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Section 1.0   Drainage Assessment and Tannery Brook Conveyance 

Piping 
 

1.1 Introduction 
 
GEA Engineering was retained by the City of Kingston to provide survey, preliminary 
design, detailed design, easement description, construction administration, inspection 
and support services for a project located in the City of Kingston. 
 
The project is comprised of three (3) main components including: 

• The installation of devices to stabilize the deep soil profile in the vicinity of the 
Tannery Brook shaft at Washington Ave. to ensure that the Washington Ave. 
tunnel remains structurally sound and free of the deleterious effects of high 
groundwater levels. 

• The installation of a stormwater conveyance piping and associated structures to 
carry Tannery Brook flows to the Washington Ave. tunnel vertical shaft for the 
purpose of reducing the destabilizing effects of groundwater recharge upon in-
situ soils. 

• The restoration of surfaces including public and private properties in the vicinity 
of the Tannery Brook shaft at Washington Ave. which were disturbed by unstable 
soils created by the previously breached Washington Ave. tunnel. 

 
Tunnel stabilization assessment was provided by Mueser Rutledge Consulting 
Engineers. GEA Engineering provided drainage and hydraulic assessment of the 
Tannery Brook shaft and conveyance piping as well as surface restoration and 
improvement design. 
 
This report was compiled using data provided by the City of Kingston and supplemented 
by survey data provided by Brooks & Brooks Land Surveyors. Data was also obtained 
by GEA during on-site visits to the subject area. 
 

1.2 Background 
 
The site area is located in the City of Kingston at Washington Avenue between 
Donovan Street and Linderman Avenue. The Tannery Brook is approximately 3000 feet 
in length and enters a shaft at Washington Avenue via a 58 ft. length of corrugated 
plastic pipe (CPP) that discharges into an outlet control structure beneath the roadway. 
The shaft is connected to an underground stormwater tunnel.  Over an extended period, 
the soils supporting the shaft have destabilized resulting in a sunken roadway. In 



 

addition, properties adjacent to the intersection of Washington Avenue and the Tannery 
Brook have sustained surface damage due to the unstable subsurface soils.  
 

1.3 Purpose 
 
The purpose of this report section is to evaluate the stormwater flow capacity of the 
shaft and the tunnel based on the Tannery Brook flows and to provide a means of 
bypassing flows in excess of the shaft capacity thereby limiting the damaging effects to 
the shaft caused by excessive vibrations during high volume stormwater flows as 
presented in Section 2. Section 3 of this report presents tunnel stabilization alternatives. 
 
In addition, a surface restoration plan is presented in Section 4 of this report. 
 

1.4 Existing Conditions 

1.4.1 Field Observations& Survey 

GEA representatives visited the subject site on May 15 and July 17, 2013 to 
survey and make a field assessment of the site drainage and structures. 
Drainage structures included pipes, culverts, catch basins, and channels. Data 
recorded included diameters, lengths, and inverts of culverts and pipes, and 
widths and depths of channels. Observations of the materials of the structures 
were noted. Photographic records of the site inspections were also obtained. 

On June 3, 2013 Brooks & Brooks Land Surveyors, P.C. conducted a survey 
along the Tannery Brook from 145' upstream of Hewitt Place to Washington 
Avenue, a length of about 800 LF±. The survey included properties along the 
brook and properties along the damaged portions of Washington Avenue. 

 
1.4.2 Watershed Area  
The watershed areas tributary to the Tannery Brook includes a combination of 
woods, ponds, roads, culverts and residential development located southwest of 
Washington Avenue. Table 1 presents a listing of the watershed subareas and 
their respective acreage, curve numbers and hydrologic soil groups. Stormwater 
runoff from the subareas drain into tributary streams, catch basins and ponds 
that discharge into the Tannery Brook upstream of Washington Avenue. The 
contributing tributary area to Tannery Brook on Washington Avenue is 240.78 
acres and 366.1 acres to the tunnel system. 
 
The Tannery Brook flows from west to east in a valley between upland areas. 
The brook flows through two small ponds, which are the only structures to 
provide any means of detention. The watershed is characterized by steeply 
sloping woodland and upland areas drainage northerly and southerly to the 
Tannery Brook. Due to relatively steep slopes and very minimal detention, the 
Tannery Brook would be expected to produce high stream flows from relatively 
moderate intensity storms. 



 

 

1.5 Hydrologic & Hydraulic Modeling 
 
The assessment of storm water runoff was based upon the Natural Resources 
Conservation Service (NRCS) and Soil Conservation Service Method (SCSM) as 
described in Technical Release No. 55 (TR-55), “Urban Hydrology for Small 
Watersheds”.  
 
Hydrocad V7.0 was used to model existing and proposed drainage conditions to 
compare the effects of the installation of the proposed piping to current (existing) 
conditions, and also to design an outlet structure to control the flows from the Tannery 
Brook. Theoretical storms were modeled using Type III rainfall distribution and 
recurrence intervals of 2, 5, 10, 25 and 100-yr.  
 
Drainage sub-areas were created based on the existing topography, routed to the 
existing drainage channels, culverts and ponds and entered in the HydroCAD model. 
Drainage watershed subareas are presented on Figure 1.  
 
Rainfall rates are based upon the estimated intensity frequency duration graphs 
produced by the joint collaboration between the Northeast Regional Climate Centrex 
(NRCC) and the NRCS. See attachment. 
 
Curve Number values were determined by entering the hydrologic soil groups and the 
land cover use into the HydroCAD model. Time of concentration calculations were 
performed within the model using slopes and distances entered from the topography. 
The HydroCad model was utilized to develop estimates of peak flow conditions for the 
drainage structures and channels.  
 
The existing HydroCAD model was run for the 2, 5, 10, 25 and 100-yr storms to 
determine the performance of the existing structures and to determine flow volumes 
under current conditions. This model also helps to evaluate the capacity of the existing 
hydraulic control structure (HCS) and shaft. 
 
The proposed Hydrocad model was run to include the proposed HCS at the Tannery 
Brook shaft and the proposed 48" diameter pipe within the Tannery Brook for the 2, 5, 
10, 25 and 100-yr storms.  
 
The Hydrocad model results are presented at the end of Section 1.0. 
 
The estimated maximum storm event flows flowing from Tannery Brook, entering the 
Tannery Brook shaft and points along the tunnel are presented in Table 2. These are 
hydrologic estimates, and should be considered maximum potential storm flows, which 
would be restricted by hydraulic and backwater effects. 
 
Based on the estimated stormwater flows, it appears that the tunnel system would be 
able to safely pass a 10 year storm event, provided that improvements are made at the 
Tannery Brook shaft drop inlet structure to ensure stable, non-cavitating flows. (See 
Section 2.0) 



 

 
1.6 Proposed Improvements 
 
A 48" diameter, 800 LF long HDPE pipe is proposed to be installed within the Tannery 
Brook from 145 LF upstream of Hewitt Place to the Tannery Brook shaft at Washington 
Avenue. The purpose of this new pipe is to limit the groundwater recharge effects upon 
the Tannery Brook shaft. In addition, the pipe installation is expected to reduce localized 
flooding of properties along its alignment. 
 
A hydraulic control structure (HCS) will be installed at the outlet of the 48" pipe. The 
HCS will allow a restricted design flow to enter the shaft while allowing flows in excess 
of the design flow to bypass via a weir and orifices installed within the HCS. 
 

1.7 Cost Estimate – Drainage Improvements and Surface Restoration 
 

Table 3 summarizes the Cost Estimate for Drainage Improvements and Surface 
Restoration. This estimate includes the Tannery Brook pipeline, Washington Avenue 
surface restoration and the vortex hydraulic control structure as well as appurtenances: 
manholes, chambers, connections and piping. Surface restoration costs include: 
demolition, replacement of 5 ft. of additional fill due to induced settlement from 
subsurface densification, sidewalks, curbs, utilities, driveway aprons and asphalt 
paving. 
 
The cost for tunnel stabilization is presented separately in Section 3.0 and includes 
several options. 



 

 

Section 2.0   Tannery Brook Shaft Hydraulic Assessment 
 
2.1 Existing Shaft Configuration 
 
The Tannery Brook shaft structure is a drop shaft which conveys stormwater from the 
surface (Tannery Brook) to the tunnel 80 ft. underground. It consists of an inlet box 
receiving Tannery Brook stream flow through a 48 inch diameter pipe and a horizontal  
orifice opening to the vertical 30 inch diameter steel shaft. The shaft extends vertically 
downward about 80 ft. to where it meets the top of the tunnel on a slight offset. The 
elevations at the inlet box are as follows: 

• 48" Dia. Pipe Inlet - 173.80 

• Horizontal Orifice 30" Dia. - 170.74 

• 24" Dia. Overflow Pipe - 175.62 
 
This drop structure has been in operation since 1995 and there have been repairs to fix 
the interface between the shaft and the tunnel. The downstream tunnel has no 
deaeration chamber and there is no means to eliminate entrained air at the inlet box. 
The inlet box is supposed to function as a means to develop head on the orifice to allow 
the storm flow to pass vertically down to the tunnel. 
 

2.2 Problems Associated with the Tannery Brook Shaft 
 
A state of the art review was conducted for the technologies utilized for drop-type 
structures, such as at the Tannery Brook shaft. (See attached reference list.) 
 
Problems that have been reported with this drop type structure have included: 

• Insufficient means to relieve bulking entrained air 

• Unsteady flow conditions 

• Unstable, surging of flow 

• Cavitation 

• Vibration, intermittent choking 

• Debilitation of the structure 
 
It is likely that these problematic conditions have been experienced at the Tannery 
Brook shaft structure due to the similarity of configurations cited in the literature. There 
is also the strong probability that during heavy storm flows, the cavitation and vibration 
caused by unstable, surging flows could have contributed to the weakening of the shaft 
tunnel connection, created voids and may have contributed to the intrusion of sediment 
and groundwater leaks into the tunnel. 
 

2.3 Improving Drop Structure Performance 
 
Drop structures and the collection systems connected to them combine to make a 
complex hydraulic system by directing flow from shallow surface sewers or channels 
towards a vertical shaft where it falls by gravity to the deeper tunnel, which then carries 
the flow downstream to discharge. The primary function of the drop structure is to carry 



 

the flow from the surface system to the deeper tunnel system. As the flow falls, air 
mixes with the flow and tremendous forces can be generated, resulting in a variety of 
hydraulic and structural design issues. The primary objective of the drop structure 
design is to minimize the effects of the falling flow by: 

• Creating a stable flow regime 

• Dissipating energy from the falling flow 

• Minimizing the amount of air that is entrained from the falling flow and 
transported into the main tunnel 

 
The structure should perform these tasks reliably year after year with minimal 
maintenance. Poor performance may result in serious consequences to structural 
components and hydraulic operation of the structure and the main tunnel. Adequate 
ventilation must be provided. Destructive pressure surges and increased wear and tear 
on structures and lining systems may result from inadequate design. Special features 
have been tested and designed for drop structures to enhance the performance of these 
functions. Vortex-generating inlets have been developed to minimize air entrainment 
and to dissipate energy from the falling flow. Vortex type drop structures cause the flow 
to spiral down and cling to the walls of the vertical shaft. 
 
Vortex-type dropshafts entrain less air, because flows are highly stable due to the entry 
conditions. The reverse flow of air occurring in the core of the vortex causes much of 
the air entrained in the flow to be released and recirculated in the zone above the 
hydraulic gradeline. The open air core in the center of the vortex provides an escape 
route for the entrained air and helps prevent cavitation by maintaining near atmospheric 
pressure throughout the shaft. Below the hydraulic gradeline, the vortex flow has a 
pressure gradient that forces bubbles to move toward the center of the dropshaft, where 
they can rise against the relatively slower moving water. This allows much of the air that 
is initially entrained by the flow to be released before it enters the tunnel. 
 
In addition to consideration given to air-entrainment and energy dissipation, 
constructability is a significant consideration that has led to the predominance of the 
following design in actual applications: 

• Tangential Inlet Vortex Type (H4) 
 
Based on hydraulic testing, scale models and actual observations from full scale built 
structures conveying both sewage and storm flow, designs are developed from protype 
designs by applying the laws of similitude which require that proportional values be 
generated for geometrically similar structures. 
 
For the Tannery Brook shaft, the fundamental constraint is the 30-inch diameter of the 
existing shaft. By applying proportional model ratios for hydraulic and geometric 
parameters, the basic design for the improved structure is developed. 
 

2.4 Proposed Vortex Structure 
 
The proposed design for the inlet vortex structure is presented in the Drawings. This 
design features: 

• Inlet box with 48" dia. inlet from Tannery Brook 



 

• Overflow weir to 24" dia. overflow 

• Concrete channel outlet to the vortex structure 

• Steel vortex structure 5'-0" dia. 

• Tangential inlet 

• Means to relieve entrained air 
 
The hydraulic capacity of this vortex structure is maximized to handle about 75 cfs 
without causing cavitation and unstable flows. The storm flow is controlled to enter the 
device tangentially and relieve air from its central core. Excess flow will discharge over 
the weir to a downstream outlet pipe. 
 
The vortex structure will be shop fabricated from welded steel plate, sand blasted to 
white metal, prepped, coated and painted to provide corrosion and abrasion protection. 
 
With installation of this vortex structure, greater stability, flow control and prevention of 
cavitation is to be expected. This improvement should also maintain the repaired shaft-
tunnel connection, which had been a source of problems in the past. 
 



 

 

Section 4.0   Surface Restoration 
 
Restoration of surfaces is needed within public and private properties in the vicinity of 
the Tannery Brook Shaft at Washington Avenue which were disturbed by the unstable 
soil conditions created by the previously breached Washington Avenue Tunnel. 
 
Areas that require surface restoration include: 

• Road pavement  

• Road sub base  

• Sidewalks 

• Curbs 

• Driveways with cracks 

• Driveway entrances 
 
Current surface conditions include: 

• Sinkhole  

• Missing pavement areas 

• Missing pavement areas of the road 

• Cracking of driveway pavements 

• Cracked and or missing sidewalks and curbs 
 
Proposed surface conditions improvements include: 

• Stabilized sub base for road, driveway and lawn areas 

• Raised road to improve vertical curve transition 

• Bluestone sidewalk repaired or replaced 

• Bluestone (granite) curb repaired or replaced 

• Paved road and driveways 
 
Sub base stabilization will be achieved as part of the geotechnical improvements of the 
subject areas.  The aforementioned improvements will precede any surface restoration. 
 
A section of the road area will be raised with a foot at the low point in order to improve 
vertical curve.  
 
Sidewalks within Washington Avenue are to be constructed of bluestone material which 
is to be set on 4-inch stone dust setting bed and 6-inch NYSDOT Item 304.12.   Curbs 
within Washington Avenue will have 6-inch reveal and are to be constructed of 
bluestone (granite) material which is to be set on 12-inch NYSDOT Item 304.12. 
 
Road section will be constructed of:  

• 1.5-inch superpave HMA topo course NYSDOT Item 402.127202 

• Tack Coat NYSDOT Item 407.0101 

• 2.5-inch superpave HMA binder course NYSDOT Item 402.197902 

• Tack Coat NYSDOT Item 407.0101 

• 4-inch superpave HMA base course NYSDOT Item 402.377902 

• 4-inch permeable base course NYSDOT Item 402.011902 



 

• 12-inch sub base NYSDOT Item 304.12 
 
Driveway entrances will be made of cast in place concrete. Detail RD-18 “Tapered 
Residential Driveways” of NYSDOT standards for residential driveways will be utilized to 
configure all driveway entrances. A typical section of the driveways to be repaired will 
include 3-inch (installed in 2-lifts) of NYSDOT item 608.020102 and 6-inch Item 304.12.  
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TABLE 2 
 

ESTIMATED MAXIUMUM STORM EVENT FLOWS (CFS) 
 
 
 

Location Along Tunnel 5 Yr 10 Yr 25 Yr 100 Yr 

Tannery Brook at Washington Ave. 100.04 112.40 157.21 302.2 

Tannery Brook Shaft 72.63 74.32 78.39 87.47 

Tunnel Upstream of Greenkill Shaft 139.66 152.87 221.28 403.53 

Tunnel at Greenkill Shaft 193.59 216.79 293.67 486.86 

Tunnel/36" Pipe Outlet 193.58 216.78 293.44 486.91 

 
 

Note: Higher stormflows in the tunnel will be constrained by hydraulic factors 
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August 13, 2013 
 
 
GEA Engineering, P.C. 
100 Airport Executive Park 
Nanuet, NY 10954 
 
 
Attention:  Mr. Steve Gamelsky, President  
 
          Re:  Washington Avenue CSO Tunnel 
  Schematic Design Report 
             Kingston, New York 
        MRCE File No. 11948 
 
 
Dear Mr. Gamelsky: 
 
Mueser Rutledge Consulting Engineers (MRCE) has completed a review of 
available geotechnical and historical information for the Washington Avenue 
CSO Tunnel project. We summarize herein our interpretation of the available 
information, and our proposed remedies for ground loss that has resulted in 
surface subsidence in Washington Avenue, for consideration of the City of 
Kingston.  
 
 
PROJECT BACKGROUND 
 
The Washington Avenue Tunnel was completed in 1912, to convey combined 
storm water and sanitary sewage to Rondout Creek. In the vicinity of Tannery 
Brook, the tunnel wall is of brick arch construction, with an exterior timber 
frame used as temporary earth support. Construction drawings show the timber 
frame was left in place, with dry pack fill between the brick arch and timber.   
 
The City of Kingston installed a vertical 30 inch diameter shaft at the location of 
Tannery Brook in 1993 to divert surface flow from the brook into the tunnel. 
Five years after completion of the shaft, settlement was observed south and west 
of the shaft. Between 1998 and 2010, the City of Kingston backfilled areas of 
subsidence near the Tannery Brook shaft and repaired pavement in Washington 
Avenue as new areas of subsidence appeared. Injection grouting was performed 
in 2011 to improve soil supporting a box culvert structure in the vicinity of 
observed subsidence, and later that year the street was closed due to the 
appearance of sinkholes.  
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Remote camera inspections performed in April 2012 show water leakage around the Tannery 
Brook shaft penetration through the brick arch conveying gray fine sand and silt into the tunnel. 
Manned inspection of the tunnel later that month located a breach in the brick arch 
approximately 35 feet downstream of the shaft with a significant amount of soil in the tunnel 
invert below the breach. Internal survey of the tunnel indicated the structure had settled more 
than a foot near the location of the roof breach. A 160-ft section of the brick arch tunnel was later 
lined with a PVC liner. Camera inspections conducted after liner installation show little seepage 
in the lined section.  
 
 
EXHIBITS 
 
  Exhibit   Description 

  Figure 1  Vibrating Pile Probe Location Plan 
  Figure 2  Schematic Jet Grout Arch Cross Section 
  Figure 3  172 LF Jet Grout Arch Plan 
  Figure 4  172 LF Jet Grout Arch Profile 
  Figure 5  80 LF Jet Grout Arch Plan 
  Figure 6  80 LF Jet Grout Arch Profile 
  Figure 7  Schematic Jet Grout Encasement Cross Section 
  Figure 8  Jet Grout Encasement Plan 
  Figure 9  Jet Grout Encasement Profile 
   
 
AVAILABLE INFORMATION 
 
The following reports have been used as a reference in the preparation of this document: 
 

1. “Preliminary Subsurface Investigation of Washington Avenue Sinkhole, Kingston, N.Y.” 
by Brinnier and Larios, P.C. dated May 31, 2013. 

2. “Groundwater Evaluation, Sinkhole Stabilization Project, Washington Avenue, City of 
Kingston, New York,” by Hanson Van Vleet, LLC, dated June 11, 2013. 

3. “ConeTec Field Report Presentation of In Situ Test Results for: Washington Avenue 
Sinkhole Investigation, Kingston, New York.” by ConeTec, dated February 26, 2013. 

4. “ConeTec Field Report Presentation of In Situ Test Results for: Washington Avenue 
Sinkhole Investigation, Kingston, New York.” by ConeTec, dated May 3, 2013. 

 
In addition, numerous drawings and reports showing the plan locations and sections of the 
Washington Avenue Tunnel and Tannery Brook shaft have been obtained from the City of 
Kingston. 
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SUBSURFACE INVESTIGATIONS 
 
Two soil borings were drilled roughly 38 feet south of the current Tannery Brook shaft location 
by Clough, Harbour & Associates in 1991 for the Tannery Brook shaft design. Boring B-501 was 
advanced to a depth of 15 feet. Boring B-501A was advanced to a depth of 77 feet. 
 
Soil boring B-1 was drilled in 2011 by Soil and Material Testing, Inc. at the location of a large 
sinkhole approximately 17 feet south of the Tannery Brook shaft. Boring B-1 was advanced to a 
total depth of 67 feet. 
 
Thirteen cone penetration test (CPT) probes were advanced by ConeTec in May and June, 2012. 
Three of the CPT probes were advanced from within known sinkhole locations. The remaining 
10 CPT probes were advanced at a uniform spacing from about 55 feet north of the Tannery 
Brook shaft to about 80 feet south of the shaft. Each was advanced to refusal or to the maximum 
depth attainable by the CPT equipment, about 100 feet. Eleven additional CPT probes were 
advanced in 2013, generally located further from the tunnel alignment around the areas known to 
have been disturbed by sinkholes. 
 
Three borings were advanced in 2013 by Hanson Van Vleet for the installation of three pairs of 
shallow and deep groundwater elevation monitoring wells. Monitoring wells MW-1A (shallow) 
and MW-1B (deep) are located within the yard of a private residence southwest of the Tannery 
Brook shaft. Wells MW-2A and MW-2B are located near the shaft at the western edge of 
Washington Avenue. Wells MW-4A and MW-4B are located in the yard of a private residence 
located northeast of the shaft. Shallow monitoring wells were installed at depths of 15 feet to 30 
feet below street level. Deep monitoring wells were constructed with screened intake points near 
the top of bedrock.  
 
 
INTERPRETATION OF SUBSURFACE CONDITIONS 
 
Washington Avenue is underlain by a layer of sandy and gravelly fill material. Fill extends to a 
depth of five to eight feet over most of the site, and is deeper where repeated backfilling of 
subsidence features was necessary.  
 
Below the fill, a natural sand deposit extends about 50 feet below street grade, or approximate 
Elev. +130. The natural sand is described as gray and brown fine to medium sand, with some silt 
and gravel, and occasional lenses of silt and clay. North of the Tannery Brook shaft, this sand 
layer extends to bedrock, or to within a few feet of bedrock where a thin layer of glacial till is 
present. South of the Tannery Brook shaft, where bedrock is below Elev. +130, sand is underlain 
by a sequence of soft to medium interbedded silts and clays. 
 
Standard penetration tests conducted during sampling of boring B-501A in 1991, before 
construction of the Tannery Brook shaft, indicated that the sand was generally “medium 
compact,” correlating to a relative density of around 60%. Similar sampling techniques used in 
nearby boring B-1, drilled in 2011 as part of a sinkhole investigation, indicate that the degree of 
compaction within the sand layer has been reduced to “loose”, correlating to a relative density of 
less than 20%. Several CPT probes located in and around subsidence features registered very 
little resistance within the sand deposit, which is interpreted as evidence of loose, disturbed soil.  
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The underlying silt and clay deposits south of the Tannery Brook shaft extend from a depth of 
about 50 feet to depths of up to 95 feet, where a layer of stiff silt and clay glacial till overlies 
bedrock. The silt and clay has a soft consistency, and therefore likely prone to erosion in the 
presence of flowing water. The glacial till was found to be up to ten feet thick at the location of 
monitoring well MW-1 west of Washington Avenue, and contains rock fragments and cobbles.  
 
Borings and CPT probes advanced to rock indicate the bedrock surface slopes steeply to the 
south, from about Elev. +160 sixty feet north of the Tannery Brook shaft, to about Elev. +90 
sixty feet south of the shaft. Tunnel construction likely encountered mixed face conditions 
twenty to thirty feet south of the Tannery Brook shaft as the tunnel transitioned from rock into 
soil. Cores obtained during monitoring well installation indicate the bedrock to be weathered 
limestone of generally poor quality. 
 
 
SINKHOLE CAUSE 
 
We believe the underlying cause of the Washington Avenue sink holes is soil migration 
conveyed by groundwater into the tunnel. The timeline of performance problems and 
observations of subsurface conditions suggest the loss of ground initiated at the Tannery Brook 
shaft penetration of the brick tunnel arch. Sediment laden groundwater was observed flowing 
into the tunnel by City Engineers during remote camera inspections, and is evidenced by the 
need to a remove large volume of soil from the tunnel during maintenance work. Loss of ground 
at the shaft penetration likely caused softening of the surrounding soil, rendering the surrounding 
areas increasingly prone to erosion by flowing groundwater. Overburden soils migrate 
downwards to fill voids from the bottom up to create a “chimney” to the ground surface, 
resulting in sink holes in Washington Avenue. 
 
Continued loss of ground likely created voids around and below the tunnel, causing the tunnel to 
settle. Tunnel settlement likely resulted in damage the tunnel structure, causing the arch collapse. 
 
 
GROUNDWATER 
 
Groundwater data collected from the three pairs of shallow and deep monitoring wells indicate 
the thick stratum of silt and clay underlying the sand is an aquitard separating the shallow sand 
above from the deeper till and bedrock aquifer. Initial groundwater level measurements collected 
April 19, 2013 indicated the hydrostatic level within the shallow sand was approximately Elev. 
+170, roughly 10 feet below the ground surface. At the same time, the measurements indicated 
the hydrostatic level within the deep aquifer was approximately Elev. +136. Additional 
groundwater measurements collected in April 30 and May 16, 2013 indicated no significant 
change in the shallow groundwater level, and that the groundwater level in the deep monitoring 
well MW-1B had decreased about 1.2 feet.  
 
Measurements collected on May 23, 2013 indicated a significant lowering in both the shallow 
and deep groundwater levels within monitoring wells MW-2A and MW-2B, located nearest the 
tunnel alignment. Between May 16 and May 23, the shallow groundwater level decreased 
approximately 12.7 feet, and the deep groundwater level decreased approximately 15.5 feet. In 
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the same time period, groundwater levels decreased by less than one foot in monitoring wells 
MW1A, MW-1B, MW-4A, and MW-4B, more distant from the tunnel alignment.  
 
 
REMEDIAL MEASURES FOR GROUND LOSS AND SUBSIDENCE 
 
Observations of surface subsidence in Washington avenue, as well as evidence of soil 
disturbance such as low SPT N-values in geotechnical borings and low resistance measured in 
CPT probes, indicate the area most effected by ground loss into the Washington Avenue tunnel 
extends approximately 15 feet from tunnel centerline to the east and west, and approximately 80 
feet downstream (south) of the Tannery Brook shaft. In addition, although little seepage is visible 
in video inspections conducted after a PVC liner was installed in a segment of the tunnel, 
groundwater data from recently installed monitoring wells suggest the tunnel continues to 
perform as a drain. Remedial measures to reduce the impact of disturbance to subsurface strata 
that has already taken place, and to inhibit the continued loss of ground into the tunnel, are 
presented below.  
 
Remedies for disturbance of the soil above the tunnel due to past ground loss include vibrating 
pile densification of the sandy soils extending to approximately 50 feet below ground surface, 
and construction of a structurally reinforced soil mat near surface subgrade. Remedies for 
continued loss of ground into the tunnel include chemical grouting around the Tannery Brook 
shaft penetration, and construction of a continuous structural jet grout arch around the tunnel.  
 
Vibrating Pile Densification 
Based on SPT N-values reported for boring B-501A, the relative density of the sand deposit is 
estimated to have been around 60% prior to the construction of the Tannery Brook shaft. SPT N-
values reported for boring B-1, performed in 2011, indicate that the relative density has been 
reduced to less than 20%. In order to reduce ongoing settlement of Washington Avenue resulting 
from continued piping of loose, disturbed granular soil within 50 feet of the ground surface, the 
soil can be compacted in-situ by driving and extracting a steel H-beam with a vibrating hammer. 
The vibratory action of the hammer causes a temporary liquefied soil condition around the 
vibrating H-beam, allowing the sandy soil to fill voids and achieve a relative density of 55% to 
70%. By this method, much of the settlement that would likely occur gradually over time, if left 
untreated, is completed by the vibrating pile system during the construction period. 
 
A typical vibrating pile probe is conducted by driving an H-beam to a depth of 45 to 50 feet, 
holding in place on the order of 2 minutes, then extracting the beam. The vibratory action of the 
driving hammer is left on throughout the process. A compaction crater forms around the pile at 
the surface as the soil below is densified. The depth and radius of the resulting crater gives an 
indication of the affective radius of compaction for each probe. The spacing of probes can be 
adjusted based on observations of surface settlement. Based on previous experience, a spacing of 
4-5 feet between probes is adequate. 
 
Based on loose soil encountered in geotechnical borings and CPT probes, and the extent of 
observed settlement in and around Washington Avenue, vibrating pile densification should be 
performed in a regularly spaced pattern covering the plan area shown on Figure 1. Primary probe 
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locations are indicated by circles, secondary locations by squares. We estimate between 100 and 
120 individual probes will be needed to adequately compact the upper soil zone. 
 
Due to vibrations induced during densification, it may be necessary to temporarily monitor 
seismographs mounted on foundation walls of nearby homes, and develop trigger levels to alert 
the Engineer before potentially damaging vibrations occur. Buried utilities within the zone of 
influence of any probes must be pre-excavated and protected during the work, or disconnected 
and re-established upon completion. 
 
Jet Grout Arch 
Jet grouting is a grouting technique that creates in situ masses of grouted soil, using a specialized 
grout jet tool attached to the end of a drill stem. The drill bit is advanced to a prescribed 
treatment depth, at which time high velocity grout jets are initiated from ports in the side of the 
bit. The jets erode and mix the in situ soil as the drill stem is rotated and raised. The end result is 
a cylindrical column of grouted soil. Several such overlapping columns form grouted soil masses 
of desired geometry.  
 
Jet grouting above and beside the Washington Avenue tunnel to form a grouted soil mass, as 
shown on Figure 2, serves several beneficial functions. First, the grouted soil mass creates a low-
permeability barrier inhibiting groundwater flow to the tunnel. Second, soil within the mass is 
cemented in place and therefore immobile, preventing further ground loss. Third, the grouted soil 
columns beside the tunnel bear on the top of bedrock, forming a structural arch, reducing the 
amount of overburden load on the tunnel arch and timber support structure.  
 
Based on the extent of disturbed soil identified in CPT probes and geotechnical boreholes, the jet 
grout arch should extend approximately 15 feet east and west of tunnel centerline. In order to 
minimize possible damage to the existing timber cribbing around the tunnel, jet grout columns 
within eight feet east or west of centerline should be constructed above Elev. +106, roughly five 
feet above tunnel crown. Outside of that 16 foot envelope, jet grout columns should extend to 
bedrock. Typical jet grout columns will extend up to approximate elevation +121. 
 
To take full advantage of the structural capacity of a jet grout arch, it is recommended to extend 
the arch from the Tannery Brook shaft on the upstream end, to the downstream transition zone 
where the tunnel reenters bedrock. The continuous arch would stabilize the deep soil stratum 
beneath the zone of observed sinkhole formation, and would also protect the brick arch from 
changes in load resulting from degradation of existing timber cribbing. In addition, the jet grout 
mass would be constructed up to approximately elevation +134 beneath known sinkhole 
locations, in order to stabilize the entire thickness of the silt and clay stratum. The estimated 
extent of jet grouting is shown in plan on Figure 3, and in profile on Figure 4. 
 
Alternatively, if the recent tunnel relining is deemed adequate to maintain stability of the 
downstream portion of the soil tunnel, the extent of jet grouting can be limited to the area of 
observed sinkhole formation.  Limited in this way, the estimated extent of jet grouting is 
substantially reduced, as shown in plan on Figure 5, and in profile on Figure 6. However, the 
long term performance of the tunnel and street downstream of the jet grout stabilized arch will 
continue to rely upon the integrity of the brick arch and timber support frame for load support. 
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Jet Grout Encasement 
We defined a “jet grout encasement” option which differs from the arch in that it has reduced 
thickness of jet grout, as shown on Figure 7. An encasement can provide the beneficial functions 
of stabilizing the soil immediately above and beside the tunnel structure as well as inhibiting 
groundwater flow. The reduced volume of jet grouting needed to create an encasement will 
realize a cost savings compared with construction of a jet grout arch. However, the encasement is 
limited in its structural capacity, as the overall mass of jet grout is not sufficiently thick to create 
a structural arch which can carry the soil overburden.  
 
In order to serve as a groundwater cutoff, the jet grout encasement must be constructed to close 
with rock at each end of the soil tunnel portion, as shown on Figure 8. In addition, a five to six 
foot thick slab of jet grout stabilized soil should be constructed along the top of bedrock to 
encapsulate the Tannery Brook shaft as shown in profile on Figure 9. 
 
Reinforced Subgrade 
A layer of reinforced subgrade below Washington Avenue can lessen the impact of subsidence 
on the roadway by distributing load and spanning narrow zones of settlement. In addition, when 
signs of settlement or pavement damage are observed, repairs such as grouting and mud jacking 
can be performed below the reinforced subgrade before open sinkholes develop. Construction of 
reinforced subgrade should be done in conjunction with utility repairs as the final step before 
reestablishing the roadway.  
 
The reinforced subgrade should consist of at least two feet of select fill compacted with two 
layers of rigid biaxial geogrid. Many such products are readily available and designed 
specifically for sub base construction over soft ground. Alternatively, the reinforcement can be 
constructed of welded wire mesh embedded in lean concrete. Reinforced subgrade will be most 
effective if installed below Washington Avenue in a continuous layer, extending at least 20 feet 
beyond any observed sinkhole or subsidence features. 
 
Shaft Penetration Grouting 
Leakage into the tunnel has been observed entering around the Tannery Brook shaft penetration 
through the brick arch liner. In addition, the 1991 shaft pilot hole encountered a void zone above 
the tunnel lining where rock was likely over-excavated. In order to create a water-tight seal in 
this zone, we recommend expansive hydrophobic grout injection. 
 
Commercially available products, such as CUT PURe by de neef, are specifically designed for 
the purpose of filling large voids and sealing active leaks. The grout should be injected around 
the shaft penetration through a series of holes drilled through the brick liner. After injection, the 
grout expands up to 30 times in volume, creating closed cell solid foam. If jet grouting is 
performed, chemical grouting at the shaft would be done after jet grouting around the shaft is 
complete. 
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EXECUTION 
 
Each of the remedial measures described above is intended to address identified causes of 
subsidence in Washington Avenue or remedy the effects of ground loss that has already 
occurred. A comprehensive repair program will include a combination of several remedial 
measures executed in sequence. The table below illustrates three repair program options for 
consideration of the City. Remedial measures are listed in order of construction sequence.  
 
 
 
 

Remedial 
Measure 

Option 
A

Option 
B

Option 
C

Option 
D 

Vibrating Pile 
Densification  X  X  X  X 

Jet Grout Arch 
(Subsidence Area)  X  X      

Jet Grout Arch 
 (Full Length)  X         

Jet Grout 
Encasement  
(Full Length)     

X   

Shaft Penetration 
Chemical Grout  X  X  X  X 

Reinforced Street 
Subgrade 

      X 
 
 
Option A 
The combination of remedial measures included in Option A provides the greatest assurance of 
long-term tunnel stability and protection from roadway subsidence. First, vibrating pile 
densification is performed to improve the zones of loose granular soil within the upper 50 feet of 
the soil profile. Next, a jet grout arch is constructed to enclose the entire length of soil tunnel, 
stabilizing the deep silt and clay stratum, creating a hydraulic barrier, and providing structural 
support for the overburden. Finally, any remaining leakage around the Tannery Brook shaft 
penetration is sealed by injection of chemical grout. We anticipate little potential for continued 
subsidence after completion of Option A, therefore construction of a reinforced roadway 
subgrade is unnecessary.  
 
We estimate the volume of jet grout stabilized soil needed to complete the full length arch will 
be approximately 4,800 cubic yards. If this option is selected to proceed to final design, the arch 
will be modeled to determine the most efficient geometry, and the total quantity of jet grouting 
can likely be reduced. Vibrating pile densification effort will include between 100 and 120 
individual probes. 
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Option B 
Option B includes the beneficial elements described above throughout the subsurface zone where 
disturbed soil was identified during subsurface investigations. This option has the benefit of 
reduced cost and shorter construction duration, but does not provide structural support to the 
downstream portion of the tunnel. We believe this option most directly addresses the intent of the 
Request for Proposals by the City of Kingston. 
 
We estimate the volume of jet grout stabilized soil needed to complete the partial arch will be 
approximately 2,400 cubic yards. If this option is selected to proceed to final design, the arch 
will be modeled to determine the most efficient geometry, and the total quantity of jet grouting 
can likely be reduced. Vibrating pile densification effort will include between 100 and 120 
individual probes. 
 
Option C 
We understand that storm tunnel relining is complete and sanitary sewer relining operations are 
currently underway. Once complete, a jet grout encasement in conjunction with the relined 
tunnel can enhance performance by stabilizing the soil immediately around the structure and 
inhibiting downward and lateral groundwater flow. This option reduces the overall volume of jet 
grouting required, thereby lowering cost. As with Options A and B, vibrating pile densification 
will be performed to improve the zones of loose granular soil within the upper 50 feet of the soil 
profile. 
 
It must be noted that construction of the jet grout encasement in close proximity to the tunnel 
introduces risk that erosion of the remaining timber structure around the tunnel may occur. We 
assume the timber structure was installed for the purpose of temporary support during tunnel 
construction, and due to deterioration currently provides little structural support. Although a jet 
grout encasement will provide some structural support, long-term performance will rely upon the 
integrity of the existing brick arch and newly installed liners. 
 
We estimate the volume of jet grout stabilized soil needed to complete the encasement will be 
approximately 1,700 cubic yards. Vibrating pile densification effort will include between 100 
and 120 individual probes. 
 
Option D 

We recommend Option D be considered only if groundwater data reflect a sufficient reduction of 
leakage into the tunnel after sanitary sewer relining is complete. This option eliminates jet 
grouting of the deep soil profile resulting in a significant reduction in cost and construction 
duration. However, long term performance will rely solely on the ability of the newly installed 
tunnel linings to prevent leakage and migration of solids into the tunnel. Because the deep soil 
surrounding the tunnel will not be improved by jet grouting, we expect some downward 
migration of soil to fill existing voids, and consolidation of the silt and clay stratum over time. 
Construction of a reinforced roadway subgrade to arch over local depressions can reduce the 
surface effects of the consolidation. If this option is chosen, some repair of surface pavements 
will be necessary over the long term.  
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We estimate construction of a reinforced roadway subgrade will require approximately 270 cubic 
yards of select fill material and approximately 7,300 square feet of geogrid reinforcement.  
Vibrating pile densification effort will include between 100 and 120 individual probes. 
 
 
SCHEDULE AND COST 
 
Estimated costs for each repair program option are summarized in the table below. Estimated 
cost for jet grouting work includes final soilcrete design assistance, mobilization and 
demobilization, drilling, and jet grouting. Spoils disposal is not included. Two specialty 
contractors provided cost estimates for the jet grouting work. The estimates provided in the table 
below are calculated using a unit price of $450 per cubic yard of soilcrete installed, based on the 
lower of the two quotes provided by the contractors. The second quote was 100% higher due to 
the Contractor’s uncertainty about the cohesiveness of the clays within the jet grout zone. Should 
the City elect to pursue jet grouting, we recommend two soil borings be drilled along the tunnel 
alignment for the purpose of providing prospective bidders additional information about the deep 
silt and clay stratum. 
 
Estimated costs for vibrating pile densification and reinforced subgrade construction were 
determined using RS Means CostWorks 2013. Chemical grouting cost is based on our experience 
with similar grouting applications. Vibration monitoring during vibrating pile work and/or 
settlement monitoring of nearby houses has not been included in the cost estimate. 
 
We estimate approximately 10 working days will be required to complete vibrating pile probes. 
Jet grouting will require approximately 16 to 18 weeks for Option A and Option C, or 
approximately 12 weeks for Option B. Chemical grouting work can be completed in 3 to 4 
working days. The duration of reinforced subgrade construction will be contingent on shallow 
utility work. 
 

Remedial 
Measure 

Option  
A

Option  
B

Option  
C

Option 
D 

Vibrating Pile 
Densification 

$129,000  $129,000  $129,000  $129,000 

Jet Grouting  $2,020,000* $1,080,000* $765,000*   

Shaft Penetration 
Chemical Grout 

$15,000  $15,000  $15,000  $15,000 

Reinforced Street 
Subgrade 

$0  $0  $0  $11,000 

Engineering 
Design and 
Inspection 

12%   12%  12%  12% 

Estimated Total  $2,424,000  $1,371,000  $1,030,000 $174,000 

   * - Estimate based on unit price of $450/C.Y. installed 
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We would be pleased to answer any questions you may have regarding this report. 
      
 
     Very truly yours,  
 
 
     MUESER RUTLEDGE CONSULTING ENGINEERS 
 
 
     By:__________________________________________ 
          Andrew R. Klaetsch, P.E. 
 
 
 

By:__________________________________________ 
          Peter W. Deming, P.E. 
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