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ABSTRACT 
 

The recently completed East Pioneer Trail Watershed Master Plan has identified Bijou 

Meadow as a potential site for storm water infiltration, due to the meadow’s size, 

location, and proximity to Lake Tahoe.  Bijou Meadow, now a public recreation area, was 

historically used for grazing cattle and the transportation of lumber by railway.  Sixteen 

sites in the northern and southern portions of Bijou Meadow were sampled to test the 

meadow’s ability to accept storm water runoff.  Infiltration rates were tested at five to ten 

centimeters and twenty to fifty centimeters below ground level.  Depth to groundwater 

and a restrictive clay layer were also measured and data for each soil horizon was 

recorded.  Soil samples of each soil horizon were taken at some locations, and all points 

were surveyed and located using GPS (Global Positioning System).  

 

Depth to groundwater was found from 103cm to 153cm in the southern portion of the 

meadow. A restrictive clay layer was also encountered from 99cm to 117cm at three of 

the southern test sites.  Groundwater and the clay layer were not encountered in the 

northern meadow, which is closer to the lake.  It should be noted that the field tools used 

only allowed for an exploration down to roughly 150 cm.  Infiltration rates were lower 

than expected at most sites, most likely due to soil compaction caused by human activity. 

Mean and median infiltration rates were calculated for both five to ten centimeters below 

ground level, 1.36in/hr and 0.63in/hr, and twenty to fifty centimeters below ground level, 

0.2in/hr and 0.1in/hr.  Shallower soils had higher infiltration rates as shallow-rooted 

plants may have mitigated compaction.  Sites surrounding a former peat bog with a thick 

organic layer in the northern part of the meadow had infiltration rates ranging from 2.5 to 

5.6 in/hr.  

 

Further studies should include test points in the center of the meadow to better understand 

local hydrology and geology. More analysis is needed before any diversion of storm 

water to Bijou Meadow.  Studies should be approached from a viewpoint of Bijou 

Meadow as a man-modified system in need of SEZ restoration. 



Краткое описание проекта 
 
Согласно генеральному плану по водоразделу East Pioneer Trail 

луг Бижу, расположенный в г. Саус Лейк Тахо, потенциально может 
служить местом для фильтрации ливневых вод. Начальные 
обследования показали, что луг достаточно сухой и мог бы принять 
большое количество воды с ближайших водоразделов. Направление 
ливневых потоков на луг Бижу может быть полезным для озера Тахо 
благодаря очистке ливневых вод на лугу и перераспределению 
ливневых вод с ближайших водоразделов. 

Луг Бижу расположен в г. Саус Лейк Тахо рядом с застроенной 
территорией. С востока он ограничен Бульваром Аль Тахо, Гленвуд 
авеню формирует его западную границу. Водосбор луга Бижу 
протягивается вверх до лыжного курорта Хевенли. 

 
Главная цель данного проекта – оценить фильтрационную 

способность луга для очистки ливневых стоков. Если она окажется 
удовлетворительной, то на луг предполагается направить ливневые 
воды с восточного водораздела. Это позволит снизить нагрузку на 
существующие бассейны (пруды-отстойники) и снизить поступление 
загрязняющих веществ в озеро в целом. 

 
В рамках данного исследования были выполнены следующие 

задачи: 
- произведена топографическая съёмка луга с 

использованием электронного теодолита, а также GPS-
системы; 

- отобраны почвенные образцы с различных точек луга; 
- определены параметры почвенных горизонтов (толщина, 

глубина, цвет, текстура, железистые включения); 
- определены глубина залегания глины и грунтовых вод; 
- произведены измерения скорости инфильтрации воды в 

различных почвенных горизонтах; 
- анализ полученной информации, создание базы данных; 
- построение карт. 
 
По результатам проведенных исследований можно сделать 

следующие выводы.  
В целом, скорости инфильтрации в верхнем, органическом 

горизонте почвы выше, чем во втором. Отмечены значительные 
колебания скорости инфильтрации – от 0,06 до 5,60 дюймов в час, 
причем во втором горизонте для всех точек - менее 1 дюйм/час. 

Наибольшие значения скоростей инфильтрации наблюдаются в 
местах с мощным органическим горизонтом. 



Относительно низкие показатели инфильтрации (в среднем 1,36 
и 0,2 дюйма в час соответственно для 1 и 2 почвенных горизонтов) и а 
также их значительный разброс объясняются, скорее всего, влиянием 
хозяйственной деятельности человека. А именно, в 19 веке по 
территории луга проходили лесовозные дороги, а в 20 веке (до 1950-
60 гг.) производился выпас скота. Это привело к уплотнению почвы и, 
возможно, к неравномерной мощности органического горизонта, а 
следовательно, к уменьшению фильтрационной способности.  

Луг Бижу расположен близко к крупному застроенному 
массиву, что делает привлекательным его использование для 
фильтрации ливневых вод. 

Обнаруженные значения скорости инфильтрации воды говорят 
о невысокой фильтрационной способности почвы луга. Однако, 
учитывая значительную площадь луга, можно предположить, что он 
будет неплохим бассейном в случае, если ливневые воды будут 
равномерно заполнять его. 

Фильтрационные возможности луга ограничиваются также 
высоким уровнем грунтовых вод, в среднем 1.20 м., а местами даже 
0.9 м. 

 
Рекомендации: 

 В силу того, что летом в районе Тахо выпадает немного осадков, 
рекомендуем провести аналогичные исследования в более влажный 
период времени, когда ливневых стоков больше. 

Считаем целесообразным наблюдения за фильтрацией воды на 
ограниченном участке луга (например, 3*3 метра) с заполнением его 
определенным количеством воды. Желательно сделать то же самое, 
искусственно увеличив фильтрационную способность почвы, 
произведя вспашку на небольшом участке луга. 

Кроме того, рекомендуем произвести обследование всего луга, а 
именно, те его части, которые не были обследованы нами. Желательно 
провести детальную топографическую съемку, чтобы точно 
определить рельеф луга. 

Рекомендуем выяснить глубину глинистого горизонта и 
грунтовых вод в северной части луга около полей для гольфа, где 
наблюдались наибольшие значения скоростей инфильтрации. 

Таким образом, считаем, что до завершения указанных работ 
нежелательно направлять ливневые стоки на луг Бижу.  

В случае положительного решения по отводу ливневых стоков 
на луг предлагаем построить барьеры по периметру луга во избежание 
попадания вод на частные территории (т.к. луг не абсолютно плоский 
и, возможно, имеет уклон). 
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1 - INTRODUCTION AND BACKGROUND 

1.1  General 
 

The recently completed East Pioneer Trail Watershed Master Plan has identified the Bijou 

Meadow, located in the City of South Lake Tahoe, as a potential opportunity for storm 

water infiltration. The recommendation was made on the basis of earlier studies (Lumos 

2005), which proposed that the Bijou Meadow drainage is currently underutilized and that 

the meadow could, potentially infiltrate storm water from adjacent watersheds.  

 

Rerouting storm water runoff to the Bijou Meadow could provide a water quality benefit 

to Lake Tahoe by increasing infiltration of storm water runoff in the meadow and by 

dispersing the amount of storm water runoff in adjacent watersheds.  The rerouting of 

flows from the adjacent Bijou Park Creek watershed would reduce pressure on the Ski 

Run Marina outfall and Ski Run water quality basins, plus improve the efficiencies of 

other upstream Stream Environmental Zones (SEZs) and Best Management Practices  

(BMPs).  The meadow itself, and as a habitat for flora and fauna, could also benefit from 

extra water – especially during the dry summer months. 

 

Historically, the Bijou Meadow did receive runoff from several drainages through a series 

of diversion channels, which are currently no longer in use (Lumos 2005, 9).  Although 

the initial investigations have shown that the meadow is indeed relatively dry and could 

thus accept increased volumes of runoff by rerouting flows from adjacent watersheds, a 

more detailed analysis of Bijou Meadow is needed to substantiate the opportunity for 

infiltration of storm water runoff.  However, one of the main problems discussed later in 

this report, is that dry soils do not necessarily correlate to high infiltration rates.  

 

TBI 2005 carried out a hydrologic assessment of the Bijou Meadow to analyze the 

meadow’s ability to absorb and filter increased volumes of storm water. As part of this 

analysis, three days of onsite fieldwork (July 6-8, 2005) were completed in order to 

acquire the data needed for further evaluation of the meadow. Fieldwork included 

performing soil horizon interpretation, infiltration tests, and soil sampling. Additional 

background information was collected during the project from various entities, namely the 

California Tahoe Conservancy (CTC), the Natural Resources Conservation Service 
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(NRCS), the UC Davis Tahoe Research Group (TRG), the Tahoe Regional Planning 

agency (TRPA) and the East Pioneer trail Watershed Hydrology Study1, which was 

prepared by Lumos and Associates, Inc. The information compiled for this analysis was 

also incorporated into the Geographic Information System (GIS) database.  

 

In addition to analyzing the existing conditions of the meadow, the purpose of this study 

was to prioritize opportunities and constraints for future storm water quality improvement 

projects.  This report includes an initial assessment of infiltration rates, soil matrix 

characteristics and observed high groundwater levels. The report concludes with a 

discussion of recommendations for further research to evaluate the meadow’s potential 

opportunities for infiltration. 

1.2  Description of the Study Area 
 
Bijou Meadow is located in the City of South Lake Tahoe next to urban development. 

According to the study by Lumos (2005, 54) the watershed extends from Lake Tahoe to 

the Heavenly ski resort.  Al Tahoe Boulevard forms the approximate western boundary, 

and Glenwood Avenue forms the approximate eastern boundary. There are several 

footpaths across the meadow and the location serves as a popular place for recreation use 

in the winter. 

 

The Bijou Meadow itself is unique resource in many respects within the South Lake Tahoe 

area.  As shown in Figure A-1, TRPA classifies the entire Bijou Meadow as SEZ.  The 

main soil type is wet variant of Elmira Loamy Coarse Sandy Loam and vegetation consists 

mainly of wet meadow plant species such as lodgepole pine, willow and other marsh 

vegetation (Lumos 2005, TRPA 2005, 1).  The main land use in the meadow is recreation, 

but according to the TRPA (2005) Plan Area Statement the SEZ of this area should be 

restored through redirection of existing uses and preserved as a natural functioning stream 

environment zone.  

                                                 
1 The City of South Lake Tahoe gave Lumos and Associates, Inc. the task of analyzing the existing conditions, 

hydrologic conditions, and identifying opportunities and constraints. The analysis included gathering geologic 

information, mapping drainage paths, soil types and vegetation. Pollutant transport processes and sediment 

source locations were also investigated. 
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The meadow is unique in that the area upslope of the golf course contains no significant 

incised channels, in spite of the relatively large drainage area.  The drainage is also unique 

in that there are surficial peat beds near the top end of the golf course, which can be seen 

as relic features associated with either previous irrigation practices within the meadow or 

with a previous soil moisture regime of geologic age. (Lumos 2005, 54.)  

 

Overall, Bijou Meadow is currently rather dry, and no standing water was observed 

anywhere in the meadow during the study. The study done by Lumos (2005) came to the 

same finding and stipulated that the groundwater levels are probably generally shallow. 

According to their observation of the groundwater levels in three City wells, Lumos 

determined that the water level has generally been between four and 10 feet below the 

surface since 1999. Data regarding groundwater levels measured by the TBI 2005 

participants is presented later in this report. 

1.3   Brief History of the Study Area 
 
In the late 1800’s the Bijou watershed was clear-cut, like most of the Lake Tahoe, and had 

a railroad network that operated to facilitate the transportation of logs to Lake Tahoe from 

Bijou Meadow.  It is thought that staging areas for the railroad, which ran from the Bijou 

Beach to the hills of Trout Creek, existed in the meadow to hold large logs before their 

transportation to the lake. When harvesting activities were completed – due to the 

exhaustion of lumber resources, the railroad was removed and the Bijou Meadow 

witnessed the introduction of cattle grazing practices.  At this time, diversions from Cold 

Creek and Heavenly Valley Creek were constructed to route water to the Bijou Meadow 

for summer irrigation. The grazing practices occurred approximately between 1900 and 

1950, with large heads of cattle grazing on a regular basis every summer (Johnson 2003). 

The impact of these factors to the meadow’s ability to absorb water is further discussed 

later in this paper. 

1.4   Possible Rerouting Opportunities 
 
The potential opportunity of diverting storm water runoff from the Bijou Park Creek 

drainage to the Bijou Meadow could provide a water quality benefit to Lake Tahoe by 
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increasing infiltration of storm water runoff in the meadow and by dispersing the amount 

of storm water runoff in adjacent watersheds (Lumos 2005, 107).  

 

The possible diversion paths are shown in Figure 1 (Lumos 2005). The Bijou meadow 

drainage commences north of Pioneer Trail and east of Al Tahoe Blvd. The Bijou 

Meadow takes on drainages primarily from residential neighborhoods that are adjacent to 

the meadow on either side with the outfall into the Lake Tahoe located to the north of the 

Bijou Shopping Center. (Lumos 2005, 7.)  

 

 

Figure 1. Potential storm water diversion paths. Source: Lumos 2005. 

 

According to Lumos (2005, 109) diversion and treatment of Bijou Park Creek flows not 

only has the benefit of achieving high pollutant removal efficiencies from runoff from the 

urbanized area above Pioneer Trail, but, in so doing, it also reduces the pollutant loading 
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rates into the Bijou Park Creek SEZ, which may allow for higher treatment rates of local 

runoff within the existing SEZ below Pioneer Trail. 

 

2 - METHODS 
 

TBI 2005 participants worked with the CTC, the TRG and the NRCS on this project. The 

project began with an overview of the Lake Tahoe Basin, with a specific focus on water 

quality. Participants learned about the basin’s water quality issues and the efforts to 

mitigate impacts of urbanization. Participants were also given a demonstration on 

conducting hydrologic assessments within Bijou Meadow, where all fieldwork took place. 

To conduct these assessments, participants first used shovels to dig test pits deep enough 

to expose multiple soil horizons (varying soil layers), from which samples were collected 

NRCS lab analysis. 

 

Within the test pits, participants also interpreted soil characteristics for texture, color, 

presence of organic material, and thickness and depth of occurrence of horizons.  This 

enabled the participants to study the profile of the soil horizons, which are distinguished 

by the measured characteristics.  Seasonal high groundwater levels were then estimated by 

studying soils for redoxification features.  

 

Using bucket augers to drill deep holes near each test pit, the presence of a clay loam layer 

and depth to current groundwater was determined for each particular test area.  Constant 

head permeameters were used to conduct the infiltration tests; a small hole was drilled 

with a thin augur in soil horizons within each test site, and a permeameter filled with water 

was placed in that hole. A constant water pressure was then exerted upon the soil in order 

to measure infiltration capability for each horizon studied.  Measurements (in inches per 

hour) were taken at a point when the infiltration rate reached a steady state. For more 

information on the techniques used to test infiltration rates in the meadow, the reader may 

contact Woody Loftis at the NRCS.  

 

A Global Positioning System (GPS) unit was used to record the position of each sampling 

site. For a more accurate determination of elevation within the meadow than the GPS 

could give, Total Station surveying equipment was used.  All soil and infiltration data was 
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written on field data sheets and then converted to a Microsoft Excel spreadsheet composed 

of data from all test sites.  Data was transferred from Excel to Geographic Information 

System (GIS) maps that display groundwater depth and horizon infiltration rates for all 

test sites.  Maps produced during analysis of the data are included in the appendix to this 

report. 

 

3 - DATA ANALYSIS AND RESULTS 
 

Field data from sixteen sample locations were taken in Bijou Meadow, eight from the 

northern portion and eight from the southern portion of the meadow (Figure A-1).  The 

field data was collected from July 6, 2005 through July 8, 2005 and was analyzed using 

GIS and statistical analysis. Sampling locations were selected based on general 

recommendations found in the East Pioneer Trail Watershed Master Plan regarding 

potentially feasible locations to divert storm water runoff to the meadow.  As shown in 

Figure A-1, the midsection of the meadow was not sampled during this study. 

 

The water table was reached between 103cm to 153cm below the surface level of the 

meadow at all sampling locations in southern half of the meadow (Figure A-2).  The water 

table was not reached in the northern half of the meadow, indicating water table depths 

were below 150cm during the time period of sampling. It is important to note that the 

bucket augers used for sampling could only dig to a depth of approximately 150cm.  A 

restrictive clay layer was also noted just above the water table at three locations in the 

southern portion of the meadow (Figure A-3).  Evidence of reduction and oxidation within 

the first 10cm below the surface level of the meadow was found at all locations, indicating 

a historical presence of groundwater at the surface of the meadow. 

 

Twenty-four infiltration rates were calculated for the test sites, thirteen in the upper 

organic soil horizon (10cm-15cm below surface level), and eleven in the soil horizon 

twenty to fifty cm below the soil surface. Mean and median infiltration rates were 

calculated for both five to ten centimeters below ground level, 1.36in/hr and 0.63in/hr, and 

twenty to fifty centimeters below ground level, 0.2in/hr and 0.1in/hr. Mean infiltration 

rates were almost twice the rate of median infiltration rates due to the higher infiltration 

rates found in the vicinity of a historical peat bog.  Consequently, infiltration rates for the 
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entire meadow are more precisely described by median values.  Median infiltration rates at 

both horizons sampled were much lower than expected.  The majority of infiltration rates 

in the organic soil horizon were 0.5 in/hr or less (Figure A-5), and the majority of 

infiltration rates for the deeper horizon were roughly 0.10 in/hr (Figure A-6).  It should be 

noted that in most cases a compacted soil layer up to fifty centimeters in depth was 

encountered during sampling. This compacted soil layer helps explain the slower than 

expected infiltration rates.  

 

Infiltration rates in the upper organic horizon were markedly higher than infiltration rates 

in the deeper horizon, which is most likely a function of the presence of shallow-rooted 

plants mitigating soil compaction in the upper horizon.  Infiltration rates were highest, 5.6 

in/hr, in the northern meadow where a deep organic layer (up to 100cm) remains from a 

historic peat bog.  A correlation appears to exist between thicker organic soil horizons and 

higher infiltration rates as seen in the northern part of the meadow (Figure A-5). The 

higher infiltration rate at sampling location BC2, however, does not correlate with the 

relatively thin upper soil layer (10cm). 

 

Infiltration rates of 0.51-2.50 in/hr occurred adjacent to the historic peat bog as well as 

three points in the southern part of the meadow.  As expected, sites with the highest 

surface infiltration rates tended to also have higher infiltration deeper down the soil 

horizon (Figure A-6). An exception was sample BC2, where surface infiltration was 

relatively high (2.4 in/hr), but infiltration below 15cm was comparatively low (0.10in/hr). 

 

Soil samples were taken for each soil horizon, at most test sites, down to a total depth of 

150cm. Soils are currently being analyzed for chemical and nutrient composition at an 

NRCS lab and results will be available in the winter of 2006. 

 

4 - DISCUSSION 
 

Based on our methods and findings, several recommendations can be made for future 

study of Bijou Meadow as a potential site for infiltration of storm water runoff.  First, due 

to the clear distinction in water table depth between the upper and lower meadow, more 

samples should be taken in the mid-meadow, that has not yet been sampled.  Depth to 
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groundwater should be measured for the mid-meadow location. This will help determine 

where and how the water table transitions.  Test plots in the northern section of the 

meadow should also be revisited and dug deeper in order to measure depth to 

groundwater.  

 

A restrictive clay layer was found at about 1 meter below ground level just above the 

water table at three sites in the south meadow. Depth to clay layer should be measured at 

all sites if possible. This restrictive layer depth combined with infiltration rates will help 

determine the storm water runoff treatment capacity at Bijou Meadow. 

 

Infiltration rates should be measured at different depths for all test plots; infiltration rates 

were not consistently measured at both soil horizons for this study. This data will help 

compare infiltration rates among sites. If possible, infiltration rates below the compacted 

soil should be tested in order to explore the relationship between compaction and 

infiltration, and runoff treatment capacity at specific sites. Infiltration rate comparisons 

above and below the compacted zone might also support the classification of Bijou 

Meadow as a man-modified meadow in need of SEZ restoration.  

 

Infiltration rates should be monitored in the spring and winter to determine how efficiently 

the meadow infiltrates the storm water it currently receives. Additionally, experimental 

plots could be created where different restoration methods could be tested to return the 

meadow to pre-compaction conditions. Experimental plots could include mechanical 

treatments such as tilling as well as biological treatments, such as adding soil-working 

worms or insects and seeding deep-rooted native plants. 

 

The meadow has already been severely impacted by human activity including logging and 

cattle grazing; compacted soils were common.  It is obvious that the meadow has not been 

able to restore itself naturally. A further biological study would be useful to determine 

natural biological systems and species in the meadow and how the ecosystem has been 

altered.  Conducting these further experiments within the meadow may provide a basis to 

implement restoration.  
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When considering storm water diversion to Bijou Meadow, not only the quantity, but also 

the quality of the water should be studied. After soil samples are analyzed, a better 

understanding can be reached as to the amount of storm water that can infiltrate through 

the meadow, and the ability of meadow soils to filter and remove nutrient and sediment 

inputs. Aluminum-rich soils, for example, have the ability to bind with phosphorus, a 

nutrient presently limiting algae growth at Lake Tahoe.  An experimental plot could also 

be created with mineral additions that improve filtering capacity. 

 

Nitrogen is also present at Bijou Meadow and has been found at higher than normal levels 

in monitoring wells along the golf course in the north meadow.  Moving the golf course to 

the southern part of the meadow might be beneficial to decrease nitrogen inputs to the 

lake, and to open up a less compacted section of meadow for filtering storm water. 

 

5 - CONLUSIONS 
 

In accordance with the study by Lumos (2005), TBI 2005 found that high levels of organic 

matter not only indicate historic presence of water, but also increase the ability of soil to 

filter water as shown at the peat site in the northern portion of the meadow.  However, 

based on low infiltration rates at most test sites, the meadow cannot currently accept large 

quantities of storm water. Dry soil in the meadow has not led to high infiltration rates, 

probably due to soil compaction.  Further study is needed before any diversion of storm 

water to Bijou Meadow.  Shallower groundwater was found farther from Lake Tahoe 

(Figure A-2), indicating the presence of complex soil characteristics that should be further 

studied before measures are taken to divert storm water to Bijou Meadow. 

 

Due to increased urbanization in the Tahoe basin, and the financial and community 

advantages of diverting storm water where feasible, studies of Bijou Meadow should not 

be abandoned.  Studies should be approached from a viewpoint of Bijou Meadow as a 

man-modified system in need of SEZ restoration. 
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