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DATE: March 11, 2013 ACE PROJECT NO.:  COBLDR12 

TO: Heidi Schum, P.E., Development Review Manager, City of Boulder Public Works 

FROM: Scott Parker, P.E., Project Engineer, Anderson Consulting Engineers, Inc.  

SUBJECT: Boulder Creek Commons Ground Water Engineering Peer Review 

 

 

Anderson Consulting Engineers, Inc. (ACE) has completed our review of the report entitled "Boulder 

Creek Commons Ground Water Recharge Evaluation, Boulder, Colorado", Telesto Solutions, Inc. , June 

2012 (2012 Ground Water Recharge Evaluation).  The City of Boulder (COB) contracted with ACE to 

perform this peer review which, for the entire project, includes reviews of related reports, 

correspondence, web sites, presentations and other materials related to the development review 

process dating back to 2010.  COB staff also requested that ACE address selected comments and concerns 

of neighbors to the proposed Boulder Creek Commons development (aka the Hogan-Pancost property). 

Discussion of these items is also included in this report. 

 

A list of the pertinent items reviewed and other materials cited is included in the References section at 

the end of this memorandum.  Many of the items are available publically through the City of Boulder 

website, which is also listed under References. 

 

General comments and conclusions covering all of the material addressed in this memorandum are in 

the Conclusions section located prior to References.  

 

Report Summary - 2012 Ground Water Recharge Evaluation 

 

The 2012 Ground Water Recharge Evaluation summarizes the efforts of Telesto Solutions, Inc. (Telesto) to 

quantify ground water recharge on the Boulder Creek Commons (BCC) site.  The report was prepared for BCC, 

LCC (Applicant).  BCC is a proposed residential development in southeast Boulder, Colorado.  The site is 

approximately 20 acres located in the South Boulder Creek watershed.  The triangular property is bounded 

on three sides by irrigation ditches, abuts the Keewaydin Meadows neighborhood on the west, the East 

Boulder Community Park and Recreation Center on the north and a large private residence (Bodam property) 

on the south.  The site is transected by 55th Street in southeast corner. The small parcel east of 55th Street is 

not slated for residential development.  It is well understood by all parties that groundwater is high in this 

area of the watershed.  Some residents of adjacent neighborhoods, particularly Keewaydin Meadows to the 

west, experience problems with groundwater flooding in the basement levels of their homes.  These 

residents use sump pumps to control ground water levels.  Neighbors to the BCC site have opposed the 

development, in part, over concerns that it will exacerbate groundwater problems. 

 

The report focuses on estimating pre-development and post-development recharge through a calculation 

that weighs estimated precipitation, ditch leakage, and irrigation (gains) against evapotranspiration and 

runoff (losses).  The balance is considered recharge to ground water.  Each parameter is estimated by 

methods described the extensive appendices.  Two pre-development scenarios are considered, one with 

historic flood irrigation and one without.  The report concludes that the development will reduce recharge to 

the local ground water table relative to either pre-development scenario and provide a net benefit to 

neighbors.  The bulk of the reduction to recharge following development is attributed to piping the Dry Creek 

No. 2 irrigation Ditch along the western boundary. 
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Comments and Recommendations -  2012 Ground Water Recharge Evaluation 

 

Comments and recommendations are offered below, broken out by Report and Appendices. 

 

Report 

(1) Page 4 of the report states "recharge from precipitation, ditch leakage and pasture flood irrigation 

occurring within the Project area are the only hydrologic variables on site that may be manipulated in 

order to affect minimal changes in the natural hydrologic process."  This statement discounts the 

potential affect that changes to the aquifer itself due to development construction may have on 

ground water flows and thus the hydrologic process.  This will be discussed in more detail in the part 

of this review that addresses questions and concerns of project neighbors. 

 

(2) Page 5 of the report states that the Dry Creek Ditch No. 2 typically flows March though August.  This 

observation may be true, but the report does not specifically state how this period was established.  

ACE downloaded the Structure Summary Report for the Dry Creek Ditch No. 2 diversion from the 

Office of the State Engineer (SEO) HydroBase website (See Attachment A).  The structure summary 

contains diversion records from 1950 to 2011 (the most recent year available).  The diversion records 

show historic diversions occurring from April through October, with the bulk of the diversion in the 

May through August period.  Dry Creek Ditch No. 2 traverses a large area in the South Boulder Creek 

drainage basin so it is possible that it picks up surface drainage and runoff in March or has other 

sources.  It would clear up confusion if the author would discuss the justification for the March 

through August period. 

 

(3) Page 7 of the report discusses the assumption that there is no infiltration during the "winter frost 

period".  The assumption is that the ground is frozen through this time period so precipitation during 

this period does not infiltrate and instead "runs off, evaporates or sublimes".  In our experience, this 

is a typical assumption along the Colorado front range that is often used in ground water and water 

rights engineering analyses.  The justification is that freezing nighttime temperatures may occur from 

October to May along the front range.  It is possible that under the right conditions surficial layers of 

the soil may be sufficiently frozen to prevent infiltration anytime during this period.  Some parts of 

the ground may be frozen one day and not the next.  During periods where freezing temperatures 

are more likely in the daytime, December through February, it is more likely that the ground will be 

frozen.  The engineering compromise is that rather than attempting to determine on what specific 

day the ground may be frozen in the October through May time frame the period is assumed to be 

during the typically coldest months of December to February.  Engineers differ on how much of this 

period is assumed.  The author has assumed the full three months, which is on the upper limit, but is 

reasonable. We are not troubled by this assumption. 

 

(4) Page 9 of the report discusses assumptions concerning recharge from storm water runoff and states: 

"for the purposes of this evaluation it was assumed that 100% of the storm water runoff entering the 

swales from irrigated, non-irrigated, and impervious areas will percolate downward and provide 

seepage recharge to ground water."  As it is stated in the report, from the standpoint of comparing 

pre-development to post-development recharge this is a conservative assumption.  It should be 

noted that it is not a realistic one.  The soils in this swale will have an infiltration capacity that will be 
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exceeded by the storms of a certain intensity and duration.  The infiltration capacity is unknown, but 

is likely much lower than the native soils.  When the infiltration capacity is exceeded there will be 

runoff from swales and detention ponds. 

 

(5) Page 11 of the report states that "there are simply no mechanisms associated with the development 

that could cause the summer pumping rates to increase." This is a dispositive statement that might 

not be entirely justified by the findings of this report.  More realistically the author might have stated 

that there are no mechanisms associated with the development that might cause recharge to 

increase.  The mechanisms that lead to regional ground water problems may be more complicated 

than recharge alone. 

 

(6) Tables 2, 3, 4a and 4b note a winter frost period runoff of 2.7 inches. If the Boulder area measured 

rainfall values in Table 1 are added for the December to February time period, and then averaged for 

the 22 years of data, the total precipitation is about 2.46 inches for this period.  Assuming 100% 

runoff in the winter frost period, as is stated on Page 7, the maximum runoff would be 2.46 inches.  

This amounts to about a 10% overestimation of winter frost period runoff in both the pre-

development and post-development cases and a 5% underestimation of winter recharge.  Also, the 

placement of the winter frost period runoff calculation underneath the runoff heading denoting an 

SCS curve number (CN) of 61 is confusing.  If an SCS calculation was performed for the winter frost 

period runoff the appropriate CN would have been closer to that determined for impervious surfaces  

(CN = 98) in Appendix A, Page A-4.  The author should clarify the source of the 2.7 inch winter runoff 

figure in these tables. 

 

(7) Table 4a notes an Irrigation Delivery Efficiency of 77.5%.  It is unclear how this efficiency factors into 

the water balance calculations.  The author should clarify whether the amount of summer irrigation 

water tabulated (11.9 inches) is before or after the irrigation efficiency is applied.  Put simply, does 

this table account for the 22.5% ( = 100% - 77.5%) of applied irrigation water that would, by the 

assumptions of the report, infiltrate? 

 

The methodology described by note (1) and Appendix A, Page A-8 would imply that the irrigation 

rate of 11.9 inches was arrived at by subtracting the annual effective precipitation (precipitation 

minus runoff = 18.1 inches) from the annual irrigation rate (Appendix A = 30 inches).  See comments 

and recommendations for Appendix A, Pages A-7 and A-8 for further discussion of irrigation rate. 

 

(8) Table 4c shows runoff and recharge for impervious areas in the post-development scenario.  The SCS 

curve number (CN) shown is incorrect.  According to Appendix A, Page A-4 the appropriate CN for 

impervious areas is 98.  The runoff amounts calculated for impervious areas appear to be based on 

the erroneous CN.  This error would lead to the underestimation of post-development recharge.  The 

author should recalculate impervious area runoff with the correct curve number and update 

dependent calculations. 

 

(9) Tables 4d, 4e and 5 will need to be updated based on corrections to Tables 4a and 4c. 
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Appendices 

 

(1) Appendix A contains a number of sections addressing the rationale and calculations behind various 

assumptions and parameters referenced in the report. 

 

(2) Appendix A, Page A-2 contains the table "Crop Coefficients and Growing Season Dates".  These 

numbers are used in the computation of evapotranspiration.  The crop coefficients (Kc) listed for 

pasture grasses (0.83 - 1.09) and Kentucky blue grass (0.6 - 0.78) appear to be in error.  Based on our 

experience, Kentucky blue grass generally has a higher Kc than pasture grasses.  Attachment B is 

curve defining Kc for pasture grasses (See References USDA, 1970).  The Kc for pasture grasses, 

based on 25-Mar to 15-Oct growing season varies from about 0.8 to 0.92 on this curve.  For 

comparison purposes, ACE has used Kc values of 0.89 - 1.06 for Kentucky blue grass in previous work 

based on numbers provided to us by Denver Water.  The tabulated pasture grass coefficients list a 

reference for a Blaney-Criddle method.  The Kc values we have listed also are for use in the Blaney-

Criddle method.  The author has selected the Penman-Monteith method to compute 

evapotranspiration.  There are differences between the Kc values used in each method, but the 

relative difference noted above should be similar (ASCE, 1990). 

 

Taken alone, the practical effect of the Kc error would be: (1) to underestimate the pre-development 

recharge reported in Table 2 and Table 3: and, (2) overestimate post-development recharge reported 

in Table 4a.  Predicting the net effect is complicated by the fact that the results of the 

evapotranspiration calculations play a part in determining the Flood Irrigation Application Rate as 

presented in Appendix A, Page A-7.  The author should verify the Kc values, correct the 

evapotranspiration calculations as necessary, and update dependent calculations.  See comments 

and recommendations for Appendix A, Pages A-7 and A-8 for further discussion of irrigation rate. 

 

(3) Appendix A, Page A-7 and Appendix A, Page A-8 address irrigation rates for flood irrigation and lawn 

irrigation respectively.  The author references Table 4.14 of Water Requirements for Urban Lawns 

(Danielson, 1980) as the source for the "net irrigation water" figure of 30 inches per irrigation 

season.  On Page A-7 "net irrigation water" is defined as "irrigation plus precipitation".  In practice 

irrigation and precipitation are two separate considerations in crop water requirement analyses and 

no term containing irrigation includes precipitation.  The recommended average daily irrigation 

levels presented in the Danielson reference are the amount of irrigation water in addition to 

precipitation recommended for urban lawns.  Pages 30 and 31 of Danielson, 1980 explain the 

methodology behind the construction of Table 4.14.  Equation 4.1 presented therein is the equation 

used to determine daily irrigation levels in the tables.  A term the accounts for precipitation is shown 

on the right hand side (Pages 30 and 31 of Danielson, along with Table 4.14 is included in Attachment 

C). 

 

In Table 4a the quantity of summer irrigation (11.9 inches) appears to have been determined by 

subtracting effective precipitation (annual precipitation minus runoff 18.1 inches) from the annual 

irrigation rate for lawns of (30 inches).  The 30 inch irrigation quantity should have been used 

without adjustment for rainfall, since average effective rainfall was already taken into consideration 

by Danielson in computing the irrigation recommendation.  The author should adjust the irrigation 

value in Table 4a and dependent calculations.  This error could result in a significant underestimation 

of post-development recharge. 
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(4) Appendix B contains a report detailing the use of an analytical element model to determine the 

leakage rate from Dry Creek Ditch No. 2. 

 

(5) Appendix B, Page B-2 discusses the modeling approach.  It is stated that monitoring well B-1 is likely 

to be more affected by neighborhood sump pumping than monitoring well B-3. These two 

monitoring wells are both on the east side of the Dry Creek Ditch No. 2 and roughly equivalent 

distances from the ditch and neighboring sumps.  The author should explain more clearly the 

justification for focusing solely on monitoring well B-3 for the analysis. 

 

(6) Appendix B, Page B-3 states that the hydraulic conductivity used in the model was set at 100 ft/day 

based on other work that the author has completed in the area.  Average hydraulic conductivities for 

fluvial deposits, unconsolidated sediments, mixtures of clay, silt, sand, gravel and cobble laid down 

by river systems, typically range over 8 orders of magnitude from around 1 ft/day to 10,000 ft/day 

depending in the particular size of sediment that dominates a given area (Hiscock, 2005).  

Concentrations of the individual components can exhibit hydraulic conductivities much higher and 

much lower (Fetter, 2001).  The Colorado Ground Water Atlas reports reported hydraulic 

conductivity values for the South Platte Valley-Fill Aquifer, of which South Boulder Creek is a part, of 

44 to 3,200 ft/day (CWGA, 2000).  The most recent geotechnical engineering report (EEC, 2012) 

notes that dominant water bearing strata at the BCC site is composed of sand, gravel, some cobble 

and occasional silt.  A hydraulic conductivity of 100 ft/day seems reasonable for this material. 

 

(7) Appendix B, Page B-4 states that a value of 0.2 is assumed for Specific Yield.   This value comports 

with typical engineering practice in alluvial unconfined aquifers in Colorado. 

 

(8) Appendix B, Page B-4 under the heading "Uniform Flow" the estimated saturated thickness is 11.5 

feet.  On Page B-2 the total aquifer thickness is 10.67 feet.  The author should explain how the 

saturated thickness can exceed the aquifer thickness. 

 

(9) Appendix B, Page B-6 states "There was no precipitation during the observation period.  Therefore the 

change (increase) in water level at the monitoring well B-3, which is located near Dry Creek  Ditch No. 

2, is directly attributable to leakage from Dry Creek Ditch No. 2."  This observation has merit, based 

on the data tabulated in Table B-1; however, the data also indicates some background increase in 

the water levels at this location.  Changes to the ground water levels pursuant evident in the 

measured data will be discussed in greater detail in the comments and recommendations for Table 

B-1. 

 

(10) Appendix B, Page B-7 under the heading "Transient Validation"  The transient validation is the effort 

to show that the calibrated model will match historic recorded events with sufficient accuracy to give 

confidence to the predictive ability of the model.  It is stated that "Dry Creek  No. 2 Ditch was 

assumed to start flowing on May 6, 2011."  Diversion records (Attachment A) show that the first day 

of use for the Dry Creek No. 2 Ditch in 2011 was May 2nd.  It is reasonable that the ditch may have 

begun flowing on or around May 6th at BCC site.  Given the importance of the validation for the 

model, the author should provide more justification for this assumption. 
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(11) Appendix B, Page B-7 under the heading "Discussion and Conclusions".  In a comparative analysis the 

following is stated:  "When using the ditch company's leakage rate of 20%, and a flow rate equal to 

the piped ditch design capacity of (28 gpm), the average leakage rate across the project area is 

calculated to be approximately 51.5 gpm."  It is not clear how a leakage rate of 51.5 gpm is 

calculated based on a ditch flow rate of 28 gpm in the ditch, which indicates that either the flow rate 

is in error or there is missing information.  The author should clarify how this calculation was made 

and give a source or justification for the reported ditch flow rate. 

 

(12) Table B-1 lists water table elevation data measured over several different periods from 2006 to 2012.  

Of particular interest are the periods immediately preceding and following the study period (25-Apr 

to 27-Apr) used to model ditch leakage.  In the approximately one month period prior to the study 

period (22-Mar to 25-Apr) the trends in the water table elevation are mixed, half of the monitoring 

wells show rising elevations the other half show declining elevations.  The variations have 

significantly different magnitudes in this period.  The Dry Creek No. 2 Ditch and the lateral start 

flowing on 26-Apr.  From 25-Apr to 27-Apr five out of six monitoring wells demonstrated an increase 

in the water table elevation.  Three of the six (B-3, B-4, PVC-SE) showed an increase on the order of 

six to seven inches in three days.  Between 28-Apr and 9-May, the 12 days following the study 

period, the same three monitoring wells demonstrated roughly the same increase as during the 

study period.  An indication that the water table elevation was increasing, but at a slower rate.  Table 

B-1 is included as Attachment D.   Table B-1 demonstrates a clear response of the water table to the 

flows beginning in Dry Creek Ditch No. 2.  The extent to which this increase is solely attributable to 

leakage from the ditch as it crosses the BCC site is debatable.  Some of the rise may be attributable 

to background rise in the aquifer, due to South Boulder Creek rising, off-site ditch seepage and 

irrigation above (south or west of) the site.  

 

The unanswered question is to what extent on-site ditch seepage is contributing to the increase.  The 

most recent geotechnical report (EEC, 2012) reports a percolation rate for site soils of less than 5 

minutes per inch, and a suggested design percolation rate of 10 to 15 minutes per inch.  In relative 

terms, these percolation rates are high, the values expected in medium to coarse sands (Davis, 

1998).  The ditch is well entrenched to similar soils.  The response of the water table to the ditch 

running water was also quite rapid.  This information lends credence to idea that a significant portion 

of the local increase in water table is due to local recharge on the order of 70.9 gpm (64.7 gpm plus 

6.2 gpm, see Table B-2), perhaps mostly due to ditch seepage.  Additional discussion of the potential 

impact of other sources of local recharge is included under Discussion and Comments - Questions 

and Concerns of Project Neighbors.  There are concerns expressed that the author should address. 

 

Also, the author should include a better description of how the water table elevations in Table B-1 

were established i.e.: were monitoring wells surveyed?; who did the survey?; where is the 

benchmark or temporary benchmarks?; what is the datum?, etc.  

 

Discussion and Comment - Questions and Concerns of Project Neighbors 

 

Boulder staff asked ACE to address selected comments and concerns of neighbors to the proposed BCC 

development (aka the Hogan-Pancost property).  The included questions and concerns are those specifically 

identified by the staff and are taken from communications to the staff.  Questions and concerns, which have 

been paraphrased, are italicized. 
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(1) Question or Concern: 

Jeff McWhirter, a project neighbor, sent an email to Telesto and COB staff on 7-Feb pointing out an 

apparent error in Appendix A of the "Ground Water Hydrology and Monitoring Report" prepared by 

Western Ecological Resource, Inc. and  dated May 5, 2010.  The error was associated with the 

conversion of flow rate over weirs in the Bodham Lateral.  The email also outlined Mr. McWhirter's 

concern that the 2012 Ground Water Recharge Evaluation underestimates recharge due to the 

Bodam Lateral by taking into account only direct recharge from seepage occurring due to overflow 

from the liner and not addressing indirect recharge due to the uses of the Bodam Lateral water on 

the Bodam property immediately south of the BCC site.  Mr. McWhirter lays out the case that there 

is on the order of 900 gpm of water diverted onto the Bodam property, but the 2012 Ground Water 

Recharge Evaluation only attributes 6.2 gpm recharge to the Bodam Lateral.  Mr. McWhirter's email 

is included as Attachment E. 

 

Discussion: 

There is a conversion error in Appendix A of the May 2010 Ground Water Hydrology and Wetland 

report.  As noted by Mr. McWhirter the conversion from cubic feet to gallons was incorrectly 

applied.  The correct conversion and resulting numbers are as noted in his email.  The flow in the 

lateral at that particular time was just over 1 cfs (453 gpm). 

 

The Dry Creek Ditch No. 2 recharge estimate in the 2012 Ground water Recharge Evaluation is based 

on measured data from monitoring wells on the BCC site.  The modeling was calibrated and validated 

specifically to measured changes in water table elevation over time.  This data driven analysis makes 

the findings in this report distinct from the previous studies completed for this effort.  Based on the 

reasoning outlined in Appendices Comment 12, Appendix B of the Recharge Evaluation makes a 

compelling case that ditch seepage is a significant contributor to raising ground water levels at the 

site.  Mr. McWhirter is suggesting that the use of water on the Bodam property is itself a significant 

contributor to local recharge.  If this is the case then perhaps some portion of the 64.7 gpm of 

recharge attributed to the Dry Creek No. 2 Ditch may be coming from ponds/wells/irrigation on the 

Bodam property.  The Recharge Evaluation does not address what water uses were occurring on the 

Bodham property during the 25-Apr to 27-Apr study period, i.e.: was there irrigation?; were the 

ponds or sumps full or being filled over the time period?  Telesto may have notes, observations, 

records or data associated with water use on the Bodam property during study period that would be 

useful in addressing this concern. 

 

During the study period, the most responsive monitoring wells in Table B-1, Appendix B of the report 

are B-3, B-4 and, PVC-SE which are closest to Dry Creek Ditch No. 2, the "Unnamed Ditch" crossing 

the east parcel of the Hogan-Pancost property, and the Bodam Lateral/property, respectively.  Other 

than indicating all three features as possible sources of recharge, the data in Table B-1 is not 

particularly instructive as the relative magnitude of the potential sources of recharge.  The practical 

effect of recharge on the Bodam property influencing the measured data would be to reduce (but 

not eliminate) the amount of recharge attributable to Dry Creek Ditch No. 2 to something less than 

64.7 gpm, thus reducing the magnitude of the potential benefit of piping the ditch. 
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(2) Question or Concern: 

The developer is proposing to install an underdrain system for the homes immediately adjacent to the 

Bodam Lateral.  In a general construction practice sense, why would underdrains be pursued at a 

location where the homes are on fill up to 5 feet thick without any basements?  

 

Discussion: 

According to the latest geotechnical report (EEC, 2012), earthwork plans call for cut on the order of 

zero (0) feet to (2) feet and fill on the order of zero (0) feet to five (5) feet.  Consequently, the 

amount of fill at any given point in the development could be significantly less than 5 feet depending 

on the final grading plan.  In addition, frost free foundations need to be placed to depth of 30 inches 

below the ground surface.  The EEC report and previous geotechnical report (Western, 2010) 

recommended installation of underdrain systems to control the moisture content of soils below 

foundations/slabs and protect any below grade space.  This is a typical recommendation for homes 

that border an irrigation ditch or drainage conveyance since these feature come with a risk of surface 

flooding in addition to ground water that can saturate soils around foundations. 

 

COB staff inquired about proposed underdrain plans with the Applicant and they responded as 

follows: 

 

“We have discussed an underdrain system for the homes immediately adjacent to the Bodam Lateral.  

The foundations of these homes are above the historical high ground water elevation but are down 

gradient from the lateral.  We have looked at a few design alternatives to confirm that an underdrain 

system, should it be needed to serve these specific homes, would have a viable outfall the system either 

to a pond via storm drain or to the wetland mitigation area in the SW corner of the property.  The 

remaining homes are graded such that the bottom of the foundations (assuming spread footing at 36” 

below FF elev) will generally be above the historical high ground water elevation.  In addition, these 

remaining homes back to detention pond areas or drainage swales which provide an opportunity to 

outfall a home specific underdrain should a home or homes require one. Design details of any 

underdrain system serving more than one home would be provided at Technical Document Review as 

is typical for City of Boulder project.” 

 

(3) Question or Concern: 

Will moving ground water to the north of the site exacerbate the sump pumping problems for the 

adjacent homes?  

 

Discussion: 

Pursuant to eventual outfall location(s) of the proposed underdrain discussed in Question or Concern 

1 there does not appear to be any other proposed mechanism that intentionally "moves" ground 

water to the north part of the site.  It is our interpretation that the proposed underdrains would 

affect relatively few homes.  Judging by the drawings included with the latest Site Review Package 

(December 21, 2012 - see project website) potential areal recharge from drainage swales and 

detention ponds is distributed relatively evenly across the site.  Surface drainage certainly moves 

north and west, but that is the status quo.  Some possibility of utility trenches carrying water from 

north to south exists, as discussed below, and appropriate ground water barriers should be installed 

to prevent this. 
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(4) Question or Concern: 

There is a large amount of water brought into the area by the Bodam ditch lateral. This water is 

specifically intended to recharge ground water levels.  Perhaps 5-10 acre-feet/day is brought into the 

area by this ditch.  In the 2 ground water reports this feature is not mentioned. Why is that?  The 

2010 Ground water report is based on an estimated recharge rate that may underestimate the actual 

recharge by a factor of 100 or more.  0.05 acre-ft/day versus 5 acre-ft/day.  The 2012 report is based 

on the 2010 report.  Does the 2012 report mischaracterize the irrigation hydrology and its recharge 

estimate is in error by a further factor of 2.5 - perhaps a factor of 250 to 500? 

 

Discussion: 

This concern been discussed under Question or Concern (1) above.  The 2012 Ground water 

Recharge Evaluation does not specifically address the potential effect of recharge from the Bodam 

property on the modeling effort completed for the evaluation.  This review has asked that the author 

address this concern. 

 

(5) Question or Concern: 

Staff has claimed that in their experience developments tend to reduce ground water levels. 

Considering that much of the ground water on the site originates off-site and consists of lateral flow 

through the area what is the mechanism that will lower the ground water levels?  

 

Discussion: 

There is no single answer to whether development in general will raise or lower ground water levels.  

The affect of development on ground water is dependent on the specific details of the site under 

consideration.  The experience of engineers with ground water issues will vary based on the projects 

they have worked on.  The 2012 Ground water Recharge Evaluation specifically states on Page 1 that 

the Applicant "can only control changes within the Project area as part of its development."  It is 

within the power of the Applicant to affect recharge within the confines of the development.   Piping 

Dry Creek No. 2 Ditch will reduce recharge to some degree, which is very likely to benefit neighbors 

closest to the ditch, regardless of other changes.  More efficient lawn/landscape irrigation may also 

reduce recharge to some degree as compared to prior uses.  There are errors in the evaluation 

pointed out in this review that the author must correct in order to better estimate whether and to 

what extent areal recharge will change pre-development to post-development. 

 

(6) Question or Concern: 

How will ground water levels be affected in a “wet” year?  The developer has only measured ground 

water levels in years that have received either an average amount of precipitation (approximately 17 

inches per year) or a less than average amount of precipitation.  

 

Discussion: 

A reasonable definition for a "wet year" is a year with above average precipitation.  Assuming that 

this condition occurs over the South Boulder Creek basin it may cause the water table elevation in 

the entire alluvial aquifer to rise to an above average level.  Regional hydrologic conditions are, of 

course, beyond the Applicant's control.  Looking specifically at the proposed BCC development it is 

clear that, regardless of the hydrologic condition, piping Dry Creek Ditch No. 2 will reduce local 

recharge.  Local recharge due to precipitation will always be relative to the hydrologic condition and 
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will increase in a "wet year".  Recharge due to irrigation may or may not decrease in a "wet year", 

but is unlikely to increase.  With respect to recharge the presence of the development is unlikely to 

affect water table elevations relatively more in a "wet year" than in a normal year.  How earthworks 

related to the development may affect ground water flow is discussed in response to Question or 

Concern 9 below.  

 

(7) Question or Concern: 

How much leakage can be expected from the Dry Creek Ditch #2 and is this leakage the cause of the 

sump pumping problems?  In the 2nd report they come up with a leakage rate along the ditch of 64 

GPM. They derive this number from the ground water model. Is the estimated leakage rate accurate?  

 

Discussion: 

Irrigation canals, like the Dry Creek No. 2 Ditch, are typically constructed so that they run roughly 

parallel to the source stream some distance uphill in the valley.  This allows the canals to carry water 

that is then used to irrigate ground between the ditch and the stream with return flows, both surface 

and subsurface, make their way back to the source stream.  The upland position of irrigation canals 

insures that they are nearly always contributors to ground water, especially earthen canals through 

porous materials.  Ditch companies that operate canals factor in these losses in order to make 

deliveries to users.  The ratio of the total water delivered to the total water diverted is called the 

conveyance efficiency (ASABE, 2007).  The remainder is the transmission loss.  Appendix B, Page B-7, 

of the 2012 Ground water Recharge Evaluation reports a "ditch company's leakage rate of 20%".  

Thus, the expected transmission loss in the Dry Creek Ditch No. 2 is 20%, in aggregate.  Some of the 

transmission loss is evaporation but it is generally accepted in the industry that seepage to ground 

water dominates transmission losses, in the absence of large numbers of phreatophytic plants.  ACE 

has conducted seepage studies on canal systems.  In our experience, losses on the order of 20% or 

greater are reasonable for earthen ditches in alluvial soils. 

 

A recharge of 64.7 gpm or more  from the Dry Creek No. 2 Ditch as it crosses the site is certainly 

possible. The modeling method used changes in measured water table elevation data over a small 

area with well established boundary conditions.  In our opinion the model should capable of 

reasonably estimating recharge from the ditch.  The Applicant must address questions on the relative 

impact that water uses on the Bodam property may have had on the determination of recharge 

during the study period outlined in the evaluation. 

 

(8) Question or Concern: 

Do the reports submitted to date accurately describe the source of ground water, its depth, how 

much it flows and its direction of flow? 

 

Discussion: 

The ground water reports submitted by the Applicant do a reasonable job of describing the sources, 

quantities and direction of ground water flow at the BCC site. 

 

ACE reviewed both the 2010 Ground Water Evaluation and the 2012 Ground Water Recharge 

Evaluation among many other associated reviews, documents and correspondence related to the 
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project (See References).  The 2010 evaluation has been well reviewed and discussed previously so 

we have focused on the 2012 evaluation, which addressed many of the valid criticisms of the earlier 

report.  To the extent that many of the neighbors comments and concerns are more general and 

apply to both evaluations they have been addressed in this review. 

 

(9) Question or Concern: 

The following questions have been grouped together because they ask about possible effects of 

earthworks on ground water flows: 

 

The site plan shows some roads at the current grades. How will the road bed excavation, fill and 

compaction affect the ground water flows? Conversely, how will the high ground water levels affect 

the structural stability of the road way?  

 

How will utility trenches impact ground water? 

 

How will the extensive fill dirt that will be brought onto the property affect ground water flow?  There 

will be approximately 60,000 cubic yards of fill dirt brought onto the site. There will be up to 5 feet 

placed in some areas. 

 

Will the extensive site preparation, fill compaction, foundation wall construction, road construction 

and utility trench construction affect the later ground water flows on the property? 

 

Discussion: 

Project neighbors have expressed significant concern over how earthwork on the site along with the 

construction of roads, foundations and utilities will ultimately affect ground water flows.  The focus 

seems to be how construction might affect permeability (hydraulic conductivity) of the site and a 

fear that construction on the site might create a groudwater "dam" that restricts flow and raises the 

water table elevation on adjacent properties. 

 

A project neighbor maintains a website (www.hoganpancost.org) on which the following research 

paper is referenced and made available for download: "The Impacts of Urbanization on Groundwater 

Systems and Recharge" by John M. Sharp, Jr.  A copy of this research paper is included as Attachment 

F it is very instructive on the affects of urbanization on hydrogeology.  On page 53 Dr. Sharp 

discusses the affects of urban infrastructure on the "permeability field" which is basically the average 

hydraulic conductivity of a given area. It is noted that: (1) urban soils tend to become less permeable 

due to compaction; and (2) that utility trenches and fill around buildings tend to be more permeable 

than the surrounding soil.  Each point will be discussed in turn with respect to the BCC site. 

 

It is reasonable that the increased loading (earthfill, structures) and compactive effort on native soils 

would tend to make them less permeable; however, the composition of the soils makes a significant 

difference in the magnitude of this affect.  Dr. Sharp does not address the relative impact on 

different soil types.  According to the most recent geotechnical report (EEC, 2012) the fine grained 

cover soils at the site are composed of silty, sandy, clayey soils with some combination of the 

following classifications SC, SM, ML and CL.  These soils are shallow and vary from nearly absent to 5 

feet deep (less according to the boring logs).  Soils in these classifications are nearly impermeable 

when compacted (Budhu, 2000).  Below the cover soils are granular soils classified as SP-GP that 
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extend to bedrock 7 to 14 feet down.  These soils are generally permeable to very permeable when 

compacted (Budhu, 2000).  During the May 2012 subsurface investigation the water table was 

encountered in the granular soils.  The cover soils may indeed compact under construction loading 

and become less permeable.  In-situ granular soils tend to be dense and it is unlikely that 

construction loading will change their permeability though further consolidation.  Where compaction 

of granular soils is recommended it is because disturbing these soils through excavation loosens their 

structure.   It should also be noted that the soils report recommends that the cover soils be removed 

from areas of structural concern and replaced with granular structural fill.  Cover soils in structural 

areas left in place or used for fill must be above the water table and well drained.  Given the specific 

characteristics of the soils at the site, and the recommended soil modifications in the geotechnical 

report, significant changes to the permeability field due to compaction is not considered likely. 

 

Utility trenches tend to be more permeable than the native soils into which they are excavated.  

There are two primary reasons for this: (1) pipe are usually bedded in very stable coarse grained 

granular materials; and (2) it is usually difficult to compact soil materials back to the level of 

compaction they had originally.  The same logic holds true in other types of excavations, such as 

those around buildings.  Utility trenches tend to become conduits for ground water rather than 

dams, which is why building regulations often require the use of ground water barriers.  Attachment 

G is a ground water barrier detail taken from the City of Boulder Design and Construction Standards, 

Technical Drawing Details, Drawing No. 4.08.  Table B-1 in Appendix B of the 2012 Ground water 

Recharge Evaluation shows measured water table elevations from the BCC site.  There is a significant 

gradient in the water table from north to south across the property that is consistently 6 to 8 feet 

between monitoring wells B-3 (high) and B-1 (low).  The introduction of utility trenches in the 

proposed streets without ground water barriers could lead to the water table "leveling" across the 

site.  Ground water barriers force water to move through undisturbed soils and would maintain a 

water table similar to pre-development. 

 

Other concerns expressed by neighbors are the effect of concrete foundations and the placement of 

"flowfill" flowable fill backfill material in utility trenches may have on ground water flows. 

 

Three things should be kept in mind when considering the possible effects of concrete foundations 

on ground water flow: (1) foundations in the proposed development will be shallow (30-36 inches 

below ground surface); (2) most foundations will be placed on some amount of fill that elevates 

them above existing grades; and (3) both the 2010 and 2012 geotechnical reports spell out 

requirements for stabilization of soils supporting structures.  All three of these items would tend to 

mitigate the effects.  ACE examined the boring data from the most recent geotechnical report (EEC, 

2012) to identify which boreholes encountered ground water at the shallowest depths.  Depth to 

ground water averaged about 5 feet (maximum = 8', minimum = 2.5', median = 5', mode = 5').  The 

borings with the shallowest depth to ground water were B-8, B-10, B-11, and B-13.  These borings 

are located in proposed lot numbers 46, 14, 25, and 3, respectively.  Sheet C3, the proposed 

Preliminary Grading Plan, in the Applicant's Site Review Package includes existing contours and 

proposed finished floor elevations for each lot in the development.  Subtracting four feet from the 

finished floor elevation is a good proxy for the bottom of footing elevation.  In the cases of lots 3, 14, 

25, 46 the bottom of the footing was at, or a few inches below, the existing ground surface.  In May 

2012, the water table was 2.5 to 4 feet below the ground surface at these lots.  Elsewhere, the water 

table was five to eight feet below the ground surface.  Water table fluctuations visible in Table B.1 

(Attachment D) show the water table reaching elevations up to two feet higher than those measured 
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in May 2012.  A cursory examination of other lots indicates that most of the proposed foundations 

will not extend to water table depth given the combination of shallow depth and fill placement.  

Final grading plans may vary, so foundations or other structures that that do risk encountering 

ground water either have to bear on granular subsoils, have cover soils removed and replaced with 

granular materials, or have an underdrain system that lowers the water table and keeps fine grained 

cover soils at an appropriate moisture content (Western, 2010 and EEC, 2012).  It should also be 

pointed out that excavations around foundations tend to be more permeable than native soils, and 

provide a pathway around the structure.  Another consideration is that the proposed ground 

modifications at the BCC site will bring lot elevations on the western side of the BCC site to levels on 

par with adjacent lots on Cimarron Drive.  The Cimarron Drive homes have basements.  BCC lots will 

have shallow foundations.  Groundwater will intersect the basements in Cimarron Drive before it 

intersects adjacent shallow foundations in BCC.  The preponderance of the specific preliminary 

design details indicates that foundations will not significantly impede ground water flow across the 

site. 

 

The placement of impermeable flowfill in utility trenches could potentially impede ground water 

flow, depending on the depth and length of the trench in question.  The Applicant has suggested that 

utility trenches on the order of 6 feet deep would be necessary.  The average depth to bedrock 

based on 15 boreholes is about 11 feet (maximum = 15', minimum = 1.5', median = 11.5', mode = 

13.5').  A little over half of the total aquifer depth would be affected by a 6 foot trench.  The impact 

to upgradient water surfaces would depend on the linear extent of the flowfill at that depth.  A 

longer installation would have a greater effect.  The placement of flowfill in utility trenches is 

governed by Boulder Revised Code, Section 8-5-12, "Standards for Repairs and Restoration of 

Pavement or Sidewalks".  This section of the code governs utility trenches placed into existing 

pavements, but not new construction. Section 8-5-12 also allows for the use of rock fill in trenches 

deeper than 5 feet.  Since the proposed development is new construction, and therefore not subject 

to repair and restoration rules, backfill will probably fall under the requirements of the "City of 

Boulder Design and Construction Standards", Chapter 9-C-10, which outlines backfilling requirements 

for utility trenches using "approved backfill material" which could be suitable native soil or imported 

structural fill.  It is unlikely that flowfill materials intended for placement in shallow trenches for 

repairs, will ever make up a significant portion of trench length in the proposed development to any 

great depth.  Consequently, it is also unlikely that flowfill trenches will impede ground water flow in 

any measurable way. 

 

(10) Question or Concern: 

The developer is proposing to pipe the Dry Creek Ditch #2 and also develop a flood conveyance 

channel along the west side of the property. This will require extensive excavation along the ditch 

corridor. Will excavation in this area and construction of the ditch pipe negatively affect ground 

water flows? 

 

Discussion: 

Considering the information presented in the response to Question or Comment 9 above it is not 

expected that piping the Dry Creek Ditch No. 2 will result in an impediment to ground water flow.  

Given that utility trenches and bedding become preferential flow paths for ground water, 

consideration should be given to installing ground water barriers along the proposed pipe.  Placing 
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Dry Creek Ditch No. 2 in a pipe will reduce recharge from the ditch, which will be of some benefit to 

neighbors. 

 

(11) Question or Concern: 

The following questions have been grouped together because they ask about industry standards for 

ground water hydrology investigation and analysis for development: 

 

The ground water reports and conclusions are just based on simulations of the ground water. What 

other techniques make up industry standard best practices that allow one to understand ground 

water hydrology in a development of this size? For example, dye tests to determine flow directions, 

pump tests to determine hydraulic conductivity, actual measurements of ditch flows to determine 

leakage rates.  

 

To date the developer has presented the results from just 2 model-based evaluations of the ground 

water hydrology. These models are based on a single parameterization of recharge rates and 

hydraulic conductivity. They do not provide error estimates, confidence intervals or any sensitivity 

analysis. Does this level of analysis follow normal industry standards for understanding ground water 

hydrology and the impacts that development may bring to it? 

 

Discussion: 

 

The individual steps taken to understand and quantify ground water hydrology for land development 

are dependent on the experience and judgment of the consultant, usually a professional engineer or 

geologist.  The first and most important step is subsurface exploration by a geotechnical engineer.  

Geotechnical testing establishes the subsurface profile, the subsurface materials and the presence, 

depth and gradient of ground water.  Monitoring of ground water may be done to study variations of 

the water table over time.  This allows the owner/planner/civil designer team to decide what type of 

construction may be appropriate, i.e. basements, crawlspaces, slab-on-grade.  Depending on that 

decision they may decide that ground water mitigation is necessary.  At this point a consultant in 

ground water may be brought in to discuss mitigation measures.  This consultant may do further 

subsurface exploration, further monitoring of existing wells, hydraulic conductivity tests, 

identification of possible sources through field surveys and analysis of water table elevation data, 

identification of feasible underdrain discharge points, and ground water modeling.  Typically if the 

owner/planner/civil designer team elect to avoid ground water through ground modification and 

shallow foundations a ground water consultant is not hired.  In this instance it seems that 

neighborhood involvement was the driving force behind the efforts made to understand ground 

water. 

 

The performance of specific tests is also up to the discretion of the ground water consultant.  The 

election in this case to use a hydraulic conductivity established at a similar site instead of performing 

site specific test is not at odds with  typical practice.  Another consultant may have elected to use a 

tabulated value.  The consistent profile of soils across the site justifies using a uniform hydraulic 

conductivity in modeling.  The direction of ground water flow is typically established by mapping the 

water table surface.  Dye tests are usually the province of contaminant investigations and tracing 

specific sources for specific problems, as was done for the telecommunications trench on Cimarron 
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Way.  Studies to quantify ditch seepage are notoriously difficult and unreliable, that the consultant in 

this case decided to model seepage based on water table elevation measurements is reasonable. 

 

Like testing, specific decisions regarding modeling are at the discretion of the consultant.  The 

necessary refinement of ground water models for answering specific questions is subjective.  In 

some instances a consultant may choose to forego modeling entirely based in what the geotechnical 

data reveals.  In other cases they may build a model and perform all manner of statistical analyses on 

the data.  There is no universal standard.  A licensed professional engineer or geologist is expected to 

do the level of analysis they feel is necessary to justify their conclusions. 

 

In our experience, the efforts to understand and quantify ground water for the proposed BCC 

development have met or exceeded the efforts typically expended for land development along the 

front range of Colorado. 

 

Conclusions 

 

The 2012 Ground Water Recharge Evaluation takes a workmanlike approach in determining the potential 

changes to ground water recharge as a result of BCC development and the effects on neighbors.  The water 

balance approach is straightforward and persuasive.  There are instances where the methodology for 

determining parameters used in the water balance are not well explained.  There are also errors in the 

determination of parameters.  The errors in the runoff calculation for impervious areas (Report, Comment 8), 

the crop coefficients (Appendices, Comment 2), the determination of pre-development irrigation quantities 

(Appendices, Comment 2), and the determination of post-development irrigation quantities (Appendices, 

Comment 3) increase the magnitude of the expected recharge difference.  It is our belief that correcting 

these errors by themselves will not change the conclusion of the report that pre-development recharge will 

exceed post-development recharge.  The Applicant should make these corrections to demonstrate the net 

effect. 

 

The single most important number in the recharge evaluation is the estimated Dry Creek Ditch No. 2 leakage 

of 64.7 gpm.  It is this number that in all cases results in pre-development recharge exceeding post-

development recharge.  Although it is our belief that Dry Creek Ditch No. 2 does recharge the regional 

aquifer, project neighbors have brought up a valid point that the analysis presented in Appendix B does not 

address how possible recharge from the aquifer due to water uses on the Bodam property may have 

influenced the determination of ditch leakage (Questions and Concerns of Project Neighbors, Question or 

Concern 1).  There is no information given in the report that would support an estimate of how this number 

may change.  The applicant must address this concern in order to justify the conclusion of the evaluation.  

 

Regardless of the outcome of the concerns expressed above the piping of Dry Creek Ditch No. 2 though the 

BCC property is very likely to benefit those project neighbors adjacent to the ditch along Cimarron Way.  

Basement flooding in properties adjacent to irrigation ditches is a well known problem along the front range 

of Colorado.  While it may not eliminate sump pumping it is likely to reduce the amount of water contributing 

to the problem at certain times of the year. 

 

Based on our review of the available documentation we do not share the concern of project neighbors that 

the development, as described in the preliminary documents submitted to Boulder, will significantly affect 
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groundwater flow through the area, provided precautions are taken (Questions and Concerns of Project 

Neighbors, Question or Concern 9).  The Applicant and Boulder should be cognizant that groundwater 

barriers should be installed in utility trenches on this site.  The applicant and Boulder should also be aware 

that flowfill backfill in deep utility trenches can impede the flow of groundwater; however, it is our belief that 

it is unlikely that flowfill backfill will ever be placed over a sufficient length to a sufficient depth to impede 

groundwater flow at this site. 

 

The larger concerns of project neighbors as to what causes high groundwater are beyond the scope of this 

memorandum; however, the review has lead ACE to a pair of observations that should inform the thinking on 

this subject. 

1. Table B.1 (Attachment D) shows a steep gradient in the water table from south (high) to north (low).  

Without a larger field of data it is not possible to tell what all the influences on this gradient may be, 

but it is not indicative of a water table that is being controlled by down gradient processes, like 

impeded flow to the north.  The tendency is consistent throughout the 2006 to 2012 time period 

captured in the data. 

2. COB staff have discovered that a original Street and Utility Plans for Keewaydin Meadows Subdivision 

included a 6” drain tile installed below the sanitary sewer in the same trench.  This indicates that the 

possibility of high ground water was known to the original developer.  The condition of this drain tile 

may have bearing on the problems experienced by the homeowners on Cimarron Drive.  Drain tiles 

of this type can have service lives of over 100 years if protected, but they are subject to damage from 

overhead construction and tree roots.  If the existence of the tile was unknown to later utility crews 

it may have been damaged inadvertently.  The location and condition of the outlet for the drain tile 

is also of interest.  Attachment H contains a copy of the Street and Utility Plans and a blow up of the 

relevant notes. 
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Attachment A 

 

SEO Structure Summary Report for 

Dry Creek No. 2 Ditch 
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@QVBWBEW@O @QVBWBAW@D BVW?? ,B ,B ,B ,B ,B ,?@N ,OQO ,D@V ,EQD ,B ,B ,B ,@A??,?Q@QVB QV

@QV@WBVWBQ @QV@WBQW@B BAW@N ,B ,B ,B ,B ,B ,B ,??B ,O?O ,DVQ ,@DQ ,EE ,B ,@E@E,@E@QV@ @@?

@QV?WBDWBE @QV?WBNW@A BDWBN ,B ,B ,B ,B ,B ,B ,B ,@@VB ,NEV ,@QN ,B ,B ,?@QE,?V@QV? AV

@QVOWBVW@? @QVOWBNWBN BVW?N ,B ,B ,B ,B ,B ,B ,EVB ,NOA ,AQA ,@BO ,B ,B ,?@NN,??@QVO ND

@QVEWBEW?D @QVEWBAW@A BVW@N ,B ,B ,B ,B ,B ,N ,A@? ,B ,AV ,B ,B ,B ,AQV,?B@QVE ?A

@QVVWBVWBO @QVVWBNWO@ BVW@A ,B ,B ,B ,B ,B ,B ,OEQ ,V?? ,A@ ,OQQ ,B ,B ,@OE@,OB@QVV V@

@QVDWBVWBN @QVDWBNW?D BDW@O ,B ,B ,B ,B ,B ,B ,V@E ,N?A ,@B@ ,O@O ,B ,B ,@AVV,OV@QVD A@

@QVAWBDW@Q @QVAWBQWBE BAWB@ ,B ,B ,B ,B ,B ,B ,B ,OVA ,@?BB ,QQD ,@@Q ,B ,?DA?,?B@QVA AN

@QVNWBDWBE @QVNWBAW?B BDW?B ,B ,B ,B ,B ,B ,B ,B ,AOE ,?AN ,B ,B ,B ,@B@?,OB@QVN EA

@QVQWBVW@N @QVQWBNW@B BVW@Q ,B ,B ,B ,B ,B ,B ,NV ,VQA ,AOD ,@OQ ,B ,B ,@VVA,@V@QVQ A@

@QDBWBEW?@ @QDBWBAW?A BDW@N ,B ,B ,B ,B ,B ,VD ,?ON ,NVO ,AON ,B ,B ,B ,@NNE,?B@QDB QN

@QD@WBVWO@ @QD@WBNWBA BDW?? ,B ,B ,B ,B ,B ,B ,ON ,AA? ,ND@ ,QQ ,B ,B ,@ADQ,?A@QD@ D?

@QD?WBVWBE @QD?WBNWB? BVWBQ ,B ,B ,B ,B ,B ,B ,QQN ,AE? ,DEA ,OD ,B ,B ,?E??,?V@QD? Q@

@QDOWBVW@O @QDOWBQW?Q BVWO@ ,B ,B ,B ,B ,B ,B ,VBE ,DAN ,@E ,?B ,ODO ,B ,@VAQ,@N@QDO N?

@QDEWBVWB? @QDEWBAW?B BVW?@ ,B ,B ,B ,B ,B ,B ,D@O ,VD@ ,DBV ,B ,B ,B ,@AAQ,?A@QDE AB

@QDVWBVWB? @QDVWBQW@? BAWBD ,B ,B ,B ,B ,B ,B ,O?A ,AAD ,VQO ,NA ,@NB ,B ,@QDE,?E@QDV QD

@QDDWBVW@B @QDDWBAWBE BVW@? ,B ,B ,B ,B ,B ,B ,VO? ,AEN ,QA ,B ,B ,B ,@OAA,@V@QDD VD

@QDAWBEW@B @QDAWBQW@A BEW@? ,B ,B ,B ,B ,B ,ONA ,ODQ ,QQ ,VD ,B ,?NE ,B ,@@QE,??@QDA @BQ

@QDNWBVW?? @QDNWBNW@Q BVW?O ,B ,B ,B ,B ,B ,B ,?AE ,DVQ ,OBA ,@AQ ,B ,B ,@E@N,@N@QDN AD

@QDQWBDWB? @QDQW@BWBD BDWBD ,B ,B ,B ,B ,B ,B ,B ,?@E ,EQ? ,EB ,DQ ,DB ,NAV,@D@QDQ DO

@QABWBVWBV @QABWBNWB? BVW?N ,B ,B ,B ,B ,B ,B ,DEA ,ADE ,EBV ,N ,B ,B ,@N?O,@N@QAB NN

@QA@WBVWBO @QA@WBNWBD BDW?A ,B ,B ,B ,B ,B ,B ,EB@ ,NBV ,VNO ,O? ,B ,B ,@N?@,@N@QA@ QD

@QA?WBVWBO @QA?WBNWBA BDWBV ,B ,B ,B ,B ,B ,B ,DB@ ,A@N ,O@A ,DO ,B ,B ,@ABB,@V@QA? QB

@QAOWBDWBA @QAOWBNW@Q BDW?V ,B ,B ,B ,B ,B ,B ,B ,?N? ,E@Q ,?@B ,B ,B ,Q@B,N@QAO AE

@QAEWBVW@B @QAEWBNWBA BDW@A ,B ,B ,B ,B ,B ,B ,OD@ ,VBN ,DA? ,@?A ,B ,B ,@DDN,@?@QAE QB

@QAVWBVW?? @QAVWBNW?V BAWOB ,B ,B ,B ,B ,B ,B ,@BO ,E@V ,ABN ,VBD ,B ,B ,@AO?,@E@QAV QV

@QADWBVWBD @QADW@BW@O BVW@D ,B ,B ,B ,B ,B ,B ,EB@ ,VEV ,V@D ,OA@ ,OD ,D@ ,@QOB,@B@QAD @OO

@QAAWBVW@? @QAAWBQWB@ BDWB@ ,B ,B ,B ,B ,B ,B ,ENN ,AEB ,@OO ,OBV ,D ,B ,@DA?,@E@QAA Q@

@QANWBEW?E @QANWBNW@O BDW@E ,B ,B ,B ,B ,B ,VB ,OB ,EDB ,VQQ ,@ND ,B ,B ,@O?V,@@@QAN ND

@QAQWBDWBA @QAQWBQWBO BNW@A ,B ,B ,B ,B ,B ,B ,B ,OB@ ,D@@ ,E?N ,E? ,B ,@ONO,@?@QAQ AQ

@QNBWBDWB@ @QNBWBNW@@ BDW?? ,B ,B ,B ,B ,B ,B ,B ,DOV ,N?O ,@EA ,B ,B ,@DBV,@D@QNB A?

@QN@WBDW@B @QN@WBDW@N BDW@B ,B ,B ,B ,B ,B ,B ,B ,@@V ,B ,B ,B ,B ,@@V,@B@QN@ Q

@QN?WBVW?B @QN?WBNW@O BAW@E ,B ,B ,B ,B ,B ,B ,@B@ ,?AN ,EAB ,@AV ,B ,B ,@B?O,@B@QN? ND
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@QNNWBVWBV @QNNWBAW?E ,B ,B ,B ,B ,B ,B ,AV ,OEA ,@OA ,B ,B ,B ,VDB,OE@QNN N@

@QNQWBEW?D @QNQWBQW?D BVW?V ,B ,B ,B ,B ,B ,?D ,?O? ,?@D ,@?B ,?E ,OV ,B ,DV?,V@QNQ @OE

@QQBWBEWB@ @QQBWBAW?N BDW?V ,B ,B ,B ,B ,B ,ED ,NN ,ODQ ,?N? ,B ,B ,B ,ANV,N@QQB @@N
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Attachment B 

 

Chart of Crop Coefficient Values for 

Pasture Grasses 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment C 

 

Pages 30, 31 and Table 4.14 of 

“Water Requirements for Urban 

Lawns” 



Chapter 4 

LAWN WATERING GUIDELINES 

Unlike agricultural irrigation, 
which is justified on the basis of 
crop yield, urban lawn irrigation is 
required to help maintain cooler 
summer temperatures, to reduce the 
amount of airborne dust, and to 
provide an aesthetically pleasing 
environment. It is difficult to 
quantify the "proper" amount of irri- 
gation for urban lawns because yield 
is not important and the irrigation 
requirement is only related to plant 
appearance - a subjective value. 

lawn Quality 

In this project lawn appearance 
was summarized by a lawn quality 
rating (Q), which varied from zero 
(lowest quality) to ten (highest 
quality). Values for the lawn 
quality ratings, averaged over two 
seasons, were 6.5 for Northglenn and 
7.5 for Fort Collins. Thus, in 
neither city was a significant number 
of residents demanding the highest 
possible lawn quality and apparently, 
the sampled residents of Northglenn 
did not demand as high a quality 
lawn as did those of Fort Collins. 
Part of this difference was undoubt- 
edly a result of the different water 
pricing policies of the two cities. 
In Northglenn, residents pay for the 
amount of water used; in Fort Collins, 
they pay a flat rate based upon lot 
size and other factors related to 
the residence. 

For the guidelines established, 
three lawn quality ratings will be 
considered; namely, high (Q=8), 
medium (Q=6), andlow (Q=4). The water 
requirements to maintain a lawn at a 
specific quality rating will be esti- 
mated for various cities in Colorado. 

Lawn Water Requirements 

It is assumed that lawn quality 
is related to the amount of water 
available to the grass and that other 
management practices are constant or, 
at least, consistent with the water- 
ing practices. One way of quantifying 
water application (irrigation plus 
rainfall) for a given period is to 
relate it to the potential evapotrans- 
piration. Thus, the application ratio 
(Lm) can be defined as, 

where d is the total ~applied water and 
Etm is the measured evapotranspiration 
by the lawn under conditions of soil 
moisture non-limiting (i.e., with the 
bucket lysimeters). The averaged 
observed values of Q versus irrigation 
water applied at Fort Collins and 
Northglenn are provided in figure 3.2 
for 1977 and in figure 3.3 for 1978. 
The average daily irrigation needed 
to meet Etm requirements is shown on 
the figures as arrows. The value 
depends upon s,easonal rainfall as 
well as Etm. The arrow for Fort 
Collins in 1977 (figure 3.3) repre- 
sents an irrigation rate where the 
rainfall was adjusted due to an ex- 
ceptionally large storm on 24 and 25 
of July. Much of that rain was lost 
;i,',"er to runoff or to deep percola- 

The lawn quality rating, when 
the amount of irrigation indicated 
by the arrows was applied, was about 
7 in 1977 and about 7.5 in 1978 for 
both cities. These values were re- 
presentive of the highest average 
quality obtained regardless of the 
amount of irrigation provided. The 
scatter in the points is, of course, 
due to differences in timing and 
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distribution of the irrigation 
between the various cooperators and 
to their management practices in: 
eluding fertilizer use. Evapotrans- 
piration of the lawn cannot exceed 
Etm; but since the residents irrigate 
inefficiently in terms of how often 
and how evenly the water is applied, 
application rates exceeding the 
theoretical minimum to meet Eta are 
generally required to maintain as 
entire lawn of high quality. As- 
suming reasonably good management 
practices, it may be concluded from 
figures 3.2 and 3.3 that a total 
water application rate (irrigation 
plus rainfall) equal to Et,, (Lm=l.OO) 
will result in an average seasonal 
quality rating of 8 and that quality 
ratings of 6 and 4 could result when 
L, values are 0.78 and 0.36 respect- 
ively. If Eta, and rainfall values 
are known, it is possible to cal- 
culate the irrigation requirements 
needed to provide these lawn quality 
ratings for any location. The 
measurements of Em using lysimeters 
is expensive, however, and would be 
impractical for large numbers of 
locations. 

Use of Evapotranspiration 
Estimatinq Equations 

In order to avoid the high cost 
of measuring E 

P 
, it is desireable 

to predict it rom climatic data at 
a specific location. Various 
equations have been developed for 
this purpose depending upon the type 
of climatic information available. 
The recommendations presented here 
are based upon the use of the Jensen- 
Haise equation. It has been shown 
to be quite accurate and requires a 
minimum ~of weather data. 

The expected evapotranspiration 
of a crop can be estimated as follows, 

E tj = C Etpj 

where Etpj is the potential evapo- 

transpiration as calculated by the 
Jensen-Haise equation, Et-j is the 
expected evapotranspiration of the 
crop under the existing growing con- 
ditions, and c is a coefficient which 
takes into consideration the crop, 
the moisture stress in the soil, and 
how recently the crop was irrigated 
or received rainfall. Haw (1977) 
estimated c using information in the 
literature for agricultural crops 
and the assumption that urban lawns 
have a growth response to water 
similar to that of pasture grass 
under full cover. His calculations 
yielded a value of c equal to 0.89 
and a plot of the 1977 data indicated 
that by using his c value 

Etj = Et,,, 

A subsequent evaluation of the data 
obtained in this study at Fort 
Collins and Northglenn indicates that 
the ratio of cumulative seasonal Et,,, 
to Etn{ is about 0.92. A value of 
c equa to 0.90 (the mean of 0.89 
and 0.92) is used to prepare the 
guidelines. Thus, 

d 

and 
Lm = 0.9 Etpj 

di = 0.9 Etpj L, - dr (4.1) 

where di is the required daily irri- 
gation to provide the desired lawn 
quality rating, L, is the necessary 
application ratio for that quality 
rating, and dr is the average daily 
long-term rainfall value. 

Application 

The techniques described above 
were applied to 17 Colorado cities 
(figure 4.1). Historical precipit- 
ation, temperature, and solar radia- 
tion were obtained from appropriate 
sources (Jensen, 1973; U.S. Dept. 
Commerce; Siemer, 1977). The results 
are presented in tables 4.1 through 
4.17. In those tables, temperature 
is the mean for each month, 



Table 4.14 

I Month 

May 

June 

July 

August 

September 

I ~0,ctober 

Ave. 
Temp.. 

0,. 

13.67 2.07 

18.33 1.60 

22.00 0.99 

21.06 0.84 

16.11 0.83 

10.i2 0.86 

47 

Average climatic data and reconnnended average 
daily irrigation levels for urban lawns to 
provide lawn quality ratings of 40, 60 and 80 
percent of maximum. 

City Longmont, Colorado 

Elevation (meters) 1,509 

Latitude. 40' lo’ N 

Longitude 105O 04' w 

Ave. 
PPt. 

m/day 

Pot. 

mm/i&y 

Irrigation 
m/day 

40% I 60% 

i 

7.01 1.4 4. 1 

5.06 0.8 2.7 

l.ei I 

I - 

80% 

2.9 

5.1 

6.3 

5.5 

3.7 

1.8 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment D 

 

Table B-1, Appendix B, 2012 

Groundwater Recharge Evaluation 



BCC, LLC Telesto Solutions, Inc. 
r:¥boulder_creek_commons¥boulder_creek_commons¥products¥2012-06-21_water_balance_report¥03_appendix_b¥tables.doc June 2012 

Table B-1 Measured Water Level Data 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
3/31/2006 5312.0 5317.5 5319.9 5321.5 - - 
4/7/2006 5312.0 5317.6 5320.4 5321.4 - - 
4/14/2006 5312.2 5317.8 5320.7 5322.7 - - 
4/20/2006 5312.8 5318.4 5321.0 5323.2 - - 
4/28/2006 5313.1 5319.2 5321.4 5323.8 - - 
5/5/2006 5313.6 5319.4 5321.4 5323.9 - - 
5/12/2006 5314.7 5319.5 5321.5 5323.9 - - 
5/19/2006 5315.0 5319.8 5321.7 5324.0 - - 
5/29/2006 5314.9 5319.9 5321.7 5324.0 - - 
6/5/2006 5314.9 5321.9 5321.6 5323.9 - - 
6/21/2006 5314.8 5321.9 5321.5 5323.7 - - 
7/7/2006 5314.7 5321.9 5321.7 5323.4 - - 
7/19/2006 5314.3 5321.9 5321.8 5322.8 - - 
8/19/2006 5313.4 5321.4 5320.3 5322.5 - - 
9/29/2006 5312.9 5318.7 5319.5 5320.7 - - 
10/20/2006 5312.4 5318.3 5319.1 5321.8 - - 
11/22/2006 5312.6 5319.1 5319.3 5322.0 - - 
12/15/2006 5312.2 5319.1 5318.8 5322.0 - - 
1/4/2007 5312.1 5318.8 - 5323.3 - - 
1/11/2007 5313.2 5320.0 5321.4 5323.9 - - 
2/15/2007 5314.3 - 5321.6 5323.6 - - 
3/9/2007 5313.8 5320.9 5321.3 5322.9 - - 
4/19/2007 5313.2 5320.1 5320.3 5322.3 - - 
5/15/2007 5314.1 5320.0 5320.4 5323.9 - - 
5/22/2007 5314.5 5319.7 5320.9 5323.5 - - 
5/29/2007 5314.7 5319.4 5321.2 5322.4 - - 



BCC, LLC Telesto Solutions, Inc. 
r:¥boulder_creek_commons¥boulder_creek_commons¥products¥2012-06-21_water_balance_report¥03_appendix_b¥tables.doc June 2012 

Table B-1 Measured Water Level Data (continued) 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
5/6/2011 - - - - 5320.4 5319.7 
5/16/2011 - - 5321.2 - 5323.0 5321.9 
5/22/2011 - - 5320.5 - 5324.1 5323.0 
5/23/2011 5314.7 5319.4 5321.5 - 5324.0 5323.0 
5/23/2011 5314.8 5319.4 5321.5 5323.4 5324.2 5322.8 
5/31/2011 5314.4 5319.8 5321.4 5322.4 5323.5 5322.6 
6/8/2011 5314.3 5319.4 5321.1 5321.5 5322.9 5322.2 
6/14/2011 5314.3 5319.2 5321.44 5321.43 5323.0 5322.1 
6/23/2011 5314.3 5318.9 5321.2 5321.1 5323.0 5322.1 
7/12/2011 5313.9 5318.6 5321.5 5323.7 5323.9 5322.7 
8/23/2011 5313.5 5317.6 5320.9 5322.0 5322.6 5321.6 
9/23/2011 5313.4 5318.3 5320.4 5322.1 5322.9 5321.7 
10/25/2011 5312.2 5318.0 5319.2 5320.6 5321.5 5320.7 
11/21/2011 5312.1 5318.2 5318.8 5321.3 5321.5 5320.7 
12/21/2011 5311.7 5317.7 5318.2 5321.1 5320.9 5320.1 
1/25/2012 5311.9 5318.1 5318.8 5321.7 5321.4 5320.4 
2/22/2012 5311.7 5317.8 5318.4 5322.5 5321.2 5320.1 
3/22/2012 5312.1 5318.3 5319.1 5321.6 5322.1 5319.7 
4/25/2012 5312.15 5317.86 5319.36 5321.42 5321.25 5320.71 
4/26/2012 5312.18 5317.84 5319.77 5322.08 5321.56 5320.75 
4/27/2012 5312.35 5317.82 5319.94 5322.05 5321.76 5320.80 
5/2/2012 5312.64 5317.74 5320.16 5321.55 5322.08 5320.94 
5/9/2012 5313.08 5317.76 5320.52 5322.76 5322.30 5322.03 
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Attachment E 

 

Email from Jeff McWhirter to COB 

Staff, Feb 7, 2013 
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Scott Parker

From: Schum, Heidi [SchumH@bouldercolorado.gov]
Sent: Tuesday, February 12, 2013 5:00 PM
To: Scott Parker
Subject: FW: Errors in Hogan-Pancost report
Attachments: hplaterals.pdf

Hi Scott, 

 

I just received some additional information on one of the questions I sent to you late last week.  Please keep the below 

information in mind when you look through the question I sent you.   

 

Thanks, and let me know if you have any questions. 

 

Heidi 

 

Heidi Schum, P.E. 

City of Boulder 

Public Works 

Development Review Manager 

303-441-4276 

schumh@bouldercolorado.gov 

 

From: Knapp, Katie  

Sent: Tuesday, February 12, 2013 4:51 PM 

To: Schum, Heidi; Kuhna, Scott 

Subject: FW: Errors in Hogan-Pancost report 

 
 

 

From: Leslie Ewy [mailto:lewy@thesanitasgroup.com]  

Sent: Tuesday, February 12, 2013 4:16 PM 
To: Knapp, Katie 

Cc: David Johnson; Terry Fairbanks; wniccoli@telesto-inc.com; mike@mboyers.com 

Subject: FW: Errors in Hogan-Pancost report 

 
Katie, 
  
We received the following email chain from Jeff McWhirter.  The initial email, on which you were included, was not 

received by Terry Fairbanks as he is an independent contractor and is no longer employed by Telesto.  
  
The Annexation/Initial Zoning and Site Review applications currently under consideration for approval by the City are 

based on the October 2011 “City of Boulder Wetland Delineation Report for the Boulder Creek Commons Property” 

prepared by Western Ecological Resource, Inc.  The 2011 study presents the delineation of the wetlands as of 2011 and 

is based on site information monitored or observed in 2011.    
  
Mr. McWhirter cites an old and outdated report which was based on observations made nearly 5 years ago.  For the 

record, the conversion error noted by Mr. McWhirter for the flows of the adjacent irrigation laterals do not change the 

wetland delineations presented in the older report.  The irrigation flows were provided as supplemental information 

documenting that the irrigation lateral was flowing during the field observations made on the Boulder Creek Commons 

property. 
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Sincerely, 
Leslie 
  
Leslie R. Ewy, PE 

Principal I General Manager 

Civil Engineer 
LEED AP  ND and BD+C 
------------------------------------------------- 

The Sanitas Group, LLC 
Civil Engineering Solutions 
303.981.9238  
lewy@thesanitasgroup.com 
www.thesanitasgroup.com 
-------------------------------------------------- 
  
  
From: Jeff McWhirter [mailto:jeff.mcwhirter@gmail.com]  

Sent: Tuesday, February 12, 2013 5:56 AM 

To: David@westerneco.com; Rea@westerneco.com; Heather@westerneco.com; Kyle@westerneco.com; jeff rifkin 
Subject: Errors in Hogan-Pancost report 
  

 

Dear Sirs, 

 

I am writing in regards to a number of serious errors you have published in the May 2010 Hogan-Pancost 

Groundwater Hydrology Monitoring & Wetland Delineation Report. My apologies, I sent the below message to 

Terry Fairbanks at Telesto last week but did not include your firm, the authors of the report. 

 

As you can see in the below message there are a number of errors including a gross miscalculation of the 

irrigation ditch flows in the area and a lack of understanding of the irrigation hydrology. Your report has been 

part of the public record for almost 3 years and will be used as part of the upcoming City of Boulder Site and 

Annexation review.  

 

Seeing orders of magnitude errors in such an important report cause myself and my neighbors who have had 

numerous basement flooding problems a great deal of concern. These  errors may have given the developer, and 

the City of Boulder staff, Planning Board and Council an incorrect understanding of the area irrigation 

hydrology and of the scope and extent of possible groundwater problems. Furthermore, these errors may have 

led your firm to incorrect conclusions regarding the nature of the wetlands on the site.  

 

These errors need to be corrected before the upcoming Site Review. Given the tight time frame on this our 

group would appreciate a prompt response. 

 

Thank you for your time, 

Jeff McWhirter 

President, Southeast Boulder Neighborhoods Association (SEBNA) 

---------- Forwarded message ---------- 

From: Jeff McWhirter <jeff.mcwhirter@gmail.com> 

Date: Thu, Feb 7, 2013 at 4:56 AM 

Subject: ditch flow calculation errors 

To: tfairbanks@telesto-inc.com, "Knapp, Katie" <KnappK@bouldercolorado.gov> 
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Mr Fairbanks, 

 

I am one of the Hogan-Pancost neighbors. I'm not sure if we have met in the past and I didn't get a chance to 

meet with you at the community meeting last week. 

 

I am writing to inform you that I have recently discovered a very large error in the groundwater reports that 

needs to be addressed. In Appendix A of the May 2010 Groundwater Hydrology Monitoring & Wetland 

Delineation Report ditch flow measurements are reported for the west and east laterals. Unfortunately when 

converting from cubic feet/second to gallons/minute a conversion error occurred. 

 

The conversion factor of 0.13368 is applied incorrectly. Instead of dividing by the conversion factor the CFS is 

multiplied by the conversion factor. In other words there are 7.5 gallons per cubic foot, not 1/7.5 gallons.  

 

The following incorrect calculations are given in the Appendix: 

                       East wier       West wier   

CFS:              1.6786                  1.0081 

G/second:      0.2244                  0.1348 

G/day:         19388.16             11646.72 

 

The correct values should be: 

G/second:      12.55                  7.54 

G/day:         1084912            651554 

 

 

The correct value is 56 times greater than the given value. 

 

Also, in the above report as well as in the 2 groundwater reports an important feature of the irrigation hydrology 

on the Bodam property is not noted. As seen in the attached PDF there is a junction box on the lateral at the 

southeast corner of the property. A 15 inch pipe diverts considerable flow to the northwest to feed the 

decorative pond.  This flow is not noted in any of the reports and is at least the same amount of flow that was 

measured along the west lateral. In the wetlands report the pond is described as being fed by the lateral from the 

north. This is incorrect. The pond is fed by the lateral branch from the south and the pond's outlet runs north. 

 

Furthermore, as seen in the PDF, the  intent of the Bodam irrigation is to recharge the groundwater. As noted in 

the wetlands report the water is diverted into a storage well on the west side of the property specifically for 

recharge purposes. While there may be a small amount of water that "spills over a portion of the ditch lining and 

recharges the ground water system" the majority of the lateral flow is diverted into the storage well and pond for 

recharge purposes by design.  

 

With the conversion error corrected and taking into account the pond lateral there is at least 900 GPM of 

irrigation water being brought onto the property. This value is probably on the low side as the irrigation has 

changed and the east lateral no longer flows. This is more than 2 orders of magnitude difference from the 6.2 

GPM that is given in the 2012 GW report.  

 

Dr McCurry is doing a thorough review of these new findings as well as of the 2012 groundwater report. But, I 

wanted to give you a heads up so you don't get blindsided by these errors. The errors need to be corrected before 

the upcoming Site Review. 

 

If you have any questions please feel free to contact myself or Dr McCurry  mccurry@comcast.net 
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Ms Knapp  - could you please forward this information to the Andersen 4th party reviewer. 

 

-Jeff 
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Attachment F 

 

“The Impacts of Urbanization on 

Groundwater Systems and 

Recharge” by John M. Sharp, Jr. 



AQUAmundi (2010) - Am01008: 051 - 056 DOI 10.4409/Am-004-10-0008

Abstract: Urbanization is a major geomorphic process affecting both 
surface and groundwater systems. The development of cities inevita-
bly increases paved surfaces and roofs (termed impervious cover) and 
storm drains. Installation of a network of subsurface structures, in-
cluding utility systems, is another necessary aspect of modern cities. 
Urbanization alters topography and natural vegetation, stream flows 
and flooding characteristics, temperatures both above and below the 
land surface, and water quality of surface streams and groundwater.  
Major physical changes to the groundwater system include changes in 
water table elevation; a dramatically altered permeability field created 
by construction and utility system emplacement; and altered ground-
water recharge. Subsurface permeabilities may increase by orders of 
magnitude in certain preferred zones, which makes prediction and 
remediation of subsurface contaminants difficult. Groundwater re-
charge commonly increases because of: 1) leakage from water distri-
butions systems, sewer lines, detention ponds, and storm drains; 2) 
over irrigation of lawns, gardens, and parks; 3) artificial recharge; 4) 
reduced evapotranspiration and 5) infiltration through “impervious” 
cover. This, coupled with pumping of shallow groundwater, controls  
water table fluctuations. The impacts of urbanization on groundwater 
systems are predictable and should be considered in urban planning 
from geotechnical, environmental, and water resources perspectives.
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Riassunto: L’urbanizzazione è il maggiore processo geomorfico che 
interessa sia il sistema delle acque superficiali che quello delle acque 
sotterranee. Lo sviluppo delle città aumenta inevitabilmente le aree 
impermeabili come le superfici pavimentate, i tetti (definiti una co-
pertura impermeabile) ed i canali di deflusso. L’installazione di una 
rete di strutture al di sotto della superficie, incluso i sistemi di servizio 
pubblico (distribuzione e canalizzazione dei reflui) è un altro aspetto 
delle città moderne. L’urbanizzazione altera la topografia e la vege-
tazione naturale, il flusso delle acque superficiali e il comportamento 
degli eventi di piena, le temperature sia sopra e sotto la superficie 
del terreno, e la qualità delle acque dei fiumi e delle acque di falda.
I principali cambiamenti fisici nel sistema delle acque sotterranee in-
cludono le variazioni di quota della superficie freatica; la drammatica 
alterazione della permeabilità creata dalla costruzione e dal colloca-
mento del sistema delle infrastrutture; l’alterazione della ricarica della 
falda. La permeabilità sotterranea può aumentare di ordini di grandez-
za in certe zone preferite, ciò rende difficile la previsione e la bonifica 
dei contaminanti nel sottosuolo. La ricarica della falda generalmente si 
incrementa a causa di 1) perdite dai sistemi di distribuzione dell’acqua, 
delle reti fognarie, dei bacini di immagazzinamento, e dai canali di de-
flusso; 2) eccessiva irrigazione dei prati, giardini e parchi; 3) ricarica 
artificiale; 4) riduzione di evapotraspirazione e 5) infiltrazione attra-
verso le coperture “impermeabili”. Questo, associato al pompaggio 
delle acque sotterranee poco profonde, controlla le fluttuazioni della 
superficie freatica. Gli impatti dell’urbanizzazione sul sistema delle ac-
que sotterranee sono prevedibili e dovrebbero essere considerati nella 
pianificazione urbana dal punto di vista geotecnico, ambientale e delle 
risorse idriche.
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Introduction

Mankind is the major geomorphic agent that affects the Earth’s 
land surfaces (Sherlock, 1922; Underwood, 2001) and, perhaps sec-
ond only to agriculture, urbanization is the major process now af-
fecting the land. Over 50% of the Earth’s population now lives in 
cities and it is estimated that by 2025 this will increase to over 67% 
(Ramsey, 2003). Megacities and urban sprawl cover large areas of all 
continents except Antarctica. The conversion of natural, agricultural, 
and other low-population density lands to cities or urban areas chang-
es to the hydrology of the area.  Below I consider these changes as 
they affect the groundwater systems and, in particular, their physical 
aspects and water resources implications. The effects of urbanization 
on flooding have been well documented for over 40 years (Leopold, 
1968). This is attributed to increasing impervious cover and storm 
drains that channel precipitation off roads, roofs, and parking lots to 
streams. “Impervious” cover is a major index or urbanization areas 
and is considered the most pervasive, relevant characteristic leading 
to hydrologic impacts (e.g., Arnold and Gibbons 1996). Urban hydro-
logic analysis and design has commonly only consisted of quantifying 
and planning for the larger peak flows associated with floods in an ur-
ban setting. Higher flood peaks, stream flashiness, and, in some cases, 
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runoff volumes are the results of urbanization, but other hydrologic 
consequences include changes in baseflow (often mistakenly assumed 
to decrease); increased stream loads of nutrients, salts, heavy met-
als, and sediments; and changes to urban stream temperature patterns 
(Moglen, 2009). In addition, it has been documented that urbanization 
can alter the local and, perhaps, the regional climate.

However, groundwater systems in urban areas are also impacted 
significantly, and these impacts can have important consequences for 
human activities and the environment. Because usually groundwater 
is out of sight, it is sometimes out of mind, but the impacts of ur-
banization on groundwater systems must be considered in land-use 
planning, construction, or in regards to water resources to make future 
urban areas sustainable. Urban groundwater systems remain an under-
appreciated and under-underutilized urban resource (Sharp, 1997).

General hydrogeological effects of urbanization include altered 
topography and vegetation, increasing shallow groundwater tempera-
tures, changes to water table elevations, and a multitude of changes 
associated with construction and pumping, and pollution of ground-
waters and surface waters. The last topic has an extensive literature, 
but is not the subject of this study, but the physical alterations to the 
hydrogeological system need to be considered in remediation and wa-
ter management. This paper focuses primarily on the imposition and 
effects of a highly altered shallow permeability field and on altered, 
generally increasing groundwater recharge. However, these effects 
are all interrelated.

General hydrogeologic effects

Altered topography
Urbanization tends to level off the landscape for ease of construction 

and for roadway design. Over time, low-lying areas are filled in and 
elevated areas lowered. In very old cities, younger construction cover 
successively older city structures. This commonly leads to burial of 
surface streams, which may be covered, filled-in, converted into storm 
sewers, or just forgotten. Case histories include London, UK (Barton, 
1962), Washington D.C., USA (Williams, 1977), and Minneapolis-St. 
Paul, Minnesota, USA (Brick, 2009). However, the high-permeability 
alluvial strata often remain buried beneath streets and buildings. These 
will often be in the form of lenses or channels that make accurate pre-
dictions of groundwater flow and solute transport difficult.

Altered vegetation
Changes in the rates and distribution of evapotranspiration can alter 

recharge and groundwater flow directions. Clearly, impervious cover 
will decrease and may even eliminate transpiration by native vegeta-
tion. Alternatively, especially in desert cities, irrigation of lawns and 
gardens may increase transpiration, as can the introduction of non-na-
tive vegetation that may include phreatophytes, such as tamarisk and 
eucalyptus. Finally, over-watering of lawns, playing fields, and gardens 
may lead to irrigation return flows that increase groundwater recharge 
as, for example, in Lethbridge, Canada (Berg et al., 1996) and Austin, 
Texas, USA (Garcia-Fresca, 2004; Garcia-Fresca and Sharp, 2005).

Groundwater temperatures
The urban heat island effect is well documented. Urban areas are 

hotter than adjoining rural areas. The annual mean air temperature 
of a city with 1 million people can average (1–3°C warmer than its 
surroundings and in the evenings this difference can be even greater. 

The U.S Environmental Protection Agency maintains a website on 
the Heat Island Effect. Groundwater is also affected; shallow ground-
water temperatures increases, which can affect water quality and 
groundwater dependent ecosystems. Examples include Tokyo, Japan 
(Taniguchi et al., 1999; 2001) and Minneapolis/St.Paul, Minnesota, 
USA (Taylor and Stefan, 2009).

Changing water table elevations 
Water tables can either fall or rise (Simpson, 1994; George, 1992; 

Whitesides et al., 1983) with urbanization. Groundwater extraction in 
the urban area can either increase or decrease with time as imported 
waters are introduced, as surface water systems replace local ground-
water resources, as surface water systems decline as in droughts, with 
reservoir-induced changes in river stages, or with the implementation 
of new technologies, such as desalination or ASR (aquifer storage 
and recovery). Except in the case of areas with relatively deep water 
tables, ASR effects can be significant but are presumably temporary 
with the possible exception of where water tables may rise until the 
fluctuating nature of a functional ASR commences.

Conversion from using local aquifer systems to large surface water 
systems or imported water can cause rising water tables, which can, in 
turn, can cause engineering problems (flooding of basements, tunnels, 
and utility systems; mass wasting, etc.) and new boggy areas. Wet 
soils as in Wagga Wagga, Australia, can cause foundations problems 
(Cooke et al., 2001; Young, 2008), especially when the groundwater 
is brackish or saline. On the other hand, continued use of groundwa-
ter can cause falling water tables, which can, in turn, cause saltwater 
intrusion, subsidence, or the decline of groundwater dependent eco-
systems, including springs.

Construction and pumping effects
Various construction activities and designs affect groundwater. If 

the water-table is close to the surface or if deep tunnels or subways 
are being built, dewatering or depressurization may be required that 
can lower water tables for considerable periods of time (Powers et al., 
2007). In some construction the dewatering must be essentially perma-
nent. For instance, sump pumps may be required and this may depress 
water tables, induce leakage from utility lines, change groundwater 
flow patterns, and lower natural baseflows to streams and wetland ar-
eas, although the water being pumped must be disposed and typically 
to some stream. If construction occurred in an historical period of low 
water tables (e.g., in a time when groundwater supplied the city and 
was eventually replaced by imported surface waters or in a time of 
extended drought), then the dewatering occur post-construction.

Pumping for production of groundwater or for remediation of sub-
surface contamination can create similar effects. In certain cases, 
the construction may form subsurface dams that can locally alter the 
groundwater flow field, such as in Hong Kong, China (Jiao et al., 
2006). If subsidence is the result of pumping, this can cause alteration 
of surface stream gradients and flood zones, breakage of underground 
utility systems, and inundation near coastal areas. Examples (e.g., 
Johnson, 1991) where these effects have been significant include 
Houston, Texas, USA; Venice, Italy; and Calcutta, India.

Altered permeability field

The network (or reticulation) of water mains, sewer lines, electrical 
and telephone conduits, storm drains/sewers, subways, and other sub-
surface systems is one of the major alterations to the hydrogeology of 
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an urban area. Although urban soils tend to be come less permeable 
because of compaction (Pitt et al., 2002), fill near buildings and over 
utility trenches (Figure 1) is more permeable. In the latter case, per-
meability commonly increases by several orders of magnitude.

Figure 2 shows data on hydraulic conductivities of utility trench 
fill compared to undisturbed soils developed on alluvium and terrace 
deposits. Similar trends are found where the trenches are excavated in 
carbonate rock materials in Austin, Texas, USA (Sharp et al., 2003).   
Further, if the conduit or pipe is breached as commonly happens in 
storm drains, sewers, and electrical/telephone conduits, permeabili-
ties can be much greater in these pipes/conduits than in the fill. In 
older cities, abandoned utility lines and pipes, old trench fills, rem-
nants of older structures and construction, and buried alluvial strata 
remain after new construction to create a very complicated secondary 
permeability field.  

Fig. 1: Elements of a utility trench. Typically well-sorted, high permeability 
sand or gravel is emplaced up to the spring line. Back fill is then placed and 
sometimes tamped or compacted. In some cases, there may be a top cover of 
soil, gravel, or other materials. Figure 2 shows one data set of how perme-
abilities compare in the backfill/top cover to the natural existing soils.

Fig. 2: Hydraulic conductivities of soils developed in Quaternary terrace and 
alluvial deposits and fill materials in utility trenches in the same soils in Aus-
tin, Texas, USA. Modified from Sharp et al. (2003).

This double- or triple-permeability system has been considered 
analogous to a karstic system (Sharp and Garcia-Fresca, 2003).  In 
fact, the secondary porosity of the urban underground is roughly 
equivalent to that of a karstic aquifer. For instance, secondary po-
rosity under Quebec City, Canada in a crystalline bedrock environ-
ment is essentially that estimated for the rocks of Mammoth Cave 
National Park, Kentucky, USA (Garcia-Fresca, 2004; Worthington, 
2003; Boivin, 1990). The rate of increase of this urban secondary po-
rosity and permeability, however, occurs in a span of only decades or 
perhaps a few centuries. Whereas the natural development of second-
ary porosity and permeability normally occurs over much longer time 
spans of millennia to millions of years.

This highly altered permeability field can lead to the following:

•	 Altered groundwater flow systems.
•	 Maintenance of stream baseflows and spring flows during times of 

limited rainfall or, alternatively. 
•	 Reduced increased spring flows, if flow is diverted from spring ori-

fices.
•	 Diversion of groundwater to different streams or catchments.
•	 Artificial recharge caused by leakage of water, sewage, and storm 

waters along the utility lines.
•	 Difficulty in predicting, modeling, and remediating subsurface con-

tamination.
•	 Creation of multiple contaminant plumes that can migrate in differ-

ent directions than might be predicted from standard analyses.
•	 Utility trenches and mains/sewers serving as “French drains” to 

limit rising water tables.

Krothe (2002) and Sharp et al. (2003) demonstrate that utility 
trench systems with 2-4 orders of magnitude greater permeability de-
flect groundwater flow patterns and that multiple contaminant plumes 
can arise from a single point source. Clearly, prediction of contami-
nant migration pathways becomes problematic under such conditions.  
In addition, in these high permeability zones can serve as drain path-
ways. For instance, storm drains in Austin, USA, are observed to flow 
in periods of no precipitation. If the utility trench systems are above 
the water table, they can serve as recharge line sources, which is dis-
cussed below.

The assessment of how urban development changes the ground-
water flow system and permeability fields is site specific. It depends 
upon the hydrogeology of strata underlying the city, the details of 
urban development, the use of local aquifers for water supply, and 
alterations to the rates and distribution of recharge.

Groundwater recharge

Although it is commonly stated, that groundwater recharge is re-
duced with urbanization because of the increase in impervious cover, 
the reverse is the more common condition – urbanization increases 
ground water recharge. In some cases, groundwater dependent eco-
systems are augmented by increased urban recharge (Sharp et al., 
2009). Asquith and Roussel (2007), Drouin-Brisebois (2002), and 
Scheuler (1994) all indicate little difference in stream baseflows be-
tween urbanized and undeveloped watersheds. Figure 3 shows a com-
pilation of data from cities around the Earth showing comparing re-
charge before and after urbanization. In all cases, except Birmingham, 
UK, increases are estimated. The increases in groundwater recharge 
are most notable in more arid zones and cities with that may not be 
able to maintain their utility system and roadway infrastructure. Of 
course, it should be noted that the recharge and changes to recharge 
in a city also vary spatially.  It may be decreased in one portion of an 
urban area because of increases in impervious cover and soil compac-
tion and increased in other areas because of a number of other factors.  
These include leakage from water mains,  sewer lines, and storm drain 
systems; the effects of storm water detention ponds and artificial re-
charge; irrigation return flow from lawns, gardens, and parks; losing 
streams; and the fact that impervious cover is not all impervious.

Leakage from water mains estimated to range from lows ap-
proaching 5% to over 60 % of water pumped from the surface reser-
voirs or groundwater (Garcia-Fresca and Sharp, 2005). The lowest 
rates are for special low-pressure, newly constructed water delivery 
systems, but rates under 10% can be achieved with good, continual 
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maintenance.  However, general rates in developed countries are in 
the range of 16 to 25% (Lerner, 1997b; Thornton, 2002).  In the ab-
sence of field data, leakage rates of water from sewer lines in the 
USA is estimated very conservatively at 6% and from storm drains 
at 5% for high flow rates and 10% at low flows rates (Rieckermann 
et al., 2003; Thornton, 2002; Wurbs and James, 2002). In many ur-
ban areas, storm water retention/detention ponds are installed to al-
leviate the effects of floods after heavy rains and for water quality 
protection. These ponds are shown to be significant point sources of 
recharge and, as stated by Milczarek et al. (2004), “If maximizing 
GW recharge…is desired, the design and siting of stormwater basins 
…merits…consideration”. Artificial recharge basins have been to in-
crease recharge significantly and lower overall evapotranspiration on 
Long Island New York, USA (Scorca, 1996). Stormwater retention/
detention ponds can be designed to serve in this capacity.  

While the effects of overwatering of lawns, gardens, and parks are 
relatively well understood and accepted, the competing effects of 
“impervious cover” are not. Figure 4 shows sources of recharge in 
an urban area. There are 4 styles of recharge (Wiles and Sharp, 2008; 
Lerner, 1997a) – direct, indirect, artificial, and localized. 

Direct recharge occurs from precipitation reaching the land sur-
face. In urban areas this is expected to decrease because of run-
off from roofs and paved surfaces diverting precipitation. This 
also occurs if the soils are less permeable because of compaction. 
The diverted water generally flows onto streets and storm drains 
where present. The net effect of impervious cover and storm drain 
is increasing flood peaks and decreasing flood lag times as has been 
demonstrated repeatedly since Leopold (1968). However, the im-
pervious cover also reduces evapotranspiration losses and, as is in-
dicated below, not all precipitation reaching roadways and parking 
lots becomes surface runoff.

Indirect recharge includes water that flows over the land surface or 
in streams that recharges through a mappable recharge feature. The 
most notable example is that of losing streams in karstic areas. For ex-
ample, over 50% of the water recharging the Edwards Aquifer in Aus-
tin, Texas, USA is indirect recharge (Hauwert, 2009). If urbanization 
increases stream flows to losing streams, this can increase recharge.

Fig. 3: Estimates of groundwater recharge in cities prior to (circle) and after 
urbanization (triangle) (modified from Garcia-Fresca and Sharp, 2005, and 
Foster, 1996). In all estimates, only Birmingham, UK (Bi in the figure shows a 
decrease as documented by Knipe et al., 1993). Added to Garcia-Fresca and 
Sharp (2005) are Austin, USA (A) and Milan, Italy (Mi). Hat Yai, Thailand 
(HY) and Lima, Peru (L) are from Foster (1996).

Fig. 4: Sources of recharge in an urban area. Modified from Wiles and Sharp, 
(2008).

Artificial recharge includes leakage from water mains, sewers, 
storm drains, and detention ponds as discussed above. It also includes 
irrigation return flows from overwatering and other means of artificial 
recharge, such as soakways, injection wells, drain fields, diversion of 
surface waters into sinkholes, etc.  If the shallow groundwater system 
is not being utilized, artificial recharge is expected to raise the water 
table. Austin, Texas, uses water from the Colorado River, which has  
different chemical and isotopic signatures than groundwater that has 
recharged through the Cretaceous carbonates that underlie the city. As 
streams become more urbanized as indexed by impervious cover per-
centages, the chemical and Sr-isotopic signatures evolve match those 
of the River rather than those of the Cretaceous bedrock (Figure 5). 
During low flow conditions in completely urbanized reaches of the 
stream, it appears that nearly all stream flow originated from treated 
water that once flowed through the city’s water distribution system 
(Sharp et al., 2006; Christian et al., in preparation).

Localized recharge occurs where water runs a short distance from 
the point of precipitation impact to where it intersects fractures or 

Fig. 5: Chemical and Sr-isotopic data for streams in the Austin, Texas, USA 
(Christian et al., in preparation). As streams become more urbanized, their 
chemical and isotopic signatures approach those found in Austin tap water. 
Leakage (artificial recharge) from municipal water (water main leakage and 
over irrigation of lawns, gardens, and parks) and from sewage lines can ac-
count for this trend.
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joints in the paved surfaces, which are secondary permeability fea-
tures (Wiles and Sharp, 2008). Localized recharge can also be signifi-
cant and DeVries and Simmers (2002) infer that it may be the domi-
nant recharge component in arid or semi-arid zones. Wiles and Sharp 
report the measurement of permeability of these secondary features 
in Austin, Texas, USA. They conclude by upscaling over pavement 
area that approximately 20% of the mean annual precipitation could 
become localized recharge (through “impervious” cover). This num-
ber is consistent with estimates of recharge obtained from empirical 
studies of sewer systems and roadway design (Wiles and Sharp, 2008, 
Figure 2 therein). 

Although recharge rates vary spatially and temporally so that  it 
may decrease in some areas and increase in other areas of a city be-
cause of the varying intensity of factors discussed above, recharge  
generally is expected to increase with urbanization for the urban area 
as a whole.  

Conclusions

Urbanization causes changes to the land surface by altering to-
pography and vegetation, increasing shallow groundwater tempera-
tures, raising or lowering water tables, and extraction of groundwater 
during or after construction and as a water resource that can cause 
subsidence and its accompanying effect. These all affect the shallow 
groundwater systems. 

Two general and important effects are:

1)	The alteration of the permeability field by construction, particularly 
high permeability utility systems and the trenches dug to accom-
modate their emplacement. This alters groundwater flow paths and 
makes contaminant remediation difficult.

2)	Changes to groundwater recharge. Recharge rates may vary spa-
tially and temporally but recharge generally increases within urban 
areas.

Alterations to urban hydrogeology should be considered in plan-
ning urban design, future water resources needs, and protection of 
groundwater dependent ecosystems.
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