
PO BOX 18087, BOULDER, CO 80308
ph 303-443-9521

Environmental & EngineeringWeiland, Inc.W I

7/22/2022

Brock Bowles
Environmental protection Specialist
Colorado Division of Mining Reclamation & Safety
1313 Sherman St., Room 215
Denver, Colorado 80202

Re: Technical Revision, Goose Haven Reservoir M-2010-071
Brock, 

I have copied your comments from the Adequacy Review 1 letter dated November 30, 2021 below
followed by my responses in italics. 

Rule 1.6.2(1)(d) and 1.6.5(2) – Proof of Publication

1. Please submit proof of publication in a newspaper of general circulation in the locality of
the proposed operation. 

I have enclosed my email correspondence and invoice payment to the Dailey Camera
as Attachment I -Proof of Publication in Local Newspaper

Rule 1.6.2.(e) Notice of Land Owners – 

2. Please submit proof of notice to owners of record for all land surface within 200 feet of
the boundary of the affected land. 

Proof of Notice to owners of Record within 200ft is also included in Attachment II – 
Proof of Mailing to Surface Owners Within 200ft

Rule 6.2.1(2) Maps and Exhibits – 

3. The text states that Exhibit C-2 Mining Plan Map has been changed to add Sheet 3. 
Sheet 3 was not submitted with the application. Please submit Exhibit C-2, Sheet 3 for
review. 

The text erroneously referred to Exhibit C-2 Sheets 1,2 & 3, however the mine plan
maps were labeled Exhibit D Mine Plan Map, Sheets 1, 2, 3 and all of which were
submitted with the AM-2 application. The text in Exhibit D has been corrected. 

Rule 6.4 - Specific Exhibit Requirements - 112 Reclamation Operation

6.4.1 EXHIBIT A - Legal Description - Adequate as submitted. 

6.4.2 EXHIBIT B - Index Map - Adequate as submitted. 

6.4.3 EXHIBIT C - Pre-mining & Mining Plan Map(s) of Affected Lands

4. See #3 above.See response to #3 above also. 
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6.4.4 EXHIBIT D - Mining Plan

5. In Item (c) it states that no surface water diversions are planned for the site. In Appendix
A, Item 2.4, page 3, it states that a diversion swale will collect surface runoff south and
west of Cell 2A and route the water around the reservoir. No other details were
included in the application. Please clarify the following: 

a. Will a swale be constructed around Cell 2A? 

Not during the mining plan, however as part of the reclamation plan, a swale will
be constructed around Cell 2A for the purpose of diverting stormwater runoff from
being impounded by the reservoir.  

b. If a swale is planned, include a discussion addressing: the purpose, anticipated
impact to the surface water and if it’s a permanent feature. 

Text has been added to Exhibit E- Reclamation Plan to point to the Goose Haven
Reservoir Complex Expansion Project Cell 2A Hydrology Report. (Exhibit E
Attachment B) 

c. Submit construction designs. 

The grading plan for the swale is given in Exhibit F Sheet 2 previously submitted. 
Additional details can be found in the dam design documents and drawings
previously submitted in Exhibit E Attachment A. 

6. Cell 2A is being constructed in accordance with Rule 8 of the 2020 Rules and Regulations
for Dam Safety and Dam Construction and is being overseen by the Colorado State
Engineer. Please commit to submitting the final dam construction report, as-built plans
and the final certification for inclusion into the permit when these documents are
obtained. 

The City of Lafayette will commit to submitting the final dam construction report, as-
built plans and the final certification for inclusion into the permit when these
documents are complete. 

6.4.7 EXHIBIT G - Water Information - 

7. A well location map for the surrounding area was submitted with the original permit
application in 2010. Please submit an updated well location map and include depth of
wells as part of the data set. 

The location of Piezometers has been added to Exhibit C. The well depths and drill logs
have been added to Exhibit G Attachment A.  

8. There are two properties within 200 feet of the western permit boundary. There are
several structures and private ponds located on each of these properties. The houses on
these properties will be within 200 feet of the proposed clay lined pond. A ground water
hydrological analysis of the potential impacts to these properties needs to be submitted
as part of the application package. 

These ponds are lined ponds fed by surface water from Lyner Cottonwood Ditch and
are not in hydrologic communication with groundwater.  A 6” perforated perimeter
drain along the south boundary of Cell 2A has been installed and has been observed to
flow up to approximately 0.25 c.f.s. during periods when the fields to the south are
being irrigated.  This drain has been effectively keeping the south slope of the
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excavation dry and as such is thought to be diverting the majority of the groundwater
around Cell 2A.  

9. The two houses along the western permit boundary are within 200 feet of the clay lined
pond. The closest piezometer monitoring groundwater levels is more than 1500 feet to
the east. Two piezometers should be installed on the western side of Pond 2A in the
vicinity of these homes. The piezometers should be up-gradient and down-gradient of
the pond to measure the lined pond’s effect on the groundwater. These wells should be
monitored and reported on the same schedule as the current water monitoring plan. 

Since a perimeter drain has been installed and is functional, we request the Division
reconsider the need for groundwater monitoring in this area.  

6.4.19 EXHIBIT S - Permanent Man-made Structures - 

10. A list of 10 structures was provided in the application. The text states that 5 agreements
have been secured and 2 are currently in process. Tom Schwartz is listed as one of the
agreements that has been secured but he is not listed as a structure owner. Please
update this list and submit updated structure agreements for all the structures listed. 

The Tom Schwartz house is actually greater than 200 ft from the Cell 2 excavation and
is not part of the 10 listed. Frank Schwartz is however and Exhibit S has been updated
accordingly.  Exhibit S has been updated to include the status of the remaining
agreements

The Division of Water Resources and History Colorado submitted comments for this
application. The comment letters are attached. Please address any concerns raised by
these agencies in your response letter. 

The applicant has been working with the Division of Water Resources to address all of
their concerns. Issuance of an approved SWSP and well permit is expected in the next
week. 

Sincerely

Peter Wayland
President

Encl. Attachment I -Proof of Publication in Local Newspaper, Attachment II – Proof of Mailing to
Surface Owners Within 200ft, 6.4.3 Exhibit C – Pre-mining and Mining Plan Map(s) of Affected Lands
txt) and Exbibit C Pre-Mine Plan Map, 6.4.4 Exhibit D – Mining Plan, 6.4.5 Exhibit E – Reclamation

Plan, Exhibit E Attachment B Goose Haven Reservoir Complex Expansion Project Cell 2A Hydrology
Report, 6.4.7 Exhibit G - Water Information, Exhibit G- Attachment A Piezometer Drill Logs and
6.4.19 Exhibit S - Permanent Man-made Structures, Exhibit S Attachment A



6.4.3 Exhibit C – Pre-mining and Mining Plan Map(s) of Affected Lands

Exhibit C Pre-mining and Mining Plan Maps have been changed. The Pre-Mining
Plan Map Exhibit C-1 has been changed to show the different adjoining
landowner names to the west and the locations of the existing piezometers have
been added. Exhibit D Mining Plan Map has been changed to add Sheet 3 to the
existing Sheets 1 and 2. Exhibit D Sheet-3 shows mining plans for Cell 2A. 



6.4.4 Exhibit D – Mining Plan

The following sections detail changes from the existing Exhibit D.  

a) Description of Methods

Both Cells 2 and 4 will utilize conventional dry mining techniques whereby
dewatering trenches are first constructed around the perimeter of the active
excavation.  Mining highwalls will vary from 1H:1V to 3H:1VTopsoil is then
removed with scrapers and stockpiled separately form overburden. Overburden
materials are then striped with an excavator loading into non-road haul trucks
rock trucks) where it is hauled to the overburden stockpile area to the west.  

b) Earthmoving

The primary earthmoving activity will be: 

1. Stripping of topsoil and stockpiling in areas shown in Exhibit D Sheet-2

2. Excavation of overburden and hauling to the stockpile area shown in
Exhibit D Sheet-2

3. Excavation of pit run and hauling to the conveyor feed

Table 6.4.4-1. Mining Earthmoving Quantities Summary

CELL 2

30-45ft deep

ITEM VOLUMES AREAS

Total Excavation 1,886,178.00 yd3

Overburden
Excavation 1,163,592.00 yd3

Gravel 722,586.00 yd3

Excavation Area 170,917.35 yd2

Excavation Area 35.32 ac



CELL 4

25-30ft deep

ITEM VOLUMES AREAS

Total Excavation 1,031,447.00 yd3

Overburden
Excavation 746,915.00 yd3

Gravel 284,532.00 yd3

Excavation Area 124,461.16 yd2

Excavation Area 25.72 ac

CELL 2A

25-30ft deep

ITEM VOLUMES AREAS

Total Excavation 980,130.00 yd3

Overburden
Excavation 730,130.00 yd3

Gravel 250,000.00 yd3

Excavation Area 217,385.0 yd2

Excavation Area 45.0 ac



c) Water Diversions and Impoundments

No surface water diversions are planned during mining of the site. Groundwater
shall be diverted by pumping from dewatering trenches to a settling pond
impoundment as shown in Exhibit D Sheet-2. It should be noted that as part of
the reclamation plan, a stormwater diversion swale will be constructed around
Cell 2A for the purpose of diverting stormwater runoff from being impounded by
the reservoir.  

d) The Size of Areas to be Worked at Any One Time

Since both Cells 2 and 4 and 2A will be worked at the same time, the size of area
to be worked at any one time is approximately 100 acres. 

e) Mining Timetable

Currently, the only remaining pit run occurs in Cell 4. Mining of Cell 4 is expected
to be completed by the end of 2021 or beginning of 2022. Additional excavation
of Cell 2A will occur 2021-2022 to advance the reservoir volume, however no
saleable material remains in Cell 2A.   

f) The Nature of Deposit to be Mined and Overburden

The thickness of sand and gravel to be mined varies from 0-14 ft. The thickness
of overburden varies from 5-13 ft. The stratum underneath the sand and gravel
deposit is weathered claystone followed by indurated claystone. 

g) Secondary Commodities

Overburden will be used as structural fill for various local construction projects. 

h) Use of Incidental products

Other than structural fill identified above, no other incidental products are
expected to be extracted from the site. 

i) Explosives

No explosives will be used



6.4.5 Exhibit E – Reclamation Plan

a) Description of the Type of Reclamation

The site will be reclaimed to developed water resource and will construct three
additional water storage reservoirs Reservoir #2, Reservoir #4, and Reservoir
2A which correspond to Cells 2, 4 and 2A respectively. Reservoir #2 shall have

a normal pool water surface area of approximately 32 acres. Reservoir #4 will
have a normal pool water surface area of approximately 24 acres. Reservoir 2A
will have a normal pool water surface area of 38.3 acres. Both reservoirs #2 and
4 will be constructed with a compacted clay liner around the perimeter of the

mining highwall as shown in Figure 6.4.5 – 1 Typical Section, and Exhibit F, 
Sheets 1-4. Reservoir 2A will be constructed with an embankment dam along the
north, east and west sides as shown in Exhibit F AM-2 Sheets 1 and 2. Detailed
engineering plans for the embankment dam have been submitted to the Office of
the State Engineer along with the application form. These documents are given
in Attachment A. The south portion of the perimeter of Cell 2A which is not part of
the embankment dam will be reclaimed by constructing a compacted clay liner to
the same specifications as Cells 2, and 4. Finally, a grass lined stormwater
diversion swale will be constructed around the perimeter of reservoir 2A to divert
stormwater from entering the Cell 2A reservoir. The design of the swale is given
in Exhibit E Attachment B Goose Haven Reservoir Complex Expansion Project
Cell 2A Hydrology Report. 

Reclamation Earthwork/Compacted Clay Liner Construction

A summary table of reclamation earthwork volumes, areas and lengths is given
as Table 6.4.5-1.   

Table 6.4.5-1. Reclamation Earthwork Summary

CELL 2 30-45ft deep

ITEM VOLUMES LENGTH AREAS

Total Embankment 163,040.00 yd3

Clay Liner 90,507.25 yd3

Slope fill 76,550.00 yd3

Keyway Volume 4017.25 yd3

Keyway Length 4338.63 ft



Pit Floor Area 150,390.76 yd2

Pit Floor Area 31.13 ac

Pit Floor Depth of Excavation 1.81 ft

Topsoil / Revegetation Replacement
Area 34,061.02 yd2

Topsoil / Revegetation Replacement
Area 7.05 ac

Topsoil Replacement Depth 0.5 ft

Topsoil Replacement Volume 5,678 yd3

CELL 4 25-30ft deep

ITEM VOLUMES LENGTH AREAS

Total Embankment 117,205.00 yd3

Clay Liner 66,240.00 yd3

Slope fill 50,965.00 yd3

Keyway Volume yd3

Keyway Length 3903.28 ft

Pit Floor Area 112,577.51 yd2

Pit Floor Area 23.30 ac



Pit Floor Depth of Excavation 1.77 ft

ITEM VOLUMES LENGTH AREAS

Topsoil / Revegetation Replacement
Area 21,053.98 yd2

Topsoil / Revegetation Replacement
Area 4.36 ac

Topsoil Replacement Depth 0.5 ft

Topsoil Replacement Volume 3,510 yd3

Cell 2A

Embankment Fill 246,510 yd3

Compacted Clay Core (including key) 37,037 yd3

Pit Floor Area 138,479 yd2

Pit Floor Area 26.6 ac

Pit Floor Depth of Excavation for
Borrow Clay 0.74 ft

Topsoil / Revegetation Replacement
Area 108,613 yd2

Topsoil / Revegetation Replacement
Area 22.4 ac

Topsoil Replacement Depth 0.5 ft

Topsoil Replacement Volume 18,106 yd3



Reservoir #2 shall be reclaimed first. Following mining of Cell 2, reclamation will
begin by constructing a the subsurface drain as specified in engineering
documents in the existing permit.  Following installation of the drain, preparation
of the borrow material on the excavation floor will be performed by disking the
weathered claystone in preparation for moisture conditioning.  Geotechnical
investigations conducted by CTL Thompson indicate the weathered claystone is
a suitable borrow material with plasticity indices near or above 20 (see Table
6.4.5-2).  The liner borrow material shall also meet the following criteria; 

a) Percent fines (should contain at least 20% fines on a dry weight
basis). 

b) Percentage of gravel (material retained on a No. 4 sieve should not
exceed 10%). 

c) Stones and rocks (no rocks larger than 2 inches should be in the liner
material). 

A drain pipe will then be installed at the toe of the mining highwall and into the
weathered shale with a filter pack which will be in hydraulic communication with
the gravel layer to facilitate dewatering during liner construction. The Keyway
surrounding the perimeter of the excavation and offset approximately 6ft from the
toe of slope will then be excavated as specified in Figure 6.4.5 – 1 Typical
Section.  Once the borrow material is within the moisture specification (0 to +3% 
of optimum moisture content), the compacted clay liner will then be constructed
by making passes with Miskin Scrapers towed by JD 9520’s in 8” lifts. This type
of scraper will provide significant compaction energy to bring each lift to 95% 
standard proctor maximum dry density. Following placement, each lift shall be
scarified to a depth approximately 2” to ensure adequate bonding between lifts.  
Scarification shall be achieved with disking equipment.  Once the compacted clay
liner is completed to the approximate geometry/specifications given in Figure
6.4.5 – 1 Typical Section, the slope will be backfilled to 3H:1V with overburden
stored to the west of Reservoir #2. This controlled backfill shall be placed in 8” 
lifts to 95% standard proctor maximum dry density at 0 to +3% optimum moisture
content.  Following backfilling of the slopes, a protective shell shall be
constructed from the ground surface above to 10ft below the normal pool
elevation. The specifications for the protective shell are given in Figure 6.4.5 – 1
Typical Section. Following Mining of Cell 4, reclamation / construction of
Reservoir #4 will occur in the same fashion as Reservoir #2. 

Table 6.4.5-2. Weathered Claystone Geotechnical Data

BORING CELL DEPTH
MOISTURE
CONTENT

DRY
DENSITY

LIQUID
LIMIT

PLASTICITY
INDEX

PASSING
200

SIEVE

PERME

ABILITY

ft] [%] [ PCF]     [%] [ cm/sec] 

TH-2 4 24 12.6 124 39 22

TH-3 4 24 9 120 36 19 94



TH-5 4 24 13.6 121 44 25 91

TH-5 4 29 12.7 123 39 22 93 6X10-8

TH-9 4 24 11.9 121 41 23 77

TH-11 2 19 10 119 33 18 91

TH-11 2 29 9.3 107 35 20 94

TH-14 2 49 12.4 ND 38 24 64

TH-16 2 29 9.6 130 40 28 98

TH-19 2 31-34 20.3 ND 36 21 58.9

Compacted Clay Liner Quality Assurance/Quality Control Plan

Please see Attachment 6.4.5 – 1

Following construction of the compacted clay liner final construction report and
certification for the pit liner shall be completed and submitted to the Division.  

The operator shall commit to no modifications to the design specifications without
prior Division approval.  

b) Post Mining Land Use Comparison

The site is currently used as a developed water resource facility and is consistent
with the Town of Lafayette’s master plan. Other land uses surrounding the site
include rural residential and agricultural and Boulder County Conservation
easements. The Goose Haven reservoir site is compatible with those land uses. 

c) Description of How the Reclamation Plan will Meet the Requirements of
Section 3.1

Completion of the reclamation plan described herein shall meet the requirements
of Section 3.1

d) Topsoil Segregation

Topsoil shall be segregated as shown in Exhibit D Sheet-2.  

e) Reclamation Sequence and Timetable

An estimate of the sequence and periods of time for each reclamation activity is
given in Table 6.4.5-1. 

Table 6.4.5-1. Reclamation Sequence Summary

Mining Cell / Size Reclamation Activity Approximate Time Period

Cell 2 / 35 acres Construct Compacted Clay
Liner and Construct
Appurtenant Pipeworks

Following Mining of Cell 2

Cell 2 / 35 acres Perform Topsoiling / Following Construction of



Revegetation Compacted Clay Liner

Cell 4 / 26 acres Construct Compacted Clay
Liner and Construct
Appurtenant Pipeworks

Following Mining of Cell 4

Cell 4 / 26 acres Perform Topsoiling / 
Revegetation

Following Construction of
Compacted Clay Liner

Cell 2A Perform Topsoiling / 
Revegetation

Following Construction of
Embankment dam and Clay
Liner

f) Descriptions and Specification of Reclamation activities

i) Final Grading

Final slopes will be graded to 3H:1V

ii-v) Seeding, Fertilization, Revegetation, Topsoiling

Topsoil Replacement / Revegetation

Topsoil will be replaced to an approximate depth of 1 ft for the areas shown in as
topsoil/revegetation areas in Exhibit F Sheets 1-2.  The overburden stockpile to
the west of Cell 2 will continue to supply fill material after the reservoirs are
reclaimed, therefore only revegetation will occur in that area. Once the fill has
been removed from the site, the underlying topsoil will be reseeded again.  

Seeding and Fertilizing

The proposed seeding areas are shown on Exhibit F – Reclamation Plan Map. 
The recommended seeding method is by drill and seeding rates assume this
method. The species composition of the seed mixture recommended for
reclamation is shown in Table E-3 below.  

Table E-3. Recommended Seed Mixture

Species (Variety) Rate – pure live
seed (PLS) 

lbs/ac

Native/ 
Introduced

W/C

Season

Thickspike wheatgrass
Critana) 

8.0 to 10.0 Native Cool

Sideoats grama (Vaughn) 5.0 to 7.0 Native Warm

Switchgrass (Nebraska-28) 4.0 to 6.0 Native Warm

Alfalfa (Nomad) 3.0 to 5.0 Introduced NA

TOTAL 20.0 to 28.0



Based on this seed mixture, an application rate of approximately 20.0 to 28.0 lbs
PLS/ac will be used.  Topsoil should be disked prior to seeding.  It is
recommended that fertilizer be utilized for reclamation. A standard application of
fertilizer will be used and applied at a rate of 250 lbs/ac as shown in Table E-4. 

Table E-4. Fertilizer Application

Fertilizer Standard rate
lbs/acre

Diammonium phosphate (18-46-0) (
46-53% available P2O5 with 18-21% 

N) 

250

Fertilizer will not be used near the edge of the reservoir, since the possibility of
nitrate contamination in the pond water exists. The total disturbed area to be
seeded is approximately 53acres. The total area to be fertilized is approximately
53 acres. Seeding and fertilizing will be completed after the overburden and
topsoil is replaced, smoothed to conform to the existing topography and disked. 
Optimal periods of seeding are in the fall (after November 1st) or in the spring
from late March up to April 30th. Mulching will not be completed as the quality
soils and availability of water should facilitate the rapid establishment of perennial
grasses. 

Following revegetation, weed management strategies will be implemented to
facilitate and achieve native grassland. Years 1 thru 5 following revegetation will
include an aggressive mowing program to prevent the growth and establishment
of weeds, specifically, eight noxious weeds including:  Canada thistle (Cirsium
arvense), Dalmation toadflax (Linaria dalmatica), diffuse knapweed (Centaurea
diffusa), leafy spurge (Euphorbia esula), musk thistle (Carduus nutans), Russian
knapweed (Centaurea repens), spotted knapweed (Centaurea maculosa) and
Yellow toadflax (Linaria vulgaris) as mandated by Colorado State Law (35-
5.5CRS1990, 1996).  If needed, herbicide application will be applied as needed
to further control these weeds.  Herbicides will also be used to control salt cedar
Tamarix spp.) if it becomes established in the reclaimed area.  Table E-5

presents recommended herbicides, application rate, and time of application for
each of the 9 species.  It may be necessary to replant treated areas. 

Table E-5 Recommended Herbicide Application Table

Weed Species Herbicide Application Rate Application Time

Canada thistle Curtail 2-3 qt/ac October or 1 mo after last mowing

Clopyralid 2/3 - 1 pint/ac
Spring or fall, during rosette to bud
growth stages in spring

2,4-D 1lb ai/ac
Spring prebud to early early bud growth
stages



picloram 1lb ai/ac
Spring prebud to early early bud growth
stages

Dalmation toadflax picloram 0.5 - 1 lb ai/ac Fall

picloram + 2,4-D Pre-bloom or fall

Diffuse knapweed Tordon 1 pint/ac
Spring rosette to early-bolt growth
stages

Banvel/Vanquish/
Clarity + 2,4-D 0.5 + 1 qt/ac

Spring rosette to early-bolt growth
stages

Curtail 2-3 qt/ac
Spring rosette to early-bolt growth
stages

Transline 2/3 - 1 pint/ac
Spring rosette to early-bolt growth
stages

Leafy spurge Tordon 1 qt/ac Fall 1month after last mowing

Tordon + 2,4-D 0.5 - 0.75 + 1 qt/ac Fall 1month after last mowing

Vanquish/Clarity 1 qt/ac Fall 1month after last mowing

Musk thistle Curtail 0.25 lb ai/ac Spring 10-14 days before bolting

dicamba 1 lb ai/ac Spring 10-14 days before bolting

picloram 0.25 lb ai/ac
Fall, apply to rosettes when other plants
are dormant

Russian knapweed Curtail
Fall on dormant plants, need to reseed
during following year

picloram 1 lb ai/ac Anytime

Spotted knapweed picloram 1 lb ai/ac Anytime

dicamba or 2,4-D 1 lb ai/ac

Yellow toadflax
picloram or
dicamba 1 lb ai/ac Spring during flowering

Saltcedar imazapyr Late summer early fall foliar application



imazapyr or
triclopyr To resprouted stems

imazapyr or
triclopyr

To perimeters of cut stems immediately
after cutting

Sources: Colorado Natural Areas Program.  2000.  Creating an Integrated Weed Management Plan. 

http://parks.state.co.us/cnap, and Colorado State University Cooperative Extension. No date. 

Weed Management for Small Rural Acreages. No. 3.106.  
http://www.ext.colostate.edu/PUBS/Natres/03106.html

Alternative Reclamation Plan

There is no alternative reclamation plan. 

http://parks.state.co.us/cnap



6.4.7 Exhibit G - Water Information

1) The operation will affect groundwater systems, however through execution of the
temporary substitute water supply plan, there will not be a net change to tributary
groundwater flow to Boulder Creek. 

2) (a) Surface water structures are shown in Exhibit C Pre-Mining Plan Map

b) The sand and gravel deposit to be mined is an alluvial aquifer tributary to Boulder
Creek. 

c) Water from dewatering operations is routed to sediment pond to allow for settling of
suspended sediment. A stormwater management plan has been prepared for the
site which identifies BMP’s to prevent pollution to surface waters due to stormwater
runoff. 

3) Under full operation, the project will consume approximately 20 acre-ft / year due to
evaporative loss of exposed groundwater in dewatering trenches, water lost within the
mined product and water consumed for dust control.  

4) The replacement source for all depletions to Boulder Creek is fully consumable water
rights owned by the City of Lafayette. 

5) The applicant has applied for and received a NPDES Stormwater Discharge Permit. 
The permit number is COG501535

The groundwater Monitoring and Mitigation plan has been revised as follows; 

Step 1 - Establish Monitoring Well Grid and Baseline Ground Water Elevations

CTL Thompson, Inc. had supervised the installation of 7 piezometers (4 up gradient
and 3 down gradient from the proposed mining operations) within the City of
Lafayette property surrounding the proposed mining operations. Piezometers 1
through 3 have been in service for several years and piezometers 4 through 7 were
installed on July 1,9 and 16, 2009. The piezometers are at the locations shown on
Exhibit C Pre-Mine Plan Map and the drill logs are given in Exhibit G Attachment A. 
Water level measurements were made at the time of drilling and several days after
drilling. Since that time the City of Lafayette has continued monitoring of the
piezometers. The measurements are attached as an appendix. From these
measurements, we have established the following seasonal baseline ground water
elevations; 

Piezometer

Winter Baseline
December 31

Water Elevation

Spring Baseline
March 31

Water Elevation

Summer Baseline
June 30

Water Elevation

Fall Baseline
September 31

Water Elevation

1 5037.9 5036.4 5039.3 5038.8
2 5036.2 5035.9 5036.7 5036.3
3 5030.4 5030.3 5033.7 5031.7
4 5062.6 5062.6 5064.8 5064.1
5 5060.7 5060.7 5061.9 5061.3
6 5044.2 5043.3 5045.9 5045.8
7 5039.1 5039.0 5041.5 5041.4



Ground water elevations will continue to be measured at the established
piezometers quarterly starting at the time of permit approval from the DRMS. This
will further confirm seasonal water surface elevations for the site prior to mining. In
addition, just prior to beginning Compacted Clay and drain installation, an additional
measurement at each well will be completed. Measurements will be provided to the
RMS as part of an annual report. 

Step 2 - Monitoring

Following compacted Clay Liner and drain installation and through mining, 
piezometers will continue to be measured quarterly with measurements provided to
the DRMS as part of the annual report. 

Step 3 - Mitigation Triggers

A ground water modeling study was prepared for the proposed operation to
include estimated effects as a result of Groundwater Barrier and drain installation. 
The anticipated effects modeled at the locations of the proposed piezometers are as
follow: 

Piezometer

1

2

3

4

5

6

7

Predicted Change in Water Elevation (Feet) 

0

0.5

0

0

0

3.0

0



As can be seen the highest anticipated change occurs in piezometer 6 in the
south east corner of the proposed mining operation and most near the Swartz
residence. Despite this change, the ground water surface is anticipated to stay
well below (approximately 11 feet) the basement floor elevation of the home
following drain and Compacted Clay Liner construction. 

If a change in groundwater elevation greater than two feet beyond the seasonal
baseline plus the anticipated (modeled) change in ground water elevations
occurs, then an intermediate second measurement will be taken 45 days after
the initial reading. If the reading is still outside the mitigation trigger and an
impact is imminent (i.e. a flooded basement or field), mitigation will be performed. 

Step 4 -  Mitigation Alternatives

Mitigations to a raised or lowered water table will be completed by the City under
the following conditions. 

1. Monitoring data demonstrates that a change in ground water surface
elevation has occurred beyond that anticipated through Compacted Clay
Liner and drain installation and as a result of seasonal variation. 

2. The change in ground water elevation has caused an impact to adjacent
water supply, an impact is imminent, or has caused an impact to
basement or field as a result of high groundwater elevation. 

Lowering of water table

If mitigation from a lowered water table is required, one of the two following
actions will be completed by the City. 

1. Alternative 1 - The City will provide the well owner with water, until the
water level returns to normal. 

2. Alternative 2 - The City will drill the affected party's well deeper to restore
well production to pre project conditions. 

Raising of Water Table

If mitigation to lower the water table is required, one of the two following actions
will be completed by the City. 

1. Alternative 1 - A well and pump will be installed and operated to locally
reduce the water elevations in the aquifer. 

2. Alternative 2 - An additional subsurface drain may be installed to reduce the
water surface elevations in the vicinity of the impacted structure or field. 

Commitment

Operator shall commit to the mitigation measures above regardless of whether
the mitigation triggers are the result of installing a clay liner on Reservoir #2 or
Reservoir # 4



Cell 2A

As specified in Exhibits E and F, Cell 2A will construct a compacted clay
embankment around the perimeter of the reservoir.  For the purpose of mitigating
potential groundwater mounding up-gradient of the reservoir. The Cell 2A
underdrain was designed as follows: 

Since the only historical onsite water table data in the vicinity of Cell 2A includes
elevation data form piezometers P4 and P5, regional water table elevation
contours published by the USGS Front Range Infrastructure Resources Project
FRIRP) Fact Sheet 113-98, were used to determine baseline upgradient and

westerly water table information. This was done by developing a 3 dimensional
surface of the USGS data, then lowering it by a uniform value to correspond with
the Goose Haven site datum. The 3d surface water table surface from onsite
data was then merged with the USGS data to yield an approximate overall water
table contour map which is shown in Exhibit G Sheet 1.  An analytical solution to
groundwater flow based on Darcy’s law was then used to determine the
volumetric flow requirement of the drain.  Given a conservative assumption that
that groundwater mounding could saturate the full vertical extent of the soil profile
above the historical water table, the calculation is as follows; 

Darcy’s Law ; Q=(K*dh/dl)*A

where; 

Q= volumetric flow

K= saturated hydraulic conductivity = 28 ft/day (from NRCS web soil survey) 

dh/dl = hydraulic gradient = .02 (from Exhibit G – Sheet-1) 

A= Cross sectional area = 2300 ft x 4ft= 9,200 ft2

Therefore Q= 28 ft/day x .02 x 9,200 ft2 = 5,152 ft3 /day = 0.06 c.f.s. 

The underdrain alignment extends for 30+95.34 ft of which 2,300 ft are
perforated pipe and

Exhibit G, Attachment A gives the modeled flow capacity for 2300 ft of perforated
section and 795.34 ft of solid pipe. Both sections are calculated to exceed the
design flow of 0.06 c.f.s. 

The end of the underdrain alignment ties into an existing 8” pipe which daylights
into the lower Boulder Ditch. This existing pipeline to Lower Boulder Ditch was
historically used to drain the agricultural fields occupied now by Cell 2A. 

Underdrain Construction

The underdrain was constructed by excavating a trench to the elevations shown
in Exhibit G Cell 2A Underdrain Plan & Profile Sheets 2-7. For the first 2,300
ft, 6” SDR-22 PVC pipe was perforated with 2 tows of 3/8” holes spaced 1 ft
apart. The pipe was backfilled with 6” of d50 = 1” rock surrounded with mirifi
geotextile fabric surrounded by 6” of sand to create a filter pack. The remaining
trench solid 795.34 ft section was bedded with 6” of sand. The entire trench was
then backfilled with native silty sand (ML).  



6.4.19 Exhibit S – Permanent Man-Made Structures

Permanent Man-Made Structures not owned by the applicant are shown in
Exhibits C and Exhibit D, Sheets 1-3. The corresponding numbers are as follows: 

NUMBER STRUCTURE OWNER
1 WATER CANAL NEW CONSOLIDATED LOWER BOULDER

RESERVOIR & DITCH CO. ATTN: DAN
GRANT

2 36" UNDERGROUND
WATER PIPELINE

NORTHER COLORADO WATER
CONSERVANCY DISTRICT ATTN: JIM
STRUBLE

3a-3h UTILITY POLES XCEL ENERGY ATTN: CHRIS HENDRICKS

4 RESIDENTIAL
STRUCTURE

SCHWARTZ FRANKLIN D
REVOCABLE TRUST ET AL
FORMERLY FRANK AND KATHLEEN

SWARTZ)  
5 UNDERGROUND WATER

PIPELINE
LEFTHAND WATER DISTRICT

6 UNDERGROUND PHONE
LINE

CENTURYLINK ATTN: SAM BAULIS
FORMERLY QWEST) 

7 ROADWAY COLORADO DEPARTMENT OF
TRANSPORTATION REGION 4 ACCESS
MANAGEMENT GROUP

8 3 BARNS REGINA & CRAWFOR WINDSOR

FORMERLY MARC & CONNIE LENART) 

9 RESIDENTIAL
STRUCTURE & BARN ROBERT & ALEXANDRA SCHNEIDER

FORMERLY MARK CLAPP) 

10 UNDERGROUND
IRRIGATION WATER LINE

BOULDER COUNTY

Agreements previously executed as part of the original application and
Amendment-1 include:  

Qwest/Century Link

Frank and Kathleen Schwartz

Left hand Water District

Tom Schwartz (this structure occurs greater than 200ft and therefore not
listed above) 

New Consolidated Lower Boulder Reservoir & Ditch Co

For structures listed as 8, 9 and 10, Those owners were sent letters requesting
agreements on the forms provided by DRMS Regular 112c application form by
certified mail. Proof of mailing is given in Exhibit S Attachment A.  Agreements. 



The Schneider and Windsor owners have both contacted Peter Wayland of
Weiland Inc by phone and agreed verbally to sign the agreement forms provided
in the mailing. This agreement will be submitted to the Division when finalized. In
lieu of agreements with the remaining owners, the setbacks provided in
geotechnical slope stability analysis given in AM-1 are observed. 



Submitted by:

2480 W. 26th Avenue, Suite B225
Denver, Colorado 80211

Goosehaven Reservoir Complex
Expansion Project - Cell-2A

Hydrology Report

Prepared for: 

Boulder County, Colorado

January 2019
Project No. 65420069
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Employee Owned

2480 W. 26th Street, Unit B225
Denver, Colorado 80211

Tel: +1 303-964-3333 hello@merrick.com
www.merrick.com

January 18, 2019

Mr. Brad Dallam, PE

City of Lafayette

1290 S. Public Road

Lafayette, Colorado 80026

RE: Goosehaven Reservoir Complex, Expansion Project – Cell-2A, Hydrology Report

Dear Brad: 

Attached please find a hydrology report for the Goosehaven Reservoir Complex, Cell 2A. The project is located

just south of Boulder Creek, west of Highway 285. This report was prepared to support design for the addition of

Cell 2A. 

The report describes site hydrology and it describes two significant features of the planned improvements. First, 

an interceptor swale will be constructed upstream of the reservoir complex. The swale will intercept all overland

runoff up to and including the 100-year event from upstream basins and divert the runoff from the reservoirs. 

Therefore, there will be no additional inflow from upstream during rainfall events, which simplifies the reservoir

operations and any safety concerns. 

Secondly, the design includes 3.5’ of freeboard from the normal pool to the reservoir embankment. This

freeboard is more than sufficient to contain the 100-year 24-hour rainfall of 5.1 inches. The reservoir site meets

the State’s criteria for a low hazard dam, and the State requires that the facility can handle an event of this

magnitude for the low hazard classification. 

Furthermore, this report shows dam break calculations to support the low hazard classification. All calculations

and support for the hydrology above are found in the report appendices. 

Thank you for the opportunity to assist you.  If you have any questions, please contact Brian Chevalier at

303-800-9048. 

Sincerely, 

MERRICK & COMPANY

Brian Chevalier, PE, PMP Magdiel Garcia, EI

Project Manager Design Engineer

cc: File
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DAM COMPONENTS
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APPENDIX B
DRAINAGE BASIN EXHIBIT
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APPENDIX C
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Hydrologic Soil Group—Boulder County Area, Colorado
GooseHaven Resevoir - Offsite Drainage Area )

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/20/2018
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)

Area of Interest (AOI)

Soils

Soil Rating Polygons
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A/D
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Not rated or not available

Soil Rating Lines
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A/D
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B/D
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Not rated or not available
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Background

Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Boulder County Area, Colorado
Survey Area Data: Version 15, Sep 10, 2018

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Aug 30, 2014—Sep
18, 2014

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

Hydrologic Soil Group—Boulder County Area, Colorado
GooseHaven Resevoir - Offsite Drainage Area )

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/20/2018
Page 2 of 4
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

AcA Ascalon sandy loam, 0
to 3 percent slopes

B 9.6 5.3%

MdB Manter sandy loam, 1 to
3 percent slopes

A 128.4 70.8%

MdD Manter sandy loam, 3 to
9 percent slopes

A 43.3 23.9%

Totals for Area of Interest 181.3 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Hydrologic Soil Group—Boulder County Area, Colorado GooseHaven Resevoir - Offsite
Drainage Area

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/20/2018
Page 3 of 4
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APPENDIX D
DRAINAGE CALCULATIONS
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APPENDIX E
DAM BREACH ANALYSIS
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Dam Name: Prepared by:

Location: Date:

Breach Scenario:

National Weather Service Simple Dam Break Equation

Avg. Breach Width (ft) from previous sheet:

Time of failure (hrs) from previous sheet:

Height of water above breach bottom (ft):

Reservoir Surface Area at Failure (acres):

Discharge through spillways at failure (Qo, cfs):

Qb = Peak breach discharge plus discharge through spillways (cfs)

Qo = Discharge through principal and emergency spillways with water surface at failure level

Br = Avg. Breach Width (ft), typically 1 to 5 times height of dam

As = Reservoir Surface Area at with water surface at failure level (acres)

H  = Height of water above breach bottom (ft)

Tf = Time to failure (hrs)

C  = 23.4* As/ Br
Factor ( feet)

H] 12 59.48 1218

1.5H] 18 39.65 1632

2H] 24 29.74 1952

2.5H] 30 23.79 2197

3H] 36 19.83 2382

3.5H] 42 16.99 2520

4.0H] 48 14.87 2619

4.5H] 54 13.22 2688

5.0H] 60 11.90 2731

Froehlich Eq. 96 7.41 2687

Peak Breach Discharge: 2731.4 cfs

GooseHaven Reservoir MJG

January, 2019

C Qb (cfs)
Breach Width

Lafayette, Colorado

Dam Break

Peak Breach Discharge

12
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0
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1.42
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1 2 3 45Peak
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Width Factor (#H)Dam Breach Worksheet

for Earthen

Dams January, 2019 EXHIBIT E Attachment- B page
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EXHIBIT G Attachment A - Piezometer Drill Logs
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