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Figure 1: Shortlist of Build Alternatives 
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3 Baseline Conditions 
3.1 Data Sources Evaluated 
A source of geological and hydrogeological information for this assessment was the 2022 book by 
Dr. Brian Jones titled, Geology of the Cayman Islands. Also, the Water Authority Cayman 
provided two reports prepared for the Cayman Islands Government by Richards and Dumbleton 
International (RDI), dated August 1975 and November 1980, which contain data on the depth and 
areal extent of the freshwater lenses. The Hydrogeological Survey of Grand Cayman by the Water 
Authority (a 1:50,000-scale map) contains data that was also evaluated. All  data sources utilized 
are listed in the References section of this document. 

On December 13, 2023, the Water Authority provided information related to groundwater 
conditions in the vicinity of the Lower Valley Freshwater Lens and the North Side Freshwater 
Lens. This consisted of monitoring data from various periods within the overall time of 1982 to 
2013, including water level data, electrical resistivity profiles, maps of monitoring wells and 
domestic wells, a technical paper about the Lower Valley reverse osmosis plant, and several case 
studies in which well owners were assisted by the Water Authority with recommendations 
regarding development of private groundwater supplies. The groundwater information from the 
Water Authority primarily concerns salinity levels in regard to maintaining water supply for 
potable and non-potable purposes.   

A field assessment was conducted in July 2023 to observe exposed bedrock formations and peat 
as well as visit an active quarry within the EIA study area (Section 3.8.4 Field Assessment). 
Desktop studies were conducted, including a freshwater lens assessment and historical canal 
impact assessment on the freshwater lenses (Section 3.8). The project team qualitatively assessed 
the reported locations of freshwater lenses and assessed potential unconfined aquifer impacts 
associated with the development of canals based on literature review. 

3.2 Review of Applicable Standards and Regulations 
The Water Authority, under the Water Authority Act (2022) Revision, is charged with the 
management, control, and protection of water resources. Water Authority Act (2022 Revision) 
states in Section 19 that groundwater vests in the name of the Crown and appoints the Water 
Authority as the custodian of groundwater in the name of, and on behalf of, the Crown.  

The Water Authority in the Cayman Islands is a utility and a regulatory agency that operates a 
central sewerage system and regulates onsite wastewater treatment systems. The Water Authority 
also operates a central water supply system that uses reverse osmosis treatment of saline 
groundwater. The Water Authority also regulates the construction and use of water supply wells. 

The Water Authority Law, passed in 1982, placed controls on extraction from freshwater lenses. 
Three large, exploitable freshwater lenses occur on Grand Cayman. Formerly widespread was the 
pumping and trucking of water from such lenses, and some trucking of water continues. 
Historically some other (smaller) freshwater lenses on Grand Cayman have been lost due to 
excessive pumping and/or groundwater contamination. 



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1164821/tag-unit-a3-environmental-impact-appraisal.pdf
https://www.standardsforhighways.co.uk/search/d6388f5f-2694-4986-ac46-b17b62c21727
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Figure 2: Map of the Caribbean Area 
Source: Ren (2017) 

 
Figure 3: Cross section of Cayman Ridge. (A) Location of Grand Cayman on Cayman 
Ridge (B) Cayman Trench 
Source: Jones (1994) 

Carbonate rock up to 30 million years old is exposed on Grand Cayman. The carbonate thickness 
is at least 1,316 ft (401 metres) based on deep well data described in the book "Geology of the 
Cayman Islands" (2022) by Dr. Jones. The carbonates rest on older bedrock, and they formed 
during cycles of sea level change. During high stands of sea level, carbonate deposition occurred. 
In low stands of sea level, previously formed carbonates were eroded and weathered. The strata 
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dip toward the west at up to five degrees. Unconformities occur between the mapped formations, 
which represent periods of erosion. 

The Bluff Group is a stratigraphic name that includes the following geologic units, from deepest 
(oldest) to youngest (shallowest): the Brac Formation, the Cayman Formation, and the Pedro 
Castle Formation. Although the Brac Formation is stratigraphically within the Bluff Group beneath 
the Cayman Islands, the Brac Formation specifically is not exposed at the island of Grand Cayman. 
(Jones, 2022)   

The Cayman Formation underlies the EIA study area. It consists of relatively hard, 
microcrystalline dolostone containing the mineral dolomite (calcium magnesium carbonate). 
Dolostone in the Cayman Islands is dolomitized limestone in which magnesium ions from seawater 
have replaced calcium ions. The calcium percentage in the rock increases from the peripheral part 
of Grand Cayman to the interior-most areas of the island. The gradual dolomitization by seawater 
occurred during the Miocene, Pliocene, and Pleistocene Epochs. 

The thickness of the Cayman Formation is up to 492 ft (150 m) thick. Exposed Cayman Formation 
may have an irregular surface from karst landscape development, and it commonly has caves. The 
rock is extensively jointed, and many joints are solution-widened. Further, joints and other 
openings may be filled with breccia composed of carbonate rock fragments. 

The Pedro Castle Formation overlies the Cayman Formation. The Pedro Castle Formation outcrops 
mainly in the southernmost part of Grand Cayman, which is called Lower Valley. The Pedro Castle 
Formation is up to 70.5 ft (21.5 m) thick in the western part of Grand Cayman. he Pedro Castle 
Formation may be relatively soft close to its stratigraphic contact with the underlying hard Cayman 
Formation. 

Surrounding and partially onlapping the Bluff Group is the Ironshore Formation. Its thickness 
ranges from a thin veneer to 29 ft (9 m). The Ironshore Formation consists of friable, poorly 
consolidated reef limestone, calcarenite, and oolitic limestone. The Ironshore Formation is the 
surficial geologic unit in most of western Grand Cayman. 

A geologic map also showing the roadway alternatives is included in Figure 4. 
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Figure 4: Geologic Map of the Study Area
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Figure 5: Hydro-Geological Map of the Study Area 
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Figure 6: Quarry Locations Within  the EIA Study Area
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3.8 Quarries 
Based on coordination with the NRA, Water Authority, and Department of the Environment 
(DoE), there are a total of 17 quarries within the EIA study area, including 6 active, 6 completed, 
3 not active, and 2 proposed quarries, encompassing a total of 22 parcels. Alternatives B1, B2, and 
B3 are located directly adjacent to existing water-filled, rock quarries and cross through two 
proposed quarries. In addition, Alternatives B1 and B3 cross through two active quarries. An active 
quarry was visited during the 2023 field assessment (see Section 3.8.4). Quarry locations are 
included in Figure 6. 

Quarries represent potentially more direct pathways into the karst aquifer, especially where karst 
voids may have been connected to the surface as a result of mining or hydrogeologic processes. In 
this sense, the saturated quarries are broadly similar to natural ponds, wells, or sinkholes with 
respect to vulnerability. In addition, the planned land use and possible mineral rights at the quarries 
will be further investigated for the areas along the Preferred Alternative. 

3.9 Studies and Field Survey 
3.9.1 Lower Valley Freshwater Lens 
The Lower Valley Lens underlies the No-Build scenario and all four Build alternatives 
(Alternatives B1, B2, B3 and B4). The lens covers an area of 960 acres (388 hectares) and is 
elongated in a generally east-west orientation (Figure 1 and Figure 5).  Cap rock in the upper part 
of the Cayman Formation acts as a barrier to upward movement of groundwater from the deeper 
part of the Cayman Formation. The Lower Valley Lens overlies northwest-trending 
photolineaments that represent bedrock fractures likely connected with the ocean. In general, a 
lineament is a linear feature on the surface of the earth associated with geologic aspects such as 
discontinuities in bedrock. Lineaments may represent zones with relatively greater groundwater 
flow. 

The freshwater table in the Lower Valley Lens is up to 2 feet (0.6 metres) above sea level. The 
bottom of the freshwater lens is at 26 feet (8 metres) below sea level. The transition zone between 
fresh and saline water extends from 26 feet (8 metres) below sea level to 66 feet (20 metres) below 
sea level. Seawater is present 66 feet (20 metres) below sea level and lower. 

The Lower Valley Lens has historically been a water supply source. Since 1998 the Water 
Authority has operated a reverse osmosis plant located over the Lower Valley freshwater lens 
(Figure 5). The Water Authority had previously operated the Lower Valley wellfield and reservoir 
from 1984 to 1994, pumping fresh groundwater at low abstraction rates.  Currently the Water 
Authority pumps and treats only saline water (below the Lower Valley Freshwater Lens). This 
approach preserves the Lower Valley Lens for local water users. 

The reverse osmosis plant disposes of brine in a zone deeper than the abstraction zone. At the 
Lower Valley reverse osmosis plant, the abstraction zone is approximately 150 to 220 feet (45-67 
metres) deep, the disposal zone is approximately 280 to 330 feet deep, and the distance between 
the abstraction well and the disposal well is approximately 330 feet (100 metres) (Figure 7). Note 
that Figure 7 indicates the brine disposal depth in 2001; however, in 2005 it was deepened to the 
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depth stated in this report, because the production capacity of the reverse osmosis plant had 
increased. Disposal in the ocean is undesirable from an environmental standpoint.  

 

 
Figure 7: Lower Valley abstraction and disposal zones in relation to the geological 
succession  
Source: Jones, B., van Genderen, H. J., & van Zanten, T. (2001) 

3.9.2 North Side Freshwater Lens 
The North Side Lens is adjacent to (and slightly north of) Alternatives B1, B2 and B3. The lens 
covers an area of 1,536 acres (622 hectares) and is located south of Old Man Bay. The lens is 
centred on the topographic feature called "The Mountain", which refers to the area on Grand 
Cayman where the land surface elevation is the highest on the island. The fresh water exists in 
coarse white marl, gravel, and limestone. The North Side Lens overlies north- and northwest-
trending bedrock lineaments. 
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Figure 9: Bedrock outcrop in the CMW  area (July 2023) 

 
Figure 10: Bedrock outcrop within western terminus of the EWA (July 2023) 
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Figure 11: Limestone pit along the Mastic Trail  (July 2023) 

 
Figure 12: Exposed bedrock along Mastic Trail (July 2023) 
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Figure 13: Large bedrock outcrop along the Mastic trail (July 2023) 

 
Figure 14: Crevice in the bedrock along the Mastic Trail (July 2023) 
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Figure 15: Active Quarry  (July 2023) 

 
Figure 16: Quarried rock  (July 2023) 
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freshwater. This may result in eventual salt-water contamination of all but the shallowest wells 
used to extract fresh groundwater.  

In the Lower Valley and North Side areas, the freshwater lens is primarily used for residential use, 
agriculture, and horticulture, where farming takes place and residences have fruit trees and other 
crops that can be grown because there is fresh groundwater. The fresh groundwater also supports 
the presence of specific naturally occurring vegetation that could be impacted by changes in the 
presence of fresh groundwater.  

The Water Authority operates a reverse osmosis plant at the Lower Valley Water Works, and this 
plant abstracts saline groundwater from below the shallow fresh groundwater. The saline brine 
from the plant is disposed below the abstraction zone. The fresh water produced at Lower Valley 
Water Works is distributed via the public water supply system. 

The construction of the new road may involve deep foundations such as piers, columns, or piles. 
The specific types, sizes and locations of necessary bridge and other roadway structure foundations 
will  be assessed later in the design phase of the project. Drilling for deep foundations can also 
potentially increase hydraulic connections between layers containing groundwaters of different 
quality (e.g., fresh or saline) thus leading to contamination.  

The use of disposal wells adjacent to roadways is a current practice for the disposal of stormwater 
in Grand Cayman, and they may also be implemented as part of the EWA project. Depths and 
locations of existing stormwater disposal wells were provided by the NRA on August 4, 2023. The 
provided well data indicates that the stormwater is typically drained into the subsurface at levels 
that are stratigraphically underneath freshwater lenses, to minimize mixing of the stormwater with 
fresh groundwater. The stormwater disposal wells are generally deeper than the lower limits of 
freshwater lenses at Grand Cayman, based on stormwater disposal well data provided by the Water 
Authority.  Therefore, the water in the stormwater disposal wells is entering the unconfined aquifer 
where the aquifer is brackish.     

Stormwater drainage patterns and recharge rates may be impacted if the project requires 
construction of stormwater disposal wells or other means for the conveyance or discharge of 
stormwater. Changes in groundwater quality could theoretically follow mixing of the existing 
groundwater with stormwater infiltrating off new roadway. Changes in the unconfined aquifer 
water level could be a rise in the water table where stormwater is newly infiltrated, or the water 
table could drop locally if infiltration were reduced due to new impermeable surfaces. 

The potential release of contaminants may also impact groundwater, including the freshwater 
lenses. Due to the karst geology of the Cayman Islands and the absence of shallow low 
permeability confining zones, contaminants released directly (e.g., spillages) or indirectly (via 
surface water runoff) from the proposed EWA have the potential to migrate into the underlying 
aquifers leading to deterioration in groundwater quality. The amount of possible impact from the 
EWA would be related to the facility location in either a lens recharge or discharge area.  The lens 
recharge areas are depicted in Figure 1 and Figure 5.  The lens discharge areas begin at the limits 
of the recharge area and are not delineated. 
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Theoretically, a circular freshwater lens is recharged in its centre (where it is thickest) by 
precipitation, and the lens discharges fresh groundwater at the edges of the hypothetical circle. The 
lenses on Grand Cayman have non-circular shapes, primarily due to the configuration of the 
underlying geology. The Cayman Islands Government mapped areas of the freshwater lenses (on 
the hydrogeologic map) show the lens recharge areas. The lens discharge areas are the areas outside 
the lenses, including wetlands. Specifically, the discharge areas include the wetlands generally 
located north of the Lower Valley lens, and south-east of the North Side lens. 

 Construction in the lens recharge areas would result in direct impacts on the lenses. In addition, if 
the discharge areas are disrupted, then the lenses might have their configurations and discharge 
flow directions changed. Generally, groundwater moves from areas of higher groundwater 
elevation to areas of lower groundwater elevation.  In this sense the edges of the freshwater lenses 
on the hydrogeologic map are the edges of discharge areas. Based on Water Authority data, the 
freshwater lens recharge areas are the zones within the 600-milligram per litre chloride contours. 
At increasing distance away from the freshwater lens boundaries, the role of the swampy area as 
mainly a receiving zone for migrating freshwater will tend to diminish. For example, areas closer 
to the Atlantic Ocean will tend to be zones of mixing with seawater. In terms of potential impact, 
impacts within the lens recharge area are considered higher than impacts within the lens discharge 
area.  

Furthermore, soil compaction and the increased impervious surfaces (pavement) may result in 
reduced infiltration, which may impact the recharge rate and water level in the Lower Valley and 
North Side freshwater lenses, as well as groundwater. 

During the construction of the proposed EWA roadway, temporary dewatering of foundations may 
result in localised and temporary decline in groundwater levels and deterioration in groundwater 
quality via induced saline intrusion. 

These potential impacts of the shortlisted alternatives have been assessed individually for the 
Lower Valley Freshwater Lens, the North Side Freshwater Lens, and brackish groundwater. The 
impact of the project on the change of drainage patterns and the potable supply of the freshwater 
lenses have been assessed by the distance from the proposed roadway to the freshwater lenses 
recharge area, as these are the only formally delineated boundaries. Reduced infiltration capacity 
of the freshwater lenses and groundwater have been assessed by measuring the increase of 
impervious surface area assuming that no sustainable drainage solutions be employed during the 
design. The temporary dewatering impact of the project was assessed along the length of the 
proposed roadway through the CMW. See Table 1 for the quantified values for distance from the 
freshwater lenses, the amount of impervious surface area, and the length of roadway through the 
CMW. 

4.1.2 Peat 
Peat may potentially be removed, covered over, compacted, or contaminated during construction, 
which may impact the CMW. The peat substrate is necessary to provide new growth for many 
species of flora, including but not limited to mangrove species. Peat is a vital component of a 
healthy wetland ecosystem and sequesters and purifies toxins from the surrounding groundwater. 
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The removal of peat and potential for the release of greenhouse gases is discussed further in the 
Greenhouse Gas Assessment of Alternatives. The impact to peat was assessed by the overall 
quantity of peat removal anticipated for each alternative.  

The methodology for determining the total quantity of peat removal for each alternative is based 
on the trial pit data supplied by NRA from 2008 and 2014 discussed in Section 3.5 of this 
document. The data included depths and locations of peat, which were translated to a 
profile/alignment in which an engineer design template was applied to calculate the volume of 
excavation based on the width of the corridor, the length along the alignment, and the depth 
provided by the trial pit data.  

The original trial pit locations mostly line up with the current Alternative B1 corridor (Attachment 
A) and so were able to be applied along the entire alignment for the available data set. Missing 
pieces of data between trial pit locations were interpolated. For Alternatives B2, B3, and B4, this 
same trial pit data was applied to the portions of the alignment that followed or most closely 
followed the existing trial pit data. In some cases, where the trial pit locations were somewhat 
removed from the alignment, this data was projected to the alignment. In other locations that were 
far removed from the data, aerial imagery and context of location were used to best approximate 
additional peat removal areas (for example, if aerial imagery showed a densely vegetated area with 
pockets of water, similar to known peat areas). 

Additional information regarding peat quantities is provided within the Engineering Evaluation 
Document. See Table 1 for the quantified values of volume of peat removal and the length of 
roadway through the CMW. 
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Table 1: Summary of Geo-Environmental Quantitative Impact Assessment by Alternative 
Resource Potential 

Impact 
Assessment 

Method 
No-

Build  B1 B2 B3 B4 

Lower 
Valley Lens 

Impact on lens 
recharge area 

Acreage of 
roadway 
construction 
within the 
mapped 
recharge 
area 

N/A*  10.1 acres 
4.1 ha 

10.1 acres 
4.1 ha 

10.1 acres 
4.1 ha 

10.1 acres 
4.1 ha 

North Side 
Lens 

Impact on lens 
recharge area 

Distance of 
additional 
roadway 
from the 
mapped 
recharge 
area  

N/A*  0.1 mile; 
0.2 km 

0.5 mile; 
0.8 km 

0.6 mile; 
0.9 km 

1.3 miles; 
2.1 km 

Brackish 
Ground-
water 

Contamination 
of groundwater 
due to 
contaminant 
spills and 
infiltration of 
road runoff 

Increase of 
impervious 
surface 
area**   

0 acre; 0 
ha 

161 acres; 
65 ha 

132 acres; 
53 ha 

135 acres; 
55 ha 

98 acres; 
40 ha 

Peat Peat impact on 
CMW 

Additional 
length of 
roadway 
thru CMW 

0 mile; 
0 km 

2.8 miles; 
4.5 km 

2.1 miles; 
3.4 km 

2.8 miles; 
4.5 km 

0.7 mile; 
1.1 km 

Total 
volume of 
peat 
removal; 
cubic yards 
(Cu yd); 
cubic metres 
(m3) 

0 Cu yd; 
0 m3 

550,994 
Cu yd; 
421,265 

m3 

223,811 
Cu yd; 

171,116 
m3 

454,153 
Cu yd; 

347,225 
m3 

118,895 
Cu yd; 
90,902 

m3 

*The No-Build scenario is considered the baseline for comparison for the Build alternatives in terms of 
roadway infrastructure. Therefore, is it considered to include no additional roadway (expressed as N/A). 
**Impervious surface area was calculated based on the 2074 cross-sections and corridor lengths.  See the 
Engineering Evaluation Document for additional details.  
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