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Abstract

Sunlight plays an important role in regulating the nutrient cycle in streams. Throughout the years, more streams are buried

to accommodate for residential or commercial facilities. This results in severe impacts on the health of streams due to altered

exposure to sunlight, air, and soil; it subsequently affects the growth of aquatic and riparian vegetation, thus impairing the water

quality of streams. Although urbanization effects on urban surface streams are well understood, the adverse effects of burying

streams on dissolved oxygen (DO), reaeration, photosynthesis and respiration processes have been mainly remained theoretical.

This study evaluated the effect of stream piping on DO for two sections of Stroubles Creek in Blacksburg, VA through comparing

the water quality prior to entering, and post exiting the buried sections of the Creek. Monitoring DO was conducted through

manual readings and continuous measurement for a number of days in Fall 2015 and 2016. The results indicated that the water

DO level decreased by approximately 11% as water flowed through the buried sections. The covered section of the stream

also caused variability of the water temperature, resulting a possible disturbance to the downstream ecosystem. The buried

channels-induced DO variations effects on the Brook Trout (Salvelinus sp.), a sensitive species present at the Stroubles Creek

headwaters was also assessed. Further, the photosynthesis rate, reaeration coefficient, and daily respiration rate were computed

prior and after one of buried channels through a series of mathematical and empirical approaches to assess the buried channels

effect on the aforementioned parameters. The photosynthesis and respiration rates were reduced at the inlet compared to outlet,

primarily due to less solar radiation and aquatic vegetation oxygen uptake, however, reaeration rate was increased at the outlet

compared to inlet. This study can assist the decision makers and resource planners in taking the appropriate decisions regarding

daylighting stream channels to improve water quality or/and accommodate increasing demand for urbanization.
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INTRODUCTION
Several parameters influence DO in a water body, particularly streams including algae and riparian vegetation
photosynthesis and respiration, respiration by aquatic species, atmospheric exchange, amount of biodegradable carbon,
mixing of water masses, Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), upwelling, physical
factors such as temperature and salinity, etc. (Figure 1) (Bailey and Ahmadi, 2014; Yin et al., 2004).

Photosynthesis occurs when sunlight is available, while at nighttime, respiration occurs (Correa-González et al., 2014;
Mejia et al., 2019; Williams et al., 2000); Consequently, these two processers strongly influence DO concentrations, as
evidenced by the commonly observed diurnal variation in oxygen levels. A study was conducted in a suburban shallow
stream in central-western Mexico measured DO concentrations and temperature over five days (Correa-González et al.,
2014); Results showed that high reaeration coefficient and high temperature cause a minimum DO during early night
hours. 

Fig. 1. The major in-stream processes affecting DO level

The DO mass balance-based approaches are proposed to determine the photosynthesis, respiration, and reaeration rates
(Correa-González et al., 2014). There are several mass balance-based approaches including the Delta Method (Chapra and
Toro, 1991), the Temperature Correction Method (TCM) (Butcher and Covington, 1995), and the Extreme Value Method
(EVM) (Wang et al., 2003).

Urban headwater streams have been commonly buried and used as to convey waste out of urban areas. As a result of
stream burial - a process in which streams are converted into culverts, pipes, concrete-lined ditches, or simply paved over -
urban and suburban areas lose the benefit of highly ecosystem services provided by streams such as habitat for a variety of
aquatic species and plants (Bernhardt and Palmer, 2007). The buried sections might face significant reductions in the level
of DO when compared to the day-lighted sections upstream and downstream (Trice, 2016). The levels of DO can be a
determining factor for the survival of a number of sensitive species – such as Brook and Brown Trout – and thus make a
significant impact on aquatic habitats.

Despite the adverse effects of burying streams into culverts or pipes on streams DO, no study has evaluated these impacts
on DO behavior and dynamics, photosynthesis, respiration, and reaeration processes of streams.

The current study focused on small-scale of buried channels in a medium-sized urban watershed (Ketabchy et al., 2018).
However, the outcome of this study can be used as a basis for DO variations of long-length of buried sections of urban
streams and rivers beneath the larger urbanized watersheds, informing the restoration design projects to improve the
aquatic habitats survival and diversity conditions.
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METHODS AND MATERIALS
This study was conducted on a 6.2-km upstream portion of the Stroubles Creek, with an associated watershed of 14.1-km2
(Figure 2). This includes part of the Virginia Tech campus. A significant portion of Central and Webb Branches are buried
beneath the Virginia Tech campus, displayed by black lines between the red dots on Figure 2. The monitored piped
rectangular sections of Central and Webb Branches extended 1.19 km, and 0.57 km, respectively. DO point data were
collected for the inlet and outlet of Central Branch on two sunny days with similar maximum, minimum, and average air
temperatures; 2015 Nov 16 (Date 1) and 2016 Nov 5 (Date 2) were selected to evaluate effect of burying on DO point. A
YSI ProODO (YSI Incorporated, Yellow Springs, OH, USA, ±1.00% DO) probe was used to collect measurements of DO
(in both concentration, mg/L and percent saturation), water temperature, and ambient air pressure at each site.

 

Fig. 2. Land cover map of the Stroubles Creek watershed, located in Virginia, with location of monitoring stations (MS) of
DO measurements on the Central Branch and Webb Branch of Stroubles Creek.

Photosynthesis, respiration and reaeration rate calculations
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The DO mass balance equations for systems named as Delta Method is shown in Eq. (1) (Chapra and Toro, 1991;
Williams et al., 2000). Values of the reaeration coefficient (ka), average daily photosynthesis rate (Pav) and daily average
respiration rate (R) can be calculated from a series of diurnal curves using a piecewise solution of the mass balance.
Temperature variation and location of stream were also found to influence DO saturation concentration, the metabolic
rates, and the reaeration rate coefficient.
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RESULTS AND DISCUSSION
Data from the field continuous observations was analyzed to understand the diurnal variation in the DO concentration in
the stream and to study the differences in the DO concentration due to stream burying. The diurnal variations in the
observed DO concentration at the inlet and the outlet of the piped length of the Webb Branch of Stroubles Creek and the
parameters required for the Delta method are illustrated in Figure 3.

Figure 3. Variations in DO concentration for the buried channel of Webb Branch between 2016 Nov 25 at 12:00 and Nov
25 at 12:00; Note the effect of availability of sunlight on the DO concentration for both inlet and outlet.

 

Mean DO at the inlet and outlet during a full diurnal cycle was 10.2 and 10.0 mg·L-1, respectively, while the standard
deviation (STD) DO for inlet and outlet was 1.0 and 0.2 (statistically significant, P < 0.05), respectively, indicating a
smaller extent of outlet DO variations compared to the inlet (Figure 4). The extent of DO variations of the inlet for both
the abundance and absence of sunlight was greater than outlet (Figure 4); the reason for this was the reduced exposure of
piped lengths to sunlight and reduced magnitude of aquatic plants respiration during night hours for the piped section. The
study demonstrated that the levels of DO in water during the sunlight through the buried section of Webb Branch
decreased by approximately 11% as water flowed through the piped section.

Figure 4. Webb Branch inlet and outlet variations during the diurnal continuous measurement at 2016 Nov 24, for (a)
observed dissolved oxygen, (b) saturated dissolved oxygen, (c) dissolved oxygen in the abundance of sunlight, (d)

dissolved oxygen in the absence of sunlight, and (e) water temperature.

 

The comparative variations of DO, DO saturation, and water temperature for the inlet and outlet is also displayed in Figure
5.
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Figure 5. Comparative variations of DO, DO saturation and water temperature for Webb Branch inlet and outlet

 

Photosynthesis, respiration and reaeration rates

The predicted and estimated values of reaeration, photosynthesis and respiration rates were calculated through the Delta,
EVM, PLM methods and predictive equations using the Webb Branch continuous measurement. The schematic
comparison of the calculated values for inlet and outlet are displayed in Figure 6.

Figure 6. Comparison of the average reaeration, photosynthesis, and respiration rate values for the Webb Branch inlet and
outlet using the empirical and modeling approaches, during a full diurnal cycle at 12:00 on 2016 Nov 24 and at 12:00 on

2016 Nov 25.
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CONCLUSIONS AND FUTURE WORK
For a stream to be considered healthy, it is important to consider its ability to sustain aquatic life. DO and temperature are
key characteristics to consider since some fish and macroinvertebrates species are highly sensitive to changes in their
levels. The goal of this study was to quantify the DO variations prior and after the buried channels of an urban stream,
with respect to aquatic species survival thresholds. In this study, it was observed that the DO levels within the buried
sections of Stroubles Creek Web Branch were consistent throughout a 24-hour period and the DO levels on the open
stream sections fluctuated in a sinusoidal manner during the same period of time. In addition, DO levels decreased at the
outlet pipe of Web Branch and Central Branch by 11% and 6%, respectively, during daytime compared to the inlet DO
levels. Also, it was observed that the temperature conditions varied as the water flowed through the piped section. The
average photosynthesis, respiration, and reaeration rates were computed at the Webb Branch on a DO diurnal cycle using a
series of mathematical and empirical approaches. Unlike reaeration rate that was increased at the outlet compared to inlet,
the photosynthesis and respiration rates were reduced, primarily due to less solar radiation and riparian vegetation oxygen
uptake.

To further extend this study, it is suggested that a study of the macroinvertebrate diversity and quantity be performed
before and after the piped sections to have a better understanding of the impact of the buried streams on stream ecology.
Further analysis is also required to evaluate the effect of buried channels on DO across seasons. It is to be noted that since
no observations for the DO concentrations were available for several spots through the buried stream length, an in-depth
analysis in the effect of buried channel length on the DO concentration remains to be analyzed. Our findings can be used
as a basis for large-scale burial of streams and rivers and its effects on the dissolved oxygen thresholds required for native
aquatic habitats survival. The results and hence, the conclusions derived in this study are highly sensitive to the in-situ
conditions including natural (climate, vegetation, soil etc.) and anthropogenic factors (instrumentation, artificial or
modified runoff etc.). A diverse set of case studies with longer period of observation in consideration of diverse climatic
factors, and several streams with a variety in the buried channel length will assist strengthen the conclusions derived in
this study.
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OBJECTIVE
Quantify and compare the DO variations, and photosynthesis, respiration, and reaeration rates prior to entering and after
exiting the buried channels of an urban stream, with respect to Brook Trout survival DO thresholds.

 

To achieve this goal, the concentration of DO was measured at the entrance and exit of the two 570 and 1190-m Stroubles
Creek’s buried sections in Blacksburg, Virginia, Webb and Central Branches, respectively. The temporal and spatial
variability of collected DO were analyzed and concentrations prior and after the buried sections were compared.
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ABSTRACT
Sunlight plays an important role in regulating the nutrient cycle in streams. Throughout the years, more streams are buried to
accommodate for residential or commercial facilities. This results in severe impacts on the health of streams due to altered
exposure to sunlight, air, and soil; it subsequently affects the growth of aquatic and riparian vegetation, thus impairing the
water quality of streams. Although urbanization effects on urban surface streams are well understood, the adverse effects of
burying streams on dissolved oxygen (DO), reaeration, photosynthesis and respiration processes have been mainly remained
theoretical. This study evaluated the effect of stream piping on DO for two sections of Stroubles Creek in Blacksburg, VA
through comparing the water quality prior to entering, and post exiting the buried sections of the Creek. Monitoring DO was
conducted through manual readings and continuous measurement for a number of days in Fall 2015 and 2016. The results
indicated that the water DO level decreased by approximately 11% as water flowed through the buried sections. The covered
section of the stream also caused variability of the water temperature, resulting a possible disturbance to the downstream
ecosystem. The buried channels-induced DO variations effects on the Brook Trout (Salvelinus sp.), a sensitive species present
at the Stroubles Creek headwaters was also assessed. Further, the photosynthesis rate, reaeration coefficient, and daily
respiration rate were computed prior and after one of buried channels through a series of mathematical and empirical
approaches to assess the buried channels effect on the aforementioned parameters. The photosynthesis and respiration rates
were reduced at the inlet compared to outlet, primarily due to less solar radiation and aquatic vegetation oxygen uptake,
however, reaeration rate was increased at the outlet compared to inlet. This study can assist the decision makers and resource
planners in taking the appropriate decisions regarding daylighting stream channels to improve water quality or/and
accommodate increasing demand for urbanization.


