples of the effects of longitudinal vexi!ilatiqn, Longitudinal ventilation systems can be
* built with or without a shaft or side adit. The air is assumed to have pipe flow characteristics and it is thus
- possible 1o set up simple equations for the air flow through the tunnel. o ' '

t

3, o

Th
effi
be





17-Apr-07
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004C3

Project's Name: Carmel Tunnels - T4 NE Up

1503veh/h(2010) x 75%(@30km/h) = 1127veh/h with ~f— ), HeAYY

10%heavy - Rupin pollution (reverse fan operation)

Comments:

Length Of Tunnel 1,720 [m]
Gradient Of Tunnel! 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 1 350/ [m¥sec] | =ef——
u=Fresh Air Rate/Area 25 [miseq]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa])

Private Vehicles: 0 [Cars/h] 0.0

Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction :

Private Vehicles: 1,014 [Cars/h] 79.5

Heavy and Medium Vehicles: 113 [Cars/h] 83.9 ‘ ) _
P-Friction[Pa]: 46.3
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 262.7
Thrust: 14,450 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 20,642
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N]
Number Of Fans: 23.6 -4—-—“
Number Of Fans Per Group: 2.0

Distance Between Groups:

145.8 [m]
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17-Apr-07

Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004C

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 75%(@30km/h) X gt : .
0.61(catalyst) = 688veh/h IOk Heavy

Length Of Tunnel

1,720.0 [m]

Gradient Of Tunnel

5.5 [%]

Tunnel Section

55.0 [m?]

Traffic Speed

30 [Km/h]

Total Traffic Volurhe

688 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

135.0 [m%sec] | ==

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 **710 m%km*veh)

Uphill Downbhill
Heavy Vehicles Volume [cars/h]: 69 0
Light Vehicles Volume [cars/h]: 619 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m*/sec)/area]: 2.5 [m/sec]
Total Qnox Productioh: 8.5 [m3h]

Concentration of NOx:

134PPM] e ),

b





17-Apr-07
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004C4

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 75%(@30km/h) = 1853veh/h with <4 {7, KEAVY
10%heavy - Rupin pollution (reverse fan operation)
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 7.6 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 155.0 [m¥sec] | ~<}F—
u=Fresh Air Rate/Area 2.8 [misec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction

Private Vehicles: 1,668 [Cars/h] 139.7
Heavy and Medium Vehicles: 185 [Cars/h] 146.8 (
P-Friction[Pa]: 61.1
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 400.6
Thrust: 22,033 [N]
System Coefficient: 0.70 [N}
Needed Thrust: 31,475
Fan Diameter: 40.0 [Jinch]
Fan Thrust: 875.0 [N]
Number Of Fans: 36.0 g
Number Of Fans Per Group: 2.0
Distance Between Groups: 95.6 [m]





17-Apr-07

Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004C1

Project's Name: Carmel Tunhels -T4 NE Up

Comments: 2470veh/h(2025) x 75%(@30km/h) X ¢
0.61(catalyst) = 1130veh/h

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h]

Total Traffic Volume

1,130 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

— sl Ly

165.0 [m%/sec] | ~efr—

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 113 0
Light Vehicles Volume [cars/h]: 1,017 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m®/sec)/areal: 2.8 [m/sec]
Total Qnox Production: 10.7 [m3h]

Concentration of NOXx:

19.2 [PPM] st

16





17-Apr-07
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004C4 =N A

Project's Name: Carmel Tunnels - T4 NE Up

semmens e e toverse on aperony  ~t——— 5% HEAN]
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C}
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 195.0 [m¥sec] S
u=Fresh Air Rate/Area 3.5 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]

Private Vehicles: 0 [Cars/h] 0.0

Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction

Private Vehicles: 1,760 [Cars/h] 167.3
Heavy and Medium Vehicles: 93 [Cars/h] 83.8 (
P-Friction[Pa]: 96.7
P-Temperature [Pa]: 38.0
P-Wind [Pa}: 15.0
P-Total [Pa}: 400.7
Thrust: 22,036 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 31,481
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N]
Number Of Fans: 360
Number Of Fans Per Group: 2.0
Distance Between Groups: 95.6 [m]





17-Apr-07

Tunnel NOx Production - H.R.V.A.C

Project's Number: 391004C1 =y &

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 75%(@30km/h) x

0.49(catalyst) = 908veh/h

-5k NeAN/

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h]

Total Traffic Volume

908 [car/h]

Heavy Vehicles

5.0 [%] <G

Air Quantity

195.0 [m¥sec] | <=

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 45 0
Light Vehicles Volume [cars/h]: 863 0
Ks - Factor For Gradients: 27 0.5
Alr Speed [(m®/sec)/area]: 3.5 [m/sec] L
Total Qnox Production: 7.0 [m3/h]

Concentration of NOx:

10.0 [PPM] s OV
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17-Apr-07

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number:  391004C4 r< 2_

<L ey

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 75%{(@30km/h) = 1853veh/h with
7%heavy - Rupin pollution (reverse fan operation)

Length Of Tunnel 1,720 [m]
Gradient Of Tunne! 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]

Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C}

Wind Speed Against Blowers Direction 5.0 [m/sec]

Fresh Air Rate

175.0 [m3/sec]

u=Fresh Air Rate/Area

3.2 [m/sec]

Air Density: 1.2 [kg/m®]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 1,723 [Cars/h] 163.9
Heavy and Medium Vehicles: 130 . [Cars/h] 110.0

P-Friction[Pa]: 778
P-Temperature [Pa): 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 394.7

Thrust: 21,710 [N}

System Coefficient: 0.70 [N]

Needed Thrust: 31,014

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N]

Number Of Fans: 354 <L

Number Of Fans Per Group: 2.0

Distance Between Groups: 97.1 [m]

lo
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Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004C1
~ Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 75%(@30km/h) x
0.54(catalyst) = 1000veh/h

17-Apr-07

"ﬁ‘——~———-—:rz HEAVY

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?
Traffic Speed 30 [Km/h]
Total Traffic Volume 1,000 [car/h]
Heavy Vehicles 7.0 [%] e g
Air Quantity 175.0 [m*/seC] | g
Kt - Factor For Heavy Vehicles 7.0
(Basic value for car ,Qnox = 1.3 **10 m*¥km*veh)
Uphill Downhill
Heavy Vehicles Volume [cars/h]: 70 0
Light Vehicles Volume [cars/h]: 930 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m®/sec)/areal): 3.2 [m/sec]
Total Qnox Production: 8.4 [m3h]
Concentration of NOx: 13.4 [PPM] -~t—

(K

N0





NOx emission according Norway 2004 for tunnel T4 - NE uphill 1720 M 6.5 % slope

10 % Heavy vehicles

5 % Heavy vehicles

7 % Heavy vehicles

2010 2025 2010 2025 2010 2025
"~ 24 FANS 36 FANS 24 FANS 36 FANS 24 FANS 36 FANS
[NOx ppm] [NOx ppm] [NOx ppm] [NOx ppm] [NOx ppm] [NOx ppm]
134 192 OK 10.0 oK 13.4
Ok (ho>15) Ok~ oK

Remark: accordind the Norvigien 2004 spec. up to 15 ppm acceptable.

Calculated by David  :oung.

David Sela - 25/4/2007
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T1 - SOUTH/WEST, Uphill
rev6: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391001A 391001B 391001C 391001D 391001E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
1 GENERAL
1.01 |Legnth of tunnel m 3,280 3,280 3,280 3,280 3,280 3,280 3,280 3,280 3,280
1.02 Gradient of tunnel % 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
1.03 |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 |Altitude m 86 86 86 86 86 86 86 86 86
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06 Traffic flow veh/h 1,760 1,730 1,760 1,730 1,760 1,730 1,760 1,730
2 (e{0) Smoke
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3
2.02 CO limit ppm 200 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*50% / / / 120*100%
2.05 |Total traffic density veh/km 120 / / / 240
2.06 Basic traffic flow veh/h / 1760*60% 1760*75% 1,760
2.07 |Total traffic flow veh/h / 1,056 1,320 1,760
2.08 Fresh air flow m3/s 227 208 195 173 275
2.09 |Airspeed in tunnel m/s 4.1 3.8 3.5 3.1 5.0
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17
3.03  |Admissible visibility m-1 0.009 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*50%*10% / / /
3.06 |Traffic density per lane hveh/km*lane 6 / / /
3.07 Basic traffic flow per lane hveh/h*lane / 1056*10%/2 1320*10%/2 1760*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 52 66 88
3.09 Fresh air flow m3/s 176 138 185 288
3.10 |Airspeed in tunnel m/s 3.2 2.5 3.4 5.2
4 NOx
4.01 Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02 NOXx limit ppm 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7
4.05 Fresh air flow m3/s 227 208 220 220
4.06 [Airspeed in tunnel m/s 4.1 3.8 4.0 4.0
4.07 Concentration of NOx ppm 115 12.2 135 13.0
4.08 |[Total Nox production m3/h 9.4 9.1 10.7 10.3
3910_Ventilation calculation summary_rev6 / Tunnel T1 Print date: 20-02-08 Page: 1 of 13





CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T1 - SOUTH/WEST, Uphill
rev6: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391001A 391001B 391001C 391001D 391001E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 30 30 30 30 30
5.03 Internal temp. - summer degC 24 24 24 24 24
5.04 External temp. - winter degC / / / / /
5.05 Internal temp. - winter degC / / / / /
5.06 |Wind speed against fan m/s 0 0 0 0 0
5.07 |Total airflow m/s 227 227 208 208 220 220 288 288 275
5.08 |Airspeed in tunnel m/s 4.1 3.8 4.0 5.2 5.0
5.09 |[Total airflow criteria CO CcoO CcoO CcoO NOx NOXx Vis Vis Fire
5.10 |Total required thrust N 13,745 11,012 9,722 6,647 19,812
5.11 Syatem coeff. 0.7 0.7 0.7 0.7 0.7
5.12 |Total installed thrust N 19,636 19,636 15,731 15,731 13,889 13,889 9,496 9,496 28,303
6 Fan: 100cm diam (40")
6.01 Fan thrust N/fan 875 875 875 875 875
6.02 Fan motor kWi/fan 30 30 30 30 30
6.03 |Total required fans 22.4 18.0 15.9 10.9 32.3
6.04 Total installed fans 24 24 18 18 16 16 12 12 36
6.05 |Total power kW 720 720 540 540 480 480 360 360 1,080
6.06 Distance between fans m 273 364 410 547 182
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T2 - NORTH/WEST, Downhill
rev6: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391002A 391004A 391002B | 391002B1 | 391002C | 391002C1 | 391002D | 391002D1 [ 391002E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
1 GENERAL
1.01 |Legnth of tunnel m 3,280 3,280 3,280 3,280 3,280 3,280 3,280 3,280 3,280
1.02 Gradient of tunnel % -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8
1.03 |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 |Altitude m 86 86 86 86 86 86 86 86 86
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06 Traffic flow veh/h 1,060 2,410 1,060 2,410 1,060 2,410 1,060 2,410
2 (e{0) Smoke
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3 0.3 0.3
2.02 CO limit ppm 200 100 100 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*50% 120*50% / / / / / 120*100%
2.05 |Total traffic density veh/km 120 120 / / / / / 240
2.06 |Basic traffic flow veh/h / / 1060*60% | 2410*60% | 1060*75% | 2410*75% 2,410
2.07 |Total traffic flow veh/h / / 636 1,446 795 1,808 2,410
2.08 Fresh air flow m3/s 219 219 120 274 113 257 228 275
2.09 |Airspeed in tunnel m/s 4.0 4.0 2.2 5.0 2.1 4.7 4.1 5.0
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17
3.03  |Admissible visibility m-1 0.009 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*50%*10% / / /
3.06 |Traffic density per lane hveh/km*lane 8 / / /
3.07 Basic traffic flow per lane hveh/h*lane / 1446*10%/2 1808*10%/2 2410*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 80 90 121
3.09 Fresh air flow m3/s 78 84 96 49
3.10 |Airspeed in tunnel m/s 1.4 1.5 1.7 0.9
4 NOx
4.01 Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02 NOX limit ppm 15 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10 10
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7 0.7
4.05 Fresh air flow m3/s 40 80 80 90 90
4.06 [Airspeed in tunnel m/s 0.7 15 15 1.6 1.6
4.07 Concentration of NOx ppm 115 13.1 12.7 13.3 12.8
4.08 [Total Nox production m3/h 1.7 3.8 3.7 4.3 4.1
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CARMEL TUNNELS HRVAC

Ventilation Calculation Summary 3910

Tunnel T2 - NORTH/WEST, Downhill
rev6: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%

or Full Stoppage 20km/h 30km/h 60km/h Full

391002A 391004A 391002B | 391002B1 | 391002C | 391002C1 | 391002D | 391002D1 [ 391002E

2010 2025 2010 2025 2010 2025 2010 2025 5m/s
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 10 10 10 10 10 10 10
5.03 Internal temp. - summer degC 20 20 20 20 20 20 20
5.04 External temp. - winter degC / / / / / / /
5.05 Internal temp. - winter degC / / / / / / /
5.06 |Wind speed against fan m/s 5 5 5 5 5 5 5
5.07 |Total airflow m/s 219 219 120 274 113 257 228 275
5.08 |Airspeed in tunnel m/s 4.0 2.2 5.0 2.1 4.7 4.1 5.0
5.09 [Total airflow criteria CO CcoO CcoO CcoO CcoO CcoO CcO Fire
5.10 |Total required thrust N 14,995 5,124 21,729 2,033 16,386 -8,651 21,960
5.11 Syatem coeff. 0.7 0.7 0.7 0.7 0.7 0.7 0.7
5.12 |Total installed thrust N 21,421 21,421 7,320 31,041 2,904 23,409 -12,359 31,371
6 Fan: 100cm diam (40")
6.01 [Fan thrust N/fan 875 875 875 875 875 875 875
6.02 Fan motor kWi/fan 30 30 30 30 30 30 30
6.03 |Total required fans 24.5 8.4 35.5 3.3 26.8 -14.1 35.9
6.04 Total installed fans 26 26 10 36 4 28 0 0 38
6.05 |Total power kw 780 780 300 1,080 120 840 0 0 1,140
6.06 Distance between fans m 252 656 182 1,640 234 173
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T3 - SOUTH/EAST, Downhill
revé: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391003A 391003B 391003C 391003D 391003E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
1 GENERAL
1.01 |Legnth of tunnel m 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720
1.02  |Gradient of tunnel % -5.5 -5.5 -5.5 -5.5 -5.5 -5.5 -5.5 -5.5 -5.5
1.03  |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 |Altitude m 72 72 72 72 72 72 72 72 72
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06  |Traffic flow veh/h 1,993 1,530 1,993 1,530 1,993 1,530 1,993 1,530
2 (6{0) Smoke
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3
2.02 [COlimit ppm 200 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*70% / / / 120*100%
2.05 |Total traffic density veh/km 120 / / / 240
2.06 Basic traffic flow veh/h / 1993*60% 1993*75% 1,993
2.07 Total traffic flow veh/h / 1,196 1,495 1,993
2.08 [Fresh air flow m3/s 161 119 111 99 275
2.09 |Airspeed in tunnel m/s 2.9 2.2 2.0 1.8 5.0
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17
3.03 [Admissible visibility m-1 0.009 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*70%*10% / / /
3.06 |Traffic density per lane hveh/km*lane 8 / / /
3.07 Basic traffic flow per lane hveh/h*lane / 1196*10%/2 1495*10%/2 1993*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 60 75 100
3.09 [Fresh air flow m3/s 39 26 25 10
3.10 |Airspeed in tunnel m/s 0.7 0.0 0.5 0.5 0.2
4 NOx
4.01 Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02  [NOx limit ppm 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7
4.05 [Fresh air flow m3/s 40 40 40 40
4.06 [Airspeed in tunnel m/s 0.7 0.7 0.7 0.7
4.07 Concentration of NOx ppm 114 11.0 13.0 12.5
4.08 [Total Nox production m3/h 1.6 1.6 1.9 1.8
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T3 - SOUTH/EAST, Downhill
revé: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391003A 391003B 391003C 391003D 391003E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 10 10 10 10 10
5.03 Internal temp. - summer degC 20 20 20 20 20
5.04 External temp. - winter degC / / / / /
5.05 Internal temp. - winter degC / / / / /
5.06 |Wind speed against fan m/s 0 0 0 0 0
5.07 [Total airflow m/s 161 161 119 119 111 111 99 99 275
5.08 |Airspeed in tunnel m/s 29 2.2 2.0 1.8 5.0
5.09 Total airflow criteria CO CcOo CcOo CcOo Cco CcOo CcOo (60) Fire
5.10 Total required thrust N 6,533 3,478 784 -10,781 13,486
5.11 Syatem coeff. 0.7 0.7 0.7 0.7 0.7
5.12  |Total installed thrust N 9,333 9,333 4,969 4,969 1,120 1,120 -15,401 -15,401 19,266
6 Fan: 100cm diam (40")
6.01 [Fan thrust N/fan 875 875 875 875 875
6.02 Fan motor kW/fan 30 30 30 30 30
6.03 |Total required fans 10.7 5.7 1.3 -17.6 22.0
6.04 [Total installed fans 12 12 6 6 2 2 0 0 24
6.05 [Total power kw 360 360 180 180 60 60 0 0 720
6.06 Distance between fans m 287 573 1,720 143
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T4 - NORTH/EAST, Uphill
rev6: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391004A 391004A 391004B | 391004B1 | 391004C | 391004C1 | 391004D | 391004D1 [ 391004E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
1 GENERAL
1.01 Legnth of tunnel m 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720
1.02 Gradient of tunnel % 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
1.03 |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 Altitude m 72 72 72 72 72 72 72 72 72
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06 Traffic flow veh/h 1,503 2,470 1,503 2,470 1,503 2,470 1,503 2,470
2 (e{0) Smoke
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3 0.3 0.3 0.3
2.02 CO limit ppm 200 100 100 100 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*70% 120*70% / / / / / / 120*100%
2.05 |Total traffic density veh/km 120 120 / / / / / / 240
2.06 |Basic traffic flow veh/h / / 1503*60% | 2470*60% | 1503*75% | 2470*75% 1,503 2,470
2.07 |Total traffic flow veh/h / / 902 1,482 1,127 1,853 1,503 1,503
2.08 Fresh air flow m3/s 196 196 109 179 102 168 91 149 275
2.09 |Airspeed in tunnel m/s 3.6 3.6 2.0 3.3 1.9 3.1 1.7 2.7 5.0
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17 17 17 17
3.03 Admissible visibility m-1 0.009 0.005 0.005 0.005 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*70%*10% / / / / / /
3.06 |Traffic density per lane hveh/km*lane 6 / / / / / /
3.07 Basic traffic flow per lane hveh/h*lane / 902*10%/2 |1482*10%/2|1127*10%/2|1853*10%/2|1503*10%/2 [ 2470*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 45 74 56 93 75 124
3.09 Fresh air flow m3/s 220 112 184 156 259 125 207
3.10 |Airspeed in tunnel m/s 4.0 2.0 3.3 2.8 4.7 2.3 3.8
4 NOx
4.01 Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02 NOX limit ppm 15 15 15 15 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10 10 10 10 10
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
4.05 Fresh air flow m3/s 140 221 130 220 156 259 150 240
4.06 [Airspeed in tunnel m/s 2.5 4.0 2.4 4.0 2.8 4.7 2.7 4.4
4.07 Concentration of NOx ppm 13.0 135 13.6 13.2 13.3 13.2 13.3 13.6
4.08 [Total Nox production m3/h 6.5 10.8 6.4 10.4 7.5 12.3 7.2 11.8
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Tunnel T4 - NORTH/EAST, Uphill
rev6: 20-Feb-2008

CARMEL TUNNELS

Ventilation Calculation Summary

Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391004A 391004A 391004B | 391004B1 | 391004C | 391004C1 | 391004D | 391004D1 [ 391004E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 30 30 30 30 30 30 30 30
5.03 Internal temp. - summer degC 24 24 24 24 24 24 24 24
5.04 External temp. - winter degC / / / / / / / /
5.05 Internal temp. - winter degC / / / / / / / /
5.06 |Wind speed against fan m/s 0 0 0 0 0 0 0 0
5.07 |Total airflow m/s 221 221 130 220 156 259 150 240 275
5.08 |Airspeed in tunnel m/s 4.0 2.4 4.0 2.8 4.7 2.7 4.4 5.0
5.09 |[Total airflow criteria Vis Vis NOx NOXx Vis Vis NOx NOx Fire
5.10 |[Total required thrust N 8,889 2,646 7,635 2,305 8,950 -5,604 -3,506 11,809
5.11 Syatem coeff. 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
5.12 |Total installed thrust N 12,699 12,699 3,780 10,907 3,293 12,786 -8,006 -5,009 16,870
6 Fan: 100cm diam (40")
6.01 [Fan thrust N/fan 875 875 875 875 875 875 875 875
6.02 Fan motor kWi/fan 30 30 30 30 30 30 30 30
6.03 |Total required fans 14.5 4.3 125 3.8 14.6 9.1 -5.7 19.3
6.04 Total installed fans 16 16 6 14 4 16 0 0 22
6.05 |Total power kw 480 480 180 420 120 480 0 0 660
6.06 Distance between fans m 215 573 246 860 215 156
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T4 - EAST/NORTH, Uphill - Rupin Pollution, forced fan operation same direction
revé: 20-Feb-2008
Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391004A 391004A 391004B | 391004B1 [ 391004C | 391004C1 [ 391004D | 391004D1 | 391004E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
1 GENERAL
1.01 |Legnth of tunnel m 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720
1.02 |Gradient of tunnel % 55 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
1.03  |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 |Altitude m 72 72 72 72 72 72 72 72 72
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06  |Traffic flow veh/h 1,503 2,470 1,503 2,470 1,503 2,470 1,503 2,470
2 (6{0) Smoke
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3 0.3 0.3 0.3
2.02 [COlimit ppm 200 100 100 100 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*70% 120*70% / / / / / / 120*100%
2.05 |Total traffic density veh/km 120 120 / / / / / / 240
2.06 [Basic traffic flow veh/h / / 1503*60% | 2470*60% | 1503*75% | 2470*75% 1,503 2,470
2.07 [Total traffic flow veh/h / / 902 1,482 1,127 1,853 1,503 1,503
2.08 [Fresh air flow m3/s 196 196 109 179 102 168 91 149 275
2.09 |Airspeed in tunnel m/s 3.6 3.6 2.0 3.3 1.9 3.1 1.7 2.7 5.0
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17 17 17 17
3.03 [Admissible visibility m-1 0.009 0.005 0.005 0.005 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*70%*10% / / / / / /
3.06 |Traffic density per lane hveh/km*lane 6 / / / / / /
3.07 [Basic traffic flow per lane hveh/h*lane / 902*10%/2 |1482*10%/2|1127*10%/2| 1853*10%/2 | 1503*10%/2 | 2470*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 45 74 56 93 75 124
3.09 Fresh air flow m3/s 220 112 184 156 259 125 207
3.10 |Airspeed in tunnel m/s 4.0 2.0 3.3 2.8 4.7 2.3 3.8
4 NOx
4.01 |Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02  [NOx limit ppm 15 15 15 15 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10 10 10 10 10
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
4.05 [Fresh air flow m3/s 300 320 310 330 310 340 360 400
4.06 [Airspeed in tunnel m/s 5.5 5.8 5.6 6.0 5.6 6.2 6.5 7.3
4.07 Concentration of NOx ppm 6.1 5.7 5.7 8.8 6.7 10.0 55 8.2
4.08 [Total Nox production m3/h 6.5 10.8 6.4 104 7.5 12.3 7.2 11.8
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T4 - EAST/NORTH, Uphill - Rupin Pollution, forced fan operation same direction
reve: 20-Feb-2008

Item Description Units Congested 10km/h Slow Flowing Flowing Fire 100%
or Full Stoppage 20km/h 30km/h 60km/h Full
391004A 391004A 391004B | 391004B1 [ 391004C | 391004C1 [ 391004D | 391004D1 | 391004E
2010 2025 2010 2025 2010 2025 2010 2025 5m/s
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 30 30 30 30 30 30 30 30 30
5.03 Internal temp. - summer degC 24 24 24 24 24 24 24 24 24
5.04 External temp. - winter degC / / / / / / / / /
5.05 Internal temp. - winter degC / / / / / / / / /
5.06 |Wind speed against fan m/s 0 0 0 0 0 0 0 0 0
5.07 [Total airflow m/s 300 320 310 330 310 340 360 400 275
5.08 |Airspeed in tunnel m/s 5.5 5.8 5.6 6.0 5.6 6.2 6.5 7.3 5.0
5.09 Total airflow criteria NOx NOx NOx NOx NOx NOx NOx NOXx Fire
5.10 |[Total required thrust N 14,643 16,377 14,671 16,431 14,110 16,811 14,091 16,146 11,809
5.11 [Syatem coeff. 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
5.12  |Total installed thrust N 20,919 23,396 20,959 23,473 20,157 24,016 20,130 23,066 16,870
6 Fan: 100cm diam (40")
6.01 [Fan thrust N/fan 875 875 875 875 875 875 875 875 875
6.02 [Fan motor kW/fan 30 30 30 30 30 30 30 30 30
6.03 [Total required fans 23.9 26.7 24.0 26.8 23.0 27.4 23.0 26.4 19.3
6.04 [Total installed fans 24 28 24 28 24 28 24 28 22
6.05 [Total power kw 720 840 720 840 720 840 720 840 660
6.06 Distance between fans m 143 123 143 123 143 123 143 123 156
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CARMEL TUNNELS

Ventilation Calculation Summary
Tunnel T4 - EAST/NORTH, Uphill - Rupin Pollution, reverse fan operation
reve: 20-Feb-2008

HRVAC
3910

Item Description Units Congested 10km/h Slow Flowing Flowing

or Full Stoppage 20km/h 30km/h 30km/h, corrected

391004A3 391004A [ 391004B3 [ 391004B4 | 391004C3 | 391004C4 | 391004D3 | 391004D4 | 391004D4

2010 2025 2010 2025 2010 2025 2010 2025 2025
1 GENERAL
1.01 |Legnth of tunnel m 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720
1.02 |Gradient of tunnel % 55 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
1.03  |Tunnel section m2 55 55 55 55 55 55 55 55 55
1.04 |Altitude m 72 72 72 72 72 72 72 72 72
1.05 Number of lanes 2 2 2 2 2 2 2 2 2
1.06  |Traffic flow veh/h 1,503 2,470 1,503 2,470 1,503 2,470 1,503 2,470 2,470
2 (6{0)
2.01 Basic CO emission m3/h*veh 0.3 0.3 0.3 0.3 0.3
2.02 [COlimit ppm 200 100 100 100 100
2.03 |Tmeperature inside tunnel degC 24 24 24 24 24
2.04 Basic Traffic density veh/km*lane 120*70% 120*70% / / / /
2.05 |Total traffic density veh/km 120 120 / / / /
2.06 [Basic traffic flow veh/h / / 1503*60% | 2470*60% | 1503*75% | 2470*75% 1,503 2,470 2,470
2.07 [Total traffic flow veh/h / / 902 1,482 1,127 1,853 1,503 1,503 1,503
2.08 [Fresh air flow m3/s 196 196 109 179 102 168 135 155 195
2.09 |Airspeed in tunnel m/s 3.6 3.6 2.0 3.3 1.9 3.1 2.5 2.8 3.5
3 Visibilty
3.01 Smoke emission m3/h*ton 13 13 13 13 13
3.02 Heavy vehicule weight tons 17 17 17 17 17
3.03 [Admissible visibility m-1 0.009 0.005 0.005 0.005 0.005
3.04 Heavy vehicules % 10 10 10 10 10
3.05 Basic density per lane veh/km*lane | 120*70%*10% / / / /
3.06 |Traffic density per lane hveh/km*lane 6 / / / /
3.07 Basic traffic flow per lane hveh/h*lane / 902*10%/2 [1482*10%/2|1127*10%/2]|1853*10%/2
3.08 |Traffic flow per lane hveh/h*lane / 45 74 56 93
3.09 Fresh air flow m3/s 220 220 112 184 156 259
3.10 |Airspeed in tunnel m/s 4.0 4.0 2.0 3.3 2.8 4.7
4 NOx
4.01 |Basic NOx emission m3/km*veh 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03 1.3E-03
4.02  [NOx limit ppm 15 15 15 15 15 15 15 15 15
4.03 Heavy vehicules % 10 10 10 10 10 10 10 10 7
4.04 NOXx catalyser factor 0.7 0.7 0.7 0.7 0.7 0.7 0.61 0.61 0.54
4.05 [Fresh air flow m3/s 140 221 130 220 156 259 135 155 195
4.06 [Airspeed in tunnel m/s 2.5 4.0 2.4 4.0 2.8 4.7 25 2.8 3.5
4.07 Concentration of NOx ppm 13.0 13.5 13.2 13.3 13.3 13.2 134 19.2 10.0
4.08 [Total Nox production m3/h 6.5 10.8 6.4 104 7.5 12.3 6.5 10.7 7.0
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnel T4 - EAST/NORTH, Uphill - Rupin Pollution, reverse fan operation
reve: 20-Feb-2008

Item Description Units Congested 10km/h Slow Flowing Flowing

or Full Stoppage 20km/h 30km/h 30km/h, corrected

391004A3 391004A [ 391004B3 [ 391004B4 | 391004C3 | 391004C4 | 391004D3 | 391004D4 | 391004D4

2010 2025 2010 2025 2010 2025 2010 2025 2025
5 Fan selection
5.01 Hrdraulic diameter m 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
5.02 External temp. - summer degC 30 30 30 30 30 30 30 30
5.03 Internal temp. - summer degC 24 24 24 24 24 24 24 24
5.04 External temp. - winter degC / / / / / / / /
5.05 Internal temp. - winter degC / / / / / / / /
5.06 |Wind speed against fan m/s 0 0 0 0 0 0 0 0
5.07 [Total airflow m/s 221 221 130 220 156 259 135 155 195
5.08 |Airspeed in tunnel m/s 4.0 2.4 4.0 2.8 4.7 25 2.8 3.5
5.09 |[Total airflow criteria Vis Vis NOXx NOXx Vis Vis NOx NOx NOXx
5.10 |[Total required thrust N 19,055 11,078 23,565 15,951 33,850 14,450 22,033 22,036
5.11 [Syatem coeff. 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
5.12  |Total installed thrust N 27,221 27,221 15,826 33,664 22,787 48,357 20,643 31,476 31,480
6 Fan: 100cm diam (40")
6.01 [Fan thrust N/fan 875 875 875 875 875 875 875 875
6.02 [Fan motor kW/fan 30 30 30 30 30 30 30 30
6.03 [Total required fans 31.1 18.1 38.5 26.0 55.3 23.6 36.0 36.0
6.04 [Total installed fans 32 32 18 40 26 56 24 36 36
6.05 [Total power kw 960 960 540 1,200 780 1,680 720 1,080 1,080
6.06 Distance between fans m 0 1 0 0 0 0 0 0
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CARMEL TUNNELS HRVAC
Ventilation Calculation Summary 3910
Tunnels Ventilation Summary - 100cm/40" Fans
rev6: 20-Feb-2008
Quantitiy and Power of Operating Fans - 100cm diam (40"), 30 kW forced reversed
Iltem |Traffic Conditions Year |[Tunnel Tl |Tunnel T2 |Tunnel T3 [Tunnel T4 |Tunnel T4 |Tunnel T4
SW Up NW Down |SE Down NE Up NE Up NE Up
1,760 veh/h| 1,060 veh/h| 1,993 veh/h| 1,503 veh/h| 1,503 veh/h| 1,503 veh/h
1.01 [Congested 10km/h 2010 24 26 12 16 24 30
Full Stopage 720 kW 780 kW 360 kW 480 kW 720 kW 900 kW
1.02 (Slow 2010 18 10 6 6 24 16
20km/h 540 kW 300 kW 180 kW 180 kW 720 kW 480 kW
1.03 [Flowing 2010 16 4 2 4 24 24
30km/h 480 kW 120 kW 60 kW 120 kW 720 kW 720 kW
1.04 [Flowing 2010 12 0 0 0
60km/h 360 kW 0 kW 0 kw 0 kW
1.05 [Fire 2010 30 36 28 28
CFD result Jan08 900 kW 1,080 kW 840 kW 840 kW
1.06 [Installed 2010 32 38 30 30
960 kW 1,140 kW 900 kW 900 kW
Combinations Total
1A T2 + T4 congested 2010 16 26 2 30 74 Normal
1.03+1.01+1.03+1.01 480 kW 780 kW 60 kW 900 kW 2,220 kW
1B T1 + T3 congested 2010 24 4 12 24 64
1.01+1.03+1.01+1.03 720 kW 120 kW 360 kW 720 kKW 1,920 kW
1C All congested or stop 2010 24 26 12 30 92
1.01+1.01+1.01+1.01 720 kW 780 kW 360 kW 900 kW 2,760 kW
1D All slow 20km/h 2010 18 10 6 16 50
1.02+1.02+1.02+1.02 540 kW 300 kW 180 kW 480 kW 1,500 kW
1E All flowing 30km/h 2010 16 4 2 24 46
1.03+1.03+1.03+1.03 480 kW 120 kW 60 kW 720 kKW 1,380 kW
1F All flowing 60km/h 2010 12 0 0 0 12
1.04+1.04+1.04+1.04 360 kW 0 kW 0 kw 0 kW 360 kW
1G Fire in T2 2010 6 36 2 4 48
1.05+1.05+1.03+1.03 180 kW 1,080 kW 60 kW 120 kW 1,440 kW
1H Fire in T3 2010 16 4 28 16 64
1.03+1.03+1.05+1.05 480 kW 120 kW 840 kW 480 kw 1,920 kW
11 Total installed 2010 32 38 30 30 130
1.05+1.05+1.05+1.05 960 kW 1,140 kW 900 kW 900 kW 3,900 kW
Quantitiy and Power of Operating Fans - 100cm diam (40"), 30kW each forced reversed
Iltem |Traffic Conditions Year |[Tunnel T1 |Tunnel T2 |Tunnel T3 [Tunnel T4 |Tunnel T4 |Tunnel T4
SW Up NW Down |SE Down NE Up NE Up NE Up
1,730 veh/h| 2,410 veh/h| 1,530 veh/h| 2,470 veh/h| 2,470 veh/h| 2,470 veh/h
2.01 [Congested 10km/h 2025 24 26 12 16 28 30
Full Stopage 720 kW 780 kW 360 kW 480 kW 840 kW 900 kW
2.02 [Slow 2025 18 36 6 14 28 36
20km/h 540 kW 1,080 kW 180 kW 420 kW 840 kW 1,080 kW
2.03 ([Flowing 2025 16 28 2 16 28 36
30km/h 480 kW 840 kW 60 kW 480 kW 840 kW 1,080 kw
2.04 [Flowing 2025 12 0 0 0
60km/h 360 kW 0 kW 0 kw 0 kW
2.05 [Fire 2025 30 36 28 28
100% Full 900 kW 1,080 kW 840 kW 840 kW
2.06 |Installed 2025 32 44 30 36
960 kW 1,320 kW 900 kW 1,080 kW
Combinations Total
2A T2 + T4 congested 2025 16 26 2 30 74
2.03+2.01+2.03+2.01 480 kW 780 kW 60 kW 900 kW 2,220 kW
2B T1 + T3 congested 2025 24 28 12 36 100 Normal
2.01+2.03+2.01+2.03 720 kW 840 kW 360 kW 1,080 kW 3,000 kW
2C All congested or stop 2025 24 26 12 30 92
2.01+2.01+2.01+2.01 720 kW 780 kW 360 kW 900 kW 2,760 kW
2D All slow 20km/h 2025 18 36 6 36 96
2.02+2.02+2.02+2.02 540 kW 1,080 kW 180 kW 1,080 kW 2,880 kW
2E All flowing 30km/h 2025 16 28 2 36 82
2.03+2.03+2.03+2.03 480 kW 840 kW 60 kW 1,080 kW 2,460 kW
2F All flowing 60km/h 2025 12 0 0 0 12
2.04+2.04+2.04+2.04 360 kW 0 kW 0 kw 0 kW 360 kW
2G Fire in T2 2025 6 36 2 16 60
2.05+2.05+2.03+2.03 180 kW 1,080 kW 60 kW 480 kw 1,800 kW
2H Firein T3 2025 16 28 28 16 88 Fire
2.03+2.03+2.05+2.05 480 kW 840 kW 840 kW 480 kw 2,640 kW
21 Total installed 2025 32 44 30 36 142
1.05+1.05+1.05+1.05 960 kW 1,320 kW 900 kW 1,080 kW 4,260 kW
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Tunnel NOx Production - H.R.V.A.C

,s'/'?\/ & .
Project's Number:  391004A1

Project's Name: Carmel Tunnels T4 NE Up

Comments: Assume 2470veh/h(2025) x 60% (@10km/h) x
0.7(catalyst) =1037veh/h

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 10 [Km/h]

Total Traffic Volume

1,037 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

221.0 [m¥sec]

Kt - Factor For Heavy Vehicles

8.5

(Basic value for car ,Qnox = 1.3 *°10 m3km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 104 0
Light Vehicles Volume [cars/h]: 933 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m*/sec)/area: 4.0 [m/sec]
Total Qnox Production: 10.8 [m¥h]
Concentration of NOx: 13.5 [PPM]

&l
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Tunnel Air - Fans Selection - H.R.V.A.C

Ly B /
Project's Number: 391004A

Project's Name:

Carmel Tunnels - T4 NE Up

Comments: 120veh/h x 70% x 2lanes = 168veh/h with 10% heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?

Altitude 72 [m]
Hydraulic Diameter 76 [m]

Traffic Speed

®

(‘14.4) [Km/h]

External Temperature

30.0 [C]

Internal Temperature

240 [°C]

Wind Speed Against Blowers Direction

5.0 [m/sec]

Fresh Air Rate

221.0 [m¥/sec]

u=Fresh Air Rate/Area

4.0 [m/sec]

Air Density: 1.2 [kg/m3]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1561 [Cars] 0.0
Heavy and Medium Vehicles: 17 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

P-Friction[Pa]: 124.2
P-Temperature [Pa]: 225
P-Wind [Pal]: 16.0
P-Total [Pa]: 161.6

Thrust: 8,889 [N]

System Coefficient: 0.70 [Nj

Needed Thrust: 12,699

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N]

Number Of Fans: 145

Number Of Fans Per Group: 2.0

Distance Between Groups: 237.0 [mi

62
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Tunnel Air - Fans Selection - H.R.V.A.C

&'9\/9 g

Project's Number: 391004A3

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 120veh/h x 70% x 2lanes = 168veh/h with 10% heavy
- Rupin pollution
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?3
Altitude 72 [mj]
Hydraulic Diameter 76 [m]
Traffic Speed 10.0 [Km/h]
External Temperature 10.0 [°C)
internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 221.0 [m¥/sec]
u=Fresh Air Rate/Area 4.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 151 [Cars] 81.9
Heavy and Medium Vehicles: 17 [Cars] 87.4

P-Friction{Pa}: 124.2
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 16.0
P-Total [Pa]: 346.5

Thrust; 19,055 [N}

System Coefficient; 0.70 [N}

Needed Thrust: 27,222

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 |[Nj

Number Of Fans: 31.1

Number Of Fans Per Group: 20

Distance Between Groups: 1106 [m]

6
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Tunnel Air Quntity For CO Removal - H.R.V.A.C

&@vP\.

Project's Number: 3910048

Project's Name:  Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010 x 60%(@20km/h) x 0.7
(0.3/0.5m3/h.veh) = 631veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 2.00
Uphill Downbhill
(M)-Traffic Volume [cars/h*lane]: 316 0
(basic Qoco = 0.013 m?/km)
(N)-Car Density [cars/km*lane]: 16 0
(A motor produce 0.5 m*h*veh)
Lanes: 2 0
Traffic Volume [cars/h]: 631 0
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

99.9 [m3¥sec]

108.7 [m¥/sec]

2.0 [m/sec]

Gl






16/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

Ly

Project's Number: 39100481

Project's Name:  Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 60%(@20km/h) x 0.7
: (0.3/0.5m3/h.veh) = 1037veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 2.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 519 0
(basic Qoco = 0.013 m3/km)
(N)-Car Density [cars/km*lane]: 26 0
(A motor produce 0.5 m®h*veh)
Lanes: 2 0
Traffic Volume [cars/h]: 1,037 0
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

164.2 [m¥sec]

178.7 [m%sec]

3.2 [m/sec]
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)}/ Tunnel Air Quntity For Smoke Removal - H.R.V.A.C
'S;pv J . “

Project's Number: 3910048

Project's Name: Carmel Tunnels - T4 NE Up
Comments; 1503veh/h(2010) x 60%(@20km/h) x 10%heavy /
2 lanes = 45veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 20 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight | 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) ' 45.0 [hc/h*lane]
Number Of Vehicles - (N) 2.3 [he/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 1.11
Admissible Smoke Concentration 0.005 [m*]
Basic Value Of Smoke Emission 13.00 [m?/h*ton]
Fresh Air Quantity (Per km*lane): 32.50 [m*/sec*Km*lane]
Fresh Air Quantity: 111.81 [m¥sec]

GO
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C
6"'9\/ 7 » °
Project's Number:  391004B1

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 60%(@20km/h) x 10%heavy /
2 lanes = 74veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%)]
Traffic Speed 20 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons)]
Number Of Lanes 2
Max. Traffic Volume - (M) 74.0 [he/h*lane]
Number Of Vehicles - (N) 3.7 [hc/Km*lane]
Fh - Elevation Factor _ 1.06
Fiv - Gradient / Speed Factor 1.1
Admissible Smoke Concentration 0.005 [m*]
Basic Value Of Smoke Emission 13.00 [m*/h*ton]
Fresh Air Quantity (Per km*lane): 53.45 [m®/sec*Km*lane]

Fresh Air Quantity: 183.87 [m3¥sec]
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Tunnel NOx Production - H.R.V.A.C

&@V}y/

Project's Number: 3910048

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 60%(@20km/h x 0.7(catalyst)
= 631veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 {m?]
Traffic Speed 20 [Km/h]

Total Traffic Volume

631 [car/h]

Heavy Vehicies

10.0 [%]

Air Quantity

130.0 [m%sec]

Kt - Factor For Heavy Vehicles

8.0

(Basic value for car ,Qnox = 1.3 *°10 m*/km*veh)

Uphill Downbhill
Heavy Vehicles Volume [cars/h]: 83 0
Light Vehicles Volume [cars/h]: 568 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m3/sec)/area]: 2.4 [m/sec]
Total Qnox Production: 6.4 [m¥h]
Concentration of NOx: 13.6 [PPM]
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Loy

Project's Number:  391004B1

Project's Name: Carmel Tunnels - T4 NE Up

Tunnel NOx Production - H.R.V.A.C

Comments; 2470veh/h(2025) x 60%(@20km/h) x

0.7(catalyst)= 1037veh/h

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?
Traffic Speed 20 [Km/h]

Total Traffic Volume

1,037 [car/h}

Heavy Vehicles

10.0 [%]

Air Quantity

220.0 [m%/sec]

Kt - Factor For Heavy Vehicles

8.0

(Basic value for car ,Qnox = 1.3 **"10 m*km*veh)

Uphill Downbhill
Heavy Vehicles Volume [cars/h]: 104 0
Light Vehicles Volume [cars/h]: 933 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m®/sec)/area]: 4.0 [m/sec]
Total Qnox Production: 10.4 [m*/h]
Concentration of NOx: 13.2 [PPM]
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16/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 3910048

Project's Name:

Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 60%(@20km/h) = 902veh/h with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 55 [%]
Tunnel Section Area 55.0 [m?3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 20.0 [Km/h}
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 130.0 [m¥sec]
u=Fresh Air Rate/Area 24 [m/seq]

Air Density: 1.2 [kg/m*]

Number Of Hourly Vehicles Moving With Blowers Direction

Piston Effect [Pa]

Private Vehicles: 811 [Cars/h] -8.3
Heavy and Medium Vehicles: 92 [Cars/h] -9.0
Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0
P-Friction[Pa]: 43.0
P-Temperature [Pa): 225
P-Wind [Pa}: 0.0
P-Total [Pa]: 481
Thrust: 2,646 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 3,780
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 IN]
Number Of Fans: 4.3
Number Of Fans Per Group: 20
Distance Between Groups: 796.3 [m]

7@






16/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

" Project's Number: 391004B1

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 60%(@20km/h) = 1482veh/h with
10%heavy
Length Of Tunnel 1720 [m] |
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 20.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]

Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 220.0 [m%sec] NOR ,
u=Fresh Air Rate/Area 4.0 [misec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,334 [Cars/h] -3.3
Heavy and Medium Vehicles: 148 [Cars/h] -34

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 123.0
P-Temperature [Pa}: 225
P-Wind [Pal: 0.0
P-Total [Pa]: 138.8
Thrust: 7,635 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 10,907
Fan Diameter: 40.0 [inch)
Fan Thrust: 875.0 [N]
Number Of Fans: 125
Number Of Fans Per Group: 20
Distance Between Groups: 276.0 [m]
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18/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004B3

Project's Name:

Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 60%(@20km/h) = 902veh/h with
10%heavy - Rupin pollution
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m7
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 20.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 130.0 [m¥sec]
u=Fresh Air Rate/Area 24 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction

Piston Effect [Pa]

Private Vehicles: 0 [Cars/h) 0.0
Heavy and Medium Vehicles: 0 [Cars/n] 0.0
Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 812 [Cars/h] 51.4
Heavy and Medium Vehicles: 90 [Cars/h] 54.0
P-Friction[Pa): 43.0
P-Temperature [Pa: 38.0
P-Wind [Pal: 15.0
P-Total [Pa]: 2014
Thrust: 11,078 [N}
System Coefficient: 0.70 [N}
Needed Thrust: 15,826
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 |N]
Number Of Fans: 18.1
Number Of Fans Per Group: 2.0
Distance Between Groups: 190.2 [m]
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Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number:

Project's Name:

Comments:

391004B4

Carmel Tunnels - T4 NE Up

2470veh/h(2025) x 60%(@20km/h) = 1482veh/h with
10%heavy - Rupin poliution
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3?]
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Trafﬁé Speed 20.0 [Km/h]
L External Temperature 10.0 [°C] 7
Internal Temperature 20.0 [°C] 7
Wind Speed Against Blowers Direction 5.0 [misec]
Fresh Air Rate 220.0 [m¥sec]
u=Fresh Air Rate/Area 4.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles:v 1,334 [Cars/h] 123.1
Heavy and Medium Vehicles: 148 [Cars/h] 129.4

P-Friction[Pa]: 123.0
P-Temperature [Pal: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 428.4

Thrust: 23,565 [N]

System Coefficient: 0.70 IN]

Needed Thrust: 33,664

Fan Diameter: 40.0 [inch

Fan Thrust: 875.0 [IN]

Number Of Fans: 385

Number Of Fans Per Group: 2.0

Distance Between Groups: 89.4 [m]
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&@vP\.

Project's Number: 391004C

Project's Name:  Carmel Tunnels - T4 NE Up

Tunnel Air Quntity For CO Removal - H.R.V.A.C

Comments: 1503veh/h(2010) x 75%(@30km/h) x
0.7(0.3/0.5m3/h.veh) = 789veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 395 0
(basic Qoco = 0.013 m3/km)
(N)-Car Density [cars/km*lane]: 13 0
(A motor produce 0.5 m¥*h*veh)
Lanes: 2
Traffic Volume [cars/h]: 789
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

93.7 [m¥sec]
102.0 [m?/sec]
1.9 [m/sec]
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16/11/2005

| Tunnel Air Quntity For CO Removal - H.R.V.A.C

Project's Number: 391004C1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 75%(@30km/h) x
0.7(0.3/0.5m3/h.veh) = 1297veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature in Tunnel 240 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 649 0
(basic Qoco = 0.013 m®*km)
(N)-Car Density [cars/km*lane]: 29 0
(A motor produce 0.5 m*h*veh)
Lanes: 2
Traffic Volume [cars/h]: 1,297
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature).:

Airspeed In Tunnel:

154.1 [m%¥sec]
167.6 [m%/sec]
3.0 [m/sec]
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

oy v
Project's Number:  391004C
Project's Name: Carmel Tunnels - T4 NE Up
Comments; 1503veh/h(2010) x 75%(@30km/h) x 10%heavy /
2lanes = 56veh/h.lane
Length Of Tunnel 1,720.0 {m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 30 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) 56.0 [hc/h*lane]
Number Of Vehicles - (N) 1.9 [hc/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 1.86
Admissible Smoke Concentration 0.005 [m"]
Basic Value Of Smoke Emission 13.00 [m®*h*ton]
Fresh Air Quantity (Per km*lane): 4539 [m®%sec*Km*lane]
Fresh Air Quantity: 156.14 [m?/sec]






Project's Name:

Comments:

16/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  391004C1

Carmel Tunnels - T4 NE Up

2470eh/h(2025) x 75%(@30km/h) x 10%heavy /

2lanes = 93veh/h.lane

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 30 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

93.0 [hc/h*lane]

Number Of Vehicles - (N)

3.1 [hc/Km*lane]

Fh - Elevation Factor

1.06

Fiv - Gradient / Speed Factor

1.86

Admissible Smoke Concentration

0.005 [m*]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):

Fresh Air Quantity:

13.00 [m3/h*ton]

75.38 [m%sec*Km*lane]
259.31 [m¥sec]
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Project's Number:  391004C

Tunnel NOx Production - H.R.V.A.C

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 75%(@30km/h) x

0.7(catalyst) = 789veh/h

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h]
Total Traffic Volume 789 [car/h]
Heavy Vehicles 10.0 [%]

Air Quantity 156.0 [m®/sec]
Kt - Féctor For Heavy Vehicles 7.0

(Basic value for car ,Qnox = 1.3 **10 m¥%km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 79 0
Light Vehicles Volume [cars/h]: 710 0
Ks - Factor For Gradients: | 27 0.5
Air Speed [(m®*/sec)/area]: 2.8 [m/sec]
Total Qnox Production: 7.5 [m3h]
Concentration of NOx: 13.3 [PPM]

18






Tunnel NOx Production - H.R.V.A.C

Sor,

Project's Number:  391004C1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 75%(@30km/h) x
0.7(catalyst) = 1297veh/h

16/11/2005

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h]

Total Traffic Volume

1,297 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

259.0 [m¥sec]

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 130 0
Light Vehicles Volume [cars/h}: 1,167 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m?/sec)/areal: 4.7 [m/sec]
Total Qnox Production: 12.3 [m3h]
Concentration of NOx: 13.2 [PPM]

EA)






16/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

&'PV o

Project's Number:  391004C

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 1503veh/h(2010) x 75%(@30km/h) = 1127veh/h with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 Im]
Traffic Speed 30.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 156.0 [m¥sec] Q‘ s
u=Fresh Air Rate/Area 2.8 [m/sec]
Air Density: 1.2 [kg/m?

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,014 [Cars/h] -20.6
Heavy and Medium Vehicles: 113 [Cars/h] -21.8

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 61.9
P-Temperature [Pa]: 225
P-Wind [Pa): 0.0
P-Total [Pa]: 419

Thrust: 2,305 [N]

System Coefficient; 0.70 [N]

Needed Thrust: 3,293

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N]

Number Of Fans: 38
Number Of Fans Per Group: 20
Distance Between Groups: 9142 [m]

0






16/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004C1

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 75%(@30km/h) = 1853veh/h with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m}]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h}
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 259.0 [mdsec] \}U
u=Fresh Air Rate/Area 47 [m/sed]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa}
Private Vehicles: 1,668 [Cars/h} -14.8
Heavy and Medium Vehicles: 185 [Cars/h] -15.5

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 170.5
P-Temperature [Pa): 22.5
P-Wind [Pa]: 0.0
P-Total [Pa]: 162.7
Thrust: 8,950 |[N]
System Coefficient: 0.70 [N]
Needed Thrust: 12,786
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N
Number Of Fans: 14.6
Number Of Fans Per Group: 2.0
Distance Between Groups: 2354 [m]
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Tunnel Air - Fans Selection - H.R.V.A.C

% v/bd

Project's Number: 391004C3

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 1603veh/h(2010) x 75%(@30km/h) = 1127veh/h with
10%heavy - Rupin pollution
Length Of Tunnel 1,720 [m}]
Gradient Of Tunnel 55 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [ml
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 166.0 [m3sec]
u=Fresh Air Rate/Area 2.8 [mfsec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/] 0.0 '
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 1,014 [Cars/h] 85.2
Heavy and Medium Vehicles: 113 [Cars/h) 90.0

P-Friction[Pa]: 61.9
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 290.0

Thrust: 15,951 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 22,788

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N}

Number Of Fans: 26.0

Number Of Fans Per Group: 2.0

Distance Between Groups: - 1321 [m]
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By PQ

Project's Number: 391004C4

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 75%(@30km/h) = 1853veh/h with
10%heavy - Rupin pollution
Length Of Tunnel 1,720 [m] |
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 550 [m?3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
Externat Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 50 [m/sec]
Fresh Air Rate 250.0 [m3sec]
u=Fresh Air Rate/Area 4.7 [mfsec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 1,668 [Cars/h] 191.1
Heavy and Medium Vehicles: 185 [Cars/h] 200.9

P-Friction[Pa]: 170.5
P-Temperature [Pal: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 615.5
Thrust: 33,850 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 48,358
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [Ni
Number Of Fans: 55.3
Number Of Fans Per Group: 2.0
Distance Between Groups: 62.2 [m]
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| Tunnel Air Quntity For CO Removal - H.R.V.A.C

&@\/ >

Project's Number: 391004D

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 0.7(0.3/0.5m3/h.veh) =
1052veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?3
Altitude 72.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 60 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 526 0
(basic Qoco = 0.013 m3/km)
(N)-Car Density [cars/km*lane]: 9 0
(A motor produce 0.5 m*h*veh)
Lanes: 2
Traffic Volume [cars/h]:; 1,052
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

83.3 [m¥/sec]

90.6 [m¥sec]

1.6 [m/sec]

Bl






<

\YJ
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. Tunnel Air Quntity For CO Removal - H.R.V.A.C

Project's Number: 391004D1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 0.7(0.3/0.5m3/h.veh) =
1729veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature in Tunnel 24.0 [°C]
Traffic Speed 60 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 865 0
(basic Qoco = 0.013 m3km)
(N)-Car Density [cars/km*lane}: 14 0
(A motor produce 0.5 m*h*veh)
Lanes: 2
Traffic Volume [cars/h]: 1,729
Ks - Factor For Driving: 1.28 0.78

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

136.9 [m®/sec]
149.0 [m?/sec]
2.7 [m/sec]
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16/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  391004D

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) x 10%heavy / 2lanes =

75veh/h.lane

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 60 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

75.0 [hc/h*lane]

Number Of Vehicles - (N)

1.3 [hc/Km*lane]

Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 223
Admissible Smoke Concentration 0.005 [m*]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):
Fresh Air Quantity:

13.00 [m?*h*ton]

36.44 [m®/sec*Km*lane]
125.36 [m¥/sec]
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16/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  -391004D1

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 10%heavy / 2lanes =
124veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 60 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight | 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) 124.0 [hc/h*lane]
Number Of Vehicles - (N) 2.1 [he/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 2.23
Admissible Smoke Concentration 0.005 [m™]
Basic Value Of Smoke Emission 13.00 [m%/h*ton]
Fresh Air Quantity (Per km*lane): 60.25 [m?/sec*Km*lane]
Fresh Air Quantity: 207.26 [m¥sec]
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16/11/2005

)/d Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004D

<

Project's Name: Carm ,Tpnhe,ls - T4 NE Up

Comments: 1503"vj '/"h(231'6’)ix 0.7(catalyst) = 1052veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]

Tunnel Section 55.0 [m?)
Traffic Speed 60 [Km/h]
Total Traffic Volume 1,052 [car/h]
Heavy Venhicles | 10.0 [%]

Air Quantity 150.0 [m3/sec]
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 *°10 m3/km*veh)

i

Uphill Downh_ill
Heavy Vehicles Volume [cars/h]: 105 0
Light Vehicles Volume [cars/hl: 947 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m*/sec)/area]; 2.7 [m/sec]
Total Qnox Production: 7.2 [m3h]
Concentration of NOx: 13.3 [PPM]

CM{/ \/V\TX\ CSN\)5 : 9‘*?5»;/\6)‘))
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Project's Number:  391004D1

Tunnel NOx Production - H.R.V.A.C

16/11/2005

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 0.7(catalyst) = 1729veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]
Total Traffic Volume 1,729 [car/h]
‘Heavy Vehicles 10.0 [%]
Air Quantity 240.0 [m¥sec]
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 *"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]; 173 0
Light Vehicles Volume [cars/h]: 1,556 0
Ks - Factor For Gradients: 2.7 0.5
Air Speed [(m®/sec)/area): 4.4 [m/sec]
Total Qnox Production: 11.8 [m?h]
Concentration of NOx: 13.6 [PPM]

Ol mé\h RINE = V35w
7%75 - 385..3/5

1,9 PAM
8.8PPM





07-Nov-06

Tunnel Air - Fans Selection - H.R.V.A.C

®
Project's Number: 391004D

Project's Name;

Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) with 10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [ml]
Traffic Speed 60.0 {[Km/h]
External Temperature 30.0 [°C}]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 150.0 [m®/sec]
u=Fresh Air Rate/Area 2.7 [misec]

Air Density: 1.2 [kg/m?

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,353 [Cars/h] -88.5
Heavy and Medium Vehicles: 150 [Cars/h] -93.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 57.2
P-Temperature [Pal: 225
P-Wind [Pa}: 0.0
P-Total [Pal: -101.9
Thrust: -5,604 [N]
System Coefficient: 0.70 [N}
Needed Thrust: -8,005
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N}
Number Of Fans: -9.1
Number Of Fans Per Group: 20
Distance Between Groups: 376.0 [m]

D0







_1263988253.pdf
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)/ Tunnel Air Quntity For CO Removal - H.R.V.A.C
Loy v ’

Project's Number: 391001A

Project's Name:  Carmel Tunnels T1 - SW Up

Comments: 120veh/km x 2lanes x 50% x 0.7(0.3/0.5m3/h.veh)
= 84 veh/km

Length Of Tunnel 3,280.0 [m]

Gradient Of Tunnel 1.8 [%]

Tunnel's PPM 200 [PPM]

Tunnel Section 55.0 [m?

Altitude 86.0 [m]

Temperature In Tunnel 240 [°C]

Traffic Speed 10 [Km/h]

Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphili Downhill
(M)-Traffic Volume [cars/h*lane]: 0 0
(basic Qoco = 0.013 m¥/km)
(N)-Car Density [cars/km*lane]: 42 0
(A motor produce 0.5 m¥h*veh)
Lanes: 2 0
Traffic Volume [cars/h: 0 0
Ks - Factor For Driving: 1.09 0.96
Fresh Air: 208.6 [m3/sec]
Fresh Air (Corrected for Temperature): 226.9 [m®/sec]

Airspeed In Tunnel: 4.1 [m/sec]





14/11/2005

Soys

Project's Number:  391001A

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Name: Carmel Tunnels T1 - SW Up
Comments: 120veh/km x 50% x 10% = 6veh/km
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Traffic Speed 10 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) -—-- [he/h*lane]

Number Of Vehicles - (N)

6.0 [he/Km*ianeg]

Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 0.61
Admissible Smoke Concentration 0.009 [m"']

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):
Fresh Air Quantity:

13.00 [m3h*ton]

26.90 [m*sec*Km*ane]
176.44 [m¥sec]
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14/11/2005

’ &/P\/ »
Project's Number:  391001A

Project's Name: Carmel Tunnels T1 - SW Up

Tunnel NOx Production - H.R.V.A.C

Comments: Assume 1760veh/h x 60% (@10km/h) x
0.7(catalyst) = 739Veh/h

Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 10 [Km/h]

Total Traffic Volume

739 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

227.0 [m3/sec]

Kt - Factor For Heavy Vehicles

8.5

(Basic vaiue for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downbhill
Heavy Vehicles Volume [cars/h]: 74 0
Light Vehicles Volume [cars/h]: 665 0
Ks - Factor For Gradients: 1.7 0.5
Air Speed [(m?*/sec)/area]: 4.1 [misec]
Total Qnox Production: 9.4 [m3h]
Concentration of NOx: 11.5 [PPM]





18/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number:

Project's Name:

391001A

Carmel Tunnels T1 - SW Up

Comments: 120veh/km x 50% x 2 lanes = 120veh/km with 10%
heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunne! 1.8 [%]
Tunnel Section Area 55.0 [m?
Altitude 86 [m]
Hydraulic Diameter Q\ &) [m] .
Traffic Speed lo ( 14.8 [Kmlh]>
External Temperature 30.0 [:Q]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec}
Fresh Air Rate 227.0° [m¥sec]
u=Fresh Air Rate/Area 41 [mfsec]

Air Density: 1.2 [kg/m?]

O

Number Of Vehicles Moving With Blowers Direction

. Piston Effect [Pa]

Private Vehicles:

108 [Cars] 0.0

Heavy and Medium Vehicles: 12 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction

Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0
P-Friction[Pal: 235.9 -~
P-Temperature [Pa]: 14.0
P-Wind {Pa]: 0.0
P-Total [Pal: 249.9
Thrust: 13,745 [N
System Coefficient: 0.70 [N]
Needed Thrust: 19,636
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N}
Number Of Fans: 224
Number Of Fans Per Group: 2.0

Distance Between Groups: 292.3 [m]





13/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

&@v/@/

Project's Number: 391001B

Projects Name: Carmel Tunnels T1 - SW Up

Comments: 4760veh/h x 60%(@20km/h) x
0.7(0.3/0.5m3/h.veh) = 739veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor | 1.00
Kf - Speed Factor 2.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 370 0
(basic Qoco = 0.013 m*/km)
(N)-Car Density [cars/km*lane]: 18 0
(A motor produce 0.5 m*h*veh)
Lanes: 2
Traffic Volume [cars/h]. 739
Ks - Factor For Driving: 1.09 0.96
Fresh Air; 190.8 [m¥/sec]
Fresh Air (Corrected for Temperature): 207.6 [m®/sec]

Airspeed In Tunnel: 3.8 [m/sec]





S
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Project's Name:

14/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number: ~ 391001B

Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 60%(@20km/h) x 10% / 2lanes = 52
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Traffic Speed 20 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

52.0 [hc/h*fane]

Number Of Vehicles - (N)

2.6 [hc/Km*lane]

Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 0.61
Admissible Smoke Concentration 0.005 [m"]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*iane):

Fresh Air Quantity:

13.00 [m*/h*ton]

20.98 [m¥sec*Km*lane]
137.63 [m¥/sec]
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14/11/2005

Tunnel NOx Production - H.R.V.A.C

Project's Number:  391001B
Project's Name: Carmel Tunnels T1 - SW Up

Comments: Assume 1760veh/h x 60%(@20km/h) x
0.7(catalyst) = 739Veh/h

Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 20 [Km/h]
Total Traffic Volume 739 [car/h]
Heavy Vehicles 10.0 [%]

Air Quantity 208.0 [m?/sec]
Kt - Factor For Heavy Vehicles 8.0

(Basic value for car ,Qnox = 1.3 **"10 m3km*veh)

Uphill Downbhill
Heavy Vehicles Volume [cars/h]: 74 0
Light Vehicles Volume [cars/h]: 665 0
Ks - Factor For Gradients: 1.7 0.5
Air Speed [(m?sec)/area]: 3.8 [m/sec]
Total Qnox Production: 9.1 [m3h]

Concentration of NOx: 12.2 [PPM]





Tunnel Air - Fans Selection - H.R.V.A.C

14/11/2005

Project's Number: 391 OO‘i B

Project's Name: Carmel Tunnels T1 - SW Up
Comments: 1760veh/h x 60%(@20km/h) = 1056veh/h with 10%
heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m?
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 20.0 [Km/h]
External Temperature 30.0 [°C]
internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 208.0 [mi/sec] CO
u=Fresh Air Rate/Area 3.8 [m/sec]

Air Density: 1.2 [kg/m?

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 950 [Cars/h] -5.8
Heavy and Medium Vehicles: 106 [Cars/h] -6.1

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/] 0.0

P-Friction[Pa]: 198.0
P-Temperature [Pa]: 14.0
P-Wind {Pa]: 0.0
P-Total [Pa}: 200.2
Thrust: 11,012 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 15,732
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N}
Number Of Fans: 18.0
Number Of Fans Per Group: 20
Distance Between Groups: 364.9 [m]





13/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C
A/@V/Pg/ .

Project's Number: 391001C

Project's Name: Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 75%(@30km/h) x
0.7(0.3/0.5m3/h.veh) = 924veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 462 0
(basic Qoco = 0.013 m®/km)
(N)-Car Density [cars/km*lane]: 15 0
(A motor produce 0.5 m®h*veh)
Lanes: 2
Traffic Volume [cars/h]: 924
Ks - Factor For Driving: 1.09 0.96
Fresh Air: 178.9 [m®/sec]
Fresh Air (Corrected for Temperature): 194.7 [m®/sec]

Airspeed In Tunnel: 3.5 [m/sec]





14/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

e

Project's Number; . 391001C

Project's Name: Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 75%(@30km/h) x 10% / 2lanes = 66
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Traffic Speed 30 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) 66.0 [hc/h*lane]
Number Of Vehicles - (N) 2.2 [he/Km*lane]
Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 0.97
Admissible Smoke Concentration 0.005 [m"]
Basic Value Of Smoke Emission 13.00 [m*/h*ton]

Fresh Air Quantity (Per km*lane): 28.23 [m*sec*Km*lane]

Fresh Air Quantity: 185.18 [m¥sec]





14/11/2005

Tunnel NOx Production - H.R.V.A.C

o,

Project's Number:  391001C

Project's Name: Carmel Tunnels T1 - SW Up

Comments: Assume 1760veh/h x 75% (@30km/h) x
0.7(catalyst) = 1320Veh/h

Length Of Tunnel 3,280.0 [m]
- Gradient Of Tunnel 2.0 [%)]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h] ‘

Total Traffic Volume

924 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

220.0 [m*/sec]

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 **1 0 m¥km*veh)

, Uphill Downhill
Heavy Vehicles Volurhe [cars/h]: 92 0
Light Vehicles Volume [cars/h]: 832 0
Ks - Factor For Gradients: 1.7 0.5
Air Speed [(m*/sec)/area]: 4.0 [m/sec]
Total Qnox Production: 10.7 [m3/h]
Concentration of NOx: 13.5 [PPM]

1]





14/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391001C

Project's Name:

Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 75%(@30km/h) = 1320veh/h with 10%
heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Sebtion Area 55.0 [m7
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 220.0 [m¥/sec] N O X
u=Fresh Air Rate/Area 4.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,188 [Cars/h] -28.7
Heavy and Medium Vehicies: 132 [Cars/h] -30.2

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 221.6
P-Temperature [Pa]: 14.0
P-Wind [Pa}: 0.0
P-Total [Pa]: 176.8
Thrust: 9,722 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 13,888
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N}
Number Of Fans: 15.9
Number Of Fans Per Group: 20
Distance Between Groups: 413.3 [m]

12
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/Q/ Tunnel Air Quntity For CO Removal - H.R.V.A.C
Loy o

Project's Number: 391001D

Project's Name:  Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 0.7(0.3/0.5m3/h.veh) = 1232veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?)
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 60 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]; 616 0
(basic Qoco = 0.013 m3¥/km)
(N)-Car Density [cars/km*lane]: 10 0
(A motor produce 0.5 m%h*veh)
Lanes: 2
Traffic Volume [cars/h]: 1,232
Ks - Factor For Driving: 1.09 0.96
Fresh Air: 169.1 [m3¥/sec]
Fresh Air (Corrected for Temperature): 173.0 [m*/sec]

Ajrspeed In Tunnel: 3.1 [m/sec]





14/11/2005

Project's Number: - 391001D

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Name: Carmel Tunnels T1 - SW Up

Comments: 1760veh/h x 10% / 2lanes = 88
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Traffic Speed 60 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

88.0 [hc/h*lane]

Number Of Vehicles - (N)

1.5 [hc/Km*ane]

Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 2.26
Admissible Smoke Concentration 0.005 [m*7]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane);
Fresh Air Quantity:

13.00 [m®/h*ton]

43.85 [m¥sec*Km*ane]
287.63 [m*/sec]

4





16/11/2005

Tunnel NOx Production - H.R.V.A.C

Sy,

Project's Number:  391001D

Project's Name: Carmel Tunnels T1 - SWUp

Comments: 1760veh/h x 0.7(catalyst) = 1232veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]

Total Traffic Volume

1,232 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

220.0 [m®/sec]

Kt - Factor For Heavy Vehicles

2.5

(Basic value for car ,Qnox = 1.3 **710 m3km*veh)

Uphill - Downbhill
Heavy Vehicles Volume [cars/h]: 123 0
Light Vehicles Volume [cars/h]: 1,109 0
Ks - Factor For Gradients: 1.7 0.5
Air Speed [(m®*/sec)/area]: 4.0 [m/sec]
Total Qnox Production: 10.3 [m3h]
Concentration of NOx: 13.0 [PPM]

15
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Tunnel NOx Production - H.R.V.A.C

\G v)ff/

Project's Number:  391001D

Project's Name: Carmel Tunnels T1 - SWUp

Comments: 1760veh/h x 0.7(catalyst) = 1232veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]
Total Traffic Volume 1,232 [car/h]
Heavy Vehicles 10.0 [%]
Air Quantity 288.0 [m®/sec]
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 ***10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 123 0
Light Vehicles Volume [cars/h] 1,109 0
Ks - Factor For Gradients: 17 0.5
Air Speed [(m®*/sec)/area]: 5.2 [misec]
Total Qnox Production: 10.3 [m¥h]
Concentration of NOx: 9.9 [PPM]





14/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391001D

Project's Name: Carmel Tunnels T1 - SW Up
Comments: 1760veh/h with 10% heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [mA
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 2880 [m¥sec] \} s
u=Fresh Air Rate/Area 52 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,584 [Cars/h] -132.9
Heavy and Medium Vehicles: 176 [Cars/h] -139.9

Number Of Hourly Vehicies Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pal]: 379.7
P-Temperature [Pa]: 14.0
P-Wind [Pa]: 0.0
P-Total [Pa]: 120.9
Thrust: 6,647 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 9,496
Fan Diameter: 40.0 [inch}
Fan Thrust: 875.0 [N|
Number Of Fans: 10.8
Number Of Fans Per Group: 2.0
Distance Between Groups: 604.5 [m]

1





18/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

Loy,

Project's Number: 391001E

Project's Name:

Carmel Tunnels T1 - SW Up

Comments: 120veh/km x 100% x 2lanes = 240veh/km with
10%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55,0 [m?
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed Q) <1 8.0) kol | 5] <
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 2750 [mysec]| FrR
u=Fresh Air Rate/Area 5.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 216 [Cars] 0.0
Heavy and Medium Vehicles: 24 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

P-Friction[Pa]: 346.2
P-Temperature [Pa]: 14.0
P-Wind [Pa]: 0.0

P-Total [Pa]: 360.2

Thrust: 19,812 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 28,302

Fan Diameter: 40.0 Jinch]

Fan Thrust: 875.0 |N]

Number Of Fans: 32.3

Number Of Fans Per Group: 2.0

Distance Between Groups: 202.8 [m]






e’

18/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C
Loy v .

Project's Number: 391002A

Project's Name:  Carmel Tunnels T2 - NW Down

Comments: 120veh/km x 2lanes x 50% x 0.7(0.3/0.5m3/h.veh)
= 84 veh/km
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 200 [PPM]
Tunnel Section 55.0 [m?
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 10 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 0
(basic Qoco = 0.013 m3km)
(N)-Car Density [cars/km*lane]: 0 42
(A motor produce 0.5 m3/h*veh)
Lanes: 2
Traffic Volume [cars/h]: 0
Ks - Factor For Driving: 1.00 1.05
Fresh Air: 200.9 [m?¥sec]
Fresh Air (Corrected for Temperature): 218.6 [m¥sec]

Airspeed In Tunnel: 4.0 [m/sec]





18/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

oy

Project's Number:  391002A

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 120veh/km x 50% x 10% = 6veh/km
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel -2.0 [%]
Traffic Speed 10 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) ---- [he/h*iane]
Number Of Vehicles - (N) 6.0 [hc/Km*lane]
Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 0.27
Admissible Smoke Concentration 0.009 [m*]
Basic Value Of Smoke Emission 13.00 [m*/h*ton]
Fresh Air Quantity (Per km*lane): 11.91 [m3¥*sec*Km*lane]

Fresh Air Quantity: 78.10 [m%sec]





18/11/2005

Tunnel NOx Production - H.R.V.A.C

Soy s

Project's Number:  391002A

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 1060veh/h(2010) x 60% (@10km/h) x

0.7(catalyst) = 445veh/h

Length Of Tunnel

3,280.0 [m]

Gradient Of Tunnel

0.0 [%]

Tunnel Section

55.0 [m?]

Traffic Speed

10 [Km/h]

Total Traffic Volume

445 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

40.0 [m¥/sec]

Kt - Factor For Heavy Vehicles

8.5

(Basic value for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 45
Light Vehicles Volume [cars/h; 0 401
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m?/sec)/area]: 0.7 [m/sec]
Total Qnox Production: 1.7 [m®h]
Concentration of NOx: 11.5 [PPM]

21
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GRS /
Project's Number:  391002A1

Tunnel NOx Production - H.R.V.A.C

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 60% (@10km/h) x
0.7(catalyst) = 1012veh/h

Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 10 [Km/h]

Total Traffic Volume

1,012 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

80.0 [m%¥sec]

Kt - Factor For Heavy Vehicles

8.5

(Basic value for car ,Qnox = 1.3 *°1Q m¥%km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h); 0 101
Light Vehicles Volume [cars/h]: 0 911
Ks - Factor For Gradients: 1.0 05
Air Speed [(m®/sec)/area]: 1.5 [m/sec]
Total Qnox Production: 3.8 [m¥h]
Concentration of NOx: 13.1 [PPM] '

09





18/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391002A -

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 120veh/km x 50% x 2 lanes = 120veh/km with 10%
heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m?
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed QQ (14.4) [Km/h] Ll-m |5
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate 219.0 [m3sec] C@
u=Fresh Air Rate/Area 4.0 [m/seq]
Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 108 [Cars] 0.0
Heavy and Medium Vehicles: 12 [Cars] 0.0

Number Of Vehicles Moving Against Biowers Direction
Private Vehicles: 0 [Carg] 0.0
Heavy and Medium Vehicles: 0 [Carg] 0.0

P-Friction[Pa]: 21985
P-Temperature [Pa]: 23.7
P-Wind [Pa]: 294
P-Total [Pa]: 2726
Thrust: 14,995 [N]
System Coefficient: 0.70 [Nj
Needed Thrust: 21,422
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 N
Number Of Fans: 245
Number Of Fans Per Group: 2.0

Distance Between Groups: 2679 [m]





18/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

@vP\‘

Project's Number: 391002B

Project's Name:  Carmel Tunnels T2 - NW Down

Comments: 1060eh/h(2010) x 60%(@20km/h) x
0.7(0.3/0.5m3/h.veh) = 445veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m3
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 2.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 293
(basic Qoco = 0.013 m*/km)
(N)-Car Density [cars/km*lane]: 0 11
(A motor produce 0.5 m¥h*veh)
Lanes: 2
Traffic Volume [cars/h]: 445
Ks - Factor For Driving: 1.00 1.05

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

110.7 [m%/sec]
120.4 [m¥sec]
2.2 [m/sec]

pr





O | 18/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

K J

<
Project's Number: 391002B1

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 60%(@20km/h) x
0.7(0.3/0.5m3/h.veh) = 1012veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%)]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 2.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 506
(basic Qoco = 0.013 m®km)
{N)-Car Density [cars/km*lane]: 0 o5
(A motor produce 0.5 m3¥h*veh)
Lanes: 2
Traffic Volume [cars/h}: 1,012
Ks - Factor For Driving: 1.00 1.05
Fresh Air; 251.7 [mi/sec]
Fresh Air (Corrected for Temperature): 273.8 [m®sec]
Airspeed In Tunnel: 5.0 [m/sec]

05





18/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number: = 39100281

Project's Name:

Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 60%(@20km/h) x 10%heavy /
2 lanes = 72veh/h.lane
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel -2.0 [%]
Traffic Speed 20 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

72.0 [hc/h*lane]

Number Of Vehicles - (N)

3.6 [hc/Km*lane]

Fh - Elevation Factor 1.08
Fiv - Gradient / Speed Factor 0.27
Admissible Smoke Concentration 0.005 [m"]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane);
Fresh Air Quantity:

13.00 [m*/h*ton]

12.86 [m*sec*Km*lane]

84.35 [m*/sec]
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18/11/2005

Tunnel NOx Production - H.R.V.A.C

&/ev

Project's Number:  391002B1

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 60%(@20km/h) x

0.7(catalyst)= 1012veh/h

Length Of Tunnel

3,280.0 [m]

Gradient Of Tunnel

0.0 [%]

Tunne! Section

55.0 [m?]

Traffic Speed

20 [Km/h]

Total Traffic Volume

1,012 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

80.0 {m%sec]

Kt - Factor For Heavy Vehicles

8.0

(Basic value for car ,Qnox = 1.3 **"10 m*%km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]. 0 101
Light Vehicles Volume [cars/h]. 0 911
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m?*sec)/areal. 1.5 [m/sec]
Total Qnox Production: 3.7 [m3¥/h]
Concentration of NOx: 12.7 [PPM]
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18/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

o~

Project's Number: 391002B

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 1060veh/h(2010) x 60%(@20km/h) = 636veh/h with
10%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m?3
Altitude 86 [m]
Hydraulic Diameter _ 76 [m]
Traffic Speed 20.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate ° 1200 [m¥sec]| CO
u=Fresh Air Rate/Area 22 [misec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 572 [Cars/h} -12.5
Heavy and Medium Vehicles: 64 [Cars/h] -13.3

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 65.9
P-Temperature [Pa]: 237
P-Wind [Pa]: 294
P-Total [Pal]: 93.2

Thrust: 5,124 [Nj

System Coefficient; 0.70 [N}

Needed Thrust: 7,321

Fan Diameter: 40.0 finch}

Fan Thrust: 875.0 [N]

Number Of Fans: 8.4

Number Of Fans Per Group: 2.0

Distance Between Groups: 784.1 [m]
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18/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

&

Qb

Project's Number: 39100281

Project's Name:

Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 60%(@20km/h) = 1446veh/h with
10%heavy

Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m34
Altitude 86 [m]
Hydraulic Diameter 76 [ml

Traffic Speed 20.0 [Km/h}
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]

Wind Speed Against Blowers Direction 7.0 [m/sec]

Fresh Air Rate 274.0 [m¥sec] C O
u=Fresh Air Rate/Area 5.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,301 [Cars/h] -0.8
Heavy and Medium Vehicles: 145 [Cars/h] -0.9

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pal]: 343.7
P-Temperature [Pa]: 23.7
P-Wind [Pal: 29.4
P-Total [Pa]: 395.1
Thrust: 21,729 [N]
System Coefficient: 0.70 |N]
Needed Thrust: 31,041
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N]
Number Of Fans: 355
Number Of Fans Per Group: 2.0
184.9 [m]

Distance Between Groups:
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18/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

’9@ \/M

Project's Number: 391002C

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 1060veh/h(2010) x 75%(@30km/h) x
0.7(0.3/0.5m3/h.veh) = 557veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 279
(basic Qoco = 0.013 m*km)
(N)-Car Density [cars/km*lane]: 0 9
(A motor produce 0.5 m®h*veh)
Lanes: 2
Traffic Volume [cars/h]: 557
Ks - Factor For Driving: 1.00 1.05
Fresh Air: 103.9 [m?/sec]
Fresh Air (Corrected for Temperature): 113.0 [m¥sec]

Airspeed In Tunnel: 2.1 [m/sec]






_1256535051.pdf
16/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

&'9\/

Project's Number: 391004D1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) with 10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [mi/sec]
Fresh Air Rate 240.0 [m¥sec]
u=Fresh Air Rate/Area 44 [mised]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]

Private Vehicles: 2,223 [Cars/h] -113.3
Heavy and Medium Vehicles: 247 [Cars/h] -119.3
Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0
P-Friction[Pa}: 146.4
P-Temperature [Pa]: 225
P-Wind [Pa]: 0.0
P-Total [Pa]: -63.7
Thrust: -3,506 [N]
System Coefficient: 0.70 [N]
Needed Thrust: -5,008
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N
Number Of Fans: -5.7
Number Of Fans Per Group: 20
Distance Between Groups: 601.0 m]
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18/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

Spy b
Project's Number: 391004D3
Project's Name: Carmel Tunnels - T4 NE Up
Comments: 1503veh/h(2010) with 10%heavy - Rupin pollution
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 55 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 10.0 [°C]
internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 150.0 [m¥sec]
u=Fresh Air Rate/Area 2.7 [m/seq]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/n] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 1,353 [Cars/h] 171.4
Heavy and Medium Vehicles: 150 [Cars/h] 180.1

P-Friction[Pal]: 57.2
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 461.6
Thrust: 25,388 [N]
System Coefficient; 0.70 [N}
Needed Thrust: 36,269
Fan Diameter: 40.0 Jinch]
Fan Thrust: 875.0 [NI
Number Of Fans: 41.5
Number Of Fans Per Group: 20

Distance Between Groups: 83.0 [m]





18/11/2005
Tunnel Air - Fans Selection - H.R.V.A.C

&, S )

Project's Number: 391004D4

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) with 10%heavy - Rupin pollution
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 10.0 [°C}]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 50 [misec]
Fresh Air Rate 2400 [m?fsec]
u=Fresh Air Rate/Area 44 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Véhicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 0 [Cars/h} 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 2,223 [Cars/h] 331.1
Heavy and Medium Vehicles: 247 [Cars/h] 348.6

P-Friction[Pa]: 146.4
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 16.0
P-Total [Pa]: 879.1

Thrust: 48,352 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 69,075

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 IN]

Number Of Fans: 78.9

Number Of Fans Per Group: 2.0

Distance Between Groups: 43.6 [m]






28/02/2006

Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004D

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 1503veh/h(2010) x 0.7(catalyst) = 1052veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]
Total Traffic Volume 1,052 [car/h]
Heavy Vehicles 10.0 [%]
Air Quantity 275.0 [m3/sec] p‘ﬂb\w\if*m
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 **"10 m¥km*veh)

Uphill Downhill
Heavy Vehicles VVolume [cars/h]: 105 0
Light Vehicles Volume [cars/h]: 947 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m?/sec)/area]: 5.0 [m/sec]
Total Qnox Production: 7.2 Im3/h]

Concentration of NOx: 7.2 [PPM]






28/02/2006
Tunnel Air - Fans Selection - H.R.V.A.C

«

Project's Number: 391004D

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) with 10%heévy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 55 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 275.0 [m®/sec] PMTM
u=Fresh Air Rate/Area 5.0 [m/sec]

Air Density: 1.2 [kg/m?)

Number Of Hourly Vehicles Moving With Blowers Direction | Piston Effect [Pa]
Private Vehicles: 1,353 [Cars/h}] -62.0
Heavy and Medium Vehicles: 150 [Cars/h] -65.2

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h} 0.0

P-Friction[Pa]: 192.2
P-Temperature [Pa]: 225
P-Wind [Pa]: 0.0
P-Total [Pa]: 87.5
Thrust: 4,814 [N]
System Coefficient: 0.70 [N}
Needed Thrust: 6,878
Fan Diameter: 40.0 finchl
Fan Thrust: 875.0 IN]
Number Of Fans: 7.9
Number Of Fans Per Group: 2.0
Distance Between Groups: 437.7 [m]

A






Tunnel NOx Production - H.R.V.A.C

Project's Number:

Project's Name:

391004D

Carmel Tunnels - T4 NE Up

28/02/2006

Comments: 1503veh/h(2010) x 0.7(catalyst) = 1052veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]

Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]

Total Traffic Volume

1,052 [car/h]

Heavy Vehicles 10.0 [%]
Air Quantity 385.0 [m3/sec] |- OQ\}\N&;W\
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 *¥710 m3¥/km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 105 0
Light Vehicles Volume [cars/h]: 947 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m?/sec)/area]: 7.0 [m/sec]
Total Qnox Production: 7.2 [m3h]
Concentration of NOx: 5.2 [PPM]

No






e’

28/02/2006

Tunnel Air - Fans Selection - H.R.V.A.C

&

Project's Number: 391004D

Project's Name:

Carmel Tunnels - T4 NE Up

Comments: 1503veh/h(2010) with 10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 7.6 [m]
Traffic Speed 60.0 [Km/h}
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 385.0 [m3sec] DM o
u=Fresh Air Rate/Area 7.0 [m/sec]

Air Density: 1.2 [kg/m?3}

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,353 [Cars/h] -42.6
Heavy and Medium Vehicles: 150 [Cars/h] -44.7

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 376.8
P-Temperature [Pa]: 22.5
P-Wind [Pa]: 0.0
P-Total [Pal: 311.9
Thrust: 17,157 [N]
System Coefficient: 0.70 [N}
Needed Thrust: 24 510
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N]
Number Of Fans: (\’_ 3_807
Number Of Fans Per Group: 2.0
Distance Between Groups: 122.8 [m]






28/02/2006

Tunnel NOx Production - H.R.V.A.C

Project's Number: 391004D1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) x 0.7(catalyst) = 1729veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?3
Traffic Speed 60 [Km/h]

Total Traffic Volume

1,729 [car/h)

Heavy Vehicles 10.0 [%]
Air Quantity 275.0 [m3/sec] pﬁ‘U\\/\\Ta’\
Kt - Factor For Heavy Vehicles 25

(Basic value for car ,Qnox = 1.3 *3°10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 173 0
Light Vehicles Volume [cars/h]: 1,556 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m®/sec)/area]: 5.0 [m/sec]
Total Qnox Production: 11.8 [m3/h]
Concentration of NOx: 11.9 [PPM]

D&






28/02/2006

Tunnel Air - Fans Selection - H.R.V.A.C

\Y

Project's Number: 391004D1

Project's Name: Carmel! Tunnels - T4 NE Up
Comments: 2470veh/h(2025) with 10%heavy
L Length Of Tunnel 1,720 [m]
LGradient Of Tunnel 55 [%]
LTunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [misec]
Fresh Air Rate 2750 [mdsec] \DM%
u=Fresh Air Rate/Area 5.0 [misec]
Air Density: 1.2 [kg/m3]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 2,223 {Cars/h] -101.9
Heavy and Medium Vehicles: 247 [Cars/h] -107.3

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 192.2

P-Temperature [Pa]: 225
P-Wind [Pa]: 0.0
P-Total [Pa]: 5.5

Thrust: 303 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 434

Fan Diameter: 40.0 [inch}

Fan Thrust: 875.0 N]

Number Of Fans: 05

Number Of Fans Per Group: 2.0

Distance Between Groups: 6,942.4 [m}






28/02/2006

Tunnel NOx Production - H.R.V.A.C

Project's Number:  391004D1

Project's Name: Carmel Tunnels - T4 NE Up
Comments: 2470veh/h(2025) x 0.7(catalyst) = 1729veh/h

Length Of Tunnel 1,720.0 [m]

Gradient Of Tunnel 5.5 [%]

Tunnel Section 55.0 [m?]

Traffic Speed 60 [Km/h]

Total Traffic Volume . 1,729 [car/h]

Heavy Vehicles 10.0 [%]

Air Quantity 385.0 [m3/sec] @A}\M\:‘m

Kt - Factor For Heavy Vehicles 2.5

(Basic value for car ,Qnox = 1.3 * 10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 173 0
Light Vehicles Volume [cars/h): 1,556 0
Ks - Factor For Gradients: 2.7 05
Air Speed [(m¥/sec)/area]: 7.0 [m/sec]
Total Qnox Production: 11.8 [m3h]
Concentration of NOx: 8.5 [PPM]






28/02/2006
Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391004D1

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 2470veh/h(2025) with 10%heavy
Length Of Tunnel 1,720 [m] |
Gradient Of Tunnel 55 [%]
Tunnel Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 30.0 [°C]
Internal Temperature 24.0 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
Fresh Air Rate 385.0 [m3/sec] PM va¥y
u=Fresh Air Rate/Area 7.0 [m/sec]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction

Private Vehicles:

Piston Effect [Pa]
2,223 [Cars/h] -70.0

247 [Cars/h] -73.7

Heavy and Medium Vehicles:

Number Of Hourly Vehicles Moving Against Blowers Direction

Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0
P-Friction[Pa]: 376.8
P-Temperature [Pa]: 225
P-Wind [Pa]: 0.0
P-Total [Pa): 255.6
Thrust: 14,060 [N]
System Coefficient: 0.70 [N}
Needed Thrust; 20,086
Fan Diameter: 40.0 finch]
Fan Thrust: 875.0 IN]
Number Of Fans: 23.0
Number Of Fans Per Group: 2.0
Distance Between Groups: 1499 [mj






Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number:

Project's Name:

391004E

Carmel Tunnels - T4 NE Up

18/11/2005

Comments: 120veh/km x 100% x 2lanes = 240veh/km with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m}
Hydraulic Diameter 76 [m]
Yy RN
Traffic Speed Q (18.9 Kl | Sy s
External Temperature 30.0 [°C]
Internal Temperature 240 [°C]
Wind Speed With Blowers Direction 0.0 [m/sec]
= P
Fresh Air Rate 2750 [m¥sec]| e
=Fresh Air Rate/Area 5.0 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 216 [Cars] 0.0
Heavy and Medium Vehicles: 24 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

P-Friction[Pa]: 192.2
P-Temperature [Pa]: 225

P-Wind [Pay: 0.0
P-Total [Pa}: 214.7

Thrust: 11,809 [N]

System Coefficient: 0.70 [N}

Needed Thrust: 16,870

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N}

Number Of Fans: 19.3

Number Of Fans Per Group: 2.0

Distance Between Groups: 178.4 [m]
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Tunnel Air Quntity For CO Removal - H.R.V.A.C

Projéct's Number: 391002C1

Project's Name:  Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 75%(@30km/h) x
0.7(0.3/0.5m3/h.veh) = 1265veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 86.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhiil
(M)-Traffic Volume [cars/h*(ane]: 0 633
(basic Qoco = 0.013 m3/km)
(N)-Car Density [cars/km*lane]: 0 21
(A motor produce 0.5 m¥h*veh)
Lanes: 2
Traffic Volume [cars/h]: 1,265
Ks - Factor For Driving: 1.00 1.05

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

236.0 [m¥sec]
256.7 [m3/sec]
4.7 [m/sec]
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Project's Number:  391002C1

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 2410eh/h(2025) x 75%(@30km/h) x 10%heavy /
2lanes = 90veh/h.lane
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 2.0 [%]
Traffic Speed 30 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

90.0 [hc/h*lane]

Number Of Vehicles - (N)

3.0 [hc/Km*lane]

Fh - Elevation Factor

1.08

Fiv - Gradient / Speed Factor

0.37

Admissible Smoke Concentration

0.005 [m*]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):
Fresh Air Quantity:

13.00 [m¥h*ton]

14.68 [m*/sec*Km*lane]
96.32 [m%sec]
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Tunnel NOx Production - H.R.V.A.C

‘ A/@v

Project's Number:  391002C1

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 75%(@30km/h) x
0.7(catalyst) = 1265veh/h

Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 30 [Km/h]

Total Traffic Volume

1,265 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

90.0 [m*/sec]

Kt - Factor For Heavy Vehicles

7.0

(Basic value for car ,Qnox = 1.3 *10 m®km*veh)

Uphill Downhitl
Heavy Vehicles Volume [cars/h]: 0 127
Light Vehicles Volume [cars/h]: 0 1,139
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m¥/sec)/area]; 1.6 [m/sec]
" Total Qnox Production: 4.3 [m¥h]

Concentration of NOx:

13.3 [PPM]
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Tunnel Air - Fans Selection - H.R.V.A.C

< Project's Number: 391002C

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 1060veh/h(2010) x 75%(@30km/h) = 795veh/h with
10%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m3
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature - 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate 113.0 [m¥sec] C@
L u=Fresh Air Rate/Area 21 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 715 [Cars/h] ~-36.2
Heavy and Medium Vehicles: 80 [Cars/] -38.4

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0 |
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: - 585
P-Temperature [Pa]: 23.7
P-Wind [Pa]: 29.4
P-Total [Pa]: 37.0

Thrust; 2,033 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 2,904

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 IN]

Number Of Fans: 3.3

Number Of Fans Per Group: 20

Distance Between Groups: 1,976.9 [m]

Db
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Tunnel Air - Fans Selection - H.R.V.A.C

oy

Project's Number: 391002C1

Project's Name:

Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 75%(@30km/h) = 1808veh/h with
10%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m?
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C)
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate 2570 [msec]| (2D
u=Fresh Air Rate/Area 47 [miseq]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Biowers Direction Piston Effect [Pa]
Private Vehicles: 1,627 [Cars/h] -28.0
Heavy and Medium Vehicles: 181 [Cars/h] -29.5

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pal: 302.3
P-Temperature [Pal: 23.7
P-Wind [Pa]: 29.4
P-Total [Pa): 297.9
Thrust: 16,386 [Nj
System Coefficient: 0.70 [N}
Needed Thrust: 23,408
Fan Diameter: 40.0 finch]
Fan Thrust: 875.0 [N]
Number Of Fans: 26.8
Number Of Fans Per Group: 2.0
Distance Between Groups: 2452 [m]

X5
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Tunnel Air Quntity For CO Removal - H.R.V.A.C

Project's Number: 391002D1

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 0.7(0.3/0.5m3/h.veh) =
1687veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 86.0 [m]
Temperature In Tunnel 240 [°C]
Traffic Speed 60 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhil
(M)-Traffic Volume [cars/h*lane]: 0 844
(basic Qoco = 0.013 m*km)
(N)-Car Density [cars/km*lane]: 0 14
(A motor produce 0.5 m®h*veh)
Lanes: 2
Traffic Volume [cars/h]: 1,687
Ks - Factor For Driving: 1.00 1.05

Fresh Air:

Fresh Air (Corrected for Temperature):

Airspeed In Tunnel:

209.8 [m?/sec]
228.3 [m*/sec]
4.2 [m/sec]
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number;
Project's Name:

Comments:

391002D1
Carmel Tunnels T2 - NW Down

2410veh/h(2025) x 10%heavy / 2lanes =

121veh/h.lane

Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel -2.0 [%]
Traffic Speed 60 [Km/h]
Altitude 86.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

121.0 [hc/h*lane]

Number Of Vehicles - (N)

2.0 [hc/Km*lane]

Fh - Elevation Factor

1.08

Fiv - Gradient / Speed Factor

0.28

Admissible Smoke Concentration

0.005 [m*]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):
Fresh Air Quantity:

13.00 [m®/h*ton]

747 [m*/sec*Km*lane]
49.00 [m3¥sec]

o1
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Project's Number:  391002D1

)}/ Tunnel NOx Production - H.R.V.A.C

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) x 0.7(catalyst) = 1687veh/h
Length Of Tunnel 3,280.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]

Total Traffic Volume

1,687 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

90.0 [m*/sec]

Kt - Factor For Heavy Vehicles

2.5

(Basic value for car ,Qnox = 1.3 **10 m*km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 169
Light Vehicles Volume [cars/h]: 0 1,618
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m*/sec)/area]: 1.6 [m/sec]
Total Qnox Production: 4.1 [m®h]
Concentration of NOx; 12.8 [PPM]

58
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Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391002D1

Project's Name: Carmel Tunnels T2 - NW Down

Comments: 2410veh/h(2025) with 1 0%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 55.0 [m?
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 200 [°C]
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate 2280 [mseq| <
u=Fresh Air Rate/Area 41 [mfsec]
Air Density: 1.2 [kg/m?] _

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 2,169 [Cars/h] -218.4
Heavy and Medium Vehicles: 241 [Cars/h] -230.0

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 238.0
P-Temperature [Pa]: 23.7
P-Wind [Pa): 29.4

P-Total [Pa]: -1587.3

Thrust: -8,651 [N]

System Coefficient: 0.70 [N]

Needed Thrust: -12,358

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N]

Number Of Fans: -14.1

Number Of Fans Per Group: 2.0

Distance Between Groups: 464.5 m]
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Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number: 391002E

Project's Name: Carmel Tunnels T2 - NW Down
Comments: 120veh/km x 100% x 2lanes = 240veh/km with
10%heavy
Length Of Tunnel 3,280 [m]
Gradient Of Tunnel 1.8 [%]
Tunnel Section Area 56.0 [mF
Altitude 86 [m]
Hydraulic Diameter 76 [m]
Traffic Speed ® (18.0) Kmml | S 1<
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 7.0 [m/sec]
Fresh Air Rate 275.0 [m3sec] Fre,«
u=Fresh Air Rate/Area 50 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 216 [Cars] 0.0
Heavy and Medium Vehicles: 24 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Carg] 0.0

P-Friction[Pa]: 346.2
P-Temperature [Pa]: 23.7
P-Wind [Pa]: 294
P-Total [Pa): 399.3
Thrust: 21,960 [N]
System Coefficient: 0.70 [N]
Needed Thrust: 31,372
Fan Diameter: 40.0 [inch]
Fan Thrust: 875.0 [N}
Number Of Fans: 359
Number Of Fans Per Group: 2.0
Distance Between Groups: 183.0 [m]
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Tunnel Air Quntity For CO Removal - H.R.V.A.C
&'PV /

Project's Number: 391003A

Projects Name:  Carmel Tunnels - T3 SE Down

Comments: 120veh/h x 2lanes x 70% x 0.7(0.3/0.5m3/h.veh) =
118veh/km

Length Of Tunnel 1,720.0 [m]

Gradient Of Tunnel 0.0 [%]

Tunnel's PPM 200 [PPM]

Tunnel Section 55.0 [m?]

Altitude 72.0 [m]

Temperature In Tunnel 24.0 [°C]

Traffic Speed 10 [Km/h]

Khh - Elevation Factor 1.00

Kf - Speed Factor 1.00

Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 0
-(basic Qoco = 0.013 m®km)
(N)-Car Density [cars/km*lang): 0 59
(A motor produce 0.5 m®h*veh)
Lanes: 2
Traffic Volume [cars/h]: 0
Ks - Factor For Driving: 1.00 1.05
Fresh Air;

148.0 [m?/sec]
161.0 [m¥sec]
2.9 [m/sec]

Fresh Air (Corrected for Temperature):
Airspeed In Tunnel:
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Projeé:t's Number:  391003A

Project's Name; Carmel Tunnels - T3 SE Down
Cdmments: - 120veh/km x 70% x 10% = 8veh/km
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel -5.5 [%]
Traffic Speed 10 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) -~ [he/h*lane]
Number Of Vehicles - N) 8.0 [hc/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 0.20
Admissible Smoke Concentration 0.009 [m*]
Basic Value Of Smoke Emission 13.00 [m3¥h*ton]
Fresh Air Quantity (Per km*lane): 11.33 [m*/sec*Km*lane]
Fresh Air Quantity: 38.98 [m®/sec]

h2
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Tunnel NOx Production - H.R.V.A.C

<o,
Project's Number: 391003A
Project's Name: Carmel Tunnels T3 - SE Down
Comments: Assume 1993veh/h(2010) x 60% (@10km/h) x
0.7(catalyst) = 837veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnef 0.0 [%]
Tunnel Section 55.0 [m?
Traffic Speed 10 [Km/h]
Total Traffic Volume 837 [car/h]
Heavy Vehicles 10.0 [%]
Air Quantity 40.0 [m?/sec]
Kt - Factor For Heavy Vehicles 8.5
(Basic value for car ,Qnox = 1.3%10 m¥km*veh)
Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 84
Light Vehicles Volume [cars/h]: 0 753
Ks - Factor For Gradients: 1.0 0.5
Alr Speed [(m*/sec)/area]: 0.7 [m/sec]
Total Qnox Production: 1.6 [m¥h]

Concentration of NOx: 11.4 [PPM]





18/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

By P\Q

Project's Number:  “391003A

Project's Name: Carmel Tunnels - T3 SE Down
Comments: 120veh/h x 70% x 2lanes = 1 68veh/h with 10% heavy
LLength Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude S 72 [m]
Hydraulic Diameter 76 [m]
LTrafﬁc Speed 10.0  [Km/h]
~ External Temperature 10.0 [°C] 7
Internal Temperature 20.0 [°C] ’
Wind Speed Against Blowers Direction 50 [m/sec]
Fresh Air Rate 161.0 [m¥sec] CO
Lu=Fresh Air Rate/Area

29 [m/sec)

Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 151 [Cars] 0.0
Heavy and Medium Vehicles: 17 [Cars] 0.0

Number Of Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

P-Friction[Pa]: 65.9
P-Temperature [Pa]: 38.0
P-Wind [Pa]; 15.0
P-Total [Pa]: 118.8

Thrust: 6,533 IN]

System Coefficient: 0.70 IN]

Needed Thrust: 9,333

Fan Diameter: 40.0 finch]

Fan Thrust; 875.0 [N

Number Of Fans: 10.7

Number Of Fans Per Group: 2.0

Distance Between Groups: 322.5 [mj

by
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| Tunnel Air Quntity For CO Removal - H.R.V.A.C

&4’\/

Project's Number: 391003B

Project's Name: Carmel Tunnels - T3 SE Down

Comments: 1993veh/h(2010 x 60%(@20km/h) x 0.7
(0.3/0.5m3/h.veh) = 837veh/h
Length Of Tunnel ‘ 1,720.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
‘Temperature In Tunnel 24,0 [°C]
Traffic Speed 20 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor ‘ 2.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 419
(basic Qoco = 0.013 m%km)
(N)-Car Density [cars/km*lane]: 0 21
(A motor produce 0.5 m3h*veh)
Lanes: 2
Traffic Volume [cars/h]: 837
Ks - Factor For Driving: 1.00 1.05
Fresh Air: 109.2 [m3/sec]
Fresh Air (Corrected for Temperature): 118.8 [m3sec]
Airspeed In Tunnel: 2.2 [m/sec]

S
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number: 3910038

Project's Name: Carmel Tunnels - T3 SE Down
Comments: 1993veh/h(2010) x 60%(@20km/h) x 10%heavy /
2 lanes =60veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 20 [Km/h]
Altitude , 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) 60.0 [hc/h*lane]
Number Of Vehicles - (N) 3.0 [he/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 0.20
Admissible Smoke Concentration 0.005 [m™]
Basic Value Of Smoke Emission 13.00 {m*/h*ton]
Fresh Air Quantity (Per km*lane): 7.65 [m%/sec*Km*lane]
Fresh Air Quantity: 26.31 [m®/sec]

LG
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Tunnel NOx Production - H.R.V.A.C

&,

ey,
Project's Number:  391003B
Project's Name: Carmel Tunnels T3 - SE Down
Comments: 1993veh/h(2010) x 60%(@20km/h x 0.7(catalyst)
= 631veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 20 [Km/h]
Total Traffic Volume 837 [car/h]
Heavy Vehicles 10.0 [%]
Air Quantity 40.0 [m%¥sec]
Kt - Factor For Heavy Vehicles 8.0
(Basic value for car ,Qnox = 1.3 **"10 m¥%km*veh)
Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 84
Light Vehicles Volume [cars/h]: 0 753
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m*/sec)/area]: 0.7 [m/sec]
Total Qnox Production: 1.6 [m¥h]

Concentration of NOx: 11.0 [PPM]
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Tunnel Air - Fans Selection - H.R.V.A.C

'9\/?.

Project's ;\lumber: 391 003B

Project's Name: Carmel Tunnels - T3 SE Down
Comments: 1993veh/h(2010) x 60%(@20km/h) = 1196veh/h with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 20.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 200 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 119.0 [m¥secq]| C O
u=Fresh Air Rate/Area 22 [misec]
Air Density: 1.2 [kg/m?

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,076 [Cars/h] -12.5
Heavy and Medium Vehicles: 120 [Cars/h] -13.2

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 36.0
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: 63.2

Thrust: 3,478 [N]

System Coefficient: 0.70 I

Needed Thrust; 4,969

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N}

Number Of Fans: 57

Number Of Fans Per Group: 20

Distance Between Groups: 605.8 [m]

L8
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, Tunnel Air Quntity For CO Removal - H.R.V.A.C

&@v

Project's Number: 391003C

Project's Name:  Carmel Tunnels - T3 SE Down

Comments: 1993veh/h(2010 x 75%(@30km/h) x 0.7
(0.3/0.5m3/h.veh) = 1047veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?3]
Altitude 72.0 [m]
Temperature In Tunnel 24.0 [°C]
Traffic Speed 30 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.50
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 524
(basic Qoco = 0.013 m%km)
(N)-Car Density [cars/km*lane]: 0 17
(A motor produce 0.5 m®/h*veh) ;
Lanes: 2
Traffic Volume [cars/h]; 1,047
Ks - Factor For Driving: 1.00 1.05
Fresh Air: 102.4 [m?/sec]
Fresh Air (Corrected for Temperature): 111.4 [m¥/sec]
Airspeed In Tunnel: 2.0 [m/sec]

4D
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Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  391003C

Project's Name: Carmel Tunnels - T3 SE Down
Comments: - 1993veh/h(2010) x 75%(@30km/h) x 10%heavy /
2lanes = 75veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel -8.5 [%]
Traffic Speed 30 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) 75.0 [hc/h*lane]
Number Of Vehicles - (N) 2.5 [hc/Km*ane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 0.22
Admissible Smoke Concentration 0.005 [m™]
Basic Value Of Smoke Emission 13.00 [m*h*ton]
Fresh Air Quantity (Per km*lane): 7.19 [m®/sec*Km*lane]
Fresh Air Quantity: 24.73 [m3lsec]

50
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Project's Number:  391003C

Project's Name: Carmel Tunnels T3 - SE Down

Tunnel NOx Production - H.R.V.A.C

Comments: 1993veh/h(2010) x 75%(@30km/h) x
0.7(catalyst) = 1047veh/h

Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel Section 55.0 [m3
Traffic Speed 30 [Km/h]
Total Traffic Volume 1,047 [car/h]
Heavy Vehicles 10.0 [%]

Air Quantity 40.0 [m?¥sec]
Kt - Factor For Heavy Vehicles 7.0

(Basic value for car ,Qnox = 1.3 **"10 m3km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 105
Light Vehicles Volume [cars/h): 0 942
Ks - Factor For Gradients: 1.0 0.5
Air Speed [(m?/sec)/area]: 0.7 [m/sec]
Total Qnox Production: 1.9 [m*h]
Concentration of NOx: 13.0 [PPM]

54
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Tunnel Air - Fans Selection - H.R.V.A.C

LV P‘U

Project's Number: 391003C

Project's Name:

Carmel Tunnels - T3 SE Down

Comments: 1993veh/h(2010) x 75%(@30km/h) = 1495veh/h with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunne! Section Area 55.0 [m?
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 30.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction -~ 5.0 [m/sec]
Fresh Air Rate 111.0 [m%sec]
u=Fresh Air Rate/Area 2.0 [milsec]

Air Density: 1.2 [kg/m?)

CcO

Number Of Hourly Vehicles Moving With Blowers Direction

Piston Effect [Pa]

Private Vehicles: 1,345 [Cars/h}] -36.1
Heavy and Medium Vehicles: 150 [Cars/h} -38.2
Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/n] 0.0
P-Friction[Pal: 31.3
P-Temperature [Pa]: 38.0
P-Wind [Pal: 15.0
P-Total [Pa]: 10.0
Thrust: 549 [N]
System Coefficient: 070 [NT
Needed Thrust: 784
Fan Diameter: 40.0 finch]
Fan Thrust: 875.0 [N}
Number Of Fans: 0.9
Number Of Fans Per Group: 2.0
Distance Between Groups: 3,840.0 [m]

py=





18/11/2005

Tunnel Air Quntity For CO Removal - H.R.V.A.C

Gy,

Project's Number: 391003D

Project's Name:  Carmel Tunnels - T3 SE Down

Comments: 1993veh/h(2010) x 0.7(0.3/0.5m3/h.veh) =
1395veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 0.0 [%]
Tunnel's PPM 100 [PPM]
Tunnel Section 55.0 [m?]
Altitude 72.0 [m]
Temperature In Tunnel 240 [°C]
Traffic Speed 60 [Km/h]
Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 698
(basic Qoco = 0.013 m¥km)
(N)-Car Density [cars/km*lane]: 0 19
(A motor produce 0.5 m3h*veh)
Lanes: ' 2
Traffic Volume [cars/h]: 1,395
Ks - Factor For Driving: 1.00 1.05
Fresh Air: 91.0 [m3sec]
Fresh Air (Corrected for Temperature): 99.0 [m*sec]

Airspeed In Tunnel: 1.8 [m/sec]





18/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  391003D

Project's Name: Carmel Tunnels - T3 SE Down
Comments: 1993vehlh(2010) x 10%heavy / 2lanes =
100veh/h.lane
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel -5.5 [%]
Traffic Speed 60 [Km/h]
Altitude 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2

Max. Traffic Volume - (M)

100.0 [he/h*lane]

Number Of Vehicles - (N)

1.7 [hc/Km*lane]

Fh - Elevation Factor

1.06

Fiv - Gradient / Speed Factor

0.14

Admissible Smoke Concentration

0.005 [m"]

Basic Value Of Smoke Emission

Fresh Air Quantity (Per km*lane):
Fresh Air Quantity:

13.00 [m*h*ton]

2.94 [m®/sec*Km*lane]
10.12 [m3sec]

L





18/11/2005

<o,

Project's Number:  391003D

Tunnel NOx Production - H.R.V.A.C

Project's Name: Carmel Tunnels T3 - SE Down

Comments: 1993veh/h(2010) x 0.7(catalyst) = 1395veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 60 [Km/h]

Total Traffic Volume

1,395 [car/h]

Heavy Vehicles

10.0 [%]

Air Quantity

40.0 [m3/sec]

Kt - Factor For Heavy Vehicles

25

(Basic value for car ,Qnox = 1.3 **°10 m¥km*veh)

Uphill Downhill
Heavy Vehicles Volume [cars/h]: 0 140
Light Vehicles Volume [cars/h]: 0 1,256
Ks - Factor For Gradients: 2.7 05
Air Speed [(m*/sec)/areal]: 0.7 [m/sec]
Total Qnox Production: 1.8 [m3h]
Concentration of NOXx: 12.5 [PPM]

35





18/11/2005

Tunnel Air - Fans Selection - H.R.V.A.C

Project's Number:  391003D

Project's Name: Carmel Tunnels - T3 SE Down

Comments: 1993veh/h(2010) with 1 0%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section Area 55.0 [m3
Altitude 72 [m]
Hydraulic Diameter 76 [m]
Traffic Speed 60.0 [Km/h]
External Temperature 10.0 [°C]
Internal Temperature 20.0 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 99.0 [m%sec] C)O
u=Fresh Air Rate/Area 1.8  [m/seq]

Air Density: 1.2 [kg/m?]

Number Of Hourly Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 1,794 [Cars/h] ~-133.5
Heavy and Medium Vehicles: 199 [Cars/h] -140.4

Number Of Hourly Vehicles Moving Against Blowers Direction
Private Vehicles: 0 [Cars/h] 0.0
Heavy and Medium Vehicles: 0 [Cars/h] 0.0

P-Friction[Pa]: 249
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total [Pa]: -196.0

Thrust: ~10,781 [N}

System Coefficient: 0.70 [N]

Needed Thrust: -15,401

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N]

Number Of Fans: -17.6

Number Of Fans Per Group: 2.0

Distance Between Groups: 1954 [m]

56





Tunnel Air - Fans Selection - H.R.V.A.C

By B /
Project's Number:

Project's Name:

391003E

Carmel Tunnels - T3 SE Down

18/11/2005

Comments: 120veh/km x 100% x 2lanes = 240veh/km with
10%heavy
Length Of Tunnel 1,720 [m]
Gradient Of Tunnel 5.5 [%}]
Tunnel Section Area 550 [m?
Altitude 72 [m]

Hydraulic Diameter

m}

Traffic Speed

78 |
N (18.0‘) [Km/h]

External Temperature 10.0 [°C]
Internal Temperature 200 [°C]
Wind Speed Against Blowers Direction 5.0 [m/sec]
Fresh Air Rate 2750 [m¥/sec] ‘ng*fe,
u=Fresh Air Rate/Area 5.0 [m/sec]
Air Density: 1.2 [kg/m?]

Number Of Vehicles Moving With Blowers Direction Piston Effect [Pa]
Private Vehicles: 216 [Cars] 0.0
Heavy and Medium Vehicles: 24 [Cars] 0.0

Number Of Vehicies Moving Against Blowers Direction
Private Vehicles: 0 [Cars] 0.0
Heavy and Medium Vehicles: 0 [Cars] 0.0

P-Friction[Pa]: 192.2
P-Temperature [Pa]: 38.0
P-Wind [Pa]: 15.0
P-Total {Pa]: 2452

Thrust: 13,486 [N]

System Coefficient: 0.70 [N]

Needed Thrust: 19,266

Fan Diameter: 40.0 [inch]

Fan Thrust: 875.0 [N}

Number Of Fans: 22.0

Number Of Fans Per Group: 2.0

Distance Between Groups;: 156.2 [m]}
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Tunnel Air Quntity For CO Removal - H.R.V.A.C

G V/W/

Project's Number: 391004A

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 120veh/h x 2lanes x 70% x 0.7(0.3/0.5m3/h.veh) =
118veh/km

Length Of Tunnel 1,720.0 [m]

Gradient Of Tunnel 5.5 [%]

Tunnel's PPM 200 [PPM]

Tunnel Section 55.0 [m?]

Altitude 72.0 [m]

Temperature In Tunnel 240 [°C]

Traffic Speed 10 [Km/h]

Khh - Elevation Factor 1.00
Kf - Speed Factor 1.00
Uphill Downhill
(M)-Traffic Volume [cars/h*lane]: 0 0
(basic Qoco = 0.013 m3/km)
(N)-Car Density [cars/km*lane]: 59 0
(A motor produce 0.5 m*h*veh)
Lanes: 2
Traffic Volume [cars/h]: 0
Ks - Factor For Driving: 1.28 0.78
Fresh Air: 179.7 [m3/sec]
Fresh Air (Corrected for Temperature): 195.5 [m®/sec]

Airspeed In Tunnel: 3.6 [m/sec]





18/11/2005

Tunnel Air Quntity For Smoke Removal - H.R.V.A.C

Project's Number:  391004A

Project's Name: Carmel Tunnels - T4 NE Up

Comments: 120veh/km x 70% x 10% = 8veh/km
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Traffic Speed 10 [Km/h]
Altitude | 72.0 [m]
Heavy Vehicle Weight 17.0 [tons]
Number Of Lanes 2
Max. Traffic Volume - (M) ---- [he/h*lane]
Number Of Vehicles - (N) 8.0 [hc/Km*lane]
Fh - Elevation Factor 1.06
Fiv - Gradient / Speed Factor 1.11
Admissible Smoke Concentration 0.009 [m"]
Basic Value Of Smoke Emission 13.00 [m*h*ton]

Fresh Air Quantity (Per km*lane): 64.20 [m®/sec*Km*lane]

Fresh Air Quantity: 220.86 [m3/sec]
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16/11/2005

Tunnel NOx Production - H.R.V.A.C

v
Project's Number:  391004A
Project's Name: Carmel Tunnels - T4 NE Up
Comments: Assume 1503veh/h(2010) x 60% (@10km/h) x
0.7(catalyst) = 631veh/h
Length Of Tunnel 1,720.0 [m]
Gradient Of Tunnel 5.5 [%]
Tunnel Section 55.0 [m?]
Traffic Speed 10 [Km/h]
Total Traffic Volume 631 [car/h]
Heavy Vehicles 10.0 [%]
Air Quantity 140.0 [m*/sec]
Kt - Factor For Heavy Vehicles 8.5
(Basic value for car ,Qnox = 1.3 **10 m¥km*veh)
Uphill Downhill
Heavy Vehicles Volume [cars/h]: 63 0
Light Vehicles Volume [cars/h]: 568 0
Ks - Factor For Gradients: 27 0.5
Air Speed [(m®/sec)/area]: 2.5 [m/sec]
Total Qnox Production: 6.5 [m*/h]
Concentration of NOx; 13.0 [PPM]

7o)
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