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1 Introduction 

The Alaska Department of Transportation and Public Facilities has appointed Stantec and their 

sub-consultant Mott MacDonald to perform a feasibility study for constructing a tunnel 

underneath Knik Arm, creating a new transportation corridor between Anchorage and the 

Matanuska-Susitna Valley, and destinations to the north and east, as shown in Figure 1.1. 

Stantec is responsible for overall delivery of the feasibility study including project management, 

development of highway alignment options, conceptual design coordination, cost estimation and 

environmental documentation. Mott MacDonald is responsible for developing portal and tunnel 

concepts and assisting in cost estimation of the tunnel section of the project. Emprise Concepts 

is responsible for geological and geotechnical data analysis, geostatistical modeling, and 

development of geological and geotechnical models. 

Figure 1.1: Knik Arm corridor alignment 

 
Source: Provided by Stantec (2025) 
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Acronym/abbreviation Definition 

KAC Knik Arm Crossing  

LED Light Emitting Diode 

LUS Traffic Signal and Lane Use Signals 

MUTCD Manual on Uniform Traffic Control Devices 

NFPA National Fire Protection Association 

OCC Operations and Control Center 

OHVD Over height Vehicle Detection System 

NOx Nitrogen Oxides 

OSHA Occupational Safety and Health Administration 

PA Public Address 

PIARC Permanent International Association of Road Congresses 

PPM Part Per Million 

PTZ Pan-Tilt-Zoom 

SCADA Supervisory Control and Data Acquisition 

SO2 Sulfur Dioxide 

SOE Support of Excavation 

TBM Tunnel Boring Machine 

TMS Transportation Management Systems 

TSCS Traffic Surveillance and Control Systems 

UPS Uninterruptible Power Supply 

VD Variable Density 

VMS Variable Messaging Signs 
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2.2.1 Earth Pressure Balance Machine (EPBM) 

An EPBM uses the excavated soil in the cutterhead directly as the support medium as shown in 

Figure 2.1. A rotating cutterhead cuts the ground into the excavation chamber through 

openings, where it is mixed to form an overconsolidated soil paste. The TBM bulkhead, at the 

rear of the excavation chamber, transfers the force of the thrust cylinders as a pressure to the 

pliable soil paste. When the pressure on the paste in the excavation chamber equals the 

combined pressure of the surrounding soil and groundwater, the necessary balance is 

achieved. This makes it possible to balance the pressure conditions at the tunnel face and 

avoids lowering groundwater and uncontrolled inflow of ground into the excavation chamber, 

thus minimizing settlement. Additional methods, including ground improvement techniques, can 

be carried out to manage ground settlement in highly compressible and liquifiable soils, or areas 

with a high ground water level. 

Figure 2.1: Schematic of EPBM 

 
Source: Prepared by Mott MacDonald (2025) 

The excavated material requires a degree of plasticity so that face pressure is not lost through 

the screw conveyor, particularly if hydrostatic pressure is present. Ideal ground conditions 

therefore require a sufficient degree of clayey material to achieve the required plasticity in the 

material in the screw conveyor. 

In mixed face ground conditions with a proportion of permeable material, such as sand and 

gravel, it is feasible to add soil conditioners, such as bentonite or foam, into the cutterhead to 

improve the plasticity of the material in the chamber. To be effective, conditioners require 

extensive trial tests with the representative ground conditions to determine the appropriate 

admixtures to achieve the required plasticity to form the plug in the screw conveyor. 

A screw conveyor transports the excavated material to either continuous conveyor systems or 

locomotives with muck cars. Due to the high-water content of the spoil typically present in 

excavated ground, trucking the material out of the site can be more challenging. This requires 

sufficient stockpile area for spoil to dry out before being loaded onto trucks. 
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2.2.2 Slurry Tunnel Boring Machine (TBM) 

In soft ground with a high water table and where ground conditions are granular (sands and 

gravels) Slurry TBMs are better suited than EPBM to control ground and hydrostatic pressure 

and maintain face stability as shown in Figure 2.2. The cutterhead is filled with pressurized 

slurry which applies hydrostatic pressure to the excavation face and penetrates the ground 

forming a filter cake in front of the TBM. This process results in the transfer of counterpressure 

to the excavation face. 

Figure 2.2: Schematic of Slurry TBM 

 
Source: Prepared by Mott MacDonald (2025) 

The slurry also acts as a transport medium by mixing with the excavated material. Slurry TBMs 

can incorporate a stone crusher in front of the slurry extraction pipe. This is a critical element of 

the machine where there is potential for large boulders to be cut into the excavation chamber. 

The slurry mixture from the excavation chamber is pumped via a closed-loop slurry discharge 

pipe to the surface, where a slurry separation plant extracts solid particles using cyclones, 

screens, and filter presses. The plant processes the excavated material by separating soil and 

rock particles from the bentonite or polymer slurry used for tunnel support. The system typically 

consists of screening units, hydro-cyclones, and centrifuges to remove solids and recycle the 

slurry for reuse. Filter presses may also be considered based on site-specific conditions. 
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2.2.3 Variable TBM 

One of the recent advancements in TBM technology is the introduction of multi-mode TBMs, 

designed to adapt to highly variable geological conditions. Several configurations of multi-mode 

TBMs have been developed to accommodate different geological conditions. 

A multi-mode machine can operate in both earth pressure balance (EPB) and slurry ground 

support modes as shown in Figure 2.3. This flexibility allows it to adapt to varying geological 

conditions, providing optimal excavation performance while maintaining tunnel stability. By 

transitioning between EPB and slurry operation, this TBM type can effectively balance 

hydrostatic and ground pressure in variable ground conditions. 

Similar to an EPBM, the excavated material is removed via a screw conveyor, with support 

pressure controlled by the screw speed and TBM advance rate, or by an air cushion in slurry 

mode. In both EPB and slurry modes, the muck is extracted from the pressurized excavation 

chamber through the screw conveyor and transferred to a slurrifier box. The roller crusher within 

the slurrifier box breaks down excavated material to a suitable size for hydraulic mucking. The 

processed material is then transported via the slurry circuit to the surface slurry treatment plant, 

where solids are separated, and the slurry is recycled for continued use in tunneling operations. 

Depending on machine configuration and operational considerations, conveyor belts can be 

used for removal of spoil when a TBM operates in EPB mode. 

Figure 2.3: Schematic of variable density TBM 

 
Source: Prepared by Mott MacDonald (2025) 
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2.2.4 Cutterhead intervention 

Inspections and maintenance activities for the TBM require regular cutter head intervention to 

inspect and replace disc cutters or remove obstructions embedded in the ground such as 

boulders, which cannot be cut by the TBM. 

In unstable soil conditions where groundwater is present, cutter head interventions must be 

carried out under compressed air conditions. Access to the pressurized cutter head is facilitated 

through airlocks installed on the TBM. When such activities require an extended period, 

advanced ground treatment should be applied to improve ground strength in soft soils and 

reduce permeability. 

Compressed air intervention requires specialized equipment, including airlocks for personnel 

access, medical locks for emergency treatment, compressors to maintain pressurization, 

monitoring systems to regulate air pressure, and ventilation systems to provide safe working 

conditions within the pressurized environment. Construction personnel involved in compressed 

air operation must undergo specialized training on operating within pressurized environments, 

including the use of airlocks and medical locks, maintaining safety protocols, monitoring air 

pressure systems, and recognizing and responding to potential health risks, including 

decompression sickness. Trained medical staff are required to be in attendance and hyperbaric 

operations are carried out by specialist subcontractors. 

Regular TBM cutter head interventions are integral to the tunnel construction processes and 

incorporated into the construction program. For large tunnel diameters, cutterhead spoke arms 

are designed to allow free-air disc cutter changes, enabling efficient maintenance and 

replacement without requiring pressurized interventions. 

2.2.5 Compressed air 

Compressed air tunneling was widely employed in the past for excavating tunnels, particularly in 

soft soil conditions or regions with high hydrostatic pressure. This technique involves artificially 

increasing air pressure within the tunnel above atmospheric levels by installing a bulkhead at 

the tunnel entrance. The pressurized environment effectively counteracts external water and 

soil pressure, providing stability during excavation. Access to the tunnel is facilitated through 

specialized material and access chambers. 

Workers operate within the pressurized environment, necessitating the implementation of 

decompression chambers to provide safety. These chambers help mitigate health risks 

associated with changes in air pressure, such as decompression sickness, and are essential for 

maintaining personnel safe working conditions during compressed air tunneling operations. 

As highlighted in the 2003 report [19], long-term exposure to compressed air has been linked to 

health problems, while extended decompression times have negatively impacted worker 

productivity. Given advancements in TBM technologies, the use of compressed air is not 

prevalent for the construction of tunnels, except for accessing the TBM cutter head for disc 

cutter replacement, as outlined in Section 2.2.4. 
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2.4 Segmental tunnel lining 

There have been significant advances in design and manufacture of precast tunnel linings since 

2003. These advances encompass design processes, concrete materials, waterproofing 

gaskets, use of steel and synthetic fibers to reinforce tunnel lining and polypropylene (PP) fibers 

used for fire rating. Requirements for additional fire protection in the form of protective boards 

need to be established based on fire testing outlined in Section 2.4.3. 

Precast segmental lining consists of several segments manufactured to fit together precisely to 

form a complete ring as shown in Figure 2.5. The segments are connected by bolts in the radial 

joints and interlocking dowels in the circumferential joints. 

In recent developments, guide rods are used in the radial joints without the need for bolts 

(Figure 2.6a). This eliminates time required to tighten the bolts and improves personnel safety 

as bolting is not required. Guide rods are typically used in combination with bolts in large 

tunnels due to size of segments. Bicone systems may be used in circumferential joints to 

provide shear capacity and maintain ring alignment at joints and may be deployed with tie-rods 

at cross passage openings (Figure 2.6b). 

Production of segments is covered in Section 6.3. 

Figure 2.5: Schematic of segmental tunnel 
lining 

Figure 2.6: a) Guide rod at radial joint, b) 
Bicone at circumferential joint 

 

 

Source: Melbourne Metro Source: Optimas 

2.4.1 Gaskets 

Waterproofing of segmental tunnel lining is achieved by installing gaskets along the edges of 

each segment (Figure 2.7). These gaskets, made from Ethylene Propylene Diene Monomer 

(EPDM), are engineered to be compressed during installation by the TBM. This compression 

creates a watertight seal, effectively preventing water ingress. 

Additional hydrophilic gaskets can be installed either as separate gaskets or integrated with the 

EPDM gasket. Hydrophilic gaskets expand upon water contact, filling gaps between concrete 

segments to create a watertight seal. 
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In recent tunneling projects, anchored gaskets have replaced traditional glued gaskets. These 

gaskets are embedded in grooves within segment molds, and concrete is cast directly against 

them. Cast-in gaskets offer several advantages, including precise installation, reduced 

installation time, enhanced watertightness, and lower overall costs compared to glued gaskets. 

However, if segments are damaged during handling or installation near the gasket joint, repairs 

can be challenging since the gaskets are permanently embedded in the concrete. In some 

cases, the damaged segment may need to be discarded. 

Figure 2.7: EPDM gaskets 

 
Source: Algaher Sealing Systems: a) Glued gasket, b) Glued gasket with co-extrusion hydrophilic strip, c) Anchored 

gasket, d) Anchored gasket with hydrophilic cord 

2.4.2 Reinforced concrete materials 

Concrete technology has improved significantly in recent years in terms of durability and 

strength by using cement replacement materials including silica fume and fly ash. 

Improvements in durability include increased resistance to carbonation, chloride intrusion, and 

sulfate attack. Admixtures are utilized to improve workability while enhancing early strength gain 

by reducing the water-to-binder ratio. In segmental tunnel lining, early strength development is 

essential for efficient segment demolding and streamlined manufacturing processes. 

Geopolymer concrete 

Geopolymer concrete is an emerging alternative to traditional Portland Cement based concrete, 

offering a more sustainable solution for construction by reducing carbon emissions related to 

production of cement. It is produced using industrial by-products including fly ash and slag, 

combined with an alkali activator. This type of concrete significantly reduces carbon dioxide 

emissions associated with Portland Cement production. 

This innovative material may also enhance durability of tunnel linings, by improving resistance 

to chloride ingress and sulfate attack. However, as geopolymer concrete is still in the early 

stages of development, it requires thorough evaluation regarding cost-effectiveness, workability, 

strength, material availability, fire resistance, and long-term durability.  

Steel fibers 

Steel fiber reinforced concrete has become a widely accepted material for segmental tunnel 

linings in large diameter tunnels. The use of fibers may eliminate the need for conventional 

reinforcement cages for certain loading conditions. Fiber reinforcement has not completely 

replaced use of conventional reinforcement in segments. In soft ground conditions and highly 

seismic areas, conventional reinforcement may be necessary to meet the required loading 

capacity and ensure structural stability of the tunnel lining. 
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to the AHJ demonstrates that an alternative time-temperature curve is suitable (NFPA 502 

Section 7.3.2). 

Fire resistance in concrete linings is enhanced by selecting suitable aggregates, reducing water 

content, and adding Polypropylene (PP) fibers (Figure 2.10) to the concrete mix. These 

measures reduce spalling and maintain structural integrity of the lining under fire conditions. PP 

fibers, typically added at 0.06 to 0.12 lb/ft³, melt during a fire, creating voids that allow trapped 

moisture in the concrete to escape without building up pressure, thus minimizing spalling. 

However, concentrations above 0.1 lb/ft³ may cause workability challenges depending on the 

fiber type. 

Depending on fire design criteria, additional protection may be necessary by installing fire 

boards within the tunnel lining. (Figure 2.11). 

Figure 2.10: Polypropylene (PP) fibers Figure 2.11: Fire board installation in a 
tunnel 

  
Source: Google (2025) Source: BrandskyddsTeknik AB 

The performance of concrete mix designs may vary based on its composition and PP fiber 

concentration (Figure 2.12). In addition to structural analysis for fire loads, sample concrete 

segments for proposed mixed designs are typically subjected to fire tests using standards such 

as Efectis, EFNARC, or similar guidelines. The result of test samples assists in selection of 

appropriate mix design to demonstrate performance of the concrete tunnel lining in a fire 

scenario. 

Figure 2.12: Concrete test panels Figure 2.13: Various mix designs with 
varying PP fiber dosage 

  
Source: Victoria University, Australia Source: Victoria University, Australia 
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Figure 2.15: Semi-continuous segmental tunnel lining installation 

 
Source: Suburban Rail Loop Project, Melbourne.  

Segmental tunnel linings are erected in the tail skin of TBM by segment erector. This system 

lifts and positions precast concrete segments to form a complete ring (Figure 2.16). After the 

ring assembly is finished, the excavation cycle resumes with the TBM hydraulic rams pushing 

the TBM forward. 

Figure 2.16: Segmental lining installation by TBM 

 
Source: CivilFerba 
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2.6 Cross passage construction 

Construction of cross passages requires techniques that provide ground stability during 

excavation of the cross passages. The two techniques that are suitable for subaqueous tunnels 

are outlined below. 

2.6.1 Ground freezing 

To provide a safe excavation of cross passages in soft ground conditions with high water 

pressures, ground freezing is used to provide initial structural stability and watertightness during 

the excavation. The two types of coolant systems used in ground freezing are circulating and 

direct expansion. The process for both systems requires drilling freeze pipes from both tunnels 

around the perimeter of the cross passage as shown in Figure 2.17 and Figure 2.18. 

Figure 2.17: Schematic of ground freezing arrangement 

 
Source: Prepared by Mott MacDonald (2025) 

Figure 2.18: Schematic of ground freezing arrangement (Section through cross passage) 

 
Source: Prepared by Mott MacDonald (2025) 

In a circulating system, refrigeration plant is used to chill the brine and circulate through the 

pipes to freeze the ground. In a direct expansion system, liquid nitrogen is supplied to the pipes 

and removes ground heat by converting nitrogen to gas. The gas is then expelled into the 

atmosphere by a piping system outside the tunnels. 
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3 Fire Life Safety systems 

The following section of the report will discuss the fire and life safety systems and egress from 

the tunnel environment with a focus on available options and exemplary projects.  

3.1 Referenced codes and applicable standards 

Based on the location and scope of the project, the codes and standards in Table 3.1 are 

applicable to the Knik Arm Tunnel. Additional references, where applicable, are provided. 

Table 3.1: Applicable design standards 

Design standard or reference document Version 

AASHTO, LRFD Road Tunnel Design and Construction Guide Specifications, 1st edition 2017 

National Fire Protection Association 10 (NFPA 10), Standard for Portable Fire Extinguishers 2022 

National Fire Protection Association 13 (NFPA 13), Standard for the Installation of Sprinkler Systems 2025 

National Fire Protection Association 14 (NFPA 14), Standard for the Installation of Standpipe and Hose 

Systems 
2024 

National Fire Protection Association 20 (NFPA 20), Standard for the Installation of Stationary Pumps for 

Fire Protection 
2025 

National Fire Protection Association 22 (NFPA 22), Standard for Water Tanks for Private Fire Protection 2023 

National Fire Protection Association 24 (NFPA 24), Standard for the Installation of Private Fire Service 

Mains and Their Appliances 
2025 

National Fire Protection Association 70 (NFPA 70), National Electrical Code 2023 

National Fire Protection Association 72 (NFPA 72), National Fire Alarm and Signaling Code 2025 

National Fire Protection Association 101 (NFPA 101), Life Safety Code 2024 

National Fire Protection 502 (NFPA 502), Standard for Road Tunnels, Bridges, and Other Limited Access 

Highways 
2023 

3.2 Authority Having Jurisdiction (AHJ) 

The proposed 15,000-foot Knik Arm Tunnel will connect Anchorage and Point Mackenzie 

across the Knik Arm. The responding fire department to an incident in the proposed tunnel is 

therefore assumed to be the Anchorage Fire Department with the DOT&PF responsible for the 

management and regulation of road tunnels in Alaska. 

Determining who will have final say on AHJ issues is critical to the project, and it is strongly 

advised that this determination be made as early as possible. It is assumed that the DOT&PF 

will take on the role of AHJ, retaining responsibility for emergency response, and having the 

final say on critical design issues. A fire and life safety committee consisting of all parties 

involved should be considered to discuss specific design considerations that arise. The 

governing standard is NFPA 502 with any local amendments. 
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Figure 3.1: Linear heat detector installed in 
a tunnel 

Figure 3.2: Linear heat detector with control 
panel 

  
Source: Senkox Technologies Source: Koetterfire 

3.5.2 CCTV - Video-based detection 

Closed-circuit television (CCTV) systems with surveillance cameras are permitted to be used as 

a form of detection in tunnels with 24-hour supervision (NFPA 502 Section 7.4.3). The use of 

monitored CCTV systems is a common approach to provide manual fire detection. This system 

should be considered for the Knik Arm Tunnel in conjunction with linear heat detection. The 

CCTV monitoring equipment, if present, will be located in the Operations and Control Center 

(OCC).  

Video Automatic Incident Detection (VAID) systems may be paired with CCTV supervision to aid 

in identifying incidents across multiple CCTV screens (PIARC Road Tunnels Manual Section 

6.3) [2]. VAID can detect a range of incidents including stopped vehicles, smoke, vehicles 

moving in the wrong direction, speed reduction, slow vehicles, pedestrians, debris in the road, 

flames, entry into restricted zones, and lost goods in the tunnel (Figure 3.3). VAID systems may 

not register moving vehicles in some instances but may still provide benefit to the operator in 

the OCC (Figure 3.4). 

Figure 3.3: VAID detection of car collision Figure 3.4: Monitoring station 

 

 

Source: Hikvision Source: Colorado Department of Transportation 
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3.5.3 Additional detection systems 

Flame detection 

A flame detector detects the radiant energy emitted by a flame (NFPA 72 Section 3.3.79.10). 

This technology may detect fire quickly, however, experiments from fire tests in the New York 

Lincoln Tunnel show that optical lenses in flame detectors were difficult to keep clean and 

caused false alarms (PIARC, Fire Detection Systems in Road Tunnels) [2]. Due to the length of 

the tunnel and reoccurring maintenance expected from tunnel conditions, this detection method 

may not be practical.  

Infrared heat detection 

Infrared heat detection can use the infrared radiation emanating from a heat source to identify a 

fire before and after a flame appears (PIARC Road Tunnels Manual Section 6.3.3) [2]. 

Disturbances caused by natural daylight, fluorescent light, and headlights do not interfere with 

the infrared detection system nor affect the chances of a false alarm (PIARC Road Tunnels 

Manual Section 6.3.3) [2]. However, false alarms may occur from hot machinery or vehicles. 

An additional detection method used in conjunction with infrared heat detectors may assist in 

decreasing false alarms (PIARC Road Tunnels Manual Section 6.3.1) [2]. Infrared heat detection 

is not necessary if CCTV monitoring is present, as the proposed video monitoring system may 

provide an early warning of fire development that may be verified visually by the OCC. 

Obscuration detection 

Obscuration detection systems measure the extinction of light due to the absorption of the 

smoke particles (Tunnel Fire Dynamics Section 16.5.1) [3]. These detectors do not react to 

temperature changes and responses depend on the characteristics of the smoke (Society of 

Fire Protection Engineers) [4]. If installed, obscuration detection should be coupled with other 

technologies to address concerns with limited sensitivity to temperature variation. 

Gas detection 

Gas detection systems are capable of measuring the concentration of specific gases in the 

tunnel (PIARC Road Tunnels Manual Section 6.3) [2]. Vehicles emissions will contribute to the 

concentration of certain gases which may affect the desired set points to initiate a signal. Gas 

detection should be considered in the Knik Arm tunnel and is discussed in more detail for 

normal/non-emergency conditions in Section 4.1.1. 

Air-sampling type detection 

Air-sampling type detectors draw air and particulate from the protected area into a sampling 

network that runs to a detector. At the detector, the air is analyzed for products of combustion 

(NFPA 72 Section 3.3.79.2). In tunnel environments, the accumulation of dust and particulates 

is common and may increase the risk of false alarms with this type of detector or lead to an 

accumulation of particulate. This system should not be considered due to the length of the 

tunnel and expected accumulation of particulate matter on the surface of sampling tubes for the 

air-sampling system. 

Manual fire alarm boxes 

Manual fire alarm boxes may be installed throughout the tunnel, particularly at cross passages 

and points of egress. When activated, the location of the manual alarm box is transmitted to the 

OCC. Manual fire alarm boxes provide tunnel users with a direct means of reporting an incident 

in the tunnel.  
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Remote call stations 

This communication system provides a call button used to alert a master control station 

operator of a person requiring assistance, capabilities include providing handsfree two-way 

communications between the person and operator, and visual indication of both call activation 

and active two-way communications (NFPA 72 Section 3.3.258). Additionally, the specific 

location of each active remote call station is required to be identified on the master control 

station display on a floor and area basis (NFPA 72 Section 24.10.10).  

Two-way telephone communications service 

Emergency telephones allow a passenger in a tunnel to contact the OCC (PIARC, Emergency 

Telephones) [5]. A notification signal at the control equipment, distinctive from any other alarm, 

supervisory, or trouble signal is required to indicate the off-hook condition of a calling telephone 

circuit (NFPA 72 Section 24.8.7). These are required to be installed at fire pump room(s), 

area(s) of refuge, or where required by the AHJ (NFPA 72 Section 24.8.12). 

Cellular telephone system 

A cellular telephone system provides infrastructure, including space, wiring, antennae, and 

power for private cellular telephone companies to extend their LTE and 5G service throughout 

the tunnel facility (AASHTO Section 2.8.11.1, In-Building Wireless) [6]. 

Tunnel closure and traffic control 

To prevent the entrance of vehicles that do not meet the clearance requirements, vehicles that 

may be overheating, or technology that is not desired in the tunnel, the following traffic control 

systems have been used in several projects.  

To control and monitor the entrance of overheating, overheight, or alternative fuel technologies 

into the tunnel environment, three-dimensional sensors may be used to identify predetermined 

geometries that are not desirable in the tunnel environment. Additional infrared technology may 

simultaneously determine temperature of both sides of a vehicle, and the combined sensors are 

capable of creating a three-dimensional thermal model of the vehicle. If the created model 

indicates a height that exceeds the tunnel clearance or an overheating vehicle, an automated 

diversion message may re-route the vehicle to an alternative route, or as a last resort, a water 

curtain with a laser image projected onto the surface may be used to prevent the vehicle from 

entering the tunnel (ITS International) [7]. 

Examples of tunnels that use this type of technology include the Karawanken Tunnel in Central 

Europe, which utilized a hot spot detector which integrates thermal imaging cameras and laser 

measurement sensors to identify overheating commercial vehicles. The Mont Blanc Tunnel, 

which connects France and Italy through the European Alps also uses similar technology in the 

form of a combination of infrared cameras and laser measurement sensors to detect 

overheating and measure vehicle dimensions to help identify potential hazards.  

The applicability of these systems should be evaluated for Knik Arm Tunnel and the implications 

of use of a water curtain in cold climate. An image of this type of system is shown in Figure 3.5. 
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Combination air relief-vacuum valves are required at each high point on the system (NFPA 502 

Section 10.1.6). 

Given the safeguards in place for wet standpipe systems in freezing environments (water 

circulation, insulation, and heat tracing), and the difficulty of charging the line within 10 minutes 

for a dry standpipe system, a wet standpipe system should be considered for the Knik Arm 

Tunnel. 

Fire Department connections 

Fire Department connections are required to be of the threaded two-way, three-way, or four-way 

type or consist of at least one minimum 4-inch quick-connect coupling that is accessible and 

compatible with responding Fire Department equipment or as approved (NFPA 502 Section 

10.3.1).   

Fire Department connections are required to be protected from vehicular damage by means of 

bollards of other approved barriers (NFPA 502 Section 10.3.3). Fire Department connection 

locations are required to be coordinated with emergency access and response locations (NFPA 

502 Section 10.3.4). 

Each independent standpipe system is required to have a minimum of two Fire Department 

connections that are remotely located from each other (NFPA 502 Section 10.3.2). Fire 

Department connections are required to be located within 100 feet of the nearest fire hydrant 

connected to an approved water supply (NFPA 14 Section 9.9.5.4). 

Hose connections 

No location on the protected roadway may be more than 150 feet from a hose connection and 

hose connection spacing may not exceed 275 feet (NFPA 502 Section 10.4.1) (NFPA 502 

Section 10.4.2). Hose connections are required to be located so that they are conspicuous and 

convenient but still reasonably protected from damage by errant vehicles or vandals (NFPA 502 

Section 10.4.3). Additionally, closets, cabinets, and chases used to contain fire hose are 

required to be designed so they do not interfere with the prompt use of the hose connection, the 

hose, and other fire equipment (NFPA 14 Section 7.6.1.1). 

Hose connections are required to have 2.5-inch external threads and have caps to protect hose 

threads (NFPA 502 Section 10.4.4, NFPA 502 Section 10.4.5).  

Fire pumps 

Where required, fire pumps must be installed, inspected, and maintained in accordance with 

NFPA 20 (NFPA 502 Section 10.5).  

3.8 Portable fire extinguishers 

Portable fire extinguishers, with a rating of 2-A:20B:C, are required to be located along the 

roadway in approved wall cabinets at intervals of not more than 300 feet (NFPA 502 Section 

7.9.1). The maximum weight of each extinguisher may not exceed 20 lb. (NFPA 502 Section 

7.9.2). Portable fire extinguishers are required to be selected, installed, inspected and 

maintained in accordance with NFPA 10 (NFPA 502 Section 7.9.3). 
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3.9.2 Water mist system 

The main differences between water mist and deluge systems are the percentage of smaller 

droplet size and the momentum of spray ejected from the nozzles (Tunnel Fire Dynamics 

Section 16.2.2) [3]. Water mist systems use significantly less water but operate at significantly 

higher pressures when compared to deluge systems (Tunnel Fire Dynamics Section 16.2.2) [3]. 

Reducing the droplet size increases the total surface area of water significantly. The increase in 

water surface area leads to the increased removal of heat from a fire and the reduction oxygen 

levels to fuel a fire (NFPA Blog) [12]. A water mist system has requirements for increased water 

pressure, which corresponds to higher pressure fire pumps, specialized pipework and nozzles, 

and the use of more energy to maintain functionality. 

Where water supply or drainage presents a constraint for the project, water mist may provide an 

advantage in that the water supply of a water mist system is less than that of a deluge system.  

A comparison of the advantages and disadvantages of water mist and deluge systems is 

provided in Table 3.2. 

Figure 3.8: Discharge of water mist system 

 
Source: International Fire Protection 

3.9.3 Aqueous Film Forming Fluid (AFFF) 

AFFF is a type of foam system. AFFF water spray systems work by injecting a foam concentrate 

into the water supply to discharge low expansion foam (Tunnel Fire Dynamics Section 16.2.3) 
[3]. The low expansion foam provides a layer of protection between flammable liquids from any 

heat or oxygen that can cause the ignition of a fire. It is effective in controlling flammable liquid 

fires and can be used with both deluge water spray and water mist systems (Tunnel Fire 

Dynamics Section 16.2.3) [3]. One limitation of AFFF systems is that AFFF concentrate can 

contain poly-fluoroalkyl substances (PFAS) as a byproduct created during the manufacturing 

process (Alaska Division of Spill Prevention and Response) [13]. The Alaska Department of 

Environmental Conservation (DEC) identifies PFAS as hazardous substances and established 

regulatory solid and groundwater cleanup levels. Note that any discharge of PFAS-containing 

AFFF must be reported immediately to the State of Alaska (Alaska Division of Spill Prevention 

and Response) [14]. 
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Figure 3.10: Discharge of CAF system 

 
Source: Tunnel Online 

3.9.5 Summary of applicable systems 

Commonly recognized fixed water-based firefighting systems include deluge and water mist 

systems. Each system has distinct advantages and disadvantages in the context of the specific 

tunnel environment. The typical water application zone may be 64 feet to 80 feet along the 

tunnel and the water application is driven by the hazards presented by the respective vehicles 

allowed entry to the tunnel. Local valve cabinets for deluge and water mist systems require 

additional space proofing considerations.  

A summary of the advantages and disadvantages of each is included in Table 3.2. 

Table 3.2: Advantage and disadvantages of deluge and water mist systems 

Design element Deluge Water mist 

Water supply 

(Municipal or water 

storge) 

Increased flow rate required to meet water 

demand due to lower pressure 

Higher water supply required  

Lower water supply rate due to increased 

pressure required to vaporize water 

Lower water supply required 

Drainage Increased drainage required due to 

increased flow 

Less drainage required due to lower water 

supply rate 

Energy supply Open nozzles require less energy to meet 

required pressure 

Nozzles require more energy to meet higher 

pressure demand.  

May require fire pumps to maintain pressure 

required 

Spacing Larger diameter pipe required to meet 

required water supply 

Smaller diameter pipe required to meet 

required water supply 

Maintenance Lower maintenance costs due to open 

nozzles requiring a lower level of precision 

to manufacture  

Maintenance costs tend to be higher for 

water mist systems due to the higher 

pressures in mist systems and the higher 

precision in manufacturing 

Materials  Allows use of more readily available piping 

and sprinkler nozzles reducing material 

cost  

Requires the use of more stainless-steel 

materials which may increase material cost  
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Ventilation with high air velocity may cause displacement of water droplets from FFFS, with the 

extent of displacement based on air velocity, droplet size, and momentum of water droplets 

(PIARC 2016R03EN Section 4.10.1) [17]. The activation of multiple zones in the system may 

address this concern by increasing the water supplied to the fire.  

Minimizing the longitudinal air velocity without compromising the critical velocity required to 

prevent back-layering may also assist with the prevention of displacing smaller water droplets 

(PIARC 2016R03EN Section 4.10.1) [17]. 

Fixed water-based firefighting system activation time 

The effectiveness of a FFFS depends on how quickly a fire is detected and the time it takes to 

activate the FFFS. Once activated, FFFS can reduce the HRR by 50% and reduce the heat 

transported by convection by 50% (PIARC 2016R03EN Section 4.10) [17].  

Activation delays may occur based on detection time or jurisdictional requirements for built-in 

time delays. Delays may also arise from the system design. For water spray systems, one 

potential delay is the time required to fill the branch piping network and reach the desired 

operating pressure prior to sprinkler discharge (PIARC 2016R03EN Section 4.10 [17], Tunnel 

Fire Dynamics Section 16.2.1.1) [3]. 

To reduce activation time, an automatic FFFS may be implemented so that activation of the 

FFFS is initiated automatically by the fire detection system. This direct connection between 

detection and suppression may be separated by the review of the incident through the CCTV 

system. This section is intended to demonstrate that regardless of selected design, reduction in 

activation time has multiple benefits to both cost and system functionality. 

3.10  Emergency Ventilation System (EVS) 

An Emergency Ventilation System is required for tunnels exceeding 3280 feet in length (NFPA 

502 Section 11.1.2). A tunnel length of approximately 15,000 feet has been assumed for the 

Knik Arm Tunnel, which will require an EVS. 

This section will focus on the emergency aspect of the tunnel ventilation system. For normal 

and non-emergency operations, refer to Chapter 4. 

3.10.1 Design fire 

One of the parameters for determining the capacity of the EVS is the peak fire heat release rate 

(PFHRR). Other factors that affect the capacity are the tunnel gradient and geometry. Fire heat 

release rate data for typical vehicles from NFPA 502 is shown below in Figure 3.12. It is 

expected that the PFHRR could be in the order of 300 megawatts (MW). A 300 MW fire 

represents a fuel tanker being fully engulfed in flame.  

An assessment could be conducted, taking into consideration the average annual daily traffic 

data and vehicle mix near the tunnel, to determine whether restrictions should be placed on 

vehicles carrying hazardous materials (such as large volumes of fuel oil), thus reducing the 

anticipated PFHRR within the tunnel. Additionally, with the installation of a fixed fire suppression 

system, it is predicted that the PFHRR could be reduced to the order of 100 MW. 
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Pressurized egress corridor 

As an alternative to the use of cross passage doors as emergency exits, the use of a 

pressurized egress corridor that extends the full length of the tunnel from portal to portal may be 

used. This option is shown in drawing no. B14 in the drawing set. 

A dedicated plenum is required to provide the required pressure differential between the 

dedicated emergency egress corridor and the roadway. High-capacity fans may be used at 

each end of the portal, with consideration given to standby fan requirements. If necessary, 

additional booster fans may be added along the length of the plenum to provide additional 

pressure to the corridor. The plenum providing airflow to the dedicated emergency egress 

corridor is required to be separated from the tunnel by the same fire resistance rating as the exit 

enclosure (2 hours). Additional detection in the pressurized egress corridor in the form of heat 

detectors at ceiling level should be considered.  

Emergency exits are required to be pressurized in accordance with NFPA 92 (NFPA 502 

Section 7.16.6.5). Exit door assemblies are required to have a minimum fire resistance rating of 

1 ½ hours based on the time-temperature curve taken from ASTM E3134 (NFPA 502 Section 

7.16.5.5). The maximum door opening force of exit doors is required to remain below 50 Ib of 

force (NFPA 502 Section 7.16.5.6). Swinging or horizontal sliding doors are permitted in 

emergency exits. The direction of door swing is required to open in the direction of egress travel 

(NFPA 502 Section 7.16.5.2). Consideration should be given to the maintenance of horizontal 

sliding style doors. Regular cleaning and lubrication of the sliding door mechanism will be 

required to prevent the accumulation of dust and debris on the tracks that may prevent the 

closure of the doors.  

Clearance 

The minimum width of a door into a means of egress is 32 inches (NFPA 101 Section 

7.2.1.2.3.2). The minimum ceiling height required to be maintained in a means of egress is 7 

feet 6 inches. Projections from the ceiling are required to be maintained at a clearance of 6 feet 

8 inches (NFPA 101 Section 7.1.5.1). 

3.12.2 Egress pathway 

The proposed egress configuration utilizes 3.7 feet of the roadway surface as the egress 

pathway. The proposed configuration does not require an elevated walkway and allows 

occupants to use the egress path without ascending a dedicated ladder or set of additional 

stairs. 

Only the exit design and construction requirements from NFPA 101 are required to be applied to 

road tunnels. It is not the intent of these requirements to apply the requirements for travel 

distances and accessible means of egress in NFPA 101 to road tunnels. Protection of mobility-

impaired individuals and their impact on the egress will be addressed as part of the emergency 

response plan (NFPA 502 Section A.7.16.1.1).  

The tunnel roadway surface, when supported by a traffic management system, may be 

considered part of the egress pathway (NFPA 502 Section 7.16.6.3.1). The minimum clear 

width of the egress pathway is 3.7 feet. The egress pathway is required to lead directly to an 

emergency exit and be protected from traffic (NFPA 502 Section 7.16.6.3.2).  
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3.13 Emergency response and planning 

An emergency response plan will be required for the Knik Arm Tunnel to address responses 

from responding agencies including the fire department, police department, and ambulance 

operators. This response plan is required to be developed in collaboration with the authorities 

having jurisdiction including the City of Anchorage and the Alaska Department of Transportation 

and Public Facilities. 

A general outline for an emergency response plan is as follows (NFPA 502 Annex F)  

1. General 

a. Purpose 

b. Background  

2. Emergency Response Plan 

a. General 

b. Elements of the plan 

i. Central Supervising Station (CSS) 

ii. Alternate CSS 

iii. Incident and activity identification systems 

iv. Emergency command posts 

c. Operational considerations  

d. Types of incidents 

e. Possible locations of incidents  

f. Incidents on approach roadway  

g. Incidents within tunnel or facility  

3. Coordination with Other Responsible Agencies  

a. Firefighting operational procedures  

b. Traffic management  

c. Medical evacuation plan 

d. Emergency alert notification plan. 
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Figure 4.1: Example of CO only and multi-gas sensors 

 

Source: Google (2025) 

4.1.2 Maintenance operations 

Where maintenance personnel are present within the tunnel for routine maintenance, the tunnel 

ventilation system should be operated to provide the minimum ventilation airflow required by the 

US Occupational Safety and Health Administration (OSHA). Typically, the airflow capacity 

required for emergency operations is sufficient to provide the minimum airflow required for 

maintenance operations.  

4.2 Plumbing and drainage system 

4.2.1 Tunnel 

Drainage for the roadway is required to be designed for tunnel washing, run off from fire 

suppression and standpipe systems, and any leakage from vehicles and tunnel infiltration. The 

roadway will be sloped toward the drain inlets as shown in the tunnel cross sections in Appendix 

A. In addition, drainage is required for the egress corridor (if provided). Where cross passages 

exist, sloped floors (toward the roadways) and floor drains may be needed to provide the 

necessary drainage. Discharge pipes originating from the pumps within the low point pump 

station are expected to be routed along the tunnel wall for both tunnel options. 

Low point pump station 

A pump station is needed at the low point(s) of the tunnel to collect water from the roadway and 

the egress corridor. As shown in the tunnel cross sections in Appendix A, one possible location 

for the low point pump station is located within the cross passage for the twin bore tunnel option 

with submersible pumps located inside the wet well. For the single-bore tunnel option, the low 

point pump station could be located in the invert of the tunnel. For the sump pump discharge, 

there is an option to directly discharge the drainage to the city sewer system or through an 

intermediate location such as the portal pump station. Pumps are required to be explosion proof 

due to the potential ignition of oil from the roadway. 

Redundancy for the drainage system will be included in the design for both twin bore and single 

bore tunnel options. Access to the pump station and wet wells could be provided via an egress 

corridor or cross passage. An equipment removal path is also required for transporting each 

pump in and out of the pump station, and a monorail is proposed to facilitate the removal.  
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Oil-water separators and debris filtration should be included and located prior to the drainage 

entering the wet well. 

4.2.2 Portal buildings 

Domestic water (supplied via a municipal water source) is provided for any plumbing fixtures 

within the portal buildings. Each portal building is required to have a dedicated drainage system 

connected to the city sewer system. If gravity drainage cannot be accommodated at the portal 

buildings, a pump station will be required. 

4.2.3 Portal pump stations 

Depending on the configuration of the portal buildings and the tunnel, the portal pump stations 

may be located within the portal buildings or within separate structures. This allows water 

originating outside of the tunnels to be collected at the portals, via drain inlets on the approach 

structure and trench drains across the roadways, to prevent water from entering the tunnels.  

The provisions, including pump redundancy and oil water separators and debris filtration, that 

should be provided for the low point pump station are required to be provided for the portal 

pump stations.  

4.3 HVAC system 

4.3.1 Tunnel 

The low point pump station is required to be provided with a mechanical ventilation system. All 

ventilation systems are required to be designed based on the Class 1 Division 2 classification 

from NFPA 70 and requirements from NFPA 820. Hydrocarbon sensors are required at the low 

point pump station to monitor the hydrocarbon concentration within the pump station (dry well) 

and wet well. When the sensors detect a hydrocarbon concentration that exceeds the preset 

levels, a signal is sent to activate the ventilation system. If high hydrocarbon levels are 

detected, an alarm is required to be sent to the OCC. A heating system serving the pump 

station should be considered due to the expected low temperatures in the tunnel. 

For the twin bore tunnel option, each cross passage is required to be provided with an exhaust 

fan and an opening to provide air circulation and to remove any heat rejection from equipment. 

Air may be drawn into cross passages from one roadway and then exhausted into the other 

roadway.  

4.3.2 Portal buildings 

Heat pumps will be used for the environmental control of facility spaces where necessary. All 

other rooms will be provided with mechanical ventilation as needed to meet minimum outside air 

requirements of the Alaska Building Code. Separate supply fans and exhaust fans are expected 

for the portal pump station and associated wet well.  

HVAC provisions required by the low point pump station, such as a mechanical ventilation 

system and hydrocarbon concentration monitoring system, are also required to be provided for 

the portal pump stations. 
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5.5 Tunnel alignment requirements 

A key benefit of the tunnelling option for the Knik Arm Crossing is the flexibility in providing a 

horizontal alignment that suits road geometry that best fits highway connections between 

Anchorage to Matanuska-Susitna Borough. A potential zone for considering alternative 

horizontal alignments is indicated in Figure 5.3. Further investigations in terms of land use, 

topography, bathymetry, utilities and geological site investigation are required to inform 

development of the alignment options.  

The minimum horizontal curve is governed by highway requirements in terms of speed and line 

of sight. TBMs can easily navigate the required minimum horizontal curve for the highway. 

Figure 5.3: Potential zone for highway alignment options 

 
Source: Knik Arm Crossing 

The vertical alignment of the tunnel is governed by the required ground cover at its lowest point 

beneath Knik Arm and adequate ground cover from portals to landside/marine interface 

location. This requires selecting grades at the portal that optimize tunneling conditions by 

targeting the most suitable subsurface geology. Additionally, the potential for scour in the 

waterway should be evaluated to define the required ground cover, preventing erosion risks and 

providing long-term stability of the tunnel structure. Geological profile, based on the 2003 study, 

is shown in Figure 6.1 and discussed further in Section 6.1.1. 

5.6 Portal configuration 

The space proofing of tunnel portals is based on highway design criteria established by 

DOT&PF, considering tunnel configuration, TBM launch and reception facilities, geological 

conditions influencing ground cover requirements, excavation support, architectural and urban 

design, drainage systems, as well as fire life safety and tunnel system requirements. 

The requirement for flood protection, including flood walls and/or flood gates, shall be assessed 

based on the location of the portals and flood modeling. Where feasible, passive protection 

measures, such as entry above flood level and the provision of flood walls, are preferred over 

flood gates. 

Table 5.3 presents the key requirements for space proofing the tunnel portals to be considered 

in the next phase of the study to determine the geometry of the portal structures. 
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Elements Preliminary design criteria 

Lighting Roadway lighting - above the carriageway 

Emergency lighting 

Maintenance lighting for maintenance corridor 

Emergency exit lighting with strobe above each cross passage 

LV system Cable trays and service corridors 

Electrical cabinets, Switch gears 

Emergency power/Uninterruptible Power Supply (UPS)  

HV systems Cable conduits and service corridors 

Electrical cabinets, Switch gears 

Transformers 

Intelligent Transportation 

Systems (ITS) 

Variable Messaging Signs/Traffic and lane use signals 

Vehicle Detection Systems 

Supervisory Control and Data Acquisition system 

Operations and control center 

The indicative dimensions of the decline leading to the tunnel portal are outlined in Table 5.4. 

Additionally, the portal must be space proofed to accommodate TBM, providing sufficient space 

for both launching and retrieval operations. 

Table 5.4: Indicative portal dimensions 

Tunnel 

configuration  

Vertical 

alignment grade 

Depth to invert 

of portal at 

tunnel interface 

(ft) 

Decline length to 

tunnel interface 

(ft) 

Portal width (ft) 

Twin bore 3% 120 4000 Dependent on lane 

widths, shoulders 

and central reserve. 

To be confirmed 

during alignment 

development  

Twin bore 5% 120 2400 

Single bore 3% 140 4666 

Single bore 5% 140 2800 
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6 Construction considerations 

6.1 Suitability of TBM types for Knik Arm Tunnel 

6.1.1 Geological settings 

The subsurface conditions in the vicinity of the proposed tunnel crossing are characterized by 

the profile shown in Figure 6.1. The profile and description of the geological settings outlined 

below are based on the 2003 report [19]. The profile and geological settings should be updated 

with available geological information and supplemented with additional site investigations once 

the preferred tunnel alignment is established. The site investigation should be based on 

geological data required for TBM tunneling, informing assessments for tunnel lining design, 

excavation, ground stability, and machine performance. 

Figure 6.1: Geological profile at Knik Arm crossing 

 
Source: 2003 Study [19] 

The profile shows a surficial marine deposit of 20 to 35 feet of loose to medium-dense sands 

overlying very dense granular tills or glacio-fluvial deposits or hard glacial clays and silts. Prior 

studies indicate that the marine deposited sands in the upper 35 feet are loose enough that they 

will scour under the strong six- to eight-knot currents and more than 40-foot tides or liquify 

under strong earthquake shaking. 

The deeper granular or clay soils, because of their density or hardness, are not prone to 

strength losses under seismic loading and are more resistant to scour. Of these compact 

materials, the silty clays unit is best suited for driving a tunnel beneath this channel. This 

material was formed as a glacial lake as part of glacial advances in the region and reaches 

depths of more than 200 feet in the Port of Anchorage area directly to the south. With glacial 

advances and retreats in a north-south direction up Knik Arm, the clay is scoured or overlaid 

with glacial till or other moraine deposits, as shown on the profile. 
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Figure 6.3: Schematic of TBM launch portal site layout 

 
Source: Prepared by Mott MacDonald (2025) 

Figure 6.4: Schematic of TBM reception portal site layout 

 
Source: Prepared by Mott MacDonald (2025) 
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There is extensive experience with cold weather concrete technology in Anchorage supported 

by research undertaken by Alaska University Transportation Center and the DOT&PF. The 

research focuses on developing protocols to determine concrete curing strength in extreme cold 

conditions. This experience and research can form the basis of developing strategies for using 

concrete in cold weather conditions for the project. 

Measures that can be taken include preheating water and aggregates before mixing, using 

accelerator admixtures, continuous temperature monitoring, and appropriate concrete mix 

designs tailored for extreme conditions. Additionally, mix designs must account for the 

performance and durability of the finished concrete structure in cold environments to provide 

long-term durability. 

Precast concrete segments are manufactured in a controlled environment in a factory and 

quality assurance measures can be implemented to mitigate cold weather issues. 

Cold weather control measures in TBM design and operation are essential for reliable tunneling 

in freezing conditions, especially with Slurry and Variable Density TBMs. Key strategies include 

temperature control measures (heated bentonite slurry, insulated pipelines) and equipment 

adaptations (cold-resistant lubricants, heated work zones). A grout mix design with anti-freezing 

additives is essential for annular grouting segmental linings in cold conditions, proper flowability 

and compressive strength. 
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A. Concept drawings
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