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SURFACE WATER QUALITY – QUANTIFICATION OF DESIGN BENEFITS FOR THE BOULDER 
BAY COMMUNITY ENHANCEMENT PROJECT (CEP) STORMWATER TREATMENT SYSTEM 

 
Overview 
 
Meeting Lake Tahoe water quality improvement targets will require new tools, new approaches 
and a level of accountability not currently employed. This document describes an existing 
conditions assessment approach that helps to validate assumptions and sets a robust starting point 
for what is intended to be a model water quality protection and improvement program for the Lake 
Tahoe Basin.  
 
Assessments such as this one depend for their accuracy on available data; the types of assumptions 
made in the calculations and the understanding of the functionality of the treatment elements 
within the water quality ‘treatment train’.  We suggest that the process described in this document 
may be the most robust approach to existing conditions calculations that has been done in the 
Lake Tahoe-Truckee region. The reason for this claim is that we have used real-time water quality 
data from the site and we have linked that to actual climate data from wet (including El Nino 
years) and dry years in order to estimate the variance between types of water years (WYs). We 
have also used relatively conservative BMP functionality values in order to incorporate some 
additional confidence in the values stated. This approach, as far as we know, has not been used 
before and sets a standard that we believe will offer a clear understanding of a starting point for 
water quality improvement designs.  
 
Perhaps the most important element of our design, besides the robust estimates of performance 
that this document presents, is the fact that we have designed the system to treat more than the so 
called ‘design storm’ or the 20 year-1 hour storm. We recognize that episodic, high flow runoff 
events typically cause a greater impact than a 1–inch, 1-hour rainstorm, as was experienced in 
October 2009 where a 2+ inch storm resulted in a great deal of water quality degradation in the 
Lake Tahoe Basin. We believe, based on a large body of data and observation, that the 20-year /1- 
hour (20yr/1hr) storm design criteria may be inadequate to meet water quality protection needs 
and therefore have increased our capacity beyond that.  
 
This document directly addresses the following question: 
 
 
What is the benefit of the proposed Stormwater Management program (SWMP) for Alternative C 
vs. implementation of the standard 20yr/1hr design specification? (DEIS Master Comment 
Response 1) 
 
To provide an answer to this question, the Boulder Bay staff worked with civil engineers at Lumos 
and Associates and Dr. Mark Grismer PE and Michael Hogan of Integrated Environmental 
Restoration Services (IERS). 
 
The initial work completed by Lumos and Associates, was the development of a full BMP plan for 
the Existing Conditions based upon the 20yr/1hr design standard.  See Appendix P of the Boulder 
Bay Community Enhancement Project (CEP) EIS for the stormwater management plan (SWMP) for 
E20.  The E20 SWMP is applicable for Alternatives A, B and E project areas.  Additional BMP 
capacity calculations were completed for the Proposed Project (Alternative C). These calculations 
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are based on a SWMP that includes infiltration galleries, basins and trenches designed to the 
20yr/1hr design standard and exclude any accommodation for Washoe County or Nevada 
Department of Transportation (NDOT) impervious surfaces.  The C20 SWMP components are 
sized to accommodate the on-site infiltration of the 20yr/1hr storm volume.  The 20yr/1hr design 
standard also excludes the use of Low Impact Development (LID) strategies such as pervious 
pavers, stormwater catchments, biological treatment swales and other dispersed biological 
treatment facilities and green roofs.   
 
The SWMP proposed for Alternative C (C100) includes components that are sized to 
accommodate the on-site infiltration of the 50yr/1hr storm volume from the project area and 
portions of NDOT and Washoe County ROWS, as described on pages 4.3-38 through 4.3-37 of 
the EIS.  Alternative C design proposes LID strategies such as pervious pavers, green roofs, 
stormwater catchments and biological treatment swales (detailed in Appendix R) that decrease 
effective coverage, attenuate peak runoff volumes, and increase the SWMP treatment capacity to 
that of the 100yr/1hr storm volume. Table 4.3-12 presents the supporting calculations for capture 
and infiltration of the 100yr/1hr storm volume for C100.  Table AB-1 in Appendix AB identifies the 
runoff volume reductions calculated for the proposed LID strategies. For purposes of this 
supplemental analysis, the 100/yr/1hr storm is modeled for best quantification of the “over and 
beyond” environmental improvements committed to for TRPA Community Enhancement Program 
(CEP) participation.  
 
Table 1 presents the comparison of scenarios one, two and three below to C100, represented by 
scenario four and provides the reader with a clear understanding of the benefits of C100 
communicated in terms of volume of untreated runoff that could exit the project area under each 
of the scenarios: 
 

1. Existing Conditions – Current project area without 20yr/1hr BMPs installed.  This condition 
was not used for loading comparisons but was included as requested by the League for 
reference purposes.   

2. E20 - Existing Conditions with 20yr/1hr BMPs installed.  
3. C20 - Alternative C with 20yr/1hr BMPs installed.  
4. C100 - Alternative C with a SWMP design to accommodate project area runoff as well as 

NDOT and Washoe County ROW runoff, on-site infiltration of the 100 yr/1hr storm 
volume with the use of LID strategies and the completion of EIP Project #732, Brockway 
Residential Water Quality Improvement Project. 

 
Boulder Bay does not assume credit for reductions of C100 vs. Existing Conditions. The “over and 
beyond” of the project is communicated for C100 vs. E20 and C100 vs. C20. Table 1 summarizes 
the predicted runoff results. For E20, C20 and C100 the SWMP contains all of the project area 
water in the event of the 20yr/1hr storm.  The total runoff including NDOT and Washoe County 
ROWs for the 20yr/1hr storm is 16,428 cubic feet (CF) for E20, 0 CF for C20 and 0 CF for C100.  
In the event of the 100-year/1-hour (100yr/1hr) storm event, the total runoff for the including 
ROWs is 37,920 CF for E20, 21,488 CF for C20 and 0 CF for C100. 
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Project Area BMP Designs 
Existing 

Conditions 

E20                       
Existing 

Conditions 
(20 yr 

Design)*** 

C20  
                        

Alternative C                      
(20 yr Design) 

C100      
                   

Alternative C                      
(100 yr Design) 

BMP Capacity (CF) 500 22,647 39,079 58,152 
LID elements (green roofs, 
pervious pavers, cisterns) (CF)** none 

 
none none 12,838 

     Total Capacity 500 22,647 39,079 70,990 
     

20 yr - 1 hr storm Volume (CF) 39,075 39,075 39,075 39,075 
     Storm Volume Runoff (CF) 38,575 16,428 -4* -31,915 
     

50 yr - 1 hr storm Volume (CF) 48,844 48,844 48,844 48,844 
     Storm Volume Runoff (CF) 48,344 26,197 9,765 -22,146 
     

100 yr - 1 hr Storm Volume (CF) 60,566 60,567 60,567 60,567 
     Storm Volume Runoff (CF) 60,066 37,920 21,488 -10,423 

*A negative storm volume runoff represents excess design capacity for the storm event.   
**For C100, an estimate of capacity for the LID strategies is included for comparison purposes. The actual  
 capacity varies for the loading calculations depending on antecedent moisture due to previous weather.. 
***E20 results in runoff for the 20-year storm due to the contribution of NDOT and Washoe County ROW.   
      E20 does not include capacity for theses surfaces. 

 
Table 1.  Comparison of total runoff volumes for various designs and storms for project area 
BMPs/SWMP 
 
 
Loading Calculations 
 
It is important to note that when stormwater is allowed to run off of the project area, that runoff 
contains sediment (including fine sediment), nitrogen and phosphorus, the primary elements 
leading to loss of Lake clarity. It is also critical to understand that the 20yr/1hr storm and the 
100yr/1hr storm are design specifications and are not representative of how precipitation and 
runoff actually occur.  In reality, storms often occur in a series, which can result in nearly saturated 
soils or partially filled storm-water infiltration galleries, tanks or detention basins, thereby reducing 
conceptual design capacities of storm water management strategies.  As a result, we could have a 
relatively dry year in terms of total moisture, which produces significant runoff because the storms 
that did occur were abnormally large or occurred in close succession.  In order to truly understand 
the potential for runoff, and as a result the transport of fine sediment, nitrogen and phosphorus, we 
must model actual data to accommodate the following: 
 

• Multiple storms back-to-back;  
• Longer duration storms; 
• The timing of storm events (fall, winter, spring); and 
• The impact of periodic events such as El Nino years. 
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In the narrative that follows, we describe how we approached this more robust analysis to both 
evaluate Alternative C as well as providing an example of how stormwater management options 
might be better evaluated in the Lake Tahoe Basin.  
 
 
Methodology 
 
The stormwater management analysis relied on two tracks of information associated in part with 
some of the Total Maximum Daily Load (TMDL)-related studies of 2007-2008.  First, IERS 
assembled the event sediment concentration measurements by JBR & Assoc. on behalf of Boulder 
Bay and combined those with the more complete runoff, sediment, nutrients and flow 
measurements completed by Desert Research Institute (DRI) (Heyveart et al., 2008) (Attachment A) 
for 2007.  The DRI study included the Biltmore sampling site (BM) that includes roughly half of the 
Boulder Bay project area (8.6 acres).  Complete flow and concentrations measurements were 
captured by DRI for 12 storm events through January 2008.  The second track of information was 
from the LSPC modeling coefficients1 (sediment loading factors per unit runoff) for the land-use 
categories identified by DRI for the Crystal Bay area.  The complete flow/concentration 
hydrographs measured by DRI enabled calculation of the total runoff and sediment loads (as well 
as nutrient loads) from each storm event measured.  Comparison of the event and annual sediment 
loads predicted from LSPC loading factors with that measured by DRI enabled re-calibration of the 
LSPC-based sediment loading factors; resulting in a net increase of these factors by approximately 
3.6 (see Figure 1 below).  Also, the JBR event grab sampling data for 2008-09 (Appendix P of the 
Boulder Bay CEP Project EIS) was found to be consistent with the more complete DRI data.  By 
using the LSPC coefficients approach, IERS was able to develop loading coefficients that were 
specific to the land use categories included in the Boulder Bay project area as well as consistent 
with the significant amount of independent loading data available from DRI.  The coefficients 
could then be matched to a routing model specifically developed for the Boulder Bay water 
quality plan.  This model allowed IERS to evaluate individual days and years of actual rain data to 
determine how the system would perform under dry, wet and El Nino water years as opposed to 
simply looking at aggregated averages. 
 
The proposed project area (Alternative C) includes the more natural “park” area and slopes 
associated with the site of the former Tahoe Mariner.  IERS has developed the runoff and sediment 
loading factors associated with soil restoration of such disturbed areas based on several years of 
rainfall simulation studies. With the revised LSPC sediment loading factors per urban land-use 
categories combined with the IERS developed factors for the pervious “park” area, IERS developed 
net sediment loading factors for the entire proposed project area enabling determination of the net 
sediment and nutrient loads that might be expected for a particular runoff event from the project 
for each of the four scenarios Existing Conditions, E20, C20 and C100.  Because DRI data is not 
available for fine sediment particles (FSP) as a concentration of storm water runoff, a range of FSP 
as a percent of total sediment (TSS) was used based on IERS and JBR field-monitoring data. Field 
monitoring of disturbed soils runoff indicates FSP load is >50% of TSS load for granitic soils and 

                                                
1 LSPC refers to the Load Simulation Program in C++, the modeling program that was used to determine load 
reduction potential for the Lake Tahoe Total Maximum Daily Load (TMDL) study which the authors of this 
paper participated in. http://www.epa.gov/athens/wwqtsc/html/lspc.html 
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the JBR data reported levels as high as 90%.  For modeling and reporting purposes, FSP <20 
microns are reported as 60-90% of total sediment load2. 
 

 
Figure 1. Relationship between event and annual sediment loading and runoff for LSPC based 

factors and that measured by DRI. 
 
Using the DRI data for the BM site, regressions (see Figure 2 below) between event sediment loads 
(kg) and nutrient loads (g) enabled computation of nutrient loads per runoff event as well. 
Although only nine points per regression are apparent in Figure 2, each point represents the 
cumulative nutrient mass from multiple samples collected during the runoff hydrograph such that a 
total mass per event could be determined.  Such complete data is rarely available in the Lake 
Tahoe Basin, much less used for loading analyses and is more than adequate to develop a robust 
correlation.  As with any predictive model, the robustness of these coefficients will increase as 
more users collect rainfall and sediment data from other sites.  
 
The second part of the analysis involved developing a routing/water-balance model of stormwater 
runoff from the project area using rainfall records from the Tahoe City National Weather Service 
(NWS) station (TAC) data. We considered runoff from the Existing Conditions, E20, C20 and C100 
conditions as described above for comparison purposes. 
 

                                                
2  TMDL literature has published different estimates for the appropriate threshold for characterization of FSP.  Early 
analysis reported a particle size of 8-10 microns as the particle size responsible for light scattering and thus loss of lake 
clarity.  More recent estimates have increased this particle size estimate to <16 microns and <20 microns in order to 
increase the relevant population of particles within the TSS defined as FSP; the larger the population, the more restrictive 
the requirement for treatment.  For purposes of this study, IERS used the largest population <20 microns and thus the 
most conservative requirement. 
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Figure 2. Relationship between nutrient and sediment loads in runoff per event in 2007-08 WY. 

 
Annual stormwater infiltration, storage and runoff quantities are obviously affected by daily 
changes in rainfall, snowmelt and available facility capacities throughout the year, with generally 
less “capacity” available during spring snowmelt periods due to nearly saturated soils and/or 
during sequential storm periods.  We examined the rainfall records used in the previous TMDL 
analyses (1993-2004) and identified the 1993-94 and 1994-95 WYs as “dry” and “very-wet” years, 
as well as 2007-08 and 2005-06 as more recent similarly “dry” and “wet” WYs, respectively.  We 
also included 1997-98 WY as a representation of the most recent El Nino year as requested by the 
League.  Net annual precipitation for these WYs are 15.9 and 61 inches, 13.4 and 47.4 inches, 
and 44.6 inches, respectively, as compared to a long-term average annual precipitation at Tahoe 
City of approximately 31 inches3.  Additionally, the storm distributions during each of these WYs 
vary, which in turn affects the amount of runoff and sediment loading generated.  To provide a 
graphical sense of this variation, Figure 3 illustrates the cumulative rainfall for these four WYs as 
well as 2008-09; steeper step-wise increases are associated with repeated storm events.  Note that 
the rainfall of recent “dry” WYs is similar to the 1993-94, though more rapid accumulations of 
precipitation occur early, mid and later in the WY.  Similarly, though the Thanksgiving to New 
Years rains of 2005 were substantial and resulted in significant stormwater contamination and 
slope failures in and around the Lake Tahoe and Truckee region, the net accumulation is less than 
that of the 1995 WY. 
 

                                                
3 These data illustrate that simply using an average annualized data set over a number of WYs could be 
misleading since a low precipitation year will usually produce a much smaller potential to move and deliver 
sediment while a very wet WYs tends toward much higher sediment movement, which is not captured in the 
‘average’ value. 
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Figure 3.  Accumulated rainfall at Tahoe City NWS gage for wet and dry WYs used in analysis. 

 
IERS modeled the capture and possible runoff from a daily time-step for the 1994, 1995, 1998 
2006 and 2008 WYs to determine sediment and nutrient loadings from the project area for: 1) 
Existing Condition; 2) before re-development with only ‘standard’ 20yr/1hr BMPs installed (E20); 
and 3) after implementation of Alternative C (C20 and C100).  The LSPC model quantified the 
effects of the different SWMP and related sediment loadings to down-gradient drainage and 
stormwater systems and ultimately to Lake Tahoe for each WY.  The modeling included soil 
storage of stormwater volumes associated with pervious pavers, stormwater catchments, biological 
treatment swales, green roofs and restored soils of the former Tahoe Mariner “park” site as well as 
storage capacities summarized above for the three different scenarios considered.  Infiltration and 
soil storage capacities were taken from our measured field data of similar soils, while those for the 
green roof, pervious pavers, biological treatment swales and stormwater catchments were taken 
from soils data and available literature on “LID strategies”.  Results of these modeling efforts are 
summarized in Tables 2 and 3 below.  
 
 
Dry Water Years 
 
First considering dry WYs and despite a smaller annual precipitation in the 2008 as compared to 
1994 WY, sediment and nutrient loadings under E20 are nearly twice as great due to the storm 
sequencing in 2007-08.  Implementation of interim C20 SWMP reduces the loading compared to 
Existing Conditions in both dry years by roughly half.  Implementation of the C100 contains the 
stormwater runoff completely such that there is minimal to no discharges to down-gradient 
drainage and stormwater systems and ultimately to Lake Tahoe. That is, 97-100% of the TSS and 
FSP removed as compared to E20.  Stormwater runoff from the site occurs on 6-7 days under E20 
conditions and 2-6 days for the C20 conditions each dry year.  To illustrate the daily variations in 
loadings see Figure 4 as an example of the accumulated daily loadings for the 2008 dry WY.  For 
E20, C20 and C100, a dry year is forecasted contribute 4,374 lbs, 1,714 lbs and 134 lbs of FSP 
respectively (ranges are provided in Table 2 and 3).  
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(4a) 

 

  
(4b) 
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(4c) 

 
Figure 4. Accumulated possible sediment and nitrogen loading to the Lake for E20, C20 and C100 

under dry year conditions as encountered in the 2007-08 WY. 
 



 
1

0
 

W
ater B

alance M
odel 

  
Existing 

C
onditions 

E20                       
Existing 

C
onditions          

(20yr/1hr D
esign) 

C
20 
 

A
lternative C

                      
(20yr/1hr D

esign) 

C
100 
 

A
lternative C

                      
(100yr/1hr D

esign) 
Possible Loads to Lake for W

et W
ater** Y

ear (1994-95) - A
nnual ppt =

 61 inches (EL N
IN

O
) 

T
o

tal Sed
im

en
t cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
1

2
,7

4
3

 
2

8
,3

6
5

 
T

o
tal Fin

es* cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

1
1

,4
6

8
 

2
5

,5
2

8
 

T
o

tal P
h

o
sp

h
o

ro
u

s (T
P

) cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

2
4

.9
 

5
5

.5
 

T
o

tal N
itro

gen
 (T

N
) cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
4

0
.7

 
9

4
.9

 
T

o
tal Sed

im
en

t in
 R

u
n

o
ff (lb

) 
5

2
,8

2
5

 
3

2
,2

6
7

 
1

9
,5

2
4

 (-4
0

%
) 

3
,9

0
2

 (-8
8

%
) 

Fin
e Sed

im
en

t* in
 R

u
n

o
ff (lb

) 
3

1
,6

9
5

 – 4
7

,5
4

2
 

1
9

,3
6

0
 – 2

9
,0

4
0

 
1

1
,7

1
5

 – 1
7

,5
7

2
 

2
3

,4
1

 – 3
5

,1
2

 

T
o

tal P
h

o
sp

h
o

ro
u

s in
 R

u
n

o
ff (lb

) 
1

0
3

.3
 

6
3

.1
 

3
8

.2
 

7
.6

 
T

o
tal N

itro
gen

 in
 R

u
n

o
ff (lb

) 
1

9
2

.1
 

1
0

8
.9

 
6

8
.3

 
1

4
.0

 

Possible Loads to Lake for W
et W

ater** Y
ear (1997-98) - A

nnual ppt =
 44.6 inches (EL N

IN
O

) 
T

o
tal Sed

im
en

t cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

3
,9

3
5

 
1

6
,0

6
0

 

T
o

tal Fin
es* cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
3

,5
4

1
 

1
4

,4
5

3
 

T
o

tal P
h

o
sp

h
o

ro
u

s (T
P

) cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

7
.7

 
3

1
.4

 

T
o

tal N
itro

gen
 (T

N
) cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
1

5
.0

 
5

6
.9

 

T
o

tal Sed
im

en
t in

 R
u

n
o

ff (lb
) 

4
0

,2
7

1
 

1
7

,4
3

0
 

1
3

,4
9

6
 (-2

2
%

) 
1

,3
7

1
 (-9

2
%

) 
Fin

e Sed
im

en
t* in

 R
u

n
o

ff (lb
) 

2
4

,1
6

3
 – 3

6
,2

4
4

 
1

0
,4

5
8

 – 1
5

,6
8

7
 

8
,0

9
7

 – 1
2

,1
4

6
 

8
2

3
 – 1

,2
3

4
 

T
o

tal P
h

o
sp

h
o

ro
u

s in
 R

u
n

o
ff (lb

) 
7

8
.8

 
3

4
.1

 
2

6
.4

 
2

.7
 

T
o

tal N
itro

gen
 in

 R
u

n
o

ff (lb
) 

1
5

2
.8

 
6

3
.3

 
4

8
.3

 
6

.4
 

Possible Loads to Lake for D
ry W

ater** Y
ear (1993-94) - A

nnual ppt. =
 15.9 inches 

T
o

tal Sed
im

en
t cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
1

,1
2

6
 

2
,6

9
5

 
T

o
tal Fin

es* cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

1
,0

1
4

 
2

,4
2

6
 

T
o

tal P
h

o
sp

h
o

ro
u

s (T
P

) cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

2
.2

 
5

.3
 

T
o

tal N
itro

gen
 (T

N
) cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
4

.9
 

1
0

.6
 

T
o

tal Sed
im

en
t in

 R
u

n
o

ff (lb
) 

1
2

,2
4

5
 

2
,6

9
5

 
1

,5
6

9
 (-4

1
%

) 
0

 (-1
0

0
%

) 

Fin
e Sed

im
en

t* in
 R

u
n

o
ff (lb

) 
7

,3
4

7
 – 1

1
,0

2
1

 
1

,6
1

7
 – 2

,4
2

6
 

9
4

2
 – 1

,4
1

2
 

0
 - 0

 

T
o

tal P
h

o
sp

h
o

ro
u

s in
 R

u
n

o
ff (lb

) 
2

3
.9

 
5

.3
 

3
.1

 
0

.0
 

T
o

tal N
itro

gen
 in

 R
u

n
o

ff (lb
) 

5
6

.7
 

1
0

.6
 

5
.7

 
0

.0
 

Table 2.  C
o

m
p

ariso
n

s o
f sed

im
en

t an
d

 n
u

trien
t lo

ad
in

gs p
o

ssib
le to

 Lake fro
m

 p
ro

ject area b
efo

re an
d

 after re
-d

evelo
p

m
en

t fo
r d

ry (1
9

9
3

-
9

4
), very-w

et (1
9

9
4

-9
5

) an
d

 El N
in

o
 (1

9
9

7
*1

9
9

8
) years.  Existin

g C
o

n
d

itio
n

s w
ith

o
u

t 2
0

yr/1
h

r B
M

P
 D

esign
 p

ro
vid

e fo
r referen

ce.



 
1

1
 

 

W
ater B

alan
ce M

o
d

el 

Existin
g 

C
o

n
d

itio
n

s 

E2
0

 
Existin

g 
C

o
n

d
itio

n
s             

(2
0

yr/1
h

r D
esign

) 

C
2

0
 

 
A

ltern
ative C

                      
(2

0
yr/1

h
r D

esign
) 

C
1

0
0

 
 

A
ltern

ative C
                      

(1
0

0
yr/1

h
r D

esign
) 

P
o

ssib
le Lo

ad
s to

 Lake fo
r W

et W
ater** Y

ear (2
0

0
5

-0
6

) - A
n

n
u

al p
p

t. =
 4

7
.4

 in
ch

es 

T
o

tal Sed
im

en
t cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
9

,9
0

2
 

2
0

,9
2

1
 

T
o

tal Fin
es* cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
8

,9
1

2
 

1
8

,8
2

9
 

T
o

tal P
h

o
sp

h
o

ro
u

s (T
P

) cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

1
9

.4
 

4
0

.9
 

T
o

tal N
itro

gen
 (T

N
) cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
3

3
.7

 
6

9
.0

 
T

o
tal Sed

im
en

t in
 R

u
n

o
ff (lb

) 
4

0
,5

6
9

 
2

2
,8

8
3

 
1

2
,9

8
1

 (-4
3

%
) 

1
,9

6
2

 (-9
1

%
) 

Fin
e Sed

im
en

t* in
 R

u
n

o
ff (lb

) 
2

4
,3

4
1

 – 3
6

,5
1

2
 

1
3

,7
3

0
 – 2

0
,5

9
5

 
7

,7
8

9
 – 1

1
,6

8
3

 
1

,1
7

7
 – 1

,7
6

6
 

T
o

tal P
h

o
sp

h
o

ro
u

s in
 R

u
n

o
ff (lb

) 
7

9
.3

 
4

4
.8

 
2

5
.4

 
3

.8
 

T
o

tal N
itro

gen
 in

 R
u

n
o

ff (lb
) 

1
5

1
.6

 
7

6
.0

 
4

2
.3

 
6

.9
 

P
o

ssib
le Lo

ad
s to

 Lake fo
r D

ry W
ater** Y

ear (2
0

0
7

-0
8

) - A
n

n
u

al p
p

t. =
 1

3
.4

 in
ch

es 

T
o

tal Sed
im

en
t cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
2

,9
5

6
 

4
,7

1
2

 
T

o
tal Fin

es* cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

2
,6

6
0

 
4

,2
4

0
 

T
o

tal P
h

o
sp

h
o

ro
u

s (T
P

) cap
tu

red
 relative to

 E2
0

 (lb
) 

N
A

 
N

A
 

5
.8

 
9

.2
 

T
o

tal N
itro

gen
 (T

N
) cap

tu
red

 relative to
 E2

0
 (lb

) 
N

A
 

N
A

 
9

.7
 

1
6

.4
 

T
o

tal Sed
im

en
t in

 R
u

n
o

ff (lb
) 

1
1

,0
9

1
 

4
,8

6
0

 
1

,9
0

4
 (-6

1
%

) 
1

4
8

 (-9
7

%
) 

Fin
e Sed

im
en

t* in
 R

u
n

o
ff (lb

) 
6

,6
5

5
 – 9

,9
8

2
 

2
,9

1
6

 – 4
,3

7
4

 
1

,1
4

2
 – 1

,7
1

4
 

8
9

 - 1
3

4
 

T
o

tal P
h

o
sp

h
o

ro
u

s in
 R

u
n

o
ff (lb

) 
2

1
.7

 
9

.5
 

3
.7

 
0

.3
 

T
o

tal N
itro

gen
 in

 R
u

n
o

ff (lb
) 

4
5

.7
 

1
7

.3
 

7
.6

 
0

.9
 

* A
ssu

m
in

g fin
e sed

im
en

t p
articles (FSP

) <
2

0
 m

icro
n

s are 6
0

-9
0

%
 o

f to
tal sed

im
en

t lo
ad

.                                                                                                                                        
  Field

 m
o

n
ito

rin
g o

f d
istu

rb
ed

 so
ils ru

n
o

ff in
d

icates FSP
 lo

ad
 is >

5
0

%
 o

f to
tal sed

im
en

t lo
ad

 fo
r gran

itic so
ils. 

** B
ased

 o
n

 T
ah

o
e C

ity d
aily rain

fall th
at is greater th

an
 th

at at C
rystal B

ay 
 

T
ab

le 3
.  C

o
m

p
ariso

n
s o

f sed
im

en
t an

d
 n

u
trien

t lo
ad

in
gs p

o
ssib

le to
 Lake fro

m
 p

ro
ject area b

efo
re an

d
 after re-d

evelo
p

m
en

t fo
r d

ry (2
0

0
7

-    
               0

8
) an

d
 w

et (2
0

0
5

-0
6

) W
Y

s. Existin
g C

o
n

d
itio

n
s w

ith
o

u
t 2

0
yr/1

h
r B

M
P

 D
esign

 p
ro

vid
e fo

r referen
ce.



 12 

Wet Water Years 
 
During the wet WYs; E20 conditions result in possible discharge of approximately 17,000 to 
32,000 lbs of total sediment, 14,000 to 29,000 lbs of fine sediment, 34 to 63 lbs of total 
phosphorous and 63 to 109 lbs of total nitrogen leaving the project area.  The intermediate 
strategy of C20 only reduces the loading compared to E20 by roughly 23-43% to ranges of 13,000 
– 19,000 lbs total sediment, 8,000 to 18,000 lbs of fine sediment, 25 – 38 lbs total phosphorous 
and 42 – 68 lbs total nitrogen.  C100 implementation reduces loadings compared to existing 
conditions by roughly 88% to 92% to ranges of 1,400-3,900 lbs total sediment, 800 to 3,500 lbs of 
fine sediment, 3 – 8 lbs total phosphorous and 6 – 14 lbs total nitrogen.  Stormwater runoff from 
the project area occurs on 34-42 days under E20, 16-27 days for C20 and 3-5 days for C100 each 
wet WY.  Stormwater runoff from the project area occurs under C100 conditions only for a 
substantial rain-on-snow event of 5.37 inches on New Year’s eve of 2005 and after sequential ~ 2 
inch rain-on-snow days in January 1995.  For comparison purposes, recall that the 20yr/1hr design 
storm event is 1.0 inch while the 100yr/1hr storm event is estimated at 1.55 inches.  Analogous to 
Figure 4, Figure 5 illustrates the accumulated daily variation in possible loadings for the three 
scenarios considered for the 2005-06 WY.  Similar such figures can be generated for the 1994-95 
and 1997-98 WYs as well.  
 
 

 
 (5a) 
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(5b) 
 

  (5c) 
 

Figures 5. Accumulated sediment and nitrogen loading to the Lake under wet year conditions as 
encountered in the 2005-06 WY for E20, C20 and C100. 
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Summary 
 
The runoff and treatment efficiency that can be expected from Alternative C is presented here in a 
manner that has not been done previously. Using real time, measured runoff data from 12 storms, 
and actual climate data for a range of years and conditions, we have calculated runoff from 
existing conditions and compared that to other treatment levels and storm events. While simple 
summary statements are difficult to make, given the complexity of storms, antecedent soil moisture 
conditions and other variables, the data shows that in wetter years, which represent worst-case 
scenarios, both total sediment and total nitrogen output for C100 is over an order of magnitude 
(10x +) less than those produced by E20 .  
 
  

      (6a) 
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(6b) 
 

Figures 6.  Comparison of Annual Loading for E20, C20 and C100 Scenarios, Wet WY 1994-1995. 
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Boulder Bay, LLC
Summary of Storm Volume Reduction 
February 25, 2010

E20 C20 C100

Project Area BMP Designs Existing Conditions 

E20                       
Existing Conditions 

(20 yr Design)

C20                         
Alternative C                      
(20 yr Design)

C100                        
Alternative C                      

(100 yr Design)
BMP Capacity (CF) 500 22,647 39,079 66,518
Pervious area infiltration*, or Infiltration trenches (Alt. C) (CF) 0 17,139 17,139 2,282 205662
LID elements (green roofs, pervious pavers, cisterns) (CF) 0 0 0 13,125

Total Capacity 500 39,786 56,218 81,926

20 yr - 1 hr storm Volume (CF) 39,075 39,075 39,075 39,075 468902
Storm Volume Runoff (CF) 38,575 -710 -17,142 -42,851

50 yr - 1 hr storm Volume (CF) 48,844 48,844 48,844 48,844
Storm Volume Runoff (CF) 48,344 9,058 -7,374 -33,082

100 yr - 1 hr Storm Volume (CF) 60,567 60,567 60,567 60,567
Storm Volume Runoff (CF) 60,067 20,781 4,349 -21,359

* Necessary to equalize areas between comparisons

Public BMP Designs Existing Conditions 

E20                       
Existing Conditions 

(20 yr Design)

C20                         
Alternative C                      
(20 yr Design)

C100                        
Alternative C                      

(100 yr Design)
Washoe County BMP Capacity (CF) 0 0 1,653 7,040
NDOT BMP Capacity (CF) 0 0 0 7,637

Total Public BMP Capacity (CF) 0 0 1,653 14,677

20 yr - 1 hr storm Volume (CF) 10,089 10,089 10,089 10,089 121068
Storm Volume Runoff (CF) 10,089 10,089 8,436 -4,588

50 yr - 1 hr storm Volume (CF) 12,611 12,611 12,611 12,611
Storm Volume Runoff (CF) 12,611 12,611 10,959 -2,066

100 yr - 1 hr Storm Volume (CF) 15,638 15,638 15,638 15,638
Storm Volume Runoff (CF) 15,638 15,638 13,985 961

Total 20yr - 1 hr Storm Volume Runoff (CF) 10,088 10,089 8,436 0
Total 50yr - 1 hr Storm Volume Runoff (CF) 60,955 21,670 10,959 0
Total 100yr - 1 hr Storm Volume Runoff (CF) 75,704 36,419 18,334 961

Project Area BMP Designs Existing Conditions 

E20                       
Existing Conditions 

(20 yr Design)

C20                         
Alternative C                      
(20 yr Design)

C100                        
Alternative C                      

(100 yr Design)

20 yr - 1 hr Storm Volume Runoff  (CF) 48,664 10,089 8,436 0
Project Area 38,575 0 0 0
Washoe County/NDOT 10,089 10,089 8,436 0

50 yr - 1 hr Storm Volume Runoff  (CF) 60,955 21,670 10,959 0
Project Area 48,344 9,058 0 0
Washoe County/NDOT 12,611 12,611 10,959 0

100 yr - 1 hr Storm Volume Runoff  (CF) 75,704 36,419 18,334 961
Project Area 60,067 20,781 4,349 0
Washoe County/NDOT 15,638 15,638 13,985 961

*A negative storm volume runoff represents excess design capacity for the storm event.  
**For purposes of calculating Total storm runoff, excess capacity is not assumed to be additive.
***For the Public BMP Design, the capcity allocated to the contributing area is equal to the storm volume 



Water Balance (LSPC) Model Existing Conditions 

E20                       
Existing Conditions 

(20 yr Design)

C20                         
Alternative C                      
(20 yr Design)

C100                        
Alternative C                      

(100 yr Design)
Removal Fraction 

C20 vs. E20
Removal Fraction 

C100 vs. E20
Removal Fraction 
E20 vs. Existing

Removal Fraction 
C20 vs. Existing

Removal Fraction 
C100 vs. Existing

Total Sediment captured relative to E20 (lb) NA NA 12,743 28,365
Total Fines* captured relative to E20 (lb) NA NA 11,468 25,528
Total Phosphorous (TP) captured relative to E20 (lb) NA NA 24.9 55.5
Total Nitrogen (TN) captured relative to E20 (lb) NA NA 40.7 94.9

Total Sediment in Runoff (lb) 52,825 32,267 19,524 3,902 39.5% 87.9% 38.9% 63.0% 92.6%
Fine Sediment* in Runoff (lb) 31695 - 47542 19360 - 29040 11715 - 17572 2341 - 3512 39.5% 87.9% 38.9% 63.0% 92.6%

60% 31,695 19,360 11,715 2,341
90% 47,542 29,040 17,572 3,512

Total Phosphorous in Runoff (lb) 103.3 63.1 38.2 7.6 39.5% 87.9% 38.9% 63.0% 92.6%
Total Nitrogen in Runoff (lb) 192.1 108.9 68.3 14.0 37.3% 87.1% 43.3% 64.5% 92.7%

Total Sediment captured relative to existing conditions (lb) NA NA 3,935 16,060
Total Fines* captured relative to existing conditions (lb) NA NA 3,541 14,453
Total Phosphorous (TP) captured relative to existing (lb) NA NA 7.7 31.4
Total Nitrogen (TN) captured relative to existing conditions (lb) NA NA 15.0 56.9

Total Sediment in Runoff (lb) 40,271 17,430 13,496 1,371 22.6% 92.1% 56.7% 66.5% 96.6%
Fine Sediment* in Runoff (lb) 24163 - 36244 10458 - 15687 8097 - 12146 823 - 1234 22.6% 92.1% 56.7% 66.5% 96.6%

60% 24,163 10,458 8,097 823
90% 36,244 15,687 12,146 1,234

Total Phosphorous in Runoff (lb) 78.8 34.1 26.4 2.7 22.6% 92.1% 56.7% 66.5% 96.6%
Total Nitrogen in Runoff (lb) 152.8 63.3 48.3 6.4 23.7% 89.9% 58.6% 68.4% 95.8%

Total Sediment captured relative to E20 (lb) NA NA 1,126 2,695
Total Fines* captured relative to E20 (lb) NA NA 1,014 2,426
Total Phosphorous (TP) captured relative to E20 (lb) NA NA 2.2 5.3
Total Nitrogen (TN) captured relative to E20 (lb) NA NA 4.9 10.6

Total Sediment in Runoff (lb) 12,245 2,695 1,569 0 41.8% 100.0% 78.0% 87.2% 100.0%
Fine Sediment* in Runoff (lb) 7347 - 11021 1617 - 2426 942 - 1412 0 - 0 41.8% 100.0% 78.0% 87.2% 100.0%
Total Phosphorous in Runoff (lb) 23.9 5.3 3.1 0.0 41.8% 100.0% 77.9% 87.2% 100.0%
Total Nitrogen in Runoff (lb) 56.7 10.6 5.7 0.0 46.5% 100.0% 81.3% 90.0% 100.0%

Water Balance (LSPC) Model Existing Conditions 

E20                       
Existing Conditions 

(20 yr Design)

C20                         
Alternative C                      
(20 yr Design)

C100                        
Alternative C                      

(100 yr Design)
Removal Fraction 

C20 vs. E20
Removal Fraction 

C100 vs. E20
Removal Fraction 

C20 vs. E19
Removal Fraction 

C20 vs. E20
Removal Fraction 

C100 vs. E20

Total Sediment captured relative to E20 (lb) NA NA 9,902 20,921
Total Fines* captured relative to E20 (lb) NA NA 8,912 18,829
Total Phosphorous (TP) captured relative to E20 (lb) NA NA 19.4 40.9
Total Nitrogen (TN) captured relative to E20 (lb) NA NA 33.7 69.0

Total Sediment in Runoff (lb) 40,569 22,883 12,981 1,962 43.3% 91.4% 43.6% 68.0% 95.2%
Fine Sediment* in Runoff (lb) 24341 - 36512 13730 - 20595 7789 - 11683 1177 - 1766 43.3% 91.4% 43.6% 68.0% 95.2%
Total Phosphorous in Runoff (lb) 79.3 44.8 25.4 3.8 43.3% 91.4% 43.6% 68.0% 95.2%
Total Nitrogen in Runoff (lb) 151.6 76.0 42.3 6.9 44.4% 90.9% 49.9% 72.1% 95.4%

Total Sediment captured relative to E20 (lb) NA NA 2,956 4,712
Total Fines* captured relative to E20 (lb) NA NA 2,660 4,240
Total Phosphorous (TP) captured relative to E20 (lb) NA NA 5.8 9.2
Total Nitrogen (TN) captured relative to E20 (lb) NA NA 9.7 16.4

Total Sediment in Runoff (lb) 11,091 4,860 1,904 148 60.8% 96.9% 56.2% 82.8% 98.7%
Fine Sediment* in Runoff (lb) 6655 - 9982 2916 - 4374 1142 - 1714 89 - 134 60.8% 96.9% 56.2% 82.8% 98.7%
Total Phosphorous in Runoff (lb) 21.7 9.5 3.7 0.3 60.8% 96.9% 56.2% 82.8% 98.7%
Total Nitrogen in Runoff (lb) 45.7 17.3 7.6 0.9 56.0% 94.8% 62.0% 83.3% 98.0%

* Assuming fine sediment particles (FSP) <20 microns are 60-90% of total sediment load.                                                                                                                                           
Field monitoring of disturbed soils runoff indicates FSP load is >50% of total sedload for granitic soils.

** Based on Tahoe City daily rainfall that is greater than that at Crystal Bay

Possible Loads to Lake for Wet Water** Year (1997-98) - Annual ppt = 44.6 inches (EL NINO)

Possible Loads to Lake for Wet Water** Year (1994-95) - Annual ppt = 61 inches (EL NINO)

Possible Loads to Lake for Dry Water** Year (1993-94) - Annual ppt. = 15.9 inches

Possible Loads to Lake for Wet Water** Year (2005-06) - Annual ppt. = 47.4 inches

Possible Loads to Lake for Dry Water** Year (2007-08) - Annual ppt. = 13.4 inches
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Boulder Bay LLC
Alternative C
BMP Contributing Areas - With TMDL Reduction Implementations
April 20, 2009

Buildings A and B (Gallery 2) Area TMDL Strategy TMDL SF Factor TMDL Reduction
12,134 Building A Green Roof 15,167 20% 3,033

0 Building B SW Catchment 21,151 100% 21,151
1,359 ADA Ramp at Park Entrance Pervious Paver 658 50% 329

19,833
Lakeview and Wassau (Washoe 
County)

Total Contributing Area 
(SF) 33,326

North Entrance (Gallery 3)
9,525 Entrance and Wellness Drive Pervious Paver 15,140 50% 7,570

Total Contributing Area 
(SF) 9,525
50yr/1hr Storm Accumulation (in)****
Building C (Gallery 4)

21,533 Building C SW Catchment 15,987 100% 15,987
972 Porte Cochere

4,496 North Portion of Boulder Way Pervious Paver 4,948 50% 2,474

Total Contributing Area 
(SF) 27,001

Building G (Infiltration Galleries 5, 6 & 7)
13,824 Building G Green Roof 17,280 20% 3,456

162 Building G Patio

Total Contributing Area 
(SF) 13,986

Crystal Bay Motel (Basin 3)
18,868 Hwy 28 (NDOT)
12,621 Crystal Bay Motel Site

Total Contributing Area 
(SF) 31,489
100yr/1hr Storm 
Accumulation (in)****
Nugget Parking Lot (Basin 4 and Gallery 10)

18,100 Nugget Parking Lot
1,443 Entrance to Nugget Parking Lot

Total Contributing Area 
(SF) 19,543

Southwest Project Site (Basins in southwest corner/Gallery 8)
7,486 Building D SW Catchment 17,689 100% 17,689

11,556 Building E SW Catchment 6,456 100% 6,456
12,679 Building F
17,833 Building H Green Roof 18,256 20% 3,651
10,272 Interior Road Portion Pervious Paver 8,434 50% 4,217
19,067 Interior Road Portion Pervious Paver 12,093 50% 6,047
24,638 Patio between Bldgs D&F
9,594 Patio below Building F

107 Driveway Entrance to Building D Pervious Paver 498 50% 249
1,467 Building H Patio

Total Contributing Area 
(SF) 114,698

Infiltration Trench 1 (Behind Bldg A)
1,660 Path behind Bldg A Pervious Paver 3,317 50% 1,659

Total Contributing Area 
(SF) 1,660

Infiltration Trench 2 (In front of Bldg C & G)
6,113 Sidewalk in front of Bldg C & G Pervious Paver 5,066 50% 2,533

271 Entrance Walkway to Bldg G
Total Contributing Area 
(SF) 6,384

Infiltration Trench 3 (In Front of Bldg H)
2,998 Sidewalk in front of Bldg H Pervious Paver 2,521 50% 1,261

Total Contributing Area 
(SF) 2,998

Infiltration Trench 4 (Southwest Corner of Site)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)



Boulder Bay LLC
Alternative C
BMP Contributing Areas - With TMDL Reduction Implementations
April 20, 2009

2,205 Sidewalk at southwest corner of site Pervious Paver 3,261 50% 1,631

Total Contributing Area 
(SF) 2,205

Infiltration Trench 5 (Park - Trails)
4,498 Park - Trails and Ammenities

Total Contributing Area 
(SF) 4,498

Gallery 9 (California Site)

54,450

NDOT Contribution from Brockway 
Existing Conditions Analysis by Placer 
County

32,386 Washoe County above 28
15,363 Washoe County below 28

Total Contributing Area 
(SF) 102,199

Contributing Areas (SF)

Contributing Areas (SF)

Contributing Areas (SF)
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Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

STORMWATER - ANNUAL LOADING ESTIMATES

North Basin
Area (Basin 6) 9.20                
Coverage 3.59                

Annual Rainfall Fraction Impervious Runoff Annual Runoff Area Annual Load

P Pj Ia Rv R C4 C9 C14 C(Avg) A L
Ammonia, as Nitrogen (NH3) 31.49              0.90                0.39                0.40                11.365             0.44                0.29                0.05                0.26                9.20                6                     
Total Suspended Solids (TSS) 31.49              0.90                0.39                0.40                11.365             241.17            848.00            566.67            551.94            9.20                13,042            
Dissolved Phosphorus as P (DP-P) 31.49              0.90                0.39                0.40                11.365             0.16                0.23                0.10                0.16                9.20                4                     
Total Phosphorus as P (TP-P) 31.49              0.90                0.39                0.40                11.365             0.68                0.98                0.56                0.74                9.20                17                   
Nitrate Nitrogen (NO3-N) 31.49              0.90                0.39                0.40                11.365             0.20                0.34                0.08                0.21                9.20                5                     
Nitrite Nitrogen (NO2-N) 31.49              0.90                0.39                0.40                11.365             0.02                0.04                0.02                0.03                9.20                1                     
Total Kjeldahl Nitrogen (TKN) 31.49              0.90                0.39                0.40                11.365             1.41                2.06                0.41                1.29                9.20                31                   
Total Nitrogen (TN) 31.49              0.90                0.39                0.40                11.365             1.62                2.45                0.50                1.52                9.20                36                   
Turbidity (Nephelometric) 31.49              0.90                0.39                0.40                11.365             344.83            702.00            330.00            458.94            9.20                NA
Oil & Grease (Gravimetric) 31.49              0.90                0.39                0.40                11.365             6.05                9.82                5.33                7.07                9.20                167                 
Total Iron (Fe) 31.49              0.90                0.39                0.40                11.365             4.80                8.36                9.30                7.49                9.20                177                 
TSS .25um 31.49              0.90                0.39                0.40                11.365             93.67              264.00            454.00            270.56            9.20                6,393              

South Basin
Area (Basin 3,4,5) 6.10                (Basin 3, 4, 5)
Coverage 5.49                

Annual Rainfall Fraction Impervious Runoff Annual Runoff Area Annual Load Annual Load

P Pj Ia Rv R C3 C5 C6 C(Avg) A L Total B1 +B2
Ammonia, as Nitrogen (NH3) 31.49              0.90                0.90                0.86                24.37              0.45                0.49                0.80                0.58                6.10                19                   26               
Total Suspended Solids (TSS) 31.49              0.90                0.90                0.86                24.37              313.33            1,205.33         444.00            654.22            6.10                21,983            35,025         
Dissolved Phosphorus as P (DP-P) 31.49              0.90                0.90                0.86                24.37              0.18                0.23                0.49                0.30                6.10                10                   14               
Total Phosphorus as P (TP-P) 31.49              0.90                0.90                0.86                24.37              0.78                0.59                1.23                0.87                6.10                29                   47               
Nitrate Nitrogen (NO3-N) 31.49              0.90                0.90                0.86                24.37              0.34                0.40                0.65                0.46                6.10                16                   21               
Nitrite Nitrogen (NO2-N) 31.49              0.90                0.90                0.86                24.37              0.04                0.04                0.04                0.04                6.10                1                     2                 
Total Kjeldahl Nitrogen (TKN) 31.49              0.90                0.90                0.86                24.37              1.43                2.46                3.11                2.34                6.10                78                   109              
Total Nitrogen (TN) 31.49              0.90                0.90                0.86                24.37              1.81                2.91                3.81                2.84                6.10                96                   132              
Turbidity (Nephelometric) 31.49              0.90                0.90                0.86                24.37              239.17            376.17            217.00            277.44            6.10                NA NA
Oil & Grease (Gravimetric) 31.49              0.90                0.90                0.86                24.37              9.00                13.80              9.25                10.68              6.10                359                 526              
Total Iron (Fe) 31.49              0.90                0.90                0.86                24.37              4.73                5.31                5.32                5.12                6.10                172                 349              
TSS >25um 31.49              0.90                0.90                0.86                24.37              235.33            312.83            328.83            292.33            6.10                9,823              16,216         

3-Oct-08 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 1.60                1.80                1.50                3.10                0.82                
Total Suspended Solids (TSS) 92.00              460.00            110.00             200.00            1,400.00         
Dissolved Phosphorus as P (DP-P) 0.48                0.45                0.44                1.30                0.25                
Total Phosphorus as P (TP-P) 0.12                1.10                1.00                2.00                0.66                
Nitrate Nitrogen (NO3-N) 1.40                0.51                1.10                2.30                1.30                
Nitrite Nitrogen (NO2-N) 0.11                0.01                0.12                0.13                0.17                
Total Kjeldahl Nitrogen (TKN) 4.10                5.10                4.00                9.50                6.50                
Total Nitrogen (TN) 5.60                5.60                5.30                12.00              8.00                
Turbidity (Nephelometric) 93.00              310.00            86.00              140.00            1,300.00         
Oil & Grease (Gravimetric) 2.00                2.30                2.40                2.00                2.10                
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q 0.23                0.14                0.15                0.02                0.06                

Concentration

Concentration



Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

1-Nov-08 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.71                0.53                1.00                1.10                0.44                
Total Suspended Solids (TSS) 36.00              37.00              38.00              45.00              610.00            
Dissolved Phosphorus as P (DP-P) 0.17                0.16                0.71                0.97                0.43                
Total Phosphorus as P (TP-P) 2.90                1.60                1.20                1.80                2.20                
Nitrate Nitrogen (NO3-N) 0.26                0.11                0.87                0.75                0.22                
Nitrite Nitrogen (NO2-N) 0.01                0.01                0.01                0.01                0.01                
Total Kjeldahl Nitrogen (TKN) 2.50                0.93                7.90                6.10                2.20                
Total Nitrogen (TN) 2.80                1.00                8.70                6.90                2.40                
Turbidity (Nephelometric) 35.00              39.00              59.00              64.00              330.00            
Oil & Grease (Gravimetric) 4.30                3.00                4.00                3.40                7.00                
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q 0.21                0.12                0.13                0.02                0.05                

2-Jan-09 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.09                0.14                0.14                0.14                
Total Suspended Solids (TSS) 240.00            320.00            230.00            220.00            
Dissolved Phosphorus as P (DP-P) 0.10                0.07                0.06                0.27                
Total Phosphorus as P (TP-P) 0.17                0.19                0.08                0.33                
Nitrate Nitrogen (NO3-N) 0.08                0.26                0.20                0.39                
Nitrite Nitrogen (NO2-N) 0.03                0.04                0.04                0.03                
Total Kjeldahl Nitrogen (TKN) 0.55                0.75                1.50                1.10                
Total Nitrogen (TN) 0.66                1.10                1.80                1.50                
Turbidity (Nephelometric) 520.00            580.00            250.00            250.00            
Oil & Grease (Gravimetric) 23.00              16.00              28.00              16.00              
Total Iron (Fe) 2.60                4.40                1.10                1.30                
TSS >25um 40.00              76.00              60.00              120.00            
% TSS <25 um 83% 76% 74% 45%
Estimate Q 0.233 0.14 0.145 0.022

22-Jan-09 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.18                0.06                0.22                0.12                0.08                0.05                
Total Suspended Solids (TSS) 1,300.00         380.00            6,700.00         2,000.00         1,300.00         760.00            
Dissolved Phosphorus as P (DP-P) 0.12                0.12                0.11                0.14                0.31                0.22                
Total Phosphorus as P (TP-P) 0.87                0.44                0.89                2.30                1.00                0.61                
Nitrate Nitrogen (NO3-N) 0.18                0.17                0.15                0.14                0.12                0.20                
Nitrite Nitrogen (NO2-N) 0.05                0.06                0.06                0.01                0.01                0.05                
Total Kjeldahl Nitrogen (TKN) 0.56                0.20                0.54                0.47                0.51                0.34                
Total Nitrogen (TN) 0.79                0.42                0.74                0.60                0.63                0.58                
Turbidity (Nephelometric) 580.00            700.00            1,700.00         680.00            1,100.00         600.00            
Oil & Grease (Gravimetric) 16.00              4.90                39.00              23.00              7.00                5.70                
Total Iron (Fe) 18.00              14.00              29.00              27.00              30.00              20.00              
TSS >25um 1,200.00         270.00            1,700.00         1,700.00         840.00            550.00            
% TSS <25 um 8% 29% 75% 15% 35% 28%
Estimate Q 0.233 0.14 0.145 0.022 0.06 0.133



Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

22-Feb-09 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.054 0.080 0.054 0.16 0.05                0.05                
Total Suspended Solids (TSS) 52 150 130 79 610 140
Dissolved Phosphorus as P (DP-P) 0.12 0.064 0.030 0.01                0.050 0.021
Total Phosphorus as P (TP-P) 0.29 0.46 0.27 0.52 0.42 0.15
Nitrate Nitrogen (NO3-N) 0.096 0.10 0.023 0.19 0.015 0.033
Nitrite Nitrogen (NO2-N) 0.01                0.01                0.01                0.01                0.017 0.01                
Total Kjeldahl Nitrogen (TKN) 0.84 1.4 0.75 1.2 1.0 0.47
Total Nitrogen (TN) 0.94 1.5 0.78 1.4 1.1 0.50
Turbidity (Nephelometric) 150 360 150 120 610 190
Oil & Grease (Gravimetric) 2.8 4.8 7.1 7.2 28 5.9
Total Iron (Fe) 3.6 6.3 1.3 1.4 7.7 3.4
TSS >25um 12.00              150.00            93.00              53.00              200.00            82.00              
% TSS <25 um 77% 0% 28% 33% 67% 41%
Estimate Q

2-Mar-09 C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.05                0.05                0.05                0.16 0.058 0.05                
Total Suspended Solids (TSS) 160 100 24 120 320 800
Dissolved Phosphorus as P (DP-P) 0.066 0.083 0.040 0.23 0.13 0.055
Total Phosphorus as P (TP-P) 0.31 0.28 0.075 0.45 0.63 0.91
Nitrate Nitrogen (NO3-N) 0.054 0.066 0.054 0.12 0.041 0.01                
Nitrite Nitrogen (NO2-N) 0.01                0.01                0.01                0.050 0.01                0.01                
Total Kjeldahl Nitrogen (TKN) 0.05                0.05                0.083 0.30 0.092 0.42
Total Nitrogen (TN) 0.07                0.07                0.14 0.47 0.13 0.42
Turbidity (Nephelometric) 57 80 12 48 170 200
Oil & Grease (Gravimetric) 5.9 5.3 2.3 3.9 5.0 4.4
Total Iron (Fe) 4.2 4.1 0.48 2.2 4.1 4.5
TSS >25um 160.00            66.00              24.00              100.00            280.00            730.00            
% TSS <25 um 0% 34% 0% 17% 13% 9%
Estimate Q

Average C3 C4 C5 C6 C9 C14
Ammonia, as Nitrogen (NH3) 0.45 0.44 0.49 0.80 0.29 0.05
Total Suspended Solids (TSS) 313.33 241.17 1,205.33 444.00 848.00 566.67
Dissolved Phosphorus as P (DP-P) 0.18 0.16 0.23 0.49 0.23 0.10
Total Phosphorus as P (TP-P) 0.78 0.68 0.59 1.23 0.98 0.56
Nitrate Nitrogen (NO3-N) 0.34 0.20 0.40 0.65 0.34 0.08
Nitrite Nitrogen (NO2-N) 0.04 0.02 0.04 0.04 0.04 0.02
Total Kjeldahl Nitrogen (TKN) 1.43 1.41 2.46 3.11 2.06 0.41
Total Nitrogen (TN) 1.81 1.62 2.91 3.81 2.45 0.50
Turbidity (Nephelometric) 239.17 344.83 376.17 217.00 702.00 330.00
Oil & Grease (Gravimetric) 9.00 6.05 13.80 9.25 9.82 5.33
Total Iron (Fe) 4.73 4.80 5.31 5.32 8.36 9.30
TSS >25um 235.33 93.67 312.83 328.83 264.00 454.00
% TSS <25 um 25% 61% 74% 26% 69% 20%



Boulder Bay LLC
BMP Calculations - Existing Conditions
PN: 7139.000
December 18, 2009

BILTMORE SITE
WASSOU & 

LAKEVIEW
CB MOTEL

BILTMORE 

OFFICES
BILTMORE SITE BILTMORE SITE MARINER SITE

Biltmore Site
123-052-02, 123-052-03, 123-052-04, 

123-053-02 BASIN #1 BASINS #2 & #3 BASINS #4 & #5 GALLERY #1 GALLERY #2 GALLERY #3 INFIL TRENCH Totals

Coverage Type

Building 43,160 0 0 0 9,069 52,229
Paving 57,022 0 0 0 25,187 54,499 136,708
Deck 217 0 0 0 2,425 2,642

Total Contributing Area (SF) 100,399 0 0 0 36,681 54,499 0 191,579

20yr 1hr Storm Volume (CF) 8,367 0 0 0 3,057 4,542 0 15,965

Biltmore Offices (Below Water Tank)
123-053-04 BASIN #1 BASINS #2 & #3 BASINS #4 & #5 GALLERY #1 GALLERY #2 GALLERY #3 INFIL TRENCH Totals

Coverage Type

Building 0 0 0 1428 0 0 1,428
Paving 0 0 0 4010 0 0 4,010
Deck 0 0 0 323 0 0 323

Total Contributing Area (SF) 0 0 0 5,761 0 0 0 5,761

20yr 1hr Storm Volume (CF) 0 0 0 480 0 0 0 480

Corner of Reservoir and Wassou
123-054-01 BASIN #1 BASINS #2 & #3 BASINS #4 & #5 GALLERY #1 GALLERY #2 GALLERY #3 INFIL TRENCH Totals

Coverage Type

Building 0 2,478 0 0 2,478
Paving 0 20,363 0 0 20,363
Deck 0 78 0 0 78

Total Contributing Area (SF) 0 22,919 0 0 0 0 0 22,919

20yr 1hr Storm Volume (CF) 0 1,910 0 0 0 0 0 1,910

Mariner Site
123-071-34 BASIN #1 BASINS #2 & #3 BASINS #4 & #5 GALLERY #1 GALLERY #2 GALLERY #3 INFIL TRENCH Totals

Coverage Type

Building 0 0 0 0 0 0 0 0
Paving 0 0 0 0 0 0 2,790 2,790
Deck 0 0 0 0 0 0 0 0

Total Contributing Area (SF) 0 0 0 0 0 0 2,790 2,790

20yr 1hr Storm Volume (CF) 0 0 0 0 0 0 233 233

Area (SF)

Area (SF)

Area (SF)

Area (SF)



Crystal Bay Motel
123-042-01, 123-042-02 BASIN #1 BASINS #2 & #3 BASINS #4 & #5 GALLERY #1 GALLERY #2 GALLERY #3 INFIL TRENCH Totals

Coverage Type

Building 0 0 5,964 0 0 0 0 5,964
Paving 0 0 14,935 0 0 0 0 14,935
Deck 0 0 1,135 0 0 0 0 1,135
Parking Lot 0 0 18,157 0 0 0 0 18,157

Total Contributing Area (SF) 0 0 40,191 0 0 0 0 40,191

20yr 1hr Storm Volume (CF) 0 0 3,349 0 0 0 0 3,349

Total 20yr Storm Volume (CF) 8,367 1,910 3,349 480 3,057 4,542 233 21,937

DETENTION BASIN CAPACITIES

BASIN #1 BASIN # 2 BASIN #3 BASIN #4 BASIN #5

Basin

SW COR 
BILTMORE

APN 123-054-01 
(Upper)

APN 123-054-01 
(Lower)

Crystal Bay Hotel 
1

Crystal Bay Hotel 
2

Rim Elev. 6408 6469 6460 6401 6399
Bottom Elev. 6406 6466.5 6458 6400 6397
Depth (ft) 2.0 2.5 2.0 1.0 2.0
Rim Area (sf) 4,579 920 269 840 1,900
Bottom Area (sf) 2,611 185 46 350 525
Average Area (sf) 3,595 553 158 595 1,213
Ksat (in/hr) 4 4 4 4 4
Volume (CF) 7,190 1,381 315 595 2,425
Inf. Capacity (CF) 1,198 184 53 198 404
Total Capacity (CF) 8,388 1,565 368 793 2,829

Combined #2+#3 1,933 Combined#4+#5 3,623

Infiltration Gallery Capacity Calculations

Gallery # 1 2 3 INFIL TRENCH

Length, L (ft) 12.00 18.00 48.00 30.00
Width, W (ft) 9.00 24.00 21.00 3.00
Depth, H (ft) 4.50 7.50 4.50 6.00
Void Ratio 0.95 0.95 0.95 0.33

Storage Capacity (CF) 462 3,078 4,309 178
Infiltration Capacity (CF) 48 174 384 70

Total Capacity (CF) 510 3,252 4,693 248

Notes:

- Gallery dimensions based on StormTank unit dimensions.

- StormTank literature quotes a Void Ratio of 0.97.  0.95 is used in the calculations to be conservative.

Area (SF)




















