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Abbreviations and Acronyms
1-D

One dimensional
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Average recurrence interval
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Concession Agreement
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Digital elevation model

EE
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Electricity Generating Authority of Thailand International Ltd.
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Elevation
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ESMMP
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Feasibility Study
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Government of Lao PDR

HSRA

Houay Soup Resettlement Area
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The Kansai Electric Power Company Incorporated
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kilometre

m
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cubic metres per second

m a.s.l
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Minimum operating level
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Ministry of Natural Resources and Environment
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Primary energy

RWL
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1 HYDROLOGICAL REGIME WITH AND WITHOUT THE PROJECT
1.1 introduction
This Section is a report on hydrology provided to support SP01: Reservoir and River Health Sub-Plan
for the Environmental and Social Management and Monitoring Plan, Operational Phase (ESMMPOP 2019) of the Nam Ngiep 1 Hydropower Project.
As part of the process of developing the consolidated Environmental Flow Requirements
Monitoring and Assessment Programme to demonstrate compliance with the Environmental Flow
Requirements (EFRs), Nam Ngiep 1 Power Company Limited (NNP1PC) required an updated
description of the hydrological regime with and without the Project. This report provides
comprehensive technical documentation of the data and modelling used to characterise and
simulate the hydrological regime with and without the Project.
Descriptions of the hydrological regime with and without the Project were previously provided in
the Environmental Impact Assessment (EIA) for Nam Ngiep 1 Hydropower Project (ERM, 2014a), in
particular, Appendix D of the EIA, Environmental Flow Assessment Report (ERM, 2014b). Technical
information supporting simulation of the river flow regime was provided in two chapters of a
Technical Report on Nam Ngiep 1 Hydropower Project (Kansai Electric Power Company, 2013a,
2013b). Since those documents were prepared, some details of the Project that affect the river flow
regime have been refined. Also, some additional relevant data have become available. For these
reasons, the description of the hydrological regimes provided in this report differ in some respects
to the descriptions in previous Project documentation. The sources of differences can be traced
through the data and method descriptions provided in this report. The source, magnitude, and
possible consequences of data and modelling uncertainties are also described.
The description of the hydrological regime with and without the Project presented in this report
was used to inform design of the one-year monitoring programme to test, monitor and assess the
flow regime including the EFRs, and the longer term hydrological monitoring and assessment
programme integrated with relevant monitoring components developed for monitoring the river
flow-dependent ecosystem health indicators and river flow-dependent livelihood indicators. In
addition, modelling of the hydrological regimes was used to assess opportunities to improve dam
operational procedures, control or mitigation measures, and EFRs and/or the related ecological and
livelihood objectives and indicators.

1.2 METHODOLOGY
1.2.1 Overview of Methodology
In this report, a hydrological regime refers to the pattern of characteristics of river discharge or
stage height over time. In its most basic form, a hydrological regime is represented by a time-series
of discharge or stage height (termed a hydrograph), on a hourly, daily, monthly or annual timestep, for a length of time corresponding to the period that the discharge was measured, or the
period of time that discharge was modelled. The complex patterns of low and high frequency
fluctuations typical of hydrographs were simplified by statistical description of central tendency
and dispersion of the of the flow regime attributes magnitude, frequency, duration and timing of
discharge. The two hydrological regimes of primary interest in this report were:
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River flows without the Project
Modelled and measured flows at or near to the Main dam site or Re-regulation dam site
prior to the Project being constructed. This flow series was interchangeable with inflows to
the Main dam assuming the Project is operational.

•

River flows with the Project
Modelled flows immediately downstream of the Re-regulation dam, assuming the Project
was operational. The regime downstream of the Re-regulation dam reflects the impact of
the Project.

The modelling required to simulate the river regimes with the Project operational included
numerical simulation of the dams, so the model also output time series of Main dam and Reregulation dam water levels.
A daily time-step was used for hydrological time-series in this report. The main reasons for this
were that: the hydrological input data were at a daily time-step, or longer; and, a daily model was
computationally faster than an hourly model. For the purpose of electricity generation, both the
Main dam and Re-regulation dam are operated according to a set of hourly targets that are
repeated each week. Given the consistency of operation, and limited variation in outflows from the
Re-regulation dam, it was possible to represent the dam outflows as mean daily flows without
significant loss of information.
Characterisation of flow regimes with the Project operational was based on modelled data, as at
the time of preparation of this report the dams had only recently been closed, so the gauged record
was too short for meaningful statistical characterisation. Characterisation of flow regimes without
the Project operational was based on both modelled and gauged data. River flow data measured
prior to the Project construction were available since 2007, and these data were supplemented
with modelled river flow data time-series of a longer duration (1989 – 2010) that represented a
wider range of possible hydrological conditions. These modelled and gauged river flow time-series
were supplied by NNP1PC.
The modelling undertaken for this report consisted of two types of simulation model (Figure 1-1):
•
•

Hydrological (water balance) model that simulated the process of a time-series of inflows
passing through the Main dam and Re-regulation dam structures, operated according to
standard operating rules and targets, and predicted the resulting time-series of outflows.
Hydraulic model of the Nam Ngiep River that predicted the water surface elevation profile,
maximum water depth profile, mean velocity profile, and mean bed shear stress profile,
along the length of the river from downstream of the Re-regulation dam to the junction of
the Mekong River for a range of flows that typically occur (as predicted by the above
hydrological model).

The hydrological model (Figure 1-1) was required to predict the river flow regime with the Project
operational, as comparison of flow regimes is fundamental to assessment of Project impacts, and
also informs design of a monitoring program to observe hydrological response to the Project and
check compliance with environmental flow requirements. A hydrological dam simulation model
was developed for the EIA (ERM, 2014a), and Kansai Electric Power Company Incorporated
(KANSAI) currently use a version of this model for planning and operational purposes. For this
report, it was considered more time efficient to replicate this model and include all current rules,
targets and updated input data, than attempt to modify and use the existing model, which also
would have required some translation from Japanese.
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The hydraulic model (Figure 1-1) was required because some environmental indicators are based
on hydraulic variables, such as water depth and velocity (important for habitat for biota), and bed
shear stress (important for sediment transport and channel morphology/physical habitat). A
hydraulic model of the Nam Ngiep River from the Re-regulation dam site to the Mekong River
junction was developed for the EIA (ERM, 2014a). It was considered more efficient to replicate this
model than attempt to use the existing model, which utilised Japanese software that would have
required translation.
FIGURE 1-1 CONCEPTUAL SKETCH OF HYDROLOGIC AND HYDRAULIC MODELS. NOT TO SCALE.

1.2.2 Statistics for Describing and Comparing the Flow Regimes
The hydrological dam simulation model was run using two sets of inflow time-series data:
•
•

Gauged mean daily discharge at Ban Hat Gniun over the period 10/06/2007 – 15/05/2018
Modelled mean daily discharge at Dam site using the 2016 Tank model over the period
1/01/1989 – 31/12/2010

The gauged daily flow series at Ban Hat Gniun was also available as a stage height time series. The
modelled discharge series were converted to stage height using the current rating relationships for
Ban Hat Gniun gauge.
The following statistics and graphical representations of data were used to describe the “withoutProject” and “with-Project” flow regimes of the Nam Ngiep River just downstream of the Reregulation dam.
Flow of each day of the year
For without-Project and with-Project conditions, a plot of the daily discharge, averaged for each
day of the year (in m3/s).
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Flow duration
For without-Project and with-Project conditions, a plot of the percent of the time that discharge
was exceeded (in m3/s).
Flow of each month of the year
For without-Project and with-Project conditions, a table providing, for each month of the year, the
mean monthly discharge, minimum monthly discharge, and the minimum daily discharge on record
(in m3/s).
Annual flow series
For without-Project and with-Project conditions, a plot of the mean annual discharge time series
(in m3/s)
Monthly flow series
For without-Project and with-Project conditions, a plot of the mean monthly discharge time series
(in m3/s)
Daily flow series
For without-Project and with-Project conditions, a plot of the mean daily discharge time-series and
stage height at Ban Hat Gniun time series, for selected time periods (in m3/s)
Flood frequency
For without-Project and with-Project conditions, flood frequency analysis of mean daily discharge
data, using the partial-duration series (Gordon et al., 2004) (including 2.N flow events, where N is
record length in years), fitting the data to a polynomial and plotting and tabulating the result for a
range of average recurrence interval (ARI) events.
Fluctuation in daily stage height
For without-Project and with-Project conditions, for each month, the 95th percentile rate of change
in daily stage height, and also for cumulative 7-day change in stage height (rise and fall reported
separately) (in m change). The 95th percentile value was chosen as a more reliable representation
of the upper end of the range of rate of rise and fall than maximum values, which could be extreme
outliers.
The fluctuations were calculated over the two time periods of 1-day and 7-days. Characterisation
of 1-hour fluctuations would require high frequency stage height time series data. Fluctuations over
the 1-day time period were simply the change in mean daily stage height from one day to the next,
i.e.
∆𝐻1𝑑,𝑡𝑛 = 𝐻𝑡𝑛 − 𝐻𝑡𝑛−1
where,
𝐻 = Mean daily stage height (m)
∆𝐻1𝑑 = rise OR fall in stage height over a 1-day period
𝑡𝑛 = time step (day) 𝑛
Rises and falls over the 7-day time period (∆𝐻7𝑑,𝑡𝑛 ) were running cumulative sums, i.e.
∆𝐻7𝑑,𝑡𝑛 = (𝐻𝑡𝑛−6 − 𝐻𝑡𝑛−7 ) + (𝐻𝑡𝑛−5 − 𝐻𝑡𝑛−6 ) + (𝐻𝑡𝑛−4 − 𝐻𝑡𝑛−5 ) + (𝐻𝑡𝑛−3 − 𝐻𝑡𝑛−4 )
+ (𝐻𝑡𝑛−2 − 𝐻𝑡𝑛−3 ) + (𝐻𝑡𝑛−1 − 𝐻𝑡𝑛−2 ) + (𝐻𝑡𝑛 − 𝐻𝑡𝑛−1 )
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Rises and falls were calculated separately.
Compliance with EFR minimum flow
For without-Project and with-Project conditions, for each month, the percent of time that the flow
regime did not comply with the EFR minimum flow requirement of 27 m3/s.
Compliance with EFR maximum fluctuation in daily stage height
For without-Project and with-Project conditions, for each month, the number of times that the flow
regime did not comply with the EFR maximum fluctuation in daily stage height requirement of
cumulative maximum 1.7 m over 1-day and 7-day periods.
1.2.3 Published and Supplied Hydrological Data
1.2.3.1

RIVER DISCHARGE TIME-SERIES

The most important determinant of flow in the Nam Ngiep downstream of the Project is the inflow
to the main reservoir from the catchment. Over the long-term, the inflows from the catchment
determine the potential for power generation. The pattern of inflows over the shorter-term
determines the occurrence of high flow events that might be fully or partially transmitted to the
river downstream of the Project, and also low flow events, which are the times of greatest risk of
non-compliance with EFRs, as the EFRs are defined in terms of a minimum flow and minimum flow
depth. Thus, the results of the hydrological simulation model are fundamentally tied to the inflow
data series.
Two sets of daily discharge time-series data were available as input to the hydrological simulation
model. The first was produced by a rainfall-runoff model known as a Tank model. The Tank model
is a conceptual rainfall-runoff model first developed by Sugawara and Funiyuki (1956). Sugawara
provided documentation on the model (e.g. Sugawara, 1961; Sugawara, 1972; Sugawara et al.,
1986; Sugawara, 1995). Most applications of the Tank model have been in Japan, but it has also
been applied in other Asian countries (e.g. Basri, 2013; Chen et al., 2014). As with all rainfall-runoff
models, the accuracy of the estimated discharges fundamentally depends on how well it is
calibrated to observed data.
The Feasibility Study (FS) undertaken for Nam Ngiep 1 Project modelled the daily discharge timeseries at the proposed dam site using the Tank model (Nippon Koei Co. Ltd., 2002, p. 5-10). The
model was calibrated to gauged flows at Ban Hat Gniun and M. Muong Mai. Although statistical
comparisons were not provided, Nippon Koei Co. Ltd. (2002, p. 5-12, Fig 5.5.3) graphically
compared the calibrated modelled daily time-series with observed data from Muang Mai beginning
in 1978. The scale and size of the figure reproduced in the report allows only a cursory visual
assessment of the goodness-of-fit. The modelled daily time-series of discharge used in the FS was
not made available for this report, but Nippon Koei Co. Ltd. (2002, p. 8-4, Table 8.2.2, also p. 5-13,
Table 5.5.2) provided a table of monthly flows from 1971 to 2000, attributed to JICA Study Team
(2002).
In the EIA undertaken for the Project, in reference to the Tank model used to simulate daily flows
from 1971 to 2000, ERM (2014a, p. 5-62) stated that “The model was calibrated and verified”. In
the Environmental Flows report for the EIA, ERM (2014b) reported that the model was calibrated
to gauged flows at Ban Hat Gniun and M. Muong Mai from 1999 to 2000 using an automatic trial
and error method based on the criteria discharge volume and the shape of the hydrograph.
Although statistical comparisons were not provided, ERM (2014b, p. 15) reported that “…the result
obtained is very good. The predicted inflow and actual measured inflow data agreed fairly well.”
The modelled daily time-series of discharge was not made available for this report, but ERM (2014b,
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p. 16) provided a table of monthly flows from 1971 to 2000. The same table was provided in Kansai
Electric Power Company (2013a, p. 30, Table 2.3.3-2). This Kansai report noted that the modelled
discharge “…has good agreement with observed discharge during dry season”, and illustrated a
visually close correspondence between monthly modelled discharge and observed data from 1998,
1999 and 2000 (Kansai Electric Power Company, 2013a, p. 31, Table 2.3.3-4).
Although the two versions of the Tank modelled daily flow series used for the FS and EIA were not
available, a revised version of the Tank model daily output was provided by NNP1PC (sourced from
KANSAI) in a digital file named “Inflow outflow.xlsx” [author: 関西電力株式会社 (Kansai Electric
Power Co. Inc.), created: 1/09/2016]. This time-series, which covered the period 1989 to 2010, was
used in this report to represent the “without-Project” scenario, and dam inflows for the “withProject” hydrological model. A quality assessment performed prior to use of the data found 6
erroneous values, on 16/11/1989, 25/05/1993, 21/02/1994, 30/12/1995, 31/12/1995, and
4/06/1997. The erroneous values were replaced by the average of the two adjacent values.
Given that the FS and EIA used different time series to those used in this report to model power
generation potential and river flows downstream of the project, it was important to compare the
three flow series to help account for differences in results. The three versions of Tank-modelled
flows (FS, EIA and 2016) at the dam site were compared at the monthly time-step for the common
period 1989 to 2000 (Figure 1-2). This comparison indicated that the three time series were
different, with relatively small differences between the FS and EIA series, but major differences
between these two and the most recent 2016 series provided for this report. Compared with the
earlier versions, the most recent 2016 Tank model flows were lower in the dry season, and higher
in the wet season (Figure 1-3).
The mean annual discharge at the dam site using EIA Tank model flows from 1971 to 2000 was
148.4 m3/s (ERM, 2014a; 2014b). Using the FS Tank model, the equivalent value was 147.2 m3/s.
The mean annual discharge at the dam site using the most recent 2016 Tank model flows from
1989 to 2010 was 142.6 m3/s. For the common period of data from 1989 to 2000, mean annual
discharges estimated by the FS model, EIA model and most recent 2016 model were 158.4 m3/s,
155.7 m3/s and 148.6 m3/s, respectively.
At the annual time-step, examined over the entire modelled period (Figure 1-4), differences were
apparent between the FS and EIA modelled series, although these were not systematic. For the FS
and EIA modelled series, annual discharge was a reasonably consistent proportion of annual
rainfall, but this relationship was more erratic for the most recent 2016 Tank-modelled series
provided for this report.
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FIGURE 1-2 COMPARISON OF THREE TANK-MODELLED DISCHARGE TIME SERIES AT DAM SITE, AT MONTHLY TIMESTEP.

FIGURE 1-3 COMPARISON OF MONTHLY DISTRIBUTIONS OF THREE TANK-MODELLED DISCHARGE TIME SERIES AT
DAM SITE, FOR THE COMMON PERIOD 1989-2000.
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FIGURE 1-4 COMPARISON OF THREE TANK-MODELLED DISCHARGE TIME SERIES AT DAM SITE, AND CATCHMENT
RAINFALL, AT ANNUAL TIME-STEP.

Twice-daily read (6 AM and 6 PM) river flow and stage height data gauged at Ban Hat Gniun over
the period June 2007 to May 2018 were supplied by NNP1PC and Kansai Electric Power Company
Incorporated (KANSAI) in various files. A quality assessment of these data revealed inconsistencies,
and in particular, inconsistent periodic changing of the rating relationships. It was not surprising
that the rating changed over time, as the gauge is at a natural river cross-section, and reshaping of
the morphology of the sand and gravel bed at the site, and perhaps at a downstream hydraulic
control point, would be expected during high flow events. The greatest inconsistencies in the data
were associated with high flows > 1100 m3/s (> 5.6 m stage height) and very low flows < 60 m3/s
(< 0.6 m stage height). This issue was resolved through discussion with staff from NNP1PC and
KANSAI. The agreed best data was a continuous flow series titled “Kheungkham”, supplied by
KANSAI. This data series is consistent with a plot of gauged flow at the Main dam site from 2007 to
2011 in Kansai Electric Power Company (2013a, p. 25, Fig 2.3.1-2).
The twice-daily read “Kheungkham” discharge data series extended from 10/06/2007 to
15/05/2018 (3993 days). Of the 7986 potential twice-daily read values, 263 were missing, with 240
of these missing from 1/02/2014 to 31/05/2014. The twice-daily read data series was converted to
a mean daily discharge time-series by averaging the two values for each day. Isolated missing values
were infilled by taking the average of adjacent values. The missing values from 2014 were infilled
with the average discharge for each day of the year, calculated from the entire gauged data record.
The time series of mean daily discharge gauged at Ban Hat Gniun overlapped with the most recent
2016 Tank-modelled mean daily dam inflows over the period 10/06/2007 to 31/12/2010, allowing
a comparison to be made between modelled and gauged flows (Figure 1-5). This comparison
revealed a close correspondence between modelled and gauged daily flows, suggesting that the
most recent 2016 version of the Tank model produced reliable estimates of daily discharge. On this
basis, both the “Kheungkham” version of the gauged daily discharge time series and the 2016
version of the Tank-modelled daily discharge time series were used in the hydrological dam
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operation simulation model. It should be noted that both of the gauged and modelled discharge
series suggest that flows regularly fall below 27 m3/s (the EFR minimum flow) in the dry season
months, which contrasts with the modelled flow data used in the FS and EIA, where flow rarely fell
below this magnitude. Another factor relevant to inflows to the Main dam is construction of Nam
Ngiep 2 in the headwaters of the basin, beginning in November 2011, and completed in October
2015. The main dam, with a storage capacity of 163 × 10 6 m3, is an order of magnitude smaller than
Nam Ngiep 1. Although relatively small, and distant from Nam Ngiep 1, Nam Ngiep 2 hydropower
project is likely to have modified the flow regime of the river. The nature of this impact was not
investigated in this report, and does not appear to have been considered by the FS and EIA.
FIGURE 1-5 COMPARISON OF TANK-MODELLED DAILY DISCHARGE TIME SERIES AT DAM SITE, AND GAUGED
DISCHARGE AT BAN HAT GNIUN.

1.2.3.2

RAINFALL AND EVAPORATION

The same monthly mean catchment rainfall series from 1971 to 2000 were provided in the main
EIA report (ERM, 2014a, p. 5-61, Table 5.20), Appendix D Environmental Flows report for the EIA
(ERM, 2014b, p. 13, Table 2.3), and the technical report by Kansai Electric Power Company (2013a).
These data were also used in the FS, which listed the same values for average monthly and annual
rainfall (Nippon Koei Co. Ltd., 2002, p. 5-11. Table 5.5.1, also p. 5-26, Table 5.7.1).
The available monthly rainfall data from 1971 to 2000 were disaggregated to daily data for use in
the hydrological dam simulation model. For dates from 2001 to June 2015, mean monthly values
calculated from the 1971 to 2000 data were used. From July 2015 to 2018, daily rainfall data were
provided by NNP1PC, sourced from KANSAI.
The same net open water evaporation data were tabulated in the FS report (Nippon Koei Co. Ltd.
2002, p. 5-26, Table 5.7.1) and a technical report by Kansai Electric Power Company (2013a, p. 21,
Table 2.2.3-1), and also Kansai Electric Power Company (2013b, p. 112, Table 4.3.3-5). The data
purport to be net open water evaporation, which is conventionally understood to be evaporation
minus rainfall, such that when rainfall exceeds evaporation, the net value is negative. However, the
tables of data incorrectly indicate values of zero for months May to September inclusive, when
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rainfall exceeds evaporation. The FS report (Nippon Koei Co. Ltd. 2002, p. 5-26, Table 5.7.1)
provided mean monthly open evaporation based on a composite of observed pan evaporation data
from Vangvieng, Vientaine, Xiengkhouang and Pakxan, factored by 0.8. These data, together with
catchment rainfall data, were used in the hydrological dam simulation model to estimate net open
water evaporation from the reservoir surfaces.
1.2.3.3

LOCAL INFLOWS TO THE RE-REGULATION RESERVOIR

ERM (2014a, p. 6-31, Fig 6.7) and ERM (2014b, p. 61, Fig 5.3) indicated that the average local
catchment (25 km2) inflow to the Re-regulation reservoir was 1.8 m3/s. This represents 1.213% of
the estimated mean catchment inflows at the Main dam site (148.4 m3/s). The hydrological dam
simulation model estimated daily local catchment inflows to the Re-regulation reservoir by
factoring daily dam inflows by 1.213%.
1.2.3.4

IRRIGATION DEMAND

Irrigation water demand from nearby Houay Soup Resettlement Area (HSRA) is met by transfer of
water from the Re-regulation reservoir to an irrigation dam. The conceptual 420 ha irrigation
system for HSRA, described in Nam Ngiep 1 Power Company (2015), was scaled down to a 126 ha
system in late-2016 based on a revision of the number of households to be resettled. The revised
demand was estimated to be 15 mm per day per hectare, to give a total daily demand of
18,900 m3/day. Irrigation demand was assumed to be 9.5 hours per day at an average of 0.22 m3/s.
A spreadsheet file named “Copy of inflow of Canal HR with Re-regulation dam Water level r1.xlsx”,
provided by NNP1PC, sourced from KANSAI, detailed the expected daily pattern of irrigation
demand. KANSAI also informed that irrigation water would be transferred from the Re-regulation
reservoir to the irrigation dam from Monday to Saturday, with irrigation water supplied from the
irrigation dam on Sundays. The normal irrigation season would be 1 November to 15 May. This
pattern of irrigation demand was used in the hydrological dam simulation model. Irrigation demand
is a very minor component of the overall water balance and is of little importance in determining
river flows downstream of the Re-regulation dam.
1.2.4 Reservoir Capacity and Surface Area as a Function of Depth
Relationships describing the capacity and surface area of the Main dam reservoir as a function of
water depth were established for the FS (Nippon Koei Co. Ltd., 2002, p. 8-2. Fig 8.2.1) based on a
1:10,000 topographic map (Kansai Electric Power Company, 2013b, p. 90). The relationships used
in the EIA (ERM, 2014a) were supplied by NNP1PC in a spreadsheet file named “Q-H Q-A.r7.xlsx”.
The relationships used in the EIA differed from those used in the FS, with the EIA relationships
having slightly lower values of volume and surface area for each listed elevation. In both cases, the
volume was determined from multiplying the measured surface area at each contour interval by
the contour interval increment, although inexplicable additions of 5,000 m3 were made at some
elevations. This method of volume calculation does not account for convexity/concavity of the
valley slopes. Since the time of preparation of the FS and EIA, new digital topographic data has
become available. These data were used in Geographic Information System (GIS) to develop new
reservoir capacity relationships.
NNP1PC provided three sets of topographic data:
•

A Digital Elevation Model (DEM) at 10 m grid cell resolution covering the entire Nam
Ngiep catchment down to the junction of the river with the Mekong River, including the
town of Pakxan.
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•

10 m contours covering the area of the NNP1 main reservoir (108 km2 at <360 m
elevation).

•

1 m contours covering an area in the vicinity of the NNP1 re-regulating reservoir (total
area 19.9 km2, with the reservoir covering 1.3 km2).

Metadata were not supplied with the topographic data. The only benchmark data that could be
used to check accuracy was a set of Nam Ngiep River cross-sections surveyed on the ground in
2007, which here were assumed to be accurate to m a.s.l (metres above sea level), which in the EIA
was also referred to as EL m (elevation in metres) and is the convention used in this report. Of the
three sets of areal elevation data, only the 1 m contours provided a close match with the crosssection survey data, so this data set was assumed to represent the land surface at EL m.
The 1 m contour data set was gridded to a 1 m DEM, and the 5 m contour data set was gridded to
a 5 m DEM to allow comparison between them, and with the 10 m DEM. The procedure for
comparison was to subtract the DEMs in GIS and calculate the mean difference in elevation of each
cell (computed at 10 m grid resolution) across the common area covered by the DEMs. In each
comparison there was a lot of variability in the elevation differences, and elevation differences
tended to be greater on steep headwater areas than on plains, but there was no systematic northsouth or east-west pattern to the differences. The 10 m DEM is clearly high in elevation relative to
EL m, by around 3 – 6 m in the area around the re-regulating reservoir (Table 1-1). The 5 m contours
are also likely to be high relative to EL m. The source of the inaccuracy is not known, but is likely
related to the methodologies used to collect the elevation data. Aerial photogrammetry or radar
technology measures elevation of the top of the vegetation canopy rather than the ground.
TABLE 1-1 COMPARISON OF ELEVATIONS OF THREE SUPPLIED TOPOGRAPHIC DATA SETS.
Comparison

Main dam reservoir
area (108 km2)

Re-regulating
reservoir area
(1.3 km2)

Area in vicinity of
re-regulating
reservoir (19.9 km2)

3.6 m higher

6.3 m higher

10 m DEM (supplied) 2.8 m higher
relative to 5 m
contour-derived
DEM (accuracy
unknown)
10 m DEM (supplied)
relative to 1 m
contour-derived
DEM (assumed
accurate)

On the basis of the quality assessment of the topographic data, the Main dam reservoir volume
and surface area relationships were calculated using GIS from the 5 m grid DEM derived from the
10 m contours, and the Re-regulation dam reservoir capacity relationship was calculated from the
1 m grid DEM derived from the 1 m contours.
The Main dam reservoir capacity at normal water level (NWL) of 320 m was estimated to be
2,208.82 × 106 m3, which is 1.3% smaller than the volume estimated for the EIA and 1.4% smaller
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than the volume estimated for the FS. The effective storage volume between 296 m (minimum
operating level, MOL) and 320 m (NWL) was estimated here as 1,179.80 × 106 m3, which is 1.05%
smaller than the volume of 1,192.32 × 106 m3 estimated for the EIA. The surface area at 320 m was
estimated to be 65.08 × 106 m2, which is 2.7% smaller than the area estimated for the EIA and 2.8%
smaller than the area estimated for the FS.
The Re-regulation dam reservoir effective storage volume between 174 m (MOL) and 179 m (NWL)
was estimated here as 4.7206 × 106 m3, which is 2.6% larger than the volume of 4.6 × 106 m3
estimated for the EIA. The surface area at 179 m was estimated to be 1.2477 × 106 m2, which is
1.8% smaller than the area of 1.27 × 106 m2 estimated for the EIA.
1.2.5 Dam Operational Rules and Targets
The outflows from NNP1 to the Nam Ngiep River are determined by the primary objective of
achieving short- and long-term power production objectives, within the fixed constraint of the
infrastructure design, the variable constraint of catchment inflows, and the requirement to meet
EFRs for the Nam Ngiep River downstream of the Project. The short-term is concerned with
adjusting flow rates through the turbines to meet daily and weekly demand patterns, while the
long-term is concerned with managing the seasonal pattern of reservoir levels to minimise the risk
of interruptions to power production due to the combination of low reservoir levels and low
catchment inflows.
Dam operation rules and targets are guidelines formulated to maintain efficient operation of the
system under the conditions expected to occur most of the time. In reality, day-to-day dam
operations would be continuously reviewed in consideration of the prevailing electricity demand,
reservoir levels, and catchment inflows, and adjusted as necessary to meet joint objectives. The
hydrological dam simulation model incorporated the documented guidelines as fixed rules, while
in reality, operation guidelines would likely be reviewed and adapted on the basis of practical
experience. Dam operation rules and targets were documented in the EIA (ERM, 2014a; ERM,
2014b), a technical report (Kansai Electric Power Company, 2013b), and dam operation manuals
(Nam Ngiep 1 Power Company 2017a, 2017b). Some aspects of dam operation have been refined
over time, so some earlier documented operational rules and targets have been superseded.
1.2.5.1

ENVIRONMENTAL FLOW REQUIREMENTS

The Environmental Flow Requirements (EFRs) of the Project for the Operational Phase are
contained within Concession Agreement (CA), Annex C, Clause 53 between the GOL and the
NNP1PC (Table 1-2). Annex C of the CA describes all legal environmental and social obligations of
the project with GoL, as represented by MONRE (Ministry of Natural Resources and Environment),
and was signed by MONRE on 24 April 2013. Annex C gives NNP1PC the right to propose
modifications to the EFRs at any time, and it also provides for a one-year trial period, the results of
which could be used to propose changes.
The EFRs were tabulated in the main EIA report (ERM, 2014a, p. 6-86, Table 6.20) and the EIA
Appendix D Environmental Flows report (ERM, 2014b, p. 69, Table 6.1). The latter table contains an
error, stating the absolute minimum flow during the Operational Phase as 5.5 m3/s at all times. This
was the minimum flow for the Impoundment Phase, and in the original Annex C of the CA it also
applied to the Operational Phase. However, the minimum flow for the Operational Phase was later
changed to 27 m3/s. The value of as 5.5 m3/s in Table 6.1 of (ERM, 2014b, p. 69) is a typographical
error, because the text of the report refers to the minimum flow as 27 m3/s.
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The main EIA report (ERM, 2014a, p. 6-87, Table 6.21) contains an additional condition of riparian
release during extreme drought years of 5.5 m3/s, based on a specific discharge of 0.15 m3/s per
100 km2 of catchment area (an arbitrary rule of thumb). This is not a reference to an official EFR
component but to the situation when the dam is below 306.2 m and drought has reduced Main
dam inflows such that power is not being generated. In this case, water cannot be released through
the spillway gate, so the riparian release conduit could be used. Kansai engineers provided advice
for this report that the conduit has a capacity as low as 7.8 m3/s at MOL (296 m) and 8.5 m3/s at
the sill level of the spillway gates (306.2 m). The alternative way to deliver sufficient flow from the
Main dam to the Re-regulation dam under drought conditions is intermittent turbine operation at
the minimum safe load of 34 m3/s. The turbines would be operated at this level until the Reregulation reservoir was refilled. The Re-regulation reservoir has sufficient capacity to continuously
deliver 27 m3/s to the river for 2 days. Note that the risk of an impending drought causing dam
storage to fall below the sill level of the spillway gates could be estimated using climate forecast
data. If the forecast risk of extreme drought is high, the risk of dam storage falling below the sill
level could be reduced by decreasing dam outflows, at the cost of reduced power output. The
modelling undertaken for this report does not attempt to include this strategy, so the predicted
frequency of outflows falling below 27m3/s is different to what could be achieved in practice.
TABLE 1-2 ENVIRONMENTAL FLOW REQUIREMENTS FOR THE OPERATIONAL PHASE. SOURCE: ANNEX C OF THE
CONCESSION AGREEMENT
River reach

Absolute
minimum flow

Minimum water depth

Maximum water
elevation fluctuations

Downstream of
the Reregulation dam

• Min 27 m3/s
at all times in
the dry
season and in
the rainy
season

• Min water depth in m# in the
entire reach from downstream
of the Re-regulation pond until
4.3 km during dry and rainy
season respectively (measured
at the deepest point in any
cross-section)

• 1.7 m Max
fluctuation† in any
24-hour period
• 1.7 m Max
fluctuation† in any
period of seven
consecutive days
• Maximum rate of
change is 0.6 m/h
• Max frequency of
fluctuation events
per 24 hours and in
any 7 days
consecutive period‡

# A minimum depth criterion was not provided by Annex C of the CA, or EIA documentation.
† Maximum fluctuation was not defined by Annex C of the CA, or EIA documentation.
‡ This requirement lacks specification of the maximum frequencies, so cannot be applied unless
assumptions are made.
All EFR tables (ERM, 2014a, p. 6-86, Table 6.20; ERM, 2014b, p. 69, Table 6.1; Annex C of the CA, p.
39) contain errors. In ERM (2014a, p. 6-86, Table 6.20) the length of the reach over which the
minimum water depth must be maintained is indicated by an asterisk, while in ERM (2014b, p. 69,
Table 6.1) this is given as 4.3 km. Neither table provides a value for this minimum depth. Failure to
provide a criterion for minimum water depth for the Operational Phase can be traced back to Annex
C of the CA, which also fails to provide a value. The text of the EIA reports indicates that the required
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minimum water depth for navigation and fish are 0.5 m, with both criteria provided by “A villager
at B. Hat Gniun” (ERM, 2014a, p. 6-30; ERM, 2014b, p. 68). However, ERM (2014b, p. 4-12) and
ERM (2014a, p. 6-30) associated a depth of 0.5 m with a flow rate of 5.5 m3/s rather than 27 m3/s.
In this report it was assumed that the minimum depth for the Operational Phase was the same as
the value of 0.5 m specified for the Impoundment Phase.
The EFRs are critical to operation of the Project, from the perspective of imposing constraints on
power generation and provision of hydraulic and flow conditions in the river to maintain
biodiversity and navigation. It is worth reviewing the scientific basis and intent of the EFRs.
The original absolute minimum flow of 5.5 m3/s recommended for NNP1 was based on two criteria.
The first was providing a specific discharge of 0.15 m3/s per 100 km2 of catchment area. The source
of this was a review of the minimum flow EFRs provided at 8 other hydropower projects in Lao PDR
which found a range from zero flow to 0.10 m3/s per 100 km2 of catchment area (ERM, 2014b, p.
59, Table 5.1). Four of the 8 projects had a minimum flow of zero, which would almost certainly
cause a significant environmental impact. ERM (2014b) did not review the performance of the EFRs
of the 8 projects, using them as a benchmark for NNP1 was unconvincing and should be
disregarded.
The second justification provided for 5.5 m3/s was that, at this flow rate, the Nam Ngiep River
hydraulic model predicted that the shallowest thalweg depth at all modelled cross-sections would
be 0.5 m, and a minimum depth of 0.5 m was the criterion suggested by a local villager as the
minimum depth that would allow boat navigation and fish passage. There would be considerable
uncertainty associated with this approach due to: (i) use of one anecdotal source to establish the
flow-ecology and flow-navigation relationships, (ii) the hydraulic model cross-sections were not
necessarily located in the shallowest locations on the river, (iii) the cross-section survey, primarily
undertaken for a flood study, may not have characterised the channel morphology in sufficient
detail to accurately model the hydraulics of a shallow and narrow thread of flow in the bed of the
river, and (iv) setting the EFR minimum flow equal to the hydraulic threshold below which fish
passage and boat navigation are not possible does not allow for the possibility of error in the flowecology and flow-navigation relationships, or error in the hydraulic model.
The rationale for revising the minimum flow to 27 m3/s appears to be based on several hydrologic
considerations. First, examination of flows predicted by the Tank model over the period 1971 –
2000 by ERM (2014b, p.67) revealed that 27 m3/s was higher than the minimum monthly inflow of
26.4 m3/s (in April 1973) and the minimum daily flow of 23.5 m3/s (on 4 May 1973). Second, without
citing sources, ERM (2014b, p.67) stated that a minimum flow equal to 10% of the mean monthly
natural dam inflow has been recommended as the minimum flow in maintaining healthy aquatic
habitats in Europe, North America and Australia in the absence of quantitative studies. A brief
review of literature revealed that in France, the environmental flows from dams must be a
minimum of 2.5% of the mean annual flow for existing schemes and 10% of the mean annual flow
for new schemes (Hirji and Davis, 2009). In other countries the percentage varies (it is usually higher
than 10%), and within countries it can vary according to the size of the river (e.g. Acreman, 2010;
SHERPA, 2010; Başkaya et al., 2011; TYPSA group, 2013). The origin of this simplistic approach is
Tennant’s (1976) well known hydrological method for calculating the minimum environmental flow
to apply at any time. However, it is important to realise that Tennant’s (1976) recommendations
(specific to certain rivers in the USA) were based on extensive local biological studies. Also, Tennant
(1976) suggested a range of percentages of the mean annual natural flow as minimum flows, with
10% providing ‘poor or minimum’ habitat conditions and considered to be the lowest instantaneous
flow to maintain survival of aquatic life in the short-term. Flows lower than this would likely lead
to ‘severe degradation’ of habitat. Thus, it was possible to find literature recommending 10% of
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mean annual flow (but not 10% of mean monthly flow for each month), but literature that
demonstrated the effectiveness of simple hydrological rules in maintaining river health was not
found. Despite this uncertainty, ERM (2014b, p.67) found that 27 m3/s was higher than 10% of
monthly inflow volume for 84% of months. ERM (2014b, p.67) were rightly cautious about the 10%
rule, stating “it is probable that the figure of 10% of mean monthly flow is insufficient to maintain
a healthy aquatic environment in Asian countries such as Laos”. They suggested the rule could be
arbitrarily modified to 20% of mean monthly flow. In this case, 27 m3/s was higher than 20% of
monthly inflow volume for 64% of months (which is incorrect; the correct value is 59%). These
arbitrary hydrological calculations are of questionable value, because they lack an established
numerical process link to achievement of agreed environmental and/or social objectives.
To summarise, the minimum recommended flow was derived from the modelled natural inflow
time series using the EIA Tank model from 1971 to 2000, with the value 27 m3/s:
•
•
•
•
•

equal to the Minimum monthly inflow
3.5 m3/s (or 15%) higher than the Minimum daily inflow
higher than 10% of the mean monthly flow for 84% of months
higher than 20% of the monthly flow for 59% of months
would provide a thalweg depth of at least 0.5 m in the river

As explained above, the 1971 – 2000 Tank model flow series over-estimated low flows compared
to gauged flows (see discussion around Figure 1-2 to Figure 1-5). Applying the same criteria used
to derive a value of 27 m3/s from the 1971 – 2000 Tank model flow series to the superior 2016 Tank
model flow series (which closely predicts the gauged flows), returns a value of about 18 m3/s. This
reflects the significantly lower dry season flows that have actually occurred and been measured in
the river, compared to those predicted by the Tank model used in the EIA. This report does not
recommend a revision of the minimum flow to 18 m3/s because the hydrological criteria used in
the EIA (listed above) do not have a strong scientific basis.
The minimum environmental flow of 27 m3/s recommended by the EIA and adopted by the CA,
being higher than typical dry season minimum flows, presents a risk of non-compliance when
normal operation reduces the dam storage level to the spillway sill (306.2 m). The risk can be
managed by intermittent Main dam turbine operation at the minimum safe load of 34 m3/s,
periodically refilling the re-regulation reservoir. However, if inflows are significantly lower than
27 m3/s, the Main dam reservoir level will be on a declining trajectory, and eventually there will be
no stored water to release.
The holistic environmental flow assessment method aims to mimic the natural flow regime,
following a philosophy known as the natural flow paradigm. This approach assumes that discharge
variability, as found in natural rivers, is central to sustaining and conserving biodiversity and
ecological integrity (Poff et al. 1997, Richter et al. 1997, Bunn and Arthington 2002). One
component of discharge variability is low flows, so it is common practice in holistic assessments to
apply the “or natural” rule to the minimum flow. Under this environmental flow philosophy, on any
day, dam operators would only be required to provide a flow in the river equal to or greater than
what would have occurred on that day, had the dam not been in place. The rationale for this is
recognition that low flows have an ecological function, and if they occur within the natural range
of frequency, duration and magnitude, then they do not cause long-term harm to the environment.
The rationale for requiring NNP1 dam operators to sometimes provide an absolute minimum flow
higher than the flow that would have occurred without the dam in place was not provided by the
EIA documentation, or by Annex C of the CA. It could be speculated that it was based on the idea
that this would provide a benefit that might partially offset dis-benefits of the regulated flow
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regime. For example, if dry season low flows, particularly during drought years, were regarded
unfavourably, perhaps because they limit navigation, reduce water availability for domestic or
agricultural supply, reduce water quality, or reduce recreational opportunities, then setting an
absolute minimum flow that lessened these impacts would be a logical response. Another potential
reason for setting an absolute minimum flow without including the “or natural” rule could be to
offset current or future impacts to the natural low flow regime of the catchment inflows, due to
upstream dams or altered land use. The above reasons were not discussed in the EIA
documentation, so it appears more likely that the process followed in the EIA for deriving the
minimum flow for NNP1 simply did not consider the possibility of including the “or natural” rule.
No strong scientific rationale has been provided in support of excluding the “or natural” rule for
the case of NNP1, whereas its inclusion can be defended on the basis of the widely-accepted natural
flow paradigm. This report recommends adoption of the “or natural” rule for the minimum flow in
NNP1.
Relevant to implementation of the “or natural” rule is construction of dams, including Nam Ngiep
2, in the headwaters of the basin. Although relatively small, and distant from Nam Ngiep 1, Nam
Ngiep 2 hydropower project is likely to have modified the flow regime of the river. Implementation
of the “or natural” rule would require development of an algorithm to account for the impact of
upstream dam operations on inflows to the Main dam. This algorithm would be applied to gauged
inflows to the Main dam to predict for each day the natural inflows that would have occurred if no
dams were present upstream. The Company is establishing a rainfall-runoff forecasting system
which will provide input to a dam simulation model for optimal dam operations that takes into
consideration power generation, compliance with EFRs and flood risks. The forecasts will be based
on rainfall and inflows measured at the Thaviengxay Hydrometric Gauging Station, rainfall
measured at the main dam site and online satellite weather data. The system will produce 7-day
forecasts that will be updated every 30 minutes. The Thaviengxay station (07NN3500) is located on
the mainstem of the Nam Ngiep River, 68 km upstream of the Main dam reservoir. The station was
established on 09 September 2018.
The EFR requirements for flow fluctuations state that water elevation must not fluctuate in excess
of 1.7 m over any 24 hour period. Also, water elevation must not fluctuate in excess of 1.7 m over
any consecutive 7-day period. Finally, the maximum rate of change at the hourly time-step is 0.6 m.
The rational for these requirements was not provided in any literature associated with the Project.
The specific meaning of fluctuation in this context was not provided in Annex C of the CA, but a
conventional understanding is that it constitutes a rise or a fall in elevation. When rises or falls in
elevation are considered over a time period, it is critical to state the time-step of observations,
because the smaller the time-step, the more likely that fluctuations will be observed. Also, the
fluctuation could be defined as the maximum rise (or fall) or the total cumulative rise (or fall)
observed over the specified time period. By definition, a fluctuation cannot be defined by
cumulative rise and fall, as these could cancel each other out. From an environmental perspective,
rise and fall of water level within the natural rates does not pose a risk of harm; it is rapid change
of water level at a rate beyond the natural range that poses a risk. From an ecological perspective,
rapid fall is more important than rapid rise due to risk of stranding of organisms. From a social
perspective, rapid rise is by far the greater problem, as this poses a risk of drowning to people in
the river channel who are not expecting a rapid increase in water depth. Similarly, the rule
specifying maximum rate of change of water elevation of 0.6 m per hour could mean that water
elevation observed at times separated by one hour cannot differ by more than 0.6 m, or it could
mean that the cumulative rise, or fall within each 60 minute period cannot exceed 0.6 m. For this
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report it was assumed that the EFR fluctuation limits refer to maximum cumulative fall, or rise, in
water level over the specified time periods of 1 hour, 24 hours or 7 days.
Converting the planned dam outflows under normal operation to stage height using the rating
relationship at Ban Hat Gniun gauge suggested that at this location the EFR maximum fluctuation
rules would be met (Figure 1-6). The rule for maximum fluctuation of 0.6 m over a 1-hour period
was met because the ramp up and down rates incorporated into the operation model were
calculated from the rating relationship of the gauge. Hydraulic modelling undertaken for the EIA
found that the maximum fluctuation of the water level in the Nam Ngiep River under normal
operation of the Project was a fall of 1.5 m, which occurred at cross-section 19, when outflows from
the Re-regulation dam changed from 160 m3/s to 27 m3/s at 2200 hrs on Saturday (ERM, 2014b, p.
54). Cross-section 19 is located 32.1 km downstream of the Re-regulation dam.
FIGURE 1-6 MODELLED CUMULATIVE RISE AND FALL IN WATER LEVEL OVER 3-WEEKS AT BAN HAT GNIUN GAUGE,
ASSUMING CURRENT RATING RELATIONSHIPS.

A puzzling EFR requirement stated in Annex C of the CA, and reproduced in ERM (2014a, p. 6-86,
Table 6.20) and ERM (2014b, p. 69, Table 6.1) under the “Max fluctuations” column is “Max
frequency in events per 24 hours and in any 7 days consecutive period” (Table 1-2). The intent of
this is possibly to impose an upper limit on the number of fluctuation events, which comprise a rise
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and a fall in water level, over any 24-hour period and 7 day period. However, no limits on the event
frequency were provided, so this criterion cannot be applied. This rule would be important for
hydropower plants that generate electricity according to demand, which results in large sub-daily
fluctuations. This is the case for the NNP1 Main dam power plant, but under normal operation, the
Re-regulation dam transforms the daily rise and fall events to a weekly rise and fall event. Under
drought conditions it would be possible that the Main dam might not supply sufficient inflows to
maintain continuous, unvarying power generation from Monday to Saturday at the Re-regulation
dam. Depending on how dam operators manage the situation, erratic and low inflows from the
Main dam could result in high frequency variations in outflows from the Re-regulation dam. The
EFR rules governing maximum fluctuation, if interpreted to mean cumulative rise or fall over a
specified time, would limit the frequency of rise and fall events to those planned for normal
operation, i.e. one rise event (of 1.1 m at Ban Hat Gniun gauge) from 27 m3/s to 160 m3/s over a
period of 16 hours starting 1400 hr Sunday, and one corresponding fall event from 160 m3/s to
27 m3/s ramped down within a few hours from 2200 hr Saturday, i.e. each event occurs within a
24 hr period, and there is only one event per 7-day period. If normal operation of the Re-regulation
dam outflows were to be interrupted mid-week for a short period, for example by insufficient
inflows, a mid-week re-start would risk a failure to comply with the 1.7 m maximum fluctuation
rule for 7 consecutive days.
In Annex C of the CA, MONRE acknowledged that at times of natural high flow events it may not be
possible for the NNP1PC to meet the EFR requirements for maximum water level fluctuations
downstream of the Re-regulation dam. This would especially be the case when uncontrolled flow
passed over the spillway. In such circumstances, Annex C states that NNP1PC should attempt to
meet the EFR fluctuation rules, but would not be obliged to do so, and would not be responsible
for failing to do so. The rationale for suggesting the dam operator should try to dampen natural
flood event flow rates was not provided in Annex C of the CA. This qualification can be implemented
by relaxing the EFR maximum fluctuation rules for 7 days after a high flow event passes over the
Re-regulation dam spillway.
The minimum water depth downstream of the Re-regulation dam refers to the depth of water along
the river thalweg, which is the continuous path tracing the deepest point across the river crosssection along the river course. Hydraulic modelling reported in ERM (2014b, Annex C) indicated
that 0.52 m was the shallowest thalweg depth at a flow rate of 5.5 m3/s. This occurred at crosssection CR-31, 1.4 km downstream of the Re-regulation dam. The second shallowest location, with
a depth of 0.65 m, was at cross-section 3, 5.8 km downstream of the Re-regulation dam.
The significance of the distance 4.3 km downstream of the Re-regulation dam in the EFRs appears
to be that it corresponds with the junction of Nam Xao (at cross-section 2). This is the largest
tributary joining the river downstream of the Re-regulation dam, with a catchment area of 311 km2.
However, it is a relatively small river, increasing the total catchment area of the Nam Ngiep River
by only 7.5% at that point. Thus, there is no reason to assume that operation of NNP1 will cease to
impact the hydrological regime of the Nam Ngiep River at this tributary junction. Rather, the Project
will impact the hydrology of the Nam Ngiep River along its entire 48 km length to the Mekong River
junction.
The EIA hydraulic model predicted that the shallowest thalweg depth at a flow rate of 27 m3/s was
0.95 m. This occurred not at cross-section CR-31, but at cross-section 3, which, at a distance of
5.8 km from the Re-regulation dam, is not subject to the EFR minimum depth criterion. Within the
first 4.3 km downstream of the Re-regulation dam, the shallowest depth at 27 m3/s was 0.97 m,
which occurred at cross-section CR-31. Thus, cross-section CR-31, 1.4 km downstream of the Reregulation dam, is a critical location for shallow water depths at low flow rates, but so too is the
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location 1.4 km downstream of the Nam Xao junction. There could be other critical locations that
were not represented by cross-sections in the hydraulic model. Also, the hydraulic model was run
with a downstream boundary condition that was equivalent to the mean annual water level of the
Mekong River. This meant that the model predicted deep water in the lower 10 km reach of the
Nam Ngiep River regardless of flow in the Nam Ngiep River itself, due to water backing up from the
Mekong River. The critical time for shallow water depths in the Nam Ngiep River is the low flow
season, when the combination of minimum flow released from the Re-regulation dam,
downstream tributaries contributing little supplementary flow, and low water levels in the Mekong
River, creates a risk of multiple shallow locations along the Nam Ngiep River, and risk of longitudinal
discontinuity between the Nam Ngiep and the Mekong rivers. This scenario was not evaluated in
the EIA.
1.2.5.2

DAM OUTFLOWS

The target weekly patterns of dam outflows for both the Main dam and Re-regulation dam, under
normal operation (with no water shortfall and expected electricity demand), were illustrated and
tabulated in several documents, e.g. ERM (2014b, p. 63, Table 5.2) and ERM (2014a, p. 4-33, Table
4.9). As advised by Kansai engineers, these targets have since been altered, with the most recent
targets provided here (Table 1-3).Table 1-3 Dam Operation Discharge Patterns Under Normal and
Extreme Conditions.
Period

Main dam
discharge
(m3/s)

Re-regulation
dam discharge
(m3/s)

Normal
Mon – Sat
Operation 0600 – 2200
1

16 hrs/day

230

160

Almost
maximum Reregulation
power plant
discharge

Normal
Mon – Sat
Operation 2200 – 0600
2

8 hrs/day

0

160

Almost
maximum Reregulation
power plant
discharge

Normal
2200 Sat – 1800
Operation Sun
3

20
hrs/week

0

27 (or natural
inflows if <27)

Released from
Re-regulation
plant gate

Normal
1800
Operation Sun – 0600 Mon
4

12
hrs/week

0

48

Minimum Reregulation
power plant
discharge

Extreme
During drought
Operation when inflows to
1
Main dam do not
allow normal
operation, and

Continuous

27

27 (or natural
inflows if <27)

Released
through
spillway gate
of Main dam

Case

Timing

Document No. NNP1- C-J0206-RP-004-A

Comment

Page 19

Nam Ngiep 1 Hydropower Project

Case

ESMMP-OP Technical Report

Timing

Period

Main dam
discharge
(m3/s)

Re-regulation
dam discharge
(m3/s)

Comment

water level
>306.2 m
Extreme
During drought
Operation when inflows to
2
Main dam do not
allow normal
operation, and
water level
<306.2 m

Continuous 34
(intermittent)

27 (or natural
inflows if <27)

If level above
MOL 296 m, at
least 34 m3/s
released
intermittently
from Main
dam through
turbines to fill
Re-regulation
dam

The changes to the original targets were Normal Operation 3 (27 m3/s) hours changed from 2200
Sat to 1500 Sun (17 hours) to 2200 Sat to 1800 Sun (20 hours) and Normal Operation 4 (48 m3/s)
hours changed from 1500 Sun to 0600 Mon (15 hours) to 1800 Sun to 0600 Mon (12 hours). The
revised targets included the addition of the case of extreme operation. Advice about the changes
was received after the modelling for this report was completed, so the modelling reported here
used the previous targets. The modelling was not redone because the nature and magnitude of the
alterations to the targets were such that the impact on the results reported here would have been
very small.
Extreme conditions occur when there is no power production at the Main dam, due to low inflows
or no order from EGAT (Electricity Generating Authority of Thailand) for dispatch of electricity,
which is within their rights under the power purchase agreement. In this situation, if the reservoir
water level exceeds the sill level of the spillway gates at 306.2 m, then the minimum environmental
flow of 27 m3/s can be released through the spillway. However, if the reservoir water level is lower
than 306.2 m and higher than MOL 296 m, then water will be released from the Main dam through
intermittent turbine operation at the minimum safe load of 34 m3/s. The turbines would be
operated for periods long enough to refill the Re-regulation reservoir. Kansai engineers provided
information to this report that it would be highly unlikely for the situation of no order from EGAT
to arise. The dam would be operated to minimise the risk of Extreme Operation 2. This would be
assisted by forecasting of inflows.
TABLE 1-3 DAM OPERATION DISCHARGE PATTERNS UNDER NORMAL AND EXTREME CONDITIONS.
Case

Period

Main dam
discharge
(m3/s)

Re-regulation
dam discharge
(m3/s)

16 hrs/day

230

160

Timing

Normal
Mon – Sat
Operation 0600 – 2200
1
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Period

Main dam
discharge
(m3/s)

Re-regulation
dam discharge
(m3/s)

Normal
Mon – Sat
Operation 2200 – 0600
2

8 hrs/day

0

160

Almost
maximum Reregulation
power plant
discharge

Normal
2200 Sat – 1800
Operation Sun
3

20
hrs/week

0

27 (or natural
inflows if <27)

Released from
Re-regulation
plant gate

Normal
1800
Operation Sun – 0600 Mon
4

12
hrs/week

0

48

Minimum Reregulation
power plant
discharge

Extreme
During drought
Operation when inflows to
1
Main dam do not
allow normal
operation, and
water level
>306.2 m

Continuous

27

27 (or natural
inflows if <27)

Released
through
spillway gate
of Main dam

Extreme
During drought
Operation when inflows to
2
Main dam do not
allow normal
operation, and
water level
<306.2 m

Continuous 34
(intermittent)

27 (or natural
inflows if <27)

If level above
MOL 296 m, at
least 34 m3/s
released
intermittently
from Main
dam through
turbines to fill
Re-regulation
dam

Case

Timing

Comment

While the previous dam outflow targets are tabulated in the Project documentation with
reasonable consistency, nearly all diagrammatic representations of the previous targets are
incorrect. For example, in the Main EIA report (ERM, 2014a) Fig 4.21 (p. 4-31) shows the Main dam
operating on Sunday, as does Fig 5.4 (p. 63) of ERM (2014b). Both of these figures illustrate
instantaneous transition from one flow rate to the next, while this would have to be ramped in the
case of the Re-regulation dam, to avoid exceeding the maximum permitted rate of rise and fall in
downstream river level. In another example, Fig 4.22 in ERM (2014a, p. 4-32) illustrates a more
gradual transition between 160 m3/s, 48 m3/s and 27 m3/s outflow rates, but includes an additional
hour-long step at 48 m3/s on the Saturday recession from 160 m3/s to 27 m3/s. The same figure is
reproduced in ERM (2014b, p. 63, Fig 5.5). A correct illustration of the previous targets is provided
in ERM (2014a, p. 4-27, Fig 4.17), with the exceptions that discharge transitions are instantaneous,
and the caption incorrectly describes the pattern as belonging to the Main dam rather than the Reregulation dam.
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A significant problem with the current normal operation targets (Table 1-3) is that, assuming
instantaneous transition between operation stages, the total weekly outflow from the Reregulation dam would be 82.35 × 106 m3, while inflows from the Main dam would be less than this,
at 79.49 × 106 m3. On average, local inflows to the Re-regulation reservoir would add 1.09 × 106 m3
per week, but there would still be a deficit of 1.78 × 106 m3 per week, which would cause the
reservoir water level to have a declining trend. ERM (2014b, p. 54) indicated that the transition
from 160 m3/s to 27 m3/s on Saturday evening would be ramped down over a period of 4 hours. If
the transitions between the outflow rates are ramped to keep water level fluctuations in the river
within the EFR allowed rate, the weekly deficit would be 2.70 × 106 m3. The only way to balance
inflows with outflows is to either reduce outflows from the Re-regulation dam, or increase outflows
from the Main dam.
The hydrological dam simulation model developed for this report included ramped transitions
between changes in outflows rates and the choice of increasing Main dam outflows or decreasing
Re-regulation dam outflows. The second option was used in the model runs. Power generation at
the Re-regulation dam occurred at a constant rate for 136 hrs per week (6 AM Monday to 10 PM
Saturday) with ramping up and down outside of that period. Reducing Re-regulation dam power
generation flows from 160 m3/s to 154.55 m3/s would achieve a weekly balance of outflows,
irrigation demand, Main dam inflows and local inflows (Figure 1-7). In practice, dam operators
could also achieve the balance between the Main dam outflows and Re-regulation dam outflows
by maintaining an outflow rate of 160 m3/s for most of the period 6 AM Monday to 10 PM Saturday
but periodically reducing the outflows to maintain the reservoir level between 174 m and 179 m.
FIGURE 1-7 WEEKLY BALANCED PATTERN OF MAIN DAM AND RE-REGULATION DAM OUTFLOWS.

1.2.5.3

MAIN DAM RULE CURVES

Energy generated by NNP1 is classified into three components depending on the time that it is
generated. Primary Energy (PE) is highest priority, generated Monday to Saturday, from 6 AM to
10 PM. If reservoir levels are high enough, in the remaining off-peak time, Secondary Energy (SE)
can be generated, mostly on Sundays. Excess Energy (EE) can be generated in the remaining
2.65 hours of each day if the water level exceeds 310 m. The generation of electricity under these
three modes is governed by Rule Curves, which are threshold upper and lower values of reservoir
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water level for each month. If the water level falls below the lower rule curve then PE generation
stops and inflows will re-fill the reservoir. When the reservoir level exceeds the upper rule curve,
usually limited to the wet season, then PE is generated as normal, and then SE is generated.
Similarly, if reservoir levels exceed the excess rule curve, then EE can also be generated.
A graphic of the Rule Curves was provided in a technical report (Kansai Electric Power Company,
2013b, p. 115, Fig 4.3.3-24). A second Rule Curve was provided in graphical and tabular form in the
Main dam operation manual (Nam Ngiep 1 Power Company, 2017a, p. 5). These three
representations of the Rule Curves differ from each other (Table 1-4). The hydrological dam
simulation model developed for this report included the three versions of the Rule Curves as
options. Model output was not strongly sensitive to choice of Rule Curve. For model runs, the
tabulated version from the Dam operation manual was chosen. The Main dam operation manual
(Nam Ngiep 1 Power Company, 2017a) included an additional rule that if dam inflow is between
150 m3/s and 230 m3/s in the dry season months April, May and June, the water level is maintained
by discharging the same volume as the inflow. If the dam inflow exceeds 230 m3/s, electricity
generation is carried out for 24 hours regardless of the upper rule curve.
At a reservoir level known as Rated Water Level (RWL) the maximum power output can be
generated with maximum plant discharge. The RWL of the Main dam is 312 m. From RWL down to
MOL at 296 m maximum plant discharge is released, but declining head leads to declining power
output for the same discharge. From RWL to NWL at 320 m the head increases, and maximum
power output is maintained by reducing plant discharge. This relationship was incorporated into
the hydrological dam simulation model developed for this report. The simulation model had the
capacity to estimate daily power generation from both the Main dam and Re-regulation dam, but
power generation was not the subject of this report, so it is not included in the results or discussion.
The modelled pattern of Main dam reservoir water level was a response to a combination of
managing the level according to catchment inflows, Rule Curves and operation rules. The lower
Rule Curve tended to control the water level decline while the upper Rule Curve tended to control
the water level rise (Figure 1-8).
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TABLE 1-4 THREE AVAILABLE VERSIONS OF RULE CURVES.
Month

Main dam operation manual
(Nam Ngiep 1 Power Company, 2017a, p. 5)
Table

Technical Report
(Kansai Electric Power Company,
2013b, p. 115, Fig 4.3.3-24)

Graph

Graph

Upper
(m)

Lower
(m)

Upper
(m)

Lower
(m)

Upper
(m)

Lower
(m)

Excess
(m)

Jan

320

312

320

312

320

312

310

Feb

320

309

320

308

320

308

310

Mar

320

306

320

306

320

306

310

Apr

320

303

320

304

320

304

310

May

311

300

311

301

309

301

310

Jun

308

296

308

296

306

296

310

Jul

309.5

300

309.5

300

307.5

300

310

Aug

314

305

314

302.5

312.5

302.5

310

Sep

317.5

310

317.5

309

317.5

309

310

Oct

319.5

313.5

319.5

315

319

315

310

Nov

320

314.5

320

316

320

316

310

Dec

320

313.5

320

316

320

316

310

FIGURE 1-8 MODELLED PATTERN OF MAIN DAM RESERVOIR WATER SURFACE ELEVATION, MANAGED BY RULE
CURVES, MODELLED INFLOWS 1989 - 2010.
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1.2.6 River Hydraulics
1.2.6.1

ONE-DIMENSIONAL HYDRAULIC MODEL

A one-dimensional (1-D) hydraulic model of the Nam Ngiep River from the re-regulation dam site
to the Mekong River junction was developed for the EIA (ERM, 2014a), using 37 surveyed crosssections. The model was described in ERM (2014b, Annex C Results of non-uniform flow analysis).
The modelling computations were performed by the software “ELNORE Fujitsu FIP Japan”.
The EIA hydraulic model was used to predict water surface profiles along the Nam Ngiep River
under conditions of typical power generation scenarios for the Re-regulation dam of 48 m3/s and
160 m3/s, as well as the EFR releases of 5.5 m3/s and 27 m3/s. The model assumed uniform
Mannings n values at each cross-section of 0.04. The results were provided in ERM (2014b, Annex
C). The EIA documentation did not provide results for modelled bed shear stress. This is an
important hydraulic variable that predicts sediment mobilisation (bed material transport), which is
of interest to this report. Also, the hydraulic model runs assumed a downstream boundary
condition of the Mekong River at its mean annual water level of 147.7 m. At this level, backwater
from the Mekong River penetrates around 10 km into the lower Nam Ngiep River. This report was
interested to assess the impact of NNP1 operation on water depths along the entire length of the
Nam Ngiep River under dry season conditions, when water depths would most likely become
limiting for boat navigation and fish passage. Thus, for this report it was necessary to develop a
hydraulic model that replicated the performance of the existing model.
A globally-standard software for undertaking 1-D hydraulic computations is HEC-RAS (Hydrologic
Engineering Center River Analysis System) (US Army Corps of Engineers, 2016), which is freely
available, widely used, and known to be reliable. A model of the Nam Ngiep River was developed
using the same cross-sections and assumptions (where known) used for the EIA model. The model
was run for the same scenarios presented in the EIA (ERM, 2014b, Annex C) and the results
compared favourably (Figure 1-9).
FIGURE 1-9 NAM NGIEP RIVER WATER SURFACE PROFILE FOR DAM OUTFLOW 160 M3/S, PREDICTED BY EIA
HYDRAULIC MODEL AND HEC-RAS MODEL DEVELOPED FOR THIS REPORT

Model runs were undertaken for the EFR minimum outflow of 27 m3/s, and also 5.5m3/s, which was
the originally suggested minimum flow for this project (Table 1-3). Tank model estimated flow data
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from 1971 to 2000 indicated mean annual flow at the Main dam site of 148.4 m3/s (ERM, 2014a, p.
5-62, 5-64; ERM, 2014b, p. 15). The hydraulic model used in the EIA estimated tributary inflow
along the river between the dam site and the Mekong River on the basis of a relationship with
catchment area. ERM (2014b, p. C5, Table C2) estimated that under mean annual flow conditions,
total tributary inflows along the river would be 33.1 m3/s. This assumption was maintained in this
report, in order to replicate the modelling undertaken for the EIA, even though mean annual
discharge estimated by the most recent 2016 Tank model was lower than that estimated for the
EIA (Figure 1-3).
A “low inflows” model run was performed assuming the average flow for the lowest flow month at
the dam site. The flow series estimated by the EIA Tank model from 1971 to 2000 indicated March
as the lowest flow month, with a mean of 56 m3/s (ERM, 2014b, p. 51, Fig 4.1, also p. 16, Table 2.4).
Under these conditions, a total tributary inflow of 12.52 m3/s would occur between the dam site
and the Mekong River. This model run represents average low flow conditions typical of the dry
season, while under extreme drought conditions, significantly lower tributary inflows would be
expected. The EIA Tank model flows from 1971 to 2000 indicated that the minimum mean monthly
flow at the Main dam site for March was 31.6 m3/s (in 1973), but even lower flows occurred in April
with 26.4 m3/s (in 1973) and May with 28.7 m3/s (in 1978). The most recent 2016 Tank model data
for the period 1989 to 2010 indicated March as the lowest flow month, with a mean of 31.8 m3/s.
The minimum mean monthly flow for March was 18.4 m3/s (in 1999), but even lower flows occurred
in February, with 18.1 m3/s (in 1999). At the daily time-step, the lowest modelled flow was
13.5 m3/s on 21-22 April 2001. Under extreme drought conditions of 18.1 m3/s inflows at the Main
dam site, tributaries between the dam site and the Mekong River would be expected to contribute
a total inflow of only 4 m3/s.
A time series plot of Mekong River stage height at Pakxan gauge from 1976 to 2004 was copied
from Mekong River Commission, Data and Information Services, Hydrological Data Service
(http://portal.mrcmekong.org). The lowest stage height of each year was digitized and converted
to EL m, using the gauge zero of 142.125 EL m (Nippon Koei Co. Ltd. and KRI International Corp.,
2001; sourced from Hydrological Data Book on the Mekong River Basin in Lao PDR, DMH/JICA, NAF,
Sept.1997). Statistical indices for this annual minimum water level series (Table 1-5) were used to
represent the range of downstream boundary conditions for the Nam Ngiep hydraulic model, under
dry season conditions. Also included was the mean Mekong River water level for the month of
lowest water level (March), taken from ERM (2014b, p. C6, Table C3) (Table 1-5).
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TABLE 1-5 STATISTICAL CHARACTERISTICS OF ANNUAL MINIMUM WATER LEVEL SERIES OF THE MEKONG RIVER AT
PAKXAN GAUGE

1.2.6.2

Water level index (1976 – 2004)

Mekong River water level (EL m)

2nd percentile annual minimum

143.07

25th percentile annual minimum

143.38

50th percentile annual minimum

143.59

75th percentile annual minimum

143.98

March average (lowest flow month)

144.20

98th percentile annual minimum

144.75

RISK OF BED SEDIMENT MOBILISATION AND CHANNEL MORPHOLOGICAL CHANGE

Aquatic ecology surveys undertaken on the Nam Ngiep River for the EIA in 2007 and 2013 found
that the river bed was generally dominated by sand and gravel with some boulders (ERM, 2014a,
p. 5-113, 15-5). A sandbar upstream of Ban Hat Gniun was reportedly formed mainly of gravels
(ERM, 2014b, p. 28, Fig 2.16). ERM (2014b, p.28) reported that sand bars and islands in the river
have been in the same position since the 1960s. This suggested an equilibrium between sediment
input from the catchment and sediment transport by the river. Elsewhere in the EIA documentation
it was reported that channel erosion is common, due to strong water flow resulting in steep banks
along the river (ERM, 2014b, p. 34).
While the channel morphology of the Nam Ngiep River downstream of the Project might have been
stable for decades due to a balance of bed material input and transport, trapping of coarse
sediment by the Main dam will cause a deficit of sediment supply to the river. If the flow regime
with the Project operational has the capacity to mobilise and transport the existing sand-cobble
bed material, then the deficit in supply will result in bed incision. ERM (2014a, p.6-65) suggested
that flows from the dam site would be expected to remove sandbars and finer sediment from the
bed, leaving a coarser substrate. ERM (2014a, p.6-65) suggested that this process would occur just
downstream of the dam, with scoured material deposited further downstream. However, the
scoured material will be transported downstream all the way to the Mekong River if the flows in
the Nam Ngiep River have the hydraulic capacity to mobilise and transport the bed material.
A conceptual model of impact of NNP1 on the morphology of the Nam Ngiep River downstream of
the Re-regulation dam to the Mekong River junction suggests the following sequence of events:
1. Initial over-supply of sand to the Nam Ngiep River sourced from the cleared walls of the Reregulation dam. This material would be eroded from the reservoir walls due to repeated
exposure to waves, currents and slumping due to high frequency variation in water levels
over a 5 m range.
2. Transfer of the excess sandy material eroded from the walls of the Re-regulation dam
downstream towards the Mekong River in the form of a sediment accumulation (slug),
progressively migrating at a variable rate depending on flow conditions. The sediment slug
would be associated with shallow flow conditions, but the flow could cut a narrow low flow
channel through the sand mass.
3. A phase of bed incision due to a deficit of coarse sediment supply due to trapping by the
Main dam, exhaustion of sediment supply from the walls of the Re-regulation dam, and the
limited capacity of the small catchment downstream of the dam to re-supply the river with
sediment. The degree and extent of bed incision, and possibly associated bank erosion,
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would be conditional on the hydraulic capacity of the regulated flow regime to mobilise and
transport sand-cobble sized bed material.
4. The changing channel morphology over time would result in a changing relationship
between flow depth and discharge, and the location of the points of shallowest flow are
likely to shift over time. This has implications for meeting any EFR based on minimum water
depth.
This report did not attempt to model sediment transport rates in the Nam Ngiep River downstream
of the Re-regulation dam to the Mekong River junction. Rather, the likelihood of bed sediment
mobilisation was assessed by comparing the critical shear stress required for bed mobilisation with
modelled bed shear stress under the scenario of the Project operational. The hydraulic model
predicted bed shear stress at the model cross-section locations for a range of flow conditions. The
critical bed shear stress for sediment mobilisation was estimated for a range of particle sizes (Table
1-6) using the standard Shields equation (Gordon et al., 2004, p. 193):
𝜏𝑐 = 𝜃𝑐 𝑔𝑑(𝜌𝑠 − 𝜌)
where,
𝜏𝑐 = critical bed shear stress (N/m2)
𝜃𝑐 = Shields parameter, 0.032 for sand, 0.06 for gravel and cobble
𝑔 = gravity, 9.8 (m/s2)
𝑑 = particle diameter (m)
𝜌𝑠 = density of sediment particles, 2650 (kg/m3)
𝜌 = density of water, 1000 (kg/m3)
TABLE 1-6 CRITICAL BED SHEAR STRESS FOR PARTICLE MOBILISATION FOR A RANGE OF PARTICLE SIZE CLASSES
Particle size class

Range in size (mm)

Range in critical bed shear
stress (N/m2)

0.0625 – 0.25

0.03 – 0.13

0.25 – 0.5

0.13 – 0.26

Coarse sand

0.5 – 2

0.26 – 1.03

Fine gravel

2–8

1.9 – 7.8

Medium gravel

8 – 16

7.8 – 15.5

Coarse gravel

16 – 64

15.5 – 62.1

Cobble

64 – 256

62.1 – 248.4

Fine sand
Medium sand

1.3 Results
1.3.1 Hydrological Regime – Modelled Inflows 1989 - 2010
1.3.1.1

DISTRIBUTION OF FLOW THROUGH THE YEAR

The mean flow of each day of the year (Figure 1-10) indicated that the hydrological impact of the
Project on wet season high flows would be to significantly decrease the mean magnitude of high
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flows in July and August and delay the seasonal peak by about one month. The impact of the Project
on dry season flows would be to significantly increase the mean magnitude of low flows.
The plot of flow duration (Figure 1-11) indicated that the hydrological impact of the Project would
be to focus flows at three main flow rates, corresponding the controlled dam outflow rates, and
create flows lower than those that occurred without the Project for about 8.5% of the time.
The hydrological impact of the Project on mean monthly flows would be to produce higher means
from October to May, and lower means from June to September (Table 1-7).The hydrological
impact of the Project on minimum monthly flow would be to produce higher means from December
to June, and lower means from July to November (Table 1-7).The hydrological impact of the Project
on minimum daily flows in each month would be to produce higher minimums in December,
January and February, while all other months had a lower minimum (Table 1-7).
FIGURE 1-10 MEAN FLOW OF EACH DAY OF THE YEAR, MODELLED INFLOWS 1989 - 2010.

FIGURE 1-11 FLOW DURATION, MODELLED INFLOWS 1989 - 2010.
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TABLE 1-7 MEAN AND MINIMUM MONTHLY DISCHARGE, MODELLED INFLOWS 1989 - 2010.
Month

Mean monthly discharge
(m3/s)

Minimum monthly
discharge (m3/s)

Minimum daily discharge
(m3/s)

WithoutProject

WithProject

WithoutProject

WithProject

WithoutProject

WithProject

Jan

43.41

121.97

20.62

93.64

19.24

26.99

Feb

34.93

97.46

18.12

73.61

17.27

26.97

Mar

31.76

71.13

18.39

52.10

15.21

6.91

Apr

32.93

75.52

19.81

60.51

13.47

6.52

May

76.15

116.17

24.07

82.37

15.84

6.32

Jun

177.62

152.42

71.66

85.16

28.68

6.10

Jul

301.13

153.56

132.86

88.49

43.49

6.48

Aug

397.27

263.97

161.80

93.64

105.42

8.38

Sep

321.38

305.19

138.84

104.72

76.13

9.88

Oct

151.03

162.93

57.88

32.76

49.67

27.59

Nov

84.92

117.63

42.24

27.31

36.78

27.21

Dec

58.58

108.09

29.46

54.79

23.02

27.06

1.3.1.2

TIME-SERIES OF FLOW AND WATER LEVEL

The Project would not have a significant impact on annual discharge (Figure 1-12). The withoutProject scenario represents modelled inflow to the Main dam, while the with-Project scenario
represents modelled flow downstream of the Re-regulation dam. There is a small increase in annual
discharge for the with-Project scenario explained by the small local catchment inflow between
these two locations, and changed net evaporation from the water surface due to the replacement
of river channel with reservoirs.
The Project would moderately impact the temporal pattern of monthly discharge by extending the
length of the recession of the wet season, thereby increasing the dry season monthly discharge,
and also reducing the wet season monthly discharge (Figure 1-13).The Project would dramatically impact the temporal pattern of mean daily discharge and stage
height at Ban Hat Gniun (Figure 1-14, Figure 1-15). The Main dam reservoir would absorb smalland moderate-sized flow events when the water level is low and spare storage capacity is available.
This would mainly occur in the first half of the wet season, but in some years nearly all wet season
flow events would be absorbed by the reservoir and more gradually released in the form of the
regulated regime (Figure 1-14, Figure 1-15). The regulated flow regime has a high level of intraweek variability due to the operational regime of generating electricity continuously Monday to
Saturday but not on Sundays. When inflows are low in March to May, combined with low levels of
stored water in the Main dam reservoir, normal operation at both the Main dam and Re-regulation
dam would usually be disrupted due to insufficient water availability, causing discontinuity of
outflows from the Re-regulation dam (Figure 1-14, Figure 1-15).
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FIGURE 1-12 TIME-SERIES OF ANNUAL DISCHARGE, MODELLED INFLOWS 1989 - 2010

FIGURE 1-13 TIME-SERIES OF MONTHLY DISCHARGE, MODELLED INFLOWS 1989 - 2010

Document No. NNP1- C-J0206-RP-004-A

Page 31

Nam Ngiep 1 Hydropower Project

ESMMP-OP Technical Report

FIGURE 1-14 TIME-SERIES OF MEAN DAILY DISCHARGE, MODELLED INFLOWS 1989 - 2010. TOP IS ENTIRE
MODELLED SERIES, BOTTOM IS 2009 AND 2010

Document No. NNP1- C-J0206-RP-004-A

Page 32

Nam Ngiep 1 Hydropower Project

ESMMP-OP Technical Report

FIGURE 1-15 TIME-SERIES OF MEAN DAILY STAGE HEIGHT AT BAN HAT GNIUN, MODELLED INFLOWS 1989 2010. TOP IS ENTIRE MODELLED SERIES, BOTTOM IS 2009 AND 2010

1.3.1.3

FLOOD FREQUENCY

The Project would dramatically impact the magnitude of mean daily discharge flood peaks for any
given average recurrence interval (ARI). The relative impact of the Project would be less the higher
the ARI (Figure 1-16, Table 1-8). The magnitude of peak mean daily discharge of frequent events,
as might be expected every year, would be about halved. The actual impact of the Project on flood
peak magnitude would likely be greater than indicated by the analysis because the dam operation
model did not simulate the effect of the reservoir in attenuating flood hydrographs.
Flood frequency analysis was undertaken for the Nam Ngiep River as part of the FS (Nippon Koei
Co. Ltd., 2002) and EIA (Kansai Electric Power Company 2013; ERM, 2014a; ERM, 2014b) using the
annual exceedance series method. Flood peak magnitudes corresponding to a range of average
recurrence intervals (ARI) were calculated based on the observed discharge data at the Muong Mai
gauge for the period from 1978 to 2000 (Nippon Koei Co. Ltd., 2002). Annual maximum discharges
from twice-daily readings at the gauge were factored by 1.2 to estimate the likely instantaneous
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flood peak. The data were fitted to the Log Pearson III frequency distribution to estimate the
magnitude of floods for given ARIs (Table 1-8). As expected, these estimates are higher than the
estimates made for this report, which used the partial-duration series on unfactored mean daily
discharge. The exception was the 1 yr ARI event, for which the EIA method estimated a lower value.
This is explained by the EIA using the annual series (only counting the highest peak of each year),
while the partial-duration series used in this report ranks independent floods regardless of when
they occur in the record. Gordon et al (2004, p. 215) pointed out that the partial-duration series is
simply an extension of the annual exceedance series, and recommended that the partial-duration
series be used for ARI < 10 years and the annual maximum series for ARI > 10 years. Other reasons
for differences in the results are the different periods of record used, and the use of data from
different locations on the river.
FIGURE 1-16 PARTIAL-DURATION SERIES FLOOD FREQUENCY RELATIONSHIPS FOR MEAN DAILY DISCHARGE,
MODELLED INFLOWS 1989 - 2010
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TABLE 1-8 MAGNITUDE OF MEAN DAILY DISCHARGE FLOOD PEAK FOR A RANGE OF AVERAGE RECURRENCE
INTERVALS, MODELLED INFLOWS 1989 – 2010, COMPARED WITH PEAK INSTANTANEOUS ESTIMATES FROM THE
EIA
Average Recurrence
Interval (years)

1.3.1.4

Peak of mean daily discharge (m3/s)
Without-Project

With-Project

Peak instantaneous
discharge (EIA) [19782000, Muong Mai]
(m3/s)

0.5

536.4

195.5

-

1

712.0

422.1

680

2

851.6

636.5

1150

5

976.6

808.2

1590

10

1051.4

888.4

1930

15

1102.4

941.5

-

20

1147.7

990.2

2300

25

1190.9

1037.2

-

STAGE HEIGHT FLUCTUATIONS

Stage height fluctuations were evaluated by converting the discharge time-series to stage height
time-series by applying the rating relationship from Ban Hat Gniun. Thus, the stage height
fluctuations were specific to this location and could be higher or lower at other locations on the
river. The 95th percentile values calculated for each month indicated that from one day to the next,
under without-Project conditions, rises were nearly always less than 1 m, and were less than 0.2 m
for most of the dry season (Figure 1-17). Falls in stage height occurred more gradually, and were
nearly always less than 0.6 m from one day to the next. The 7-day cumulative rises and falls were
about twice the magnitude of the 1-day fluctuations. Most cumulative 7-day rises were less than
2 m, and most cumulative 7-day falls were less than 1.5 m (Figure 1-17).
The Project had a dramatic impact on the rates of rise and fall in stage height, increasing 1-day and
cumulative 7-day fluctuations in nearly every month (Figure 1-18). The 95th percentile values of
rise and fall over 1-day were less than 1.3 m, and unlike the without-Project scenario, were higher
in the dry season than the wet season. The cumulative 7-day rises and falls were nearly always
greater than 1 m, and were greater than 3 m for a significant proportion of the dry season (Figure
1-18).
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FIGURE 1-17 MONTHLY DISTRIBUTION OF THE 95TH PERCENTILE VALUES OF DAILY RATE OF RISE AND FALL AT BAN
HAT GNIUN, MODELLED INFLOWS 1989 - 2010
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FIGURE 1-18 MONTHLY DISTRIBUTION OF THE 95TH PERCENTILE VALUES OF 7-DAY CUMULATIVE RISE AND FALL AT
BAN HAT GNIUN, MODELLED INFLOWS 1989 - 2010

1.3.1.5

COMPLIANCE WITH EFR FOR MINIMUM FLOWS

Compliance with the EFR minimum flow was calculated for the without-Project scenario to provide
a benchmark. The monthly time-series of the number of days in each month when flow was
< 27 m3/s indicated that non-compliance was common in both the without-Project and withProject scenarios (Figure 1-19). Non-compliance occurred in every year in the with-Project scenario
but the longest spells of flows < 27 m3/s were associated with the without-Project scenario. In the
without-Project scenario, flows < 27 m3/s only occurred in the dry season months December to
May, but in the with-Project scenario, non-compliance with the EFR for minimum flows also
occurred in June to September months (Table 1-10).
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FIGURE 1-19 TIME-SERIES OF NUMBER OF DAYS PER MONTH WITH DISCHARGE < 27 M3/S, MODELLED INFLOWS
1989 - 2010

TABLE 1-9 MEAN NUMBER OF DAYS PER MONTH WITH DISCHARGE < 27 M3/S, MODELLED INFLOWS 1989 - 2010
Month

1.3.1.6

Mean number of days with daily discharge < 27 m 3/s
Without-Project

With-Project

Jan

1.5

0.1

Feb

4.0

0.6

Mar

11.5

11.9

Apr

10.5

14.9

May

2.4

7.2

Jun

0.0

1.8

Jul

0.0

1.5

Aug

0.0

0.4

Sep

0.0

0.1

Oct

0.0

0.0

Nov

0.0

0.0

Dec

0.5

0.0

COMPLIANCE WITH EFR FOR MAXIMUM FLUCTUATION IN DAILY STAGE HEIGHT

The calculated compliance with the EFR on maximum fluctuation in stage height were specific to
Ban Hat Gniun and could be different at other locations on the river. Compliance was calculated for
the without-Project scenario to provide a benchmark. When calculating compliance with the EFR
of the with-Project scenario, the days within 1-day and 7-days (for the 1-day and 7-day EFRs
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respectively) of the occurrence of flow over the spillway (indicating and uncontrolled high flow
event) were ignored.
The EFR requiring maximum daily stage height fluctuations to be less than 1.7 m was met nearly all
of the time for both the without-Project and with-Project scenarios, for both rise and fall (Table
1-10). There were a few isolated days exceeding 1.7 m rise and fall in the high flow season under
the without-Project scenario.
The EFR requiring 7-day cumulative maximum daily stage height fluctuations to be less than 1.7 m
under the without-Project scenario was met all the time in the dry season months, but there were
times in the high flow months when the 7-day cumulative rise and fall exceeded 1.7 m (Table 1-10).
Under the with-Project scenario, the 7-day cumulative rise and fall commonly exceeded 1.7 m in
every month, particularly in the dry season months December to May. This compliance failure was
due to low catchment inflows disrupting normal dam operation, causing the power plants to be
shutdown at unscheduled times. The model prioritised power generation, so the plants would restart as soon as sufficient inflows allowed it. This was a common occurrence in the dry season,
especially in February, March, April and May (Table 1-10).
TABLE 1-10 DEGREE OF COMPLIANCE WITH EFR MAXIMUM FLUCTUATION IN STAGE HEIGHT AT BAN HAT GNIUN,
MODELLED FLOWS 1989 - 2010
Month

Mean days per month exceeding 1.7 m
1-day fluctuation

Mean days per month exceeding 1.7 m
cumulative 7-day fluctuation

Without-Project

Without-Project

With-Project

With-Project

Rise

Fall

Rise

Fall

Rise

Fall

Rise

Fall

Jan

0

0

0

0

0

0

6.96

7.32

Feb

0

0

0

0

0

0

14.86

16.18

Mar

0

0

0

0

0

0

24.27

24.05

Apr

0

0

0

0

0

0

25.96

25.64

May

0.091

0

0

0

0.73

0.23

15.64

14.96

Jun

0.091

0

0

0

1.41

0.68

1.27

1.96

Jul

0.091

0

0

0

3.82

1.27

1.91

1.59

Aug

0.091

0.045

0

0

1.46

1.14

0.82

0.86

Sep

0.045

0.045

0

0

1.00

0.96

0.18

0.23

Oct

0

0

0

0

0.36

0.50

0.18

0.14

Nov

0

0

0

0

0

0

1.00

1.50

Dec

0

0

0

0

0

0

5.18

4.64

1.3.2 Hydrological Regime – Gauged Inflows 2008 - 2017
1.3.2.1

DISTRIBUTION OF FLOW THROUGH THE YEAR

The mean flow of each day of the year (Figure 1-20) and the plot of flow duration (Figure 1-21)
derived from gauged inflows were similar to those derived from modelled inflows.
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The range of mean monthly flows derived from gauged inflows (Table 1-11) was similar to that
derived from modelled inflows.
FIGURE 1-20 MEAN FLOW OF EACH DAY OF THE YEAR, GAUGED INFLOWS 2008 - 2017

FIGURE 1-21 FLOW DURATION, GAUGED INFLOWS 2008 - 2017
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TABLE 1-11 MEAN AND MINIMUM MONTHLY DISCHARGE, GAUGED INFLOWS 2008 - 2017
Month

Mean monthly discharge
(m3/s)

Minimum monthly
discharge (m3/s)

Minimum daily discharge
(m3/s)

WithoutProject

WithProject

WithoutProject

WithProject

WithoutProject

WithProject

Jan

44.27

125.24

31.52

109.71

28.28

27.10

Feb

33.67

97.96

23.68

83.30

18.13

26.98

Mar

29.77

63.71

18.84

52.10

16.16

6.93

Apr

33.72

74.37

18.75

59.86

10.63

6.53

May

63.36

108.56

35.35

91.40

17.15

6.41

Jun

139.58

130.33

36.87

59.67

24.87

5.92

Jul

322.72

154.29

189.33

58.92

24.73

6.02

Aug

437.24

304.20

235.95

136.89

139.81

34.71

Sep

346.86

313.50

164.72

134.20

123.43

28.68

Oct

158.09

180.81

103.99

130.10

79.12

28.03

Nov

87.14

122.24

65.97

54.41

44.48

27.42

Dec

56.96

116.25

47.50

90.37

36.33

27.30

1.3.2.2

TIME-SERIES OF FLOW AND WATER LEVEL

The range of annual discharge derived from the gauged inflow data series (Figure 1-22) was similar
to that derived from the modelled inflow series.
The temporal pattern of monthly discharge derived from the gauged inflow data series (Figure
1-23) was similar to that derived from the modelled inflow series.
The temporal pattern of daily discharge and stage height at Ban Hat Gniun derived from the gauged
inflow data series (Figure 1-24, Figure 1-25) was similar to that apparent on the time series derived
from modelled inflow data. The gauged series contained an exceptionally high flow year in 2011
when the Main dam and Re-regulation dam would have spilled for an extended period of time.
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FIGURE 1-22 TIME-SERIES OF ANNUAL DISCHARGE, GAUGED INFLOWS 2008 - 2017

FIGURE 1-23 TIME-SERIES OF MONTHLY DISCHARGE, GAUGED INFLOWS 2008 - 2017
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FIGURE 1-24 TIME-SERIES OF MEAN DAILY DISCHARGE, GAUGED INFLOWS 2007 - 2018. TOP IS ENTIRE
MODELLED SERIES, BOTTOM IS 201, 2017 AND EARLY 2018

Document No. NNP1- C-J0206-RP-004-A

Page 43

Nam Ngiep 1 Hydropower Project

ESMMP-OP Technical Report

FIGURE 1-25 TIME-SERIES OF MEAN DAILY STAGE HEIGHT AT BAN HAT GNIUN, GAUGED INFLOWS 2007 - 2018.
TOP IS ENTIRE MODELLED SERIES, BOTTOM IS 201, 2017 AND EARLY 2018

1.3.2.3

FLOOD FREQUENCY

Flood frequency analysis was not undertaken on the flow series derived from the gauged discharge
record as the 10-year long record length was too short to produce a reliable result.
1.3.2.4

STAGE HEIGHT FLUCTUATIONS

Stage height fluctuations were evaluated by converting the discharge time-series to stage height
time-series by applying the rating relationship at Ban Hat Gniun. Thus, the stage height fluctuations
were specific to this location and could be higher or lower at other locations on the river. Note that
although a historical gauged daily stage height time-series was available for Ban Hat Gniun, this was
not used. To allow an unbiased comparison between without-Project and with-Project scenarios,
the same rating relationship was applied to both.
The 95th percentile values of rates of 1-day and cumulative 7-day rise and fall calculated for each
month using the gauged inflow series (Figure 1-26, Figure 1-27) indicated that under withoutDocument No. NNP1- C-J0206-RP-004-A
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Project conditions wet season rises and falls were higher than those calculated for the modelled
flow series. This is explained by the occurrence of higher than usual wet season discharge peaks
during some of the years of the gauged series. Otherwise, the monthly pattern of 95th percentile
rise and fall derived from the gauged inflow series were similar to those derived from the modelled
inflow series
FIGURE 1-26 MONTHLY DISTRIBUTION OF THE 95TH PERCENTILE VALUES OF DAILY RATE OF RISE AND FALL AT BAN
HAT GNIUN, GAUGED INFLOWS 2008 - 2017
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FIGURE 1-27 MONTHLY DISTRIBUTION OF THE 95TH PERCENTILE VALUES OF 7-DAY CUMULATIVE RISE AND FALL AT
BAN HAT GNIUN, GAUGED INFLOWS 2008 - 2017

1.3.2.5

COMPLIANCE WITH EFR FOR MINIMUM FLOWS

Compliance with the EFR minimum flow was calculated for the without-Project scenario to provide
a benchmark. As for the flow regime modelled using the modelled inflow series, monthly timeseries of the number of days in each month when flow was < 27 m3/s indicated that noncompliance was common in both the without-Project and with-Project scenarios (Figure 1-28).
Non-compliance occurred in every year in the with-Project scenario but the longest spells of flows
< 27 m3/s were associated with the without-Project scenario. The distribution of mean number of
non-complying days per month calculated using the gauged inflow series (Table 1-12) was similar
to that calculated using the modelled inflow series.
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FIGURE 1-28 TIME-SERIES OF NUMBER OF DAYS PER MONTH WITH DISCHARGE < 27 M3/S, GAUGED INFLOWS
2008 - 2017

TABLE 1-12 MEAN NUMBER OF DAYS PER MONTH WITH DISCHARGE < 27 M3/S, GAUGED INFLOWS 2008 - 2017
Month

1.3.2.6

Mean number of days with daily discharge < 27 m 3/s
Without-Project

With-Project

Jan

0.0

0.0

Feb

3.2

0.3

Mar

11.5

13.9

Apr

10.1

15.1

May

3.1

8.4

Jun

0.1

4.5

Jul

0.4

3.3

Aug

0.0

0.0

Sep

0.0

0.0

Oct

0.0

0.0

Nov

0.0

0.0

Dec

0.0

0.0

COMPLIANCE WITH EFR FOR MAXIMUM FLUCTUATION IN DAILY STAGE HEIGHT

The calculated compliance with the EFR on maximum fluctuation in stage height were specific to
Ban Hat Gniun and could be different at other locations on the river. Compliance was calculated for
the without-Project scenario to provide a benchmark. When calculating compliance with the EFR
of the with-Project scenario, the days within 1-day and 7-days (for the 1-day and 7-day EFRs
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respectively) of the occurrence of flow over the spillway (indicating and uncontrolled high flow
event) were ignored. The distribution of mean number of non-complying days per month calculated
using the gauged inflow series (Table 1-13) was similar to that calculated using the modelled inflow
series.
The EFR requiring maximum daily stage height fluctuations to be less than 1.7 m was met nearly all
of the time for both the without-Project and with-Project scenarios, for both rise and fall (Table
1-13). There were a few isolated days exceeding 1.7 m rise and fall in the high flow season under
the without-Project scenario.
The EFR requiring 7-day cumulative maximum daily stage height fluctuations to be less than 1.7 m
under the without-Project scenario was met all the time in the dry season months, but there were
times in the high flow months when the 7-day cumulative rise and fall exceeded 1.7 m (Table 1-13).
Under the with-Project scenario, the 7-day cumulative rise and fall commonly exceeded 1.7 m in
most months, particularly in the dry season months December to May. This compliance failure was
due to low catchment inflows disrupting normal dam operation, causing the power plants to be
shutdown at unscheduled times. The model prioritised power generation, so the plants would restart as soon as sufficient inflows allowed it. This was a common occurrence in the dry season,
especially in February, March, April and May (Table 1-13).
TABLE 1-13 DEGREE OF COMPLIANCE WITH EFR MAXIMUM FLUCTUATION IN STAGE HEIGHT AT BAN HAT GNIUN,
GAUGED FLOWS 2008 - 2017
Month

Mean days per month exceeding 1.7 m
1-day fluctuation

Mean days per month exceeding 1.7 m
cumulative 7-day fluctuation

Without-Project

Without-Project

With-Project

With-Project

Rise

Fall

Rise

Fall

Rise

Fall

Rise

Fall

Jan

0

0

0

0

0

0

4.8

5.1

Feb

0

0

0

0

0

0

14.2

15.4

Mar

0

0

0

0

0

0

27.4

27.5

Apr

0

0

0

0

0

0

26.4

26.3

May

0

0

0

0

0.4

0

17.5

16.7

Jun

0.2

0.1

0

0

1.4

0.8

1.9

2.5

Jul

0.4

0.3

0

0

5.1

4.0

4.0

3.4

Aug

0.5

0.5

0

0

4.9

3.8

0

0

Sep

0.4

0.3

0

0

3.8

5.2

0

0

Oct

0.1

0

0

0

0.6

0.6

0.1

0.1

Nov

0

0

0

0

0

0

1.2

1.6

Dec

0

0

0

0

0

0

3.0

3.4
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1.3.3 River Hydraulics
1.3.3.1

CONNECTIVITY WITH THE MEKONG RIVER

The six low Mekong River levels used in the hydraulic model scenarios caused a backwater effect
that extended a variable distance upstream into the Nam Ngiep River, depending on the flow rate
in the river. For the flow profiles with 5.5 – 27 m3/s released from the Re-regulation dam and
average tributary inflows totalling 33.2 m3/s, the Mekong River influenced the water surface
elevation for 1.88 km when the Mekong River was at 143.98 – 144.75 m. For a hypothetical flow of
1 m3/s in the Nam Ngiep River and the Mekong at 144.75 m, the backwater would extend 4.5 km
upstream. The only Nam Ngiep River cross-section where maximum water depth was highly
sensitive to this low range of Mekong River levels was just upstream of the junction of the two
rivers. At this location, for flows exceeding 38.7 m3/s at the Mekong River junction (5.5 m3/s
outflows from the dam, plus tributary inflows) the depth of water in the Nam Ngiep River was
determined entirely by the discharge of the Nam Ngiep River when the Mekong River was at
143.59 m or lower. This was a critical combination of Mekong River level and Nam Ngiep River
flows. If the Nam Ngiep River discharge fell below 38.7 m3/s, flow depth would be less than 0.6 m,
and connectivity with the Mekong River would be threatened.
FIGURE 1-29 MAXIMUM DEPTH OF WATER IN NAM NGIEP RIVER AT THE CROSS-SECTION CLOSE TO THE JUNCTION
WITH THE MEKONG RIVER, FOR A RANGE OF NAM NGIEP RIVER DISCHARGES AND MEKONG RIVER WATER LEVELS

1.3.3.2

FLOW DEPTH ALONG THE RIVER UNDER REGULATED FLOW CONDITIONS

When the Mekong River is at its mean annual level of 147.7 m or higher, water depths of the lower
10 km of the Nam Ngiep River, or further, are increased by backwater from the Mekong River.
Water depths satisfy all environmental and social objectives in this case. However, in the dry
season, at times of low water levels in the Mekong River and low flows in the Nam Ngiep River, the
lower reaches of the Nam Ngiep River could be at risk of critically low water depths. This risk was
evaluated by running the hydraulic model with the lower boundary condition set by a Mekong River
level equivalent to the 25th percentile annual minimum elevation of 143.59 m. The lowest level of
the year would be less than this 1 in 4 years. If the EFR minimum flow depth is interpreted to be
0.5 m over the first 4.3 km downstream from the Re-regulation dam, compliance failures would
occur only at the lowest discharge profile (5.5 m3/s outflows from the dam and 38.7 m3/s at the
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Mekong River junction). However, over the first 18 km downstream from the Re-regulation dam,
the 27 m3/s discharge profile had water depths that were very close to the EFR minimum depth.
FIGURE 1-30 DOWNSTREAM DISTRIBUTION OF MAXIMUM CROSS-SECTION DEPTH FOR 5 FLOW PROFILES, WITH
MEKONG RIVER AT 143.59 M. Q = DISCHARGE (M3/S) [AT DAM / AT MEKONG RIVER]

1.3.3.3

CRITICAL DEPTH CONDITIONS

Apart from the point where the river joins the Mekong, the reach at most risk of shallow water less
than 0.5 m deep is from the Re-regulation dam to cross-section 10, 17.5 km downstream. The water
surface profiles predicted by the HEC-RAS model developed for this report compared reasonably
well with the profiles predicted by the ELNORE model developed for the EIA (ERM, 2014b, Annex
C), but there were differences, especially over the first 5 km from the dam (Figure 1-31). The
differences in predicted water surface elevation could be due to differences in cross-sections, but
this seems unlikely, as the thalweg elevations were identical. Without a detailed review and
comparison of model structure, calculation procedure, and parameter values, these differences
cannot be explained. One interpretation of the differences is that they reflect the uncertainty
inherent in this type of modelling. The differences in water surface elevation gave rise to
differences in maximum water depth at the cross-sections (Figure 1-32). The critical cross-sections
for depth are CR28, CR31, CR35, 3, 4, 7 and 10 (Table 1-14).
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FIGURE 1-31 SURVEYED BED THALWEG ELEVATION AND WATER SURFACE PROFILES PREDICTED BY THE HEC-RAS
MODEL (THIS REPORT) AND ELNORE MODEL (EIA) FOR THE 5.5 M3/S AND 27 M3/S PROFILES. Q = DISCHARGE
(M3/S) [AT DAM / AT MEKONG RIVER]
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FIGURE 1-32 MAXIMUM DEPTH AT CROSS-SECTIONS PREDICTED BY THE HEC-RAS MODEL (THIS REPORT) AND
ELNORE MODEL (EIA) FOR THE 5.5 M3/S AND 27 M3/S PROFILES. Q = DISCHARGE (M3/S) [AT DAM / AT
MEKONG RIVER]
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TABLE 1-14 MAXIMUM DEPTH AT CRITICAL CROSS-SECTIONS PREDICTED BY THE HEC-RAS MODEL (THIS REPORT)
AND ELNORE MODEL (EIA) FOR THE 5.5 M3/S AND 27 M3/S PROFILES. * INDICATES AT OR LESS THAN EFR
MINIMUM DEPTH
Crosssection

Distance
from dam
(km)

CR28

Maximum water depth for discharge (Q) profiles (m)
Q 5.5/38.59
(HEC-RAS)

Q 5.5/32.1
(EIA)

Q 27/60.19
(HEC-RAS)

Q 27/39.5
(HEC-RAS)

Q 27/59.9
(EIA)

0.00

0.46*

1.21

0.97

0.97

1.47

CR31

1.40

0.37*

0.52*

0.61

0.61

0.97

CR35

3.21

0.32*

0.90

0.87

0.82

1.17

3

5.84

0.86

0.65

1.13

1.01

0.95

4

8.26

0.79

1.26

1.19

0.98

1.77

7

11.60

0.46*

0.75

0.90

0.65

1.16

10

17.50

0.51*

0.79

0.96

0.69

1.20

1.3.3.4

CAPACITY TO MOBILISE BED SEDIMENT

Bed shear stress was lower than 10 N/m2 at most cross-sections for discharges less than 250 m3/s
(Figure 1-33). The modelling undertaken for this report assumed a downstream boundary
condition of the Mekong River at 143.59 m, which is the median lowest dry season level, so the
hydraulics were determined entirely by the Nam Ngiep River itself, with no backwater influence
from the Mekong River. This would apply to the situation of a storm event localised to the Nam
Ngiep catchment, with no significant rainfall in the Mekong River catchment upstream of Pakxan.
Most of the time in the wet season, when Nam Ngiep River catchment flows are higher than
around 100 m3/s, the Mekong River would be expected to be high enough to exert a backwater
influence on the lower reaches of the Nam Ngiep River, extending upstream around 10 km under
flood conditions. Bed shear stress is a function of the product of water depth and energy surface
slope. Backwater from the Mekong River would have the effect of increasing depth in the Nam
Ngiep River, but it would significantly reduce water surface slope, thereby keeping bed shear
stress in the backwater-impacted zone to less than around 10 N/m2 under all Mekong River flood
conditions. The high bed shear stress values modelled at the Mekong River junction (Figure 1-33)
were an artefact of the high energy slope of the Nam Ngiep River as it dropped to the Mekong
River level, which is a situation that would rarely occur in practice.
The modelled bed shear stress data were expressed in terms of likelihood of mobilisation of bed
material, across a range of particle size classes (Figure 1-34). Disregarding the values for the most
downstream cross-section, the modelling suggests that the river has the capacity to mobilise (and
transport) sand over most of its length for all regulated outflows from the dam (i.e. 5.5, 48 and
160 m3/s), assuming average tributary inflows downstream of the dam. At most cross-sections, the
river also has the capacity to mobilise gravels. Cobbles would only move locally under extreme
flood conditions. In most gravel bed rivers, the bulk of annual bed material transport tends to occur
during the largest flow events, with lesser volumes transported during periods of baseflow.
Operation of the Project will supress peak flows (Table 1-8), so overall bed material transport rates
in the river will reduce under with-Project conditions.
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The Main dam will halt the supply of coarse sediment to the river downstream so bed material
transported from the river immediately downstream of the dam will not be replaced by incoming
sediment. The with-Project flow regime of the river will have the capacity for coarse sediment
mobilisation and transport along the entire length of the river for most of the time. Thus, sediment
trapping by the dam will create a high risk of incision of the river bed near the dam, perhaps
accompanied by accelerated bank erosion.
FIGURE 1-33 DISTRIBUTION OF MODELLED BED SHEAR STRESS OF NAM NGIEP RIVER FOR A RANGE OF DISCHARGES

FIGURE 1-34 DISTRIBUTION OF CAPACITY OF NAM NGIEP RIVER FLOW TO MOBILISE SEDIMENT OF A RANGE OF
PARTICLE SIZE CLASSES FOR A RANGE OF DISCHARGES
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1.4 Discussion and Conclusion
The most important determinant of the total flow in the Nam Ngiep River downstream of the
Project is the inflow to the main reservoir from the catchment. The dam operation simulation
model was run using two different daily inflow series, one modelled from 1989 to 2010 and one
gauged from 2008 to 2017 (complete years). For the purpose of characterising flow regimes, each
had advantages and disadvantages relative to the other. In terms of length of series, the modelled
series (22 years long) was superior to the gauged series (10 years long) for calculating statistics. The
accuracy of modelled runoff data is usually considered inferior to that of gauged data, as modelled
data are derived from catchment rainfall, and gauged data are derived from measurements made
in the river. However, discharge data derived from measurements of stage height, converted by a
rating curve, are subject to a high level of uncertainty. For example, on the Po River, Italy, Di
Baldassarre and Montanari (2009) found that rating curve uncertainty led to an average error in
discharge estimation of 25.6%. Additionally, the mean daily discharge for the Nam Ngiep was based
on only two observations of stage height per day. The rating relationship for this site was known to
be unstable, and of uncertain accuracy for infrequently gauged high flows. Given that the modelled
data were calibrated to the gauged data, the modelled data should have an accuracy close to that
of the gauged data. The main difference between the two time-series of dam inflows was the
historical time periods covered by each. The gauged series covered a more recent time period and
included a year (2011) with an unusually high peak flood flow.
Comparison of the monthly distributions of mean and minimum (modelled and gauged) dam
inflows and modelled outflows, from the EIA and this report, reveals the main differences in the
data (Figure 1-35). Modelled minimum monthly dam outflows were not provided in the EIA
documentation. Note that the EIA documentation provides tables with mean monthly inflows
calculated for the period 1991 – 2000; the data used here were derived from the entire series 1971
– 2000. Three versions of the monthly mean dam outflows appear in the EIA documentation. ERIC
(2014, p. C-6, Table C-1) provided a version that appears to be based on the period 1991 – 2000;
ERM (2014c, p. 11, Fig 4.2) and ERM (2014a, p. 4-28, Fig 4.18) presented ostensibly the same plot
of monthly inflows and outflows. Compared to the plot data labels of ERM (2014a, p. 4-28, Fig 4.18),
those on the plot of ERM (2014c, p. 11, Fig 4.2) are 1 m3/s higher in April and May, and 1 m3/s lower
in July, August and September. ERM (2014a, p. 6-90, Table 6-22) provided ostensibly the same data
from the plot in tabular form, using the units mcm (million cubic metres), which when converted
to m3/s, yielded another version of the data, with monthly values both higher and lower than the
plot data, with the largest difference being 2.3 m3/s. The data reproduced here (Figure 1-35) are
from the table (ERM, 2014a, p. 6-90, Table 6-22). The dam outflows modelled for the EIA are quite
different to those modelled for this report (Figure 1-35). This mainly reflects the different inflow
series used, but could also relate to differences in dam operation simulation model structure and
parameter values.
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FIGURE 1-35 COMPARISON OF MONTHLY DISTRIBUTIONS OF MEAN AND MINIMUM DAM INFLOWS AND
OUTFLOWS, PROVIDED BY THE EIA AND THIS REPORT

This report provided characterisation of flow regimes derived on the basis of both the gauged and
modelled inflow series. Despite covering different periods of time, the two sets of inflow data
produced similar results (Figure 1-35). This is important, because the inflow data used in the FS and
EIA differed from the two sets of inflow data used in this report, particularly with respect to dry
season flows (Figure 1-35). When the inflow time-series were used as input to the dam simulation
model, the dry season inflows were found to be insufficient to allow continuous operation of the
power plants according to the proposed operational targets. This led to non-compliance with the
EFR rules for minimum flow (Figure 1-35), and maximum 7-day fluctuation of stage height, in the
dry season of every modelled year.
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One factor that impacted the modelled level of compliance with the EFRs was the dam operational
rules and targets. When these were initially developed, the dry season dam inflows were assumed
to be significantly higher than indicated by the most recently modelled and measured river flow
data, and the minimum flow was assumed to be 5.5 m3/s. Although the dam simulation model
predicted instances of non-compliance with EFRs, in practice this might be avoidable through
proactive management of the system assisted by forecasting, but the trade-off would be reduced
power generation. The simulation model calculated the water requirements at the start of each
day, and if inflows were too low, or dam levels too low, power generation was immediately scaledback or terminated. When sufficient water became available, full power generation recommenced,
and so on. This explains the high frequency variation in dry season outflows. It would have been
possible to programme the simulation model to use knowledge of impending water shortage (this
was 100% predictable) and thereby reduce the frequency of discontinuities in power generation
and provision of minimum flows, but guidelines for this operational procedure have not been
documented. The dam operational rules and targets might require refinement on the basis of trial
operation of the Project over the first 12 months.
A potential problem with the EFRs is the required maximum 7-day cumulative fluctuation. This
could be difficult to meet when the Main dam reservoir storage is low and normal operation of the
system is disrupted when lower than expected dam inflows occur. These EFR issues could be open
to review on the basis of trial operation of the Project over the first 12 months.
If Annex C of the CA is interpreted to mean that the EFRs include a minimum flow depth of 0.5 m
over the first 4.3 km from the dam, and the river morphology remains stable, then modelling
suggests that this should be achievable under most conditions. The geomorphic responses to
regulation of rivers by dams include channel widening, narrowing and no change (Williams et al.,
1984; Kellerhals, 1982), but bed degradation is a common problem (Gippel, 2002). Modelling of the
hydraulics of the Nam Ngiep River suggests that the process of mobilisation and transport of sand
and gravel from the bed of the river downstream of the dam will continue, although at a reduced
rate. However, trapping of sediment by the Main dam will cause a deficit of sediment supply to the
river, creating a high risk of incision of the river bed, possibly accompanied by accelerated bank
erosion (Brant, 2000; Gordon et al., 2004, p. 176-178). The downstream extent of incision will be
determined by the rate at which sediment is re-supplied to the channel from tributaries, hillslopes
and channel erosion (Brandt, 2000; Grant et al., 2003). In the case of the Nam Ngiep River, the
catchment downstream of the Project increases the catchment area from 3,725 km2 at NNP1 to
4,558 km2 at the Mekong River junction (an increase of only 18%), and given its relatively low
gradient, it is not likely to be a major source of bed material to the river. Apart from the impacts
that geomorphic channel adjustment might have on residents living close to the river bank, it will
also change the hydraulic relationship between flow and water depth, and could impact compliance
with the minimum depth EFR. If the objective of this EFR is to ensure that operation of the Project
does not impair navigation or fish passage in the Nam Ngiep River, then it should apply to the entire
length of the river to the Mekong River junction, not just the first 4.3 km from the dam. There is a
high level of uncertainty surrounding the assumption that the Nam Xao, and other small inflows
further downstream, will always contribute sufficient flow to the river that, when added to dam
outflows, will maintain a minimum 0.5 m depth along the thalweg of the entire river. This EFR issue
could be open to review on the basis of trial operation of the Project over the first 12 months.
The minimum environmental flow of 27 m3/s recommended by the EIA and adopted by the CA,
being higher than typical dry season minimum flows, will often result in a negative balance between
inflows and outflows in the Main dam reservoir. The reservoir level will continue to decline even
when normal power generation is not possible. The situation can be managed by intermittent
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turbine operation at the minimum load, periodically refilling the Re-regulation reservoir, but this
cannot continue indefinitely. The holistic environmental flow assessment method aims to mimic
the natural flow regime, following a philosophy known as the natural flow paradigm. One
component of discharge variability is low flows, so it is common practice in holistic assessments to
apply the “or natural” rule to the minimum flow. Under this environmental flow philosophy, on any
day, dam operators would only be required to provide a flow in the river equal to or greater than
what would have occurred on that day, had the dam not been in place. This report recommends
adoption of the “or natural” rule for the minimum flow in NNP1. In severe drought situations, when
the Main dam level is low and inflows fall below 27 m3/s, the same discharge would be released
from the re-regulation dam, which would slow the rate of decline of the level of the Main dam to
the evaporation rate only.
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2 NNP1 WATER INFORMATION SYSTEM
2.1 Background
This Section describes a water quality assessment and presentation tool developed for NNP1 and
implemented on one of the NNP1 servers as an intranet web application.
First, the functionality of the tool is described, next comes a simple user’s guide (which may be printed
out separately and which also is available online from the tool itself), and finally proposals for how the tool
may be maintained and expanded.

2.2 WIS Functions
The NNP1 Water Information System (WIS) is a web application with these main functions:
•
•
•

•
•

•
•
•
•
•
•
•

1

Login with password (making the application an intranet application)
Using map layers for database navigation (click a map object and receive a query
result panel showing what is known about the map object in the WIS database)
Query results can be tables and charts. Charts can be zoomed and panned. For
reservoir water quality, special charts showing depth profiles are available. For all
datasets simple statistics can be shown as tables or graphs:
o Mean, standard deviation, min and max
o Number of samples and coefficient of variation
For flow data, flow duration curves can be shown by season, by month and annual
For precipitation data:
o Precipitation percentiles can be shown by season, by month and annual.
At present there are only enough data for monthly percentiles, though.
o Standardized Precipitation Index for 1-, 2-, 3-, 4-, 6- and 12-month periods.
However, longer time series than presently available are needed to make
this tool useful for draught and flood forecasting.
Switch map layers on and off (also map layers that cannot be queried), and zoom
and pan these maps, including automatic pan and zoom to text search results
View and maintain parameters for river and reservoir water quality, hydrological
parameters and meteorological parameters1*
Up- and download Excel files with database contents *
View and upload photos*
Up- and download shapefiles*
Switch language between English and Lao
Maintain the system:
o User administration:
▪ Create new, update and remove existing users
▪ Allocate one or more of these roles to each user:

Maintenance and uploads require an extra login procedure with a user-dependent password. Marked with * above.
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•

o
o

Right to maintain monitoring data and station properties
for each of four types of monitoring:
o River water quality
o Reservoir water quality
o Gauging data
o Meteorological data
• Access to map tools
• Access to translate English to Lao texts used by the WIS
▪ Reset passwords
Translate texts from English to Lao
Map tools:
▪ Download shapefiles
▪ Upload shapefiles

In addition, a special user ID is reserved for the developer that allows for remote maintenance of the
software.
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2.3 User’s Guide
Getting Started
The NNP1 WIS (water information system) is a private web application for selected NNP1 staff. Therefore,
you must start the application with a login. Ask the person who gave you a WIS password how to do that.
After successful login this webpage appears:

The Map Panel
The map on the left panel shows the NNP1 watershed (red), the two reservoirs (turquoise and purple) and
the main rivers (blue). The map is interactive, and you may drag it with a mouse button held down or
zoom in and out with the mouse wheel or the slider near the upper right corner of the map. When you
zoom, the overview map near the lower right corner shows where you are. The scale and scalebar also
changes. When the scale reaches 1:200,000 the minor rivers appear in addition to the major ones. After
many zoom-ins you may get back to start with a click on the “View all”-button at the top toolbar.
The coordinates, x and y, near the bottom of the map tell where the mouse cursor is at present as easting
and northing meters in the UTM zone 48 projection.
The lower left corner is a map legend. When you start, it always holds rivers, the NNP1 watershed and the
two reservoirs. But this can be changed from the map layer panel to the right of the map.
Map Layers
Map layers are divided into these groups
o
o
o
o
o

NNP1 Project
Water
Land
Infrastructure
Admin Units
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And these groups are again divided into subgroups, with especially many details for the Water group. Click
the nodes in this “tree” to expand and collapse details or right-click the tree and choose one of the
expand/collapse options. At present there are 16 end-nodes in the tree, each corresponding to a map
layer.
When a map layer is selected, say Roads, you can switch
the layer on or off.
A click on Show Roads, or a click on the checkbox for
Roads, has this effect on the map and its legend:

Notice, that Roads is a layer which cannot be queried. Nothing happens when a road is clicked on the map.
Other layers, like monitoring stations, behave differently. Notice also, that each map layer has an icon
(near its checkbox), and that this icon tells if the layer consists of points, lines or polygons and if it is red
and yellow that it can be queried. Roads has this icon (so it cannot be queried, and it consists of lines):
Query Results
Switching on the River water quality map layer and clicking e.g. the R5 station (former NNG09), opens the
“View Information”-panel and changes the color of the clicked object:

One of the many river water quality parameters (pH) is shown as a line graph together
with the two standard limits for pH (5 and 9). To select another parameter than pH, use
the dropdown in the middle of the screen.
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To view data as another type of graph than line graph or as a table, use the View As …
dropdown above the chart:

River water quality charts have a special feature that allows more series to be shown than the one for the
currently selected monitoring station. Data for all stations on Nam Ngiep can be exposed, or data for all
downstream or all upstream tributary stations. An example is this

All charts show details as tooltips when the mouse cursor hover over a point of a graph, and you can
zoom-in using the mouse wheel and pan by dragging the mouse. To get back to the original zoom and pan
level, right-click the chart. These features are especially useful when many graphs occur on the same chart,
as here:

To calculate statistics, use the Calculate … dropdown:

Here is an example of statistics on dissolved oxygen at station R5:
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The same data viewed as a table has this appearance:

The annual summary at the bottom includes the 95% confidence limits (±0.60).
For publishing such results, use the button Export chart for graphs and Print for tables. Here is an example
showing output for printing statistics for DO at R5:

The only other layers that can be queried at present are the remaining monitoring station layers for
reservoir water quality (showing depth profiles), gauging stations and weather stations. Here is an
example of temperature versus depth at reservoir station R4, clearly demonstrating a thermocline at 4 - 5
m depth:
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In addition to simple statistics, flow duration curves can be calculated for flows at gauging stations on
three different time-scales (by month, by season and annually). Here is an example of seasonal curves:

PP (precipitation percentiles) and SPI (standardized precipitation index) can be calculated for precipitation
time-series observed at weather stations. However, both hold too few data at present to be useful; only
PP by month gives reasonable results:
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Parameters
At the bottom right, you can open a Parameters panel. For each of the four monitoring types supported by
WIS there is a set of parameters. For River water quality the parameter panel has this appearance:

Other monitoring types are selected with the dropdown at the upper left.
Notice, which parameter properties WIS keeps track of. For river and reservoir water quality there are
plenty:
•

•
•
•
•

•

Parameter name, symbol, unit, code and CAS/EEA for identification of the parameter. CAS numbers define
substances; EEA determinand codes are similar definitions for environmental quality parameters which are
not necessarily substances (such as conductivity and temperature in the above example – see also here for
more detailed examples of EEA codes).
Method and fraction tell which analytical or in situ method was used and if the fraction analyzed was the
dissolved, the total or the suspended matter fraction.
Std. Low and Std. Hi are the National standard limits for the parameter. Only pH has both limits; DO has a
lower limit; all the rest have an upper limit only or no limits are defined. These values are used to draw lines
on the graphs with raw data.
Minimum and Maximum are values beyond which the parameter has no meaning, such as pH > 14 or DO >
40 mg O2/l. These values are used to trap typos during encoding of the database.
LoD and Rule defines a limit of detection for the parameter, and a rule (inequality) which the parameter
must obey in its relationship with other parameters observed at the same time and place. An example of a
rule for ammonia-N would be that it must have a smaller concentration than total Kjeldahl nitrogen (TKN). In
that case the rule would be the string “<TKN”. When a value is below detection limit or violates a rule, it is
flagged to attract the user’s attention.
Format, the last parameter property, tells how values of the parameter shall be presented, like number of
decimals, as percent etc.

For hydrology and meteorology, the list is shorter since concepts like detection limit and CAS number are
less relevant.
Switch Language
The WIS user interface is in English or Lao, and to switch language you hit the flag at the top toolbar. The
first WIS version holds translations done automatically with one of Google’s translators and is almost
certainly inadequate. To provide better translations, if needed, is up to NNP1 staff. See Login and
Maintenance below.
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Enlarge Map
For publishing purposes, the Enlarge Map-button in the top toolbar prepares a new webpage with the
map in its current appearance but enlarged 16 times. Since all maps are derived from vector maps on the
fly, the enlargement is real and holds more detail than the standard map.
To Excel
On the query results panel, as well as the parameters panel, there is a To Excel-button. The idea is partly to
let users process data retrieved from the database with the multitude of Excel’s facilities, but also to
provide templates for uploading new information to the WIS database.
Current Station or All Stations
When you click To Excel on a query result panel these options are available:
Before hitting Download now, you may tick All stations (to download data from all
stations rather than the one currently selected). You may also tick Use Excel lookup (if
you want lookup information, like parameter and monitoring station details on separate
sheets). The latter is necessary if you want to use the downloaded file to edit
parameters or station properties.
Here is an example of download of data from only the current station and no lookup:

Excel with Lookup
Below is an example of download of data from all stations with lookup:

Notice the extra sheets in this case: Parameters, Monitoring Stations, Rivers, etc. If you use the Excel file
for upload, some of these lookup sheets give you an opportunity to for example:
•
•
•
•

Add a new parameter
Change detection limit for a parameter
Give a monitoring station different geographical coordinates, which affects the map
Give a river another name
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• … and much more.
A Security Issue
First time you download, you may run into a problem due to security settings. Here are the details.
After a click on Download now, WIS retrieves data from the database and store these data in an Excel file
on the server. Next a message like this is shown on your computer

The new filename (x20181006092151.xls in the example) is chosen so that not two or more users get their
files mixed up. After click on OK, the download starts. However, when the file is opened for the first time
quite a lot of Visual Basic code is run so the sheets look nice and have all functionality needed for editing,
validation and uploads. It is necessary to run this code on your computer since not all users have the same
Excel version. And, more important, as default, this code is not allowed to run!
Therefore, you must do this, the first time you download from WIS:
Open any Excel file and select File, next Options and then Trust Center:

Next click the button Trust Center Settings and select Macro Settings:
From here, enable all macros
and tick Trust access to VBA.
From now on, after a
download is accepted, you can
select the folder to where the
Excel file is downloaded and
open it from there. It may take
a few seconds before the
formatting of the new file has
finished when it is opened for
the first time.
BioRem
The BioRem button in the top toolbar opens the BioRem modelling tool calibrated and with input data for
Nam Ngiep 1.
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Since the model is calibrated, you can just hit Run Model to start calculations. Normally, after a while, you
will see model outputs as graphs:
Click one of the bars to view other graphs
(Volume, Flow, …, CO2 and CH4
Emissions).
If the graphs do not show up but rather a
message that Adobe’s Flash Player is not
installed, and you know that Flash already
is on your computer, please do the
following.
If Chrome is your browser, locate the
small info-circle near the address box:

Right-click the circle and select “Allow” for
Flash:
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Other browsers than Chrome may have similar problems and similar solutions. The ultimate solution
would be to reprogram BioRem, so it no longer uses Flash2.
Login and Maintenance
The last button in the top toolbar is Login. If you were given the right password, you may use login to do
maintenance work on WIS.

After successful login, a new dropdown button, “Admin”, appears on the toolbar 3 and the From Excel
dropdown at the top toolbar is enabled.
Admin offers tools for maintenance of:
•
•
•

Users
Translations
Maps

Users
Each user has a name, a password and zero or more access rights. Access rights can be the right to:
•
•

•

•

Maintain users
Edit data, stations and parameters, upload Excel and photos for:
o River water quality
o Reservoir water quality
o Hydrology
o Meteorology
Use map tools
Translate English to Lao

Only one user, Admin, can maintain users. Admin also has all other access rights and they cannot be
revoked. When Admin logs in, this dialog starts:

2

Flash was the only choice when BioRem was designed back in 2014. Then came the HTML5 standard and Flash was
on retreat.
3
If you log in as developer, an additional dropdown button, Upgrade, appears. Upgrade is used for remotely
upgrading the WIS software with new features and for fixing bugs.
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Notice, that Admin cannot remove himself and
cannot change the six access rights for himself.
However, Admin can create new users, reset their
passwords, give them individual access rights, or
completely remove users.

Let’s assume a user named “peter” exists. Then peter is on the dropdown list “Select user”. Admin, and no
others, can change peter’s access rights:

Although peter cannot see this dialog, he can still change his own password during login.
Translations
A user given the access right to
translate English to Lao, will see this
dialog after login and selection of
Translations on the Admin dropdown.
Scrolling down or selecting another
group of texts than Labels and
Messages, will show the over 500 texts
and phrases used by WIS.
Only the right column can be edited
and holding the mouse cursor over a
cell with text gives some hints to the
translator.
Map tools
At present WIS only has two map tools: Download and Upload. Besides from the Admin menu, these tools
can be activated with a right-click on the map tree after login.
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Maps on the screen shown in your web browser is not the same as the maps on the server from which
these browser images originate. Maps on the server are real vector maps stored as shapefiles. To update
and maintain maps you must use the shapefiles, not the raster images that easily could be copied from the
bowser with a right-click and selecting “Save image as …”.
Download of shapefiles from the Admin > Map tools dropdown is done with this dialog (or with a rightclick on an end-node of the map tree):
Simply select the map layer you want to
download and click OK.
Notice, that a shapefile is more than one file
(four actually), and each file downloads with 3seconds intervals.
Upload is done from the same dialog (or rightclick), but now some requirements to shapefile
attributes may appear, like the requirement that
the river network layer must have an attribute
telling if a segment is a main river or not and an
attribute with river names used for labelling, and
these attributes must be named MAIN_R and
NAME:

Notice, that MAIN_R is a numeric attribute where 1 means main river and 0 means stream. Notice also,
that NAME is a text attribute used for labelling. Shapefile attributes are stored in the .dbf part of the
shapefile which can be opened for example with Excel.
Finally, all uploaded shapefiles must be in UTM Zone 48 projection. Details can be found in the .prj file that
comes when a shapefile is downloaded.
From Excel
Excel files as downloaded with the To Excel function can be used to update the WIS database. For each
kind of monitoring data (river or reservoir water quality, hydrology or meteorology), both these data
themselves as well as monitored parameters and monitoring station properties can be updated using
downloaded Excel files.
Here is how to update monitoring data, monitored parameters and monitoring station properties,
including river names, in the database using Excel.
Update monitoring data
First an example. Suppose river water quality data were downloaded from one station (NNG03) without
using Excel lookup:
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The values for BOD and COD on 15. December 2015 look suspicious (WIS marks suspicious data
automatically, in this case as green, and shows tooltips telling that 3.00 is not < COD and 2.50 is not >
BOD). The rule that BOD always is smaller than COD is broken. Going back to the archives it turns out that
COD = 2.5 should have been, say, COD = 6.5. The user changes the COD accordingly, and while preparing
for updates also adds today’s observations:
Sample date
2018-10-08

pH
7.12

DO*
99%

DO
7.99

EC
100

T
25.0

To edit a value, like changing 2.5 to 6.5, just type over. To add a row, you must select the row after the last
one with a click on the row number to the left, 94 in this example, and next right-click here and choose
Insert from the context menu. The results should appear this way after date and numbers have been
inserted:

The updated Excel file is stored somewhere on the user’s hard disk, and since she has access rights to
update river water quality data in the WIS database, she logs in and selects River water quality on the
From Excel dropdown in the top toolbar:

Now she will be prompted for the file to upload and after having clicked on Open, she should see a
message, after a while, with some statistics or error messages:
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Notice that a database record is not the same as an Excel row. The
five records added corresponds to one Excel row in this example.

The statistics in this case is partly a description of what was added and changed, and partly a warning
about suspicious data in the file (values below detection limits in this case). Error messages, if they occur,
typically deal with improper organization of data in the Excel file.
Update parameters
To update parameter properties or add new parameters you must download an Excel file where Use Excel
lookup is ticked (see To Excel):

Doing that, gives you extra sheets with parameter properties, etc. For example, let’s assume that the user
wants to add a new water quality parameter for reservoirs with depth profiles. The user starts by
downloading an Excel for one station, say R3, and with lookup switched on, using To Excel. The 2nd sheet
holds parameters for reservoir water quality:

If the new parameter was, say, water density (kg/m3), right-click the first available row ID (9 in the
example), and select Insert. A new row will be inserted, and a parameter ID and name suggested:

The parameter name can (and should) be changed; the ID should not since it is maintained by WIS. Now it
is also time to fill in remaining cells in the inserted row, like this:
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Other changes, like editing names, symbols or units for existing parameters may also be done at this time.
Or you may add some real water densities on the sheet with lake water quality data, where the new
parameter now should appear as a column.
After completion, save the file and give it a name you can remember, maybe NewParam1.xls.
To use that file to update the database you must select the From Excel dropdown menu on the main
toolbar:

If not logged-in already, you must login first with the right credentials for uploading lake water quality
data. After that the From Excel dropdown shows:
After selecting Lake water quality, you are prompted for the Excel file to upload, in
this case NewParam1.xls.

If successful, after a while a message from the server tells what happened, like

When inspecting Parameters and selecting Reservoir Water Quality, the new parameter should appear at
the end of the list:

Error messages may also occur, like
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In this case an attempt to use the same symbol for two or more parameters was trapped. (Parameter
symbols must be unique, otherwise rules for inter-parametric constraints, like BOD < COD, could fail).
Update stations and river names
A monitoring station sheet is only created in a downloaded Excel file when both All stations and Use Excel
lookup is ticked before To Excel’s Download now is hit:

Here is an example of a monitoring stations sheet showing gauging stations:

Besides identification fields (ID, Station, Name 2 – an alternative name or description, and Code), each
gauging station has a status field, a river name, geographical coordinates and a Last Modified (LM) date
and time. The latter is updated automatically.
The status field is a dropdown with these options looked up from a Status sheet:

The river field is also a dropdown with more than 100 options looked up from a Rivers sheet:
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You can update the Rivers sheet to change river name spellings or add new river names, just as you can
update and add new monitoring stations. In both cases the procedure is the same as described for
updating parameters. Make your changes to the Monitoring Stations sheet or the Rivers sheet and next
use From Excel to upload the edited file to the database.
One special feature to notice when updating monitoring stations and river names is that maps may be
affected. When geographical coordinates are changed, or a new station added with its own geographical
coordinates, and if the new coordinates pass several tests (like being inside the study area) the map layer
with the updated stations will also change and the updates made visible to the user.
Finally, when texts used as map labels, like station names/codes or river names, are updated the
corresponding map layers will also be updated and refreshed.
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2.4 Proposal for Expansion of the WIS
Below is a list of realistic improvements of the WIS. A final list should be influenced by end-users as well as
new contract negotiations.
•

•
•

•
•
•
•
•

More statistics and charts:
o Depth profile statistics adapted to thermocline detection
o Rating curves
o t-Tests and ANOVA across stations
o Regression and correlation on monitoring data
o Simple time-series analysis
Add a Streeter-Phelps downstream river model to BioRem as outlined in the Expected Water
Quality chapter on page 114.
Database updates directly from webpages using right-clicks in addition to updates via Excel. This
feature is under construction and even the first version of WIS has some right-click features
already. Two examples are:
o Upload of photos by right-clicking an existing photo and choose
between “New photo” and “Remove photo”:
o Download and upload of shapefiles by right-clicking the map tree’s map
layer:

More layers made queryable
Access to embedded Google Earth and Google Maps
Replace the present Flash Player-based chart system in BioRem with Google Charts as used by the
rest of WIS. When BioRem was designed, Flash Player was state-of-the art, but today Flash is on
retreat and gradually being phased out by Google Chrome and other browsers.
Aggregate water quality data into one status category (good, bad, ugly …) for each station and
show it as colors on the map
…
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3 EXISTING WATER QUALITY MONITORING
Water quality monitoring in Nam Ngiep river and four of its tributaries has been ongoing since September
2014. This Section describes the monitoring program as well as water quality data collected up till end of
2018. All charts, maps and tables, except Table 3-1 - Table 3-4, in this Section were prepared using the new
water information web application and database (WIS) documented in Section 2.

3.1 Monitoring Stations
There are 14 permanent river monitoring stations which have been operated since September 2014 plus
five ad hoc stations. Seven of the permanent stations have been transformed to reservoir monitoring
stations during and after inundation, five in the main reservoir and two in the re-regulating reservoir.
During construction, discharge points at construction sites, landfills and camps also have been monitored.
Finally, water supply at six villages is covered by the monitoring program as well as groundwater at one
village. However, the rest of this section describes river and reservoir water quality monitoring only.
Among the 14 permanent monitoring stations, 10 are at Nam Ngiep (see also Figure 3-1):
•

•

•

Upstream construction site:
o NNG01
o NNG02 (renamed to R03 or R3 after inundation)
o NNG03 (renamed to R04 or R4 after inundation)
o NNG09 (renamed to R05 or R5 after inundation)
Within the area of the re-regulation dam
o R06 or R6
o R07 or R7
Downstream construction site
o NNG05
o NNG06
o NNG07
o NNG08

The remaining four stations are at tributaries:
•

•

Upstream construction site
o Nam Chain (NCH01)
o Nam Phouan (NPH01)
Downstream construction site
o Nam Xao (NXA01)
o Nam Houay Soup (NHS01)

The five ad hoc stations were mainly used to monitor TSS, TDS, turbidity, pH, DO, and EC after a sudden
TSS peak at Nam Ao in May 2018. They are all located upstream NNP1 main dam at Nam Ao (NAO1), Nam
Siem (NS00, NS01, NS02) and Nam Ngiep (NNG00).
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Only sporadic data were collected from these stations. Their exact locations appear not to be well
documented.

FIGURE 3-1 THE 14 PRE-INUNDATION RIVER MONITORING STATIONS (LEFT) AND THE 7 POST-INUNDATION RESERVOIR
MONITORING STATIONS (RIGHT)
Since August 2018, two surface water monitoring stations were added (R1 and R2). The seven reservoir
monitoring stations are at the same location as the former river monitoring stations within the two
reservoirs (R1 – R7). From September 2018, R1 – R7 also operate as depth profile stations.

3.2 Parameters and Sampling
A few parameters have been measured in situ or analyzed in the NNP1 lab at the dam site; others were
submitted to an external laboratory, UAE, in Bangkok. See Table 3-1 for an overview.
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Monitoring
sites

Stations

Parameters analyzed

Sampling
Frequency

Permanent
river stations

NNG01 –
NNG09

In situ: pH, T, DO, DO%, EC, TDS, Turbidity

Twice a month

R6, R7

UAE: NH3-N, NO3--N, TKN, COD, Alkalinity, Ca++,
K+, Na+, Mn++, Mg++, SO4--, Cl-, Tot-Fe, As, Hg, Pb

NCH01

NNP1 lab: BOD, TSS, Coli

Above, plus: Secchi depth, TOC

Monthly

Above, plus: PO4--- , Tot-P, Phytoplankton biomass

Quarterly

pH, T, DO, DO%, EC, TDS, Turbidity, TSS

8 - 11 times
during 2018

T, DO, DO%, pH, EC, TDS as depth profiles

Weekly starting
Sep. 2018

NPH01
NXA01
NHS01
Ad hoc river
stations
Reservoir
stations

Main R1R5

Secchi depth, Turbidity near surface

RR R6, R7
TABLE 3-1 MONITORING STATIONS OVERVIEW
Besides in situ parameters (T, DO, pH, EC, TDS, Turbidity), the NNP1 lab at the dam site can analyze for
biochemical oxygen demand (BOD5), total suspended solids (TSS) and coliform bacteria (total, fecal and
Escherichia Coli).
Other analyses are done at UAE, Bangkok. Samples are transported to UAE by car and boat. Some samples
are preserved before transport, like adding nitric acid. All are cooled to 4 °C and stored in a thermal bag.
Total transport time is 20 hours. Samples are kept after being analyzed.

3.2.1 River Sampling
Based on Excel sheets made available as per October 2018, Table 3-2 was prepared with details about
monitoring stations, parameters monitored and their actual sampling frequency.
River/Stations
Nam Ngiep
NNG01
NNG02
NNG03
NNG09
R06
R07
NNG05
NNG06
NNG07
NNG08

River Sampling
Parameter
Start Date
Turbidity NTU
Dissolved Oxygen DO
Dissolved Oxygen
Saturation %
Temperature T
pH
Total Dissolved Solids TDS
Conductivity EC
Total Suspended Solids TSS
Total coliform
Fecal coliform
Biochemical Oxygen
Demand BOD5
Chemical Oxygen Demand,
KMnO4 COD
Ammonia Nitrogen NH3-N
Nitrate Nitrogen NO3-N
Iron, total Fe
Manganese Mn++
Arsenic As
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End Date

#Samples

15-Sep-14
15-Sep-14
15-Sep-14

28-Aug-18
08-Oct-18
08-Oct-18

1,164
1,163
1,162

15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14
27-Sep-14
29-Oct-14
27-Sep-14
17-Aug-15

08-Oct-18
08-Oct-18
28-Aug-18
08-Oct-18
16-Aug-18
16-Aug-18
16-Aug-18
16-Aug-18

1,162
1,160
1,101
1,100
679
597
580
508

27-Sep-14

05-Jul-18

422

27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14

05-Jul-18
05-Jul-18
12-Jun-18
12-Jun-18
12-Jun-18

410
409
298
288
124
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River/Stations

Total Nam Ngiep

Nam Chain
NCH01

Total Nam Chain

Nam Phouan
NPH01

River Sampling
Parameter
Start Date
Potassium K+
Calcium Ca++
Sodium Na+
Chloride ClAlkalinity
Sulphate SO4-Kjeldahl Nitrogen, total
TKN
Mercury Hg
Lead Pb++/+
Magnesium Mg++
Secchi Disk Depth
Total Organic Carbon TOC
Phytoplankton biomass
Total Dissolved
Phosphorous
Total Phosphorus
32 parameters
Turbidity NTU
pH
Total Dissolved Solids TDS
Conductivity EC
Temperature T
Dissolved Oxygen DO
Dissolved Oxygen
Saturation %
Total Suspended Solids TSS
Chemical Oxygen Demand,
KMnO4 COD
Total coliform
Ammonia Nitrogen NH3-N
Nitrate Nitrogen NO-3-N
Fecal coliform
Biochemical Oxygen
Demand BOD5
Iron, total Fe
Manganese Mn++
Potassium K+
Arsenic As
Calcium Ca++
Chloride ClTotal Kjeldahl Nitrogen
TKN
Alkalinity
Mercury Hg
Sodium Na+
Sulphate SO4-Lead Pb++/+
Magnesium Mg++
Total Organic Carbon TOC
Phytoplankton biomass
Total Dissolved
Phosphorous
Total Phosphorus
31 parameters
Turbidity NTU
Total Dissolved Solids TDS
Temperature T
Conductivity EC
pH
Dissolved Oxygen DO
Dissolved Oxygen
Saturation %
Chemical Oxygen Demand,
KMnO4 COD

Document No. NNP1- C-J0206-RP-004-A

End Date

#Samples

27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14

12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18

124
114
114
114
114
114
114

27-Sep-14
27-Sep-14
27-Sep-14
14-Jun-17
06-Mar-18
05-Jun-18
05-Jun-18

12-Jun-18
08-Dec-17
08-Dec-17
24-Aug-17
12-Jun-18
12-Jun-18
12-Jun-18

113
104
104
22
15
5
5

05-Jun-18
15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14
15-Sep-14

12-Jun-18
08-Oct-18
28-Aug-18
26-Aug-18
28-Aug-18
28-Aug-18
28-Aug-18
28-Aug-18
28-Aug-18

5
13,508
94
94
94
94
93
93
93

27-Sep-14
27-Sep-14

07-Aug-18
03-Jul-18

50
47

29-Oct-14
27-Sep-14
27-Sep-14
27-Sep-14
17-Aug-15

07-Aug-18
03-Jul-18
03-Jul-18
07-Aug-18
08-Aug-18

46
46
46
44
37

27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14

05-Jun-18
05-Jun-18
05-Jun-18
05-Jun-18
05-Jun-18
05-Jun-18
05-Jun-18

34
32
14
14
13
13
13

27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
27-Sep-14
06-Mar-18
05-Jun-18
05-Jun-18

05-Jun-18
05-Jun-18
05-Jun-18
05-Jun-18
06-Dec-17
06-Dec-17
05-Jun-18
05-Jun-18
05-Jun-18

13
13
13
13
12
12
2
1
1

05-Jun-18
15-Sep-14
16-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14

05-Jun-18
28-Aug-18
24-Jul-18
24-Jul-18
24-Jul-18
24-Jul-18
24-Jul-18
24-Jul-18
24-Jul-18

1
1,185
77
77
76
76
76
76
76

28-Sep-14

03-Jul-18

41
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River/Stations

Total Nam Phouan

Nam Xao
NXA01

Total Nam Xao

Nam Houay
Soup
NHS01

River Sampling
Parameter
Start Date
Ammonia Nitrogen NH3-N
Total Suspended Solids TSS
Total coliform
Nitrate Nitrogen NO-3-N
Faecal coliform
Biochemical Oxygen
Demand BOD5
Iron, total Fe
Manganese Mn++
Lead Pb++/+
Potassium K+
Arsenic As
Calcium Ca++
Chloride ClKjeldahl Nitrogen, total
TKN
Alkalinity
Mercury Hg
Sodium Na+
Sulphate SO4-Magnesium Mg++
Total Organic Carbon TOC
Phytoplankton biomass
Total Dissolved
Phosphorous
Total Phosphorus
31 parameters
Dissolved Oxygen DO
Dissolved Oxygen
Saturation %
Temperature T
pH
Turbidity NTU
Conductivity EC
Total Dissolved Solids TDS
Total Suspended Solids TSS
Chemical Oxygen Demand,
KMnO4 COD
Ammonia Nitrogen NH3-N
Total coliform
Nitrate Nitrogen NO-3-N
Faecal coliform
Biochemical Oxygen
Demand BOD5
Iron, total Fe
Manganese Mn++
Arsenic As
Potassium K+
Alkalinity
Kjeldahl Nitrogen, total
TKN
Sodium Na+
Chloride ClSulphate SO4-Calcium Ca++
Mercury Hg
Magnesium Mg++
Lead Pb++/+
Total Organic Carbon TOC
28 parameters
Dissolved Oxygen DO
Turbidity NTU
Dissolved Oxygen
Saturation %
Temperature T
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End Date

#Samples

28-Sep-14
28-Sep-14
30-Oct-14
28-Sep-14
28-Sep-14
06-Oct-15

03-Jul-18
03-Jul-18
03-Jul-18
03-Jul-18
03-Jul-18
03-Jul-18

41
41
40
40
38
29

28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14

12-Jun-18
12-Jun-18
07-Dec-17
12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18

29
27
12
12
12
11
11
11

28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
28-Sep-14
07-Mar-18
12-Jun-18
12-Jun-18

12-Jun-18
12-Jun-18
12-Jun-18
12-Jun-18
07-Dec-17
12-Jun-18
12-Jun-18
12-Jun-18

11
11
11
11
10
2
1
1

12-Jun-18
14-Sep-14
17-Sep-14
17-Sep-14

12-Jun-18
24-Jul-18
09-Aug-18
09-Aug-18

1
988
104
103

17-Sep-14
17-Sep-14
17-Sep-14
17-Sep-14
17-Sep-14
29-Sep-14
29-Sep-14

09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
05-Jul-18

102
102
101
94
93
56
47

29-Sep-14
31-Oct-14
29-Sep-14
29-Sep-14
19-Aug-15

05-Jul-18
09-Aug-18
05-Jul-18
09-Aug-18
09-Aug-18

46
46
46
45
37

29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14

07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18

34
32
14
14
13
13

29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
29-Sep-14
08-Mar-18
17-Sep-14
17-Jun-15
20-May-15
17-Jun-15

07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
08-Dec-17
08-Dec-17
08-Mar-18
09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18

13
13
13
13
13
12
12
1
1,232
84
83
83

17-Jun-15

09-Aug-18

82
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River/Stations

Total Nam H. Soup

Ad hoc
Stations
NS00, NS01, NS02
NAO1
NNG00

Total ad hoc
Grand Total

River Sampling
Parameter
Start Date
pH
Total Dissolved Solids TDS
Conductivity EC
Total Suspended Solids TSS
Total coliform
Faecal coliform
Chemical Oxygen Demand,
KMnO4 COD
Ammonia Nitrogen NH3-N
Nitrate Nitrogen NO-3-N
Biochemical Oxygen
Demand BOD5
Iron, total Fe
Manganese Mn++
Potassium K+
Arsenic As
Alkalinity
Calcium Ca++
Kjeldahl Nitrogen, total
TKN
Sodium Na+
Chloride ClSulphate SO4-Magnesium Mg++
Mercury Hg
Lead Pb++/+
Total Organic Carbon TOC
28 parameters
Turbidity NTU
Conductivity EC
Total Dissolved Solids TDS
Temperature T
pH
Dissolved Oxygen
Saturation %
Dissolved Oxygen DO
Total Suspended Solids TSS
8 parameters
32 parameters

End Date

#Samples

17-Jun-15
17-Jun-15
17-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15

09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
09-Aug-18
05-Jul-18

82
74
74
47
39
39
38

03-Jun-15
03-Jun-15
19-Aug-15

05-Jul-18
05-Jul-18
09-Aug-18

37
37
37

03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15

07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18
07-Jun-18

25
23
11
11
10
10
10

03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
03-Jun-15
08-Mar-18
17-Sep-14
30-Mar-18
30-Mar-18
30-Mar-18
30-Mar-18
30-Mar-18
30-Mar-18

07-Jun-18
07-Jun-18
07-Jun-18
08-Dec-17
07-Jun-18
08-Dec-17
08-Mar-18
09-Aug-18
16-May-18
16-May-18
16-May-18
16-May-18
16-May-18
16-May-18

10
10
10
9
9
9
1
1,232
9
9
9
9
9
9

30-Mar-18
30-Mar-18
30-Mar-18
14-Sep-14

16-May-18
16-May-18
16-May-18
08-Oct-18

9
7
70
18,215

TABLE 3-2 ACTUAL PRE-INUNDATION RIVER WATER QUALITY SAMPLING AS SAMPLING PERIODS AND
NUMBERS VERSUS RIVER AND PARAMETER. MOST FREQUENT PARAMETERS AT THE TOP IN EACH GROUP.

3.2.2 Reservoir Sampling
For reservoir sampling a new depth profiling sensor and cable was procured and has been in operation
since mid-September 2018. The cable length is 100 m and the probes measures depth (z), pH, temperature
(T), electrical conductivity (EC), total dissolved solids (TDS) derived from the EC measurements, dissolved
oxygen (DO) and DO saturation percent derived from DO concentration, T and EC. The display on the
handheld instrument shows date and time which can be stored with each set of sample values for later
upload to a computer. The unit has no GPS.
Reservoir sampling held at the end of inundation is summarized in Table 3-3 and information about
sampling depths and water depth at each station in Table 3-4.

Reservoir
Main
Reservoir

Reservoir Sampling
Parameter
Start
Date
Conductivity EC
Dissolved Oxygen DO
pH
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18-Sep-18
18-Sep-18
18-Sep-18

End Date
09-Oct-18
09-Oct-18
09-Oct-18

#Samples
648
648
648
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Reservoir

Total

ReRegulating
Reservoir

Total

Reservoir Sampling
Parameter
Start
Date
Sat.DO (%)
Total Dissolved Solids TDS
Water Temperature T
Turbidity at surface NTU
7 parameters
Conductivity EC
Dissolved Oxygen DO
pH
Sat.DO (%)
Total Dissolved Solids TDS
Water Temperature T
Turbidity at surface NTU
7 parameters

18-Sep-18
18-Sep-18
18-Sep-18
18-Sep-18
18-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18
19-Sep-18

End Date
09-Oct-18
09-Oct-18
09-Oct-18
09-Oct-18
09-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18
10-Oct-18

#Samples
648
648
648
16
3904
68
68
68
68
68
68
8
416

TABLE 3-3 ACTUAL RESERVOIR WATER QUALITY DEPTH PROFILE SAMPLING VERSUS SAMPLING PERIODS AND PARAMETERS
Reservoir
Main

ReRegulating
Total

Station

Sampling
Depths

R1 (most upstream)
R2
R3
R4
R5 (nearest the
dam)
R6
R7 (nearest the
dam)

Water
Depth

19
35
44
45
49

11 m
30 m
50 m
63
>100 m

5 – 21
5 – 13

2–6m
4 – 11 m

202 - 226

TABLE 3-4 RESERVOIR DEPTH INFORMATION

3.3 Pre-Inundation Water Quality
A representative subset of the over 18,000 samples taken in rivers between September 2014 and October
2018, and the around 4,000 observations made on reservoir profiles during the end of inundation will be
presented in the following sections. Rivers first, then reservoirs.

3.3.1 Conclusions on pre-Inundation River Water Quality
The main conclusions drawn from the results presented in the next section are:
•

•
•
•
•

Before inundation, water quality of Nam Ngiep river was similar to other rivers in the region;
enough DO for aquatic life to survive, low BOD and low concentrations of nutrients (N, P, K) and
metals, and normal pH and alkalinity. However, turbidity, TDS and TSS were on the high side.
Occasional peaks of coliform bacteria occurred. A special event caused a peak in nonbiodegradable matter on 12-Sep-2017 which clearly shows up in the datasets collected.
Variations over time is mainly seasonal fluctuations with high DO in the dry season and excess of
erosion products at the end of the rainy season.
Variations over space from upstream to downstream are minor, except that BOD and coliforms
tend to be highest where human activities take place.
Tributaries upstream (Nam Chain and Nam Phouan) are clean and pristine steams with DO around
8 mg/l and BOD < 1 mg/l most of the year. However, turbidity is very high in the rainy season.
Tributaries downstream (Nam Xao and Nam Houay Soup) have similar water quality, still with high
turbidity but lower than the upstream tributaries.
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3.3.2 Selected results
OXYGEN AND OXYGEN DEMANDS
Dissolved oxygen variation during the observation period were mainly seasonal as shown in the chart
below, where DO sampled at all 13 stations in Nam Ngiep is plotted versus time. Notice that DO was above
the standard limit of 6 mg/l most of the time. However, when filling starts early 2018, DO drops below that
limit at station R5 (NNG09) nearest the main dam.
The seasonal variations usually show high DO in the dry and cold months (Dec – Feb). There is not much
variation between the stations from upstream towards downstream (NNG00 – NNG08).

The same pattern is followed by BOD (shown below), except that the oxygen demands mostly are high
when DO is low, which was expected. The reason for the cutoff at 0.5 mg/l appears to be that values,
below that limit, were not registered by the UAE lab.
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Other oxygen demands measured are COD and TOC, but TOC only sporadic. COD shows an anomaly Sep
2017, also at station R5 (NNG09), not seen in the BOD curves:

The peak coincides with a TSS peak at the same day and place as well as a similar curve for turbidity:

Something non-biodegradable suspended material passed by station R5 on 12 September 2017.
PHYSICAL PARAMETERS
Physical (and semi-physical) parameters measured were water temperature (T), electrical conductivity
(EC), turbidity, total suspended solids (TSS), total dissolved solids (TDS), Secchi depth, pH and alkalinity,
and they show no surprises except for the Sep-2017 event mentioned above. For example, pH varies by
season, not much by location, and are almost entirely within the standard limits 5 - 9:
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EC is always exactly two times TDS, so TDS must be a parameter derived from EC (which is the easy one to
measure of the two).
NUTRIENTS AND ANIONS
The two important nutrients for rivers were both measured:
•
•

Nitrogen: NH3, NO3-, TKN (Total Kjeldahl Nitrogen)
Phosphorus: PO4---, Ptot (total phosphorus)

Potassium (K+), sulphate (SO4--) and chloride (Cl-) was also measured.
As an example, here is ammonia-N at 10 Nam Ngiep stations:

Mostly ammonia is below the standard limit of 0.2 mg N/l, but peaks occur both at the upstream NNG01
station near a village and, especially, downstream the newly created main reservoir mid-2018 at station
NNG05, R6, NNG08 etc. The mid-2018 peaks can be explained as ammonia from decaying biomass in the
reservoirs.
METALS
Metals monitored in rivers were Na+, Ca++, Mg++, Mn++, as well as total heavy metals and metalloids (Fe, Hg,
Pb, As). Here is what was found for total iron:
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None of these results showed other than expected seasonal variations, usually with highest values at the
end of the rainy season, which could be explained being due to high erosion.
BACTERIA AND PHYTOPLANKTON BIOMASS
Total and fecal coliforms is expected to be high numbers near human activities, and the curves for total
coliforms shown here confirm that peaks are at stations near the two dams (R6 and NNG06) but also at
upstream NNG01 with several settlements nearby.

Phytoplankton biomass as dry weight was measured at three dates in June 2018 at five stations in the
river. Data are too scarce, diverse and suspicious to draw any conclusion from.
UPSTREAM STATIONS
The upstream tributaries, Nam Chain and Nam Phouan, each have one monitoring station. DO and BOD
observed at these are shown here:
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As seen, except for a single incident in 2016 at NPH01, the pattern is like or better than DO/BOD
conditions in Nam Ngiep itself. The same applies to minerals and nutrients (very low). Phosphorous is
around 0.002 mg/l, a number used by the BioRem model. Turbidity in the wet season is very high, though:
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DOWNSTREAM STATIONS
The downstream tributaries, Nam Xao and Nam Houay Soup, follow a similar pattern in terms of water
quality. Normal DO/BOD behavior, low nutrient concentrations and rather high turbidity due to
suspended, non-biodegradable matter. Here are the DO and turbidity curves for the two stations, one at
each tributary, showing clear, seasonal variations:
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3.4 Preliminary Reservoir Water Quality
During year 2018 a transformation of 67 km2 terrestrial ecosystem into an aquatic ecosystem took place.
This section summarizes what has been observed regarding the water quality affected by this radical
change.

3.4.1 Conclusions on Reservoir Water Quality
Based on the graphs presented in the next section, it can be concluded that:
•

•

•

•

•

•

All main reservoir stations except the most upstream (R1) has a thermocline at 2 – 4 m depth. In
the re-regulating reservoir the last sampling only, at the most downstream station (R7), showed
sign of a thermocline at 1 m depth.
Similarly, at all main reservoir stations except R1, an oxycline forms at roughly the same depth as
the thermocline. Also, in the re-regulating reservoir, only R7 shows sign of an oxycline at the most
recent sampling date at around 1 m depth. Below the oxycline in the main reservoir DO drops
from around 1.5 to 0 mg/l at R5 and R4 nearest the dam and from around 3 to 0 at R2 and R3. R1
shows no drop. For the re-regulating dam a weak tendency at R7 and at the most recent sampling
date only, shows a drop of almost 1 mg/l in the topwater.
Especially at the most recent samplings, there is a clear tendency to supersaturation of dissolved
oxygen in the topwater, which means oxygen produced by phytoplankton in the upper meter,
confirmed by Secchi disk readings. There is a prominent chance for eutrophication in the main
reservoir. Data are too scarce to draw any firm conclusion on eutrophication of the re-regulating
reservoir.
Besides these vertical gradients, there is a clear tendency in the horizontal direction from R1 to R5
of the main reservoir going from a river-like to a pure reservoir ecosystem. At R1 the water quality
behavior is mostly like a river, R2 is in between and R3 – R5 behaves like a reservoir.
pH tends to decrease towards the bottom, while electrical conductivity increases. This is expected
due to photosynthesis at the top (which takes up the weak-acidic CO2) and mineralization in the
dark bottom water (which produces soluble salts as ions).
DO saturation percent can be calculated from DO concentration, temperature and conductivity, so
DO% recording is not needed in future monitoring programs. Same apply to TDS (total dissolved
solids), which is calculated by the instrument from electrical conductivity (EC) by dividing EC by 2

Thus, the overall conclusion for the main reservoir is that, except for the uttermost upstream part which is
river-like, most of the new waterbody is stratified with an oxygen-poor hypolimnion. Since the depth of
the thermocline is far above the intake to the turbines, water quality downstream the main dam is bound
to be low. The reservoir itself shows signs of eutrophication.
The re-regulating reservoir appears to have no major effect on downstream water quality.

3.4.2 Selected results
Among the around 4,000 observations on depth profiles in the two reservoirs done in the period from 18
September to 10 October 2018, selected results are shown as graphs below and briefly clarified.
TEMPERATURE AND OXYGEN PROFILES
Near the dam in the main reservoir these profiles for temperature and dissolved oxygen were found:
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The temperature profile perfectly matches the definition of a thermocline as the region in a thermally
stratified body of water which separates warmer surface water from cold deep water and in which
temperature decreases rapidly with depth (Merriam-Webster). The location of the thermocline for R5 is at
2.5 m depth (the depth with the steepest gradients).
Defining oxycline in a similar way, but for DO, it is clear from the graph that an oxycline exists roughly at
the same depth as the thermocline. Notice, that DO concentrations become higher than 8 mg/l, that is
higher than 100% air saturation, at the end of the sampling period. That can only be achieved via
photosynthesis (which produces pure oxygen, not a 20-80% mix of O2 and N2 as in air). Phytoplankton
must be the reason for supersaturation.
T and DO in the middle of the main reservoir at R3 shows almost the same behavior as at R5, but now
supersaturation is more pronounced and hypolimnic DO more chaotic nonetheless below the standard
limit of 6 mg/l. The profiles at R4 and R2 (not shown) also follow these tendencies.
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At R1, however, the waterbody becomes more river-like. The thermocline has disappeared and DO profiles
are almost constantly close to saturation:
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Regarding the re-regulating reservoir, there is no clear thermocline, except for the last sampling 10
October at R7, and very few if any signs of eutrophication. R6 behaves similarly.

DO% AND TDS
Besides T and DO, the new depth profile instrument also measures DO% (dissolved oxygen saturation
percent), pH, EC (electrical conductivity) and TDS (total dissolved solids).
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DO% and TDS are not new parameters but derived from some of the others. TDS shown by the instrument
is simply EC divided by 2, and DO% can be calculated from DO and T for example using this formula:
DO% = 100 DO /(14.59 - 0.3955 T + 0.0072 T2 - 0.0000619 T3)
The instrument may also compensate DO% for EC and barometric pressure.
The original meaning of TDS is a measure of how much solid is left after boiling the water away. Since
these remains mostly are salts (which means ions in crystals), TDS is often to a good approximation
proportional to EC (which measures the concentration of ions in water). However, in real TDS there might
be some non-ion remains and TDS is no longer proportional to EC.
Therefore, DO% and TDS can be considered redundant and unnecessary to be recorded.
PH AND EC
In the main reservoir, near the dam, pH is high at the surface while EC increases by depth:

The same behavior is found at R4 and R3, but at R1 it disappears. At R2 the behavior is in between R1 and
R3.
The pH increase coincides with where and when photosynthesis is expected and is therefore most likely
due to CO2 uptake by algae. (CO2 in water is a weak acid).
Increase of EC coincides with where and when mineralization of organic material takes place. Most of the
minerals formed are soluble ions and thus explain the increased EC.
Both pH and EC in the re-regulating reservoir show no interesting depth variations, neither at R6 nor at R7.
In short, the small reservoir acts more like a river than a lake.
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SECCHI DEPTH AND TURBIDITY
Finally, Secchi depth and turbidity near the surface was measured during inundation as shown in Table 3-5:

Secchi
Depth m
Station
R1
R2
R3 (NNG02)
R4 (NNG03)
R5 (NNG09)
R6
R7

Min
0.25
0.5
0.4
0.3
0.5
0.25
0.24

Max
0.25
0.85
0.8
0.9
1.1
1.2
1.3

Turbidity
NTU
Min
23.54
3.64
3.45
1.77
1.05
3.22
2.25

Max
242.0
89.66
833
35.8
1,007
259
85.45

TABLE 3-5 SECCHI DEPTHS AND TURBIDITY 18 SEP - 10 OCT 2018
These parameters measure how much light is absorbed and scattered in the water; Secchi depth measures
absorption in the vertical direction, turbidity measures light scattered into horizontal directions. Water
above the Secchi depth is where photosynthesis may take place.
The extremely small Secchi depths and rather high turbidities confirm that primary production is possible
only in a very narrow zone within the upper meter of the water column in both reservoirs.
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4 WATER QUALITY MODELLING
This Section describes the expected future water quality in the main reservoir and the downstream river
system based on modelling. For the reservoir the BioRem model, developed for MONRE, has been
calibrated and applied to NNP1 data. For the downstream river, a more simplistic approach has been
chosen by using a steady state Streeter-Phelps model.

4.1 BioRem Input Data
Running BioRem scenarios to estimate future long-term water quality behavior in the NNP1 main reservoir
requires these types of input data:
•
•
•
•

Basic geometry
Biomasses and removal fractions
Allochthonous input and ecological parameters
Flow data

BASIC GEOMETRY
BioRem needs these geometric data:
•
•
•
•
•
•
•

Surface area at minimum operation level (MOL)
Volume at minimum operation level (MOL)
Surface area at full supply level (FSL)
Volume at full supply level (FSL)
Approximate length of the reservoir
Average depth
Depth of intake

Amin
Vmin
Amax
Vmax
L
d
di

[km2]
[Mm3]
[km2]
[Mm3]
[km]
[m]
[m]

Areas exclude islands. Length means the distance from main river inlet to the dam. MOL and FSL are at 296
and 320 m above mean sea level, respectively. Normal operation level depends on season but is close to
315 m a.s.l. on the average. Intake depth is the vertical distance from intake sill to the surface.
The numbers found and used by BioRem are shown in Table 4-1.
TABLE 4-1 BASIC GEOMETRY OF THE MAIN RESERVOIR
Water level
MOL
FSL

Area [km2]
36.60
66.89

Volume [Mm3]
1046
2238

Length [km]
70

Rsv. depth [m]
29
33

Intake depth [m]
20
44

HOW THE NUMBERS ARE USED
Together with flow data, the values in Table 4-1 have been used to estimate a retention time and the
Froude number for the main reservoir. The area at FSL is also used by BioRem to show hectares flooded
per megawatt of electricity, which is one of the indicators for good dams mentioned the World Bank
publication Good Dams and Bad Dams.
Retention times and Froude numbers for the main and re-regulating reservoirs are calculated and
discussed under Reservoir Stratification pg. 108
In terms of ha/MW, NNP1 scores extremely well with a number as low as 25 ha/MW. Compare this with
Nam Theung 2’s 41 ha/MW and the global average of 60 ha/MW.
Further, Vmin and Vmax is used when BioRem solves the differential equation for volume (dV/dt = ΣQin –
ΣQout) by cutting off whenever V(t) becomes outside the interval [Vmin; Vmax].
Finally, depth of intake compared with depth of an expected thermocline is used to estimate the severity
of downstream negative impact due to release of oxygen-poor hypolimnic water through the turbines. Will
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the intake be below or above the thermocline? See the section on downstream effects pg. 111 for more
details.
HOW THE NUMBERS WERE FOUND
AREAS AND VOLUMES
The main source has been the Excel file named Q-H Q-A.r7.xlsx handed over from NNP1PC. It holds the
relationships between depth (z), surface area (A) and volume (V) of the main reservoir as tables.
It shows that:
At MOL (minimum operation level) at 296 m elevation
V = 1045.5 Mm3
A = 36.60 km2
At 315 masl (normal operation)
V = 1925.18 Mm3
A = 58.17 km2
At FSL (full supply level) at 320 m elevation
V = 2237.83 Mm3
A = 66.89 km2
These polynomial regressions were derived from the Excel tables:
V(z) = 1876.5z3 - 106z2 + 3 108z – 2 1010

for z > 180 and z < 330 with R² = 0.9997

A(z) = 29.987z3 – 17122z2 + 3 106z – 2 108

for z > 180 and z < 330 with R² = 0.9982

What BioRem needs is V and A for z = 296 and z = 320:
Vmin = 1046 Mm3

Vmax = 2238 Mm3

Amin = 36.60 km2

Amax = 66.89 km2

To quality assure these figures, a shapefile named Reservoir_boundary_at_315_masl, handed over by the
NNP1PC, was analyzed. After cleaning, the shapefile also serves as a map layer in WIS.
At normal operation, the main reservoir has its surface at 315 m elevation and its shorelines have been
taken from the shapefile. The original file was simplified from 32 polygons to one, including 31 holes
representing islands at 315 masl (Figure 4-1). The new shapefile, named Rsv315, can now be downloaded
from WIS under the Admin menu after login. The total surface area derived from the polygon and its
projection, excluding islands, is 5880 ha. This figure is rather close to A(315) = 5817 ha taken from the
Excel file or the regression equation above. The difference might be due to projection, in which case 5880
ha is the most accurate of the two numbers.
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FIGURE 4-1 CENTRAL PART OF THE MAIN RESERVOIR. SOME OF ITS ISLANDS ARE VISIBLE AS HOLES. FILE: RSV315.SHP.
A similar exercise on the reregulating reservoir, based on the shapefile named Reservoir_Regulating at 179
masl gives a shapefile with one polygon without holes and an area of 131 ha (Figure 4-2). The new
shapefile is named RRrsv in WIS.

FIGURE 4-2 REREGULATING RESERVOIR
LENGTHS AND DEPTHS
In addition to area and volumes, BioRem needs the length of the reservoir to calculate the Froude number
(see pg.108). This length is 70 km according to Operation Manual for Main Dam pg. 2.
Average reservoir depths at MOL and FSL were first estimated from EIA Report, Section 0.4.3 and the
longitudinal profile of the main reservoir in Figure 0.5, also in section 0.4.3 of the EIA report. The result
was 46 and 70 m. However, these figures deviate from what you get by dividing reservoir volume by
reservoir surface area, which gives 29 and 33 m for MOL and FSL, respectively. Reading depths from the
longitudinal profile overestimates average depth since the reservoir cross section is more V-shaped than it
is U-shaped. The correct depths, at least when it comes to calculation of Froude numbers, are the smaller
ones (29 and 33 m). BioRem uses the average of these two numbers, that is 31 m.
Intake sill depths at MOL and FSL (20 and 44 m) were derived from sill elevation level (276 m a.s.l.)
mentioned in the main EIA Report, Section 4.4.5.
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BIOMASS AND CLEARANCE RATIOS
The single most important set of input data for BioRem is without doubt biomass and how much of it has
been removed prior to inundation. The leftover biomass, whether hard or soft and whether aboveground
or belowground, will contribute to oxygen removal from the reservoir water due to its decay.
Considering the huge discrepancy between O2 concentrations in the atmosphere and in DO-saturated
water, inundation, not surprisingly, has great and long-lasting impacts on dissolved oxygen. Inundation
means converting a terrestrial ecosystem to an aquatic where O2 becomes an extremely scarce resource
due to its low solubility of around 8 mg/l, or 200 000 times lower than in the atmosphere.
BioRem can handle two types of biomasses, hard and soft. Typical hard biomass is trunks and branches
from trees; typical soft biomass is leaves and humic substances in the topsoil. More formally, hard biomass
holds lignin, soft does not. Or a functional definition would be that decay rates for hard biomass are below
some limit and decay rates for soft biomass above that limit. BioRem simply divides all biodegradable
material into two fractions:
•
•

Soft biomass has a decay rate k2 = 0.001 day-1
Hard biomass has a decay rate k3 = 0.0001 day-1

(The symbols k0 and k1 in BioRem refer to decay rates for phytoplankton and detritus, respectively).
Of course, decay rates in real nature is more like a continuum than just two numbers. Some tree trunks are
still found in 50 years old Nam Ngum 1 and must have a much lower decay rate than BioRem’s k3; some
easy-degradable organic compounds have a lifetime of days or hours and thereby a bigger decay rate than
k2.
Other principles used when estimating soft and hard biomass for the NNP1 reservoir are:
•
•

In terrestrial ecology, the upper 50 cm of topsoil is usually considered important while in limnology
it is only the upper 10 cm. BioRem uses 10 cm.
Biomasses must be expressed as dry weight and in BOD units, which implies that different
vegetation types count differently even though their abundance might be the same.

Biomasses and their clearance ratios were estimated, and results shown in Table 4-2.
Biomass
Dry weight/area [t/ha]
Clearance ratio

Hard
22.1
29%

Soft
10.2
25%

TABLE 4-2 BIOMASS BEFORE CLEARING, AND CLEARANCE RATIOS
Following sections detail how these numbers were found.
HOW BIOMASSES WERE ESTIMATED
The overall procedure for calculating soft and hard biomass followed these steps:
1. Using GIS, for the whole reservoir, the area of each of eight pre-inundated land-use types is
calculated
2. Dry weight biomasses, soft and hard, for one hectare of each vegetation type is found from
literature on a similar Lao clearance project (Hongsa). Results are combined to give total soft and
hard dry weight biomass per hectare for the area inundated at normal operation.
From NNP1PC was received the shapefile named LandUse_320_masl.shp. It holds 633 polygons, all within
reservoir boundaries at FSL. Each polygon belongs to one of eight classes, bamboo, cultivated land etc. See
Table 4-3.
Areas and their distribution were calculated by QGIS applied to the shapefile and found to be:
Land-use

Area [ha]
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Bamboo
Cultivated Land
Old Fallow
Settlement Area
Upper Dry Evergreen Forest
Upper Mixed Deciduous
Water
Young Fallow
Total

26
1062
1637
102
102
1927
452
571
5880

0.4
18.1
27.8
1.7
1.7
32.8
7.7
9.7
100

TABLE 4-3 LAND-USE DISTRIBUTION IN THE RESERVOIR AREA AT FSL CALCULATED FROM GIS
As seen, vegetation is dominated by mixed deciduous forest, old and young fallow and cultivated land
(totally 88%).
CONVERSION TO DRY WEIGHT
Since no study on biomass drying appears to have been carried out on the vegetation in the NNP1 area, it
was chosen to use one from the Hongsa Power Project in 2012 described in Final Report. Application of a
Water Quality Model to the Hongsa Power Project 2012: Biomass Removal Study For The Hongsa Mine
Mouth Power Project, Xayaboury Province, Lao PDR. The report can be downloaded from WIS/BioRem.
The Hongsa study includes these land-use classes and found these dry weights:
Land-use classes
Dry Deciduous Forest (DDF)
Mixed Deciduous Forest (MDF)
Secondary Forest (SF)
Non-Forest area (NF)
Water Bodies (WB)

hard (t dry wt/ha)
35
57
4.7
0
0

soft (t dry wt/ha)
10
17
8.0
0
0

below/above ground
2.0%
0.6%
5.6%

TABLE 4-4 DRY WEIGHT BIOMASS PER AREA FROM THE HONGSA STUDY
Combining the land cover distribution (Table 4-3) with results from Hongsa (Table 4-4) gives estimates of
dry weight biomass in each vegetation class:
Land-use
Bamboo
Cultivated Land
Old Fallow
Settlement Area
Upper Dry Evergreen Forest
Upper Mixed Deciduous
Water
Young Fallow
Total dry weight (t)
Total dry wt/hectare (t/ha)
Total BOD (g O2/m3)

Hard
t dry wt
910
4,991
7,694
0
3,570
109,839
0
2,684
129,700
22.1
119

Soft
t dry wt
260
8,496
13,096
0
1,020
32,759
0
4,568
60,200
10.2
55

TABLE 4-5 DRY WEIGHT BIOMASSES IN NNP1
The assumptions are
•
•
•

Fallows and cultivated land behave like secondary forest (regenerated vegetation)
Upper dry evergreen forest and bamboo behave like dry deciduous forest
Settlement areas and water (mainly the original river) do not contribute with any biomass
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Total dry weight per hectare was calculated using the total area in Table 4-3.
Total BOD is calculated as total dry weight biomass divided by reservoir volume at MOL (1046 Mm3) and
multiplied by 0.96. The factor 0.96 is the stoichiometric ratio between O2 and biomass:
106 × 32
3392
=
≈ 0.96
106 × 12 + 263 × 1 + 110 × 16 + 16 × 14 + 31 3550

Biomass is assumed to follow Stumm and Morgan4’s composition of C106H263O110N16P.
The total BOD of around 119 + 55 = 174 g/m3 can be used to give a rough estimate of oxygen depletion in
the main reservoir due to decayed biomass if none was cleared. Since one cubic meter of water holds up
to 8 g O2 at the temperatures common in Laos it will take around 174/8 ≈ 22 retention times to replenish
the DO in the reservoir. The dead storage will be anoxic within the first retention period, but the active
storage should recover within 22 times V/Q = 1192 x 106 m3/148 m3/s = 93 days, that is 5.6 years, following
this argument.
As a much more refined model, BioRem, should get closer to the truth. Especially including reaeration and
primary production might change the results as it will be shown in a following chapter.
HOW CLEARANCE RATIOS WERE FOUND
The main sources of information about vegetation clearance has been:
•
•
•

The PowerPoint presentation Overview of Biomass Clearance for discussion with MONRE
(Feb2018).pptx
The shapefile 315_masl_Priority_Clearance_Block holding 18 priority clearance blocks as polygons
The Biomass Removal Plan http://namngiep1.com/wp-content/uploads/2014/10/NNP1_Bio-MassRemoval-Plan_July2015.pdf

The PowerPoint presentation gives status for February 2018, six weeks before start of inundation, and a
proposal for remaining activities. The status was at the time that vegetation was cut in all the 1640 ha
priority area (1912 ha minus vertical buffer minus islands), but only 1160 ha of the 1640 ha included full
clearance. It was proposed to collect much of the remains from floating debris during inundation.
These steps were followed to calculate clearance ratios:
1. Using GIS, for each clearance block, the area with each of the eight vegetation types is calculated
2. Results from biomass dry weight calculations and Step 1 are combined to give total soft and hard
dry weight biomass removed
3. That is used to find the ratio between total biomass removed and total biomass, again both for
soft and hard biomass.
The shapefile named Landuse_320_masl with 633 polygons was clipped by the main reservoir polygon
(315 m a.s.l.) and areas for each vegetation class tallied. Next, this layer was clipped by the new clearance
block shapefile (also 315 m a.s.l.) and a resulting 229 polygon layer was formed. Each of these polygons is

4

Stumm, W. and J. J. Morgan: Aquatic chemistry, 583 pp. New York: Wiley-Interscience 1970.

Document No. NNP1- C-J0206-RP-004-A

Page 105

Nam Ngiep 1 Hydropower Project

totally within a clearance block and only has one type of vegetation. Area of each polygon was then
multiplied by its dry weight density (t/ha) taken from Table 4-4 in the same way Table 4-5 was derived. The
result is a dry weight hard and soft biomass for each clearance block. See Table 4-6.
Dry weight biomass [t]
Clearance block Hard
Soft
1
5,867 1,807
2
2,448 1,710
3
387
658
4
7,169 2,566
5
1,960 3,336
6
154
262
7
209
356
8
1,503
594
9
1,361
774
10
7,680 3,866
11
454
412
12
3,500 1,049
13
5,858 1,815
14
279
364
15
250
426
16
173
54
17
38
64
18
223
67
Total 39,512 20,181
TABLE 4-6 DRY WEIGHT BIOMASS PER CLEARANCE BLOCK
Not all the total dry weight (39,512 and 20,181 t) was removed according to the PowerPoint presentation
from February 2018. Given the plans for the six remaining weeks before start of inundation (22 February –
early April 2018), 73% of the target should be reached. In addition, all remaining biomass per 22 February
was cut but not burned, so a substantial part of the remaining 27% is expected to be collected as debris. A
fair estimate for the total removal is thus to multiply the calculated total hard biomass by 0.95 and the soft
by 0.75 assuming most of the hard biomass to be recovered and most of the soft to be drowned.
Thus, the estimated hard biomass removed is 37,500 t dry weight and the soft biomass removed is 15,100
t dry weight.
The removal ratios for hard and soft biomass then become (see Table 4-5):
Hard:

37,500/129,700

or

29%

Soft:

15,100/60,200

or

25%

These relative low numbers shouldn’t come as a surprise considering that only around one third of the
reservoir area (1912 ha / 5880 ha = 33 %) included the priority clearance blocks and within that one third
not all areas were cleared (vertical buffer, banks, slopes, islands and topsoil) or only partially cleared.
H2S AND BIOMASS
Although Stumm and Morgan’s biomass composition formula C106H263O110N16P neglects sulfur, S, it is well
known that S occurs in biomass, mainly as amino acids (methionine and cysteine) in proteins, and that the
C:S mass ratio in plants and soil is around 200:1. Using the total biomass figure of 137,300 t drowned in
the NNP1 main reservoir, this gives around 700 t S as a potential source for H2S. Another source could be
SO4—reduction under anaerobic conditions, which almost certainly will be common in hypolimnion of the
NNP1 main reservoir.
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One reason that sulfur is of interest at NNP1 was incidents of H2S release at the spillway ski-jumps during
reservoir filling. Given the amount of biomass drowned it is certain that H2S will form at the bottom of the
reservoir as long as the water is anaerobic and that will be detrimental for aquatic life, not to mention its
corrosive power in the turbines. More uncertain is what the fate of H2S will be. Will it be oxidized, will it
settle as metal sulfides, or will it degas to the atmosphere?
The good news is that H2S oxidizes easily to sulphate when it diffuses towards the surface and that it binds
easily as non-soluble metal compounds unless pH is very low. The bad news is that after release to the
atmosphere, as little as 1 g H2S in 1 m3 of air can kill an adult5.
ALLOCHTHONOUS INPUTS AND ECOLOGICAL PARAMETERS
Average concentrations of NH3-N plus NO3--N upstream the main dam measured at five stations in the
period from 2015 till early 2018 was 0.3 g N/m3. Similar observations on dissolved phosphorus is around
0.006 g PO43-/m3 or 0.002 g P/ m3. According to the MONRE Step-by-step Guidelines for Biomass Removal,
phosphorus is the limiting factor for primary production when the N:P mole ratio is above 16:1:

Clearly the N:P mass ratio (0.3/0.002) is much above 7.74 and it is safe to conclude that P governs the
growth of phytoplankton which is one of the assumptions for BioRem to work properly.
The 0.002 g P/m3 will further be used as driving variable for dissolved phosphorus (Pin) during runs with
BioRem.
Values for BOD measured at the same stations and same period shows an average of 0.8 g O 2/m3 with very
little variation. This value acts as an initial value for BioRem’s detritus equation (B1(0) = 0.8) and as the
driving variable Bin’s value.
Finally, some recent observations were made on phytoplankton biomass in the Nam Ngiep river. Average
value found is around 1 g dry weight/m3, when some expected outliers (>100 g/m3!) are excluded. The
value is used for BioRem’s initial phytoplankton value (B0(0) = 1).
All ecological parameters in BioRem (maximum phytoplankton growth rate, mixing rate at the
thermocline, and decay rates for the model’s four biomass state variables) have been kept at their
standard values found in literature and adapted to typical temperatures and weather conditions in Lao
PDR.

5

LD50 for rats is 444 ppm/4hr and the weight of 1 m3 of air is 1200 g
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FLOW DATA
The main source of information regarding flow has been https://namngiep1.com/wpcontent/uploads/formidable/17/Appendix-G-to-EIA-NNP1-Results-of-Analysis.pdf. Table C-1 of this part of
the EIA report from 2014 holds calculated monthly average flows before and after inundation:

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Avg

Before construction
[m3/s]
79.1
66.6
57.9
66.6
118.1
209.6
289.1
327.4
252.3
143.9
113.7
92.5
151.4

After construction
[m3/s]
126.6
121.2
115.0
127.7
154.6
160.5
189.5
222.7
215.5
142.9
122.1
125.8
152.0

TABLE 4-7 MONTHLY AVERAGE FLOWS (EIA – APP. G, ANNEX C)
BioRem needs monthly flows after construction and as Mm3/month which is:
Month
Mm3

Jan
333

Feb
319

Mar
302

Apr
336

May
406

Jun
422

Jul
498

Aug
585

Sep
566

Oct
376

Nov
321

Dec
331

TABLE 4-8 STREAMFLOW MEANS MONTHLY AVERAGES IN BIOREM
Flow values needed at any time during integration of the BioRem model equations are found by linear
interpolation in this table.
The model allows for three such sets of monthly streamflow for testing alternatives. In addition, two
standard scenarios multiply all 12 numbers by 1.3 (the “Increase streamflow” scenario) or 0.7 (the
“Decrease streamflow” scenario). See also Climate Change Effects.
The model allows for three more flow inputs, namely minimum environmental flow, water abstraction for
domestic use and water abstraction for irrigation.
For minimum environmental flow during operation the value 27m3/s = 2.3 Mm3/day was taken from
https://namngiep1.com/wp-content/uploads/formidable/17/Environmental-Impact-Assessment-MainReport-July-2014-1.pdf, Section 0.5.22.
For NNP1 the domestic abstraction has been set to zero. Irrigation is two numbers, a higher value for the
dry season and a lower value for the wet season. For NNP1 both values for irrigation were also set to zero,
admitting that irrigation water is taken from the re-regulating reservoir, not the main reservoir.

4.2 BioRem Assumptions
Besides the assumption of phosphorus being limiting for primary production as discussed on pg. 106,
BioRem only works properly when existence of a thermocline can be assumed. Further, due to climate
change, flow patterns may also influence BioRem results over the lifespan of the reservoir. These two
aspects are discussed below.
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4.2.1 Reservoir stratification
BioRem assumes the reservoir to be stratified, at least most of the year. The proposed test for that is to
calculate the Froude number for the reservoir and compare it to one. A value much less than one indicates
that kinetic energy of a water column is much less than the potential gravitational energy, and therefore
that the waterbody behaves more like a lake than a river.

For the NNP1 main reservoir these numbers apply at normal operation:
L = 70 km

Q = 142.6 m3/s

d = 31 m

V = 1925 Mm3

Thus, F becomes 0.05 and it is safe to expect stratification to occur most of the year. Despite its oblong
shape, the NNP1 main reservoir behaves more like a lake than a river. See also Table 4-9 for a comparison
with the re-regulating reservoir. Notice, that V in the retention time formula is not the same as V in the
Froude number formula. When retention time is calculated, V is the effective (active) volume, while V is
the total volume when Froude numbers are calculated.
Reservoir
Main
Re-regulating6

Retention time (V/Q)
91 days
0.35 days

Froude number
0.05
6.3

TABLE 4-9 HYDROLOGY COMPARED FOR MAIN AND REREGULATING RESERVOIRS
Near the end of the filling period, Sep – Nov 2018, depth profile monitoring in the two reservoirs have
been conducted. They show a clear thermocline (and oxycline) at 3 – 5 m depth in the main reservoir and
complete mixing in the re-regulating reservoir.
One consequence of the main reservoir having a distinct deeper part, hypolimnion, and an upper part,
epilimnion, and that these parts do not easily mix, is that low oxygen concentrations in the lower part only
slowly will improve its water quality due to diffusion of dissolved oxygen from the top. Epilimnion is
expected to be rich in dissolved oxygen because of reaeration from the atmosphere and because
photosynthesis takes place where there is light and nutrients.
The photosynthetic contribution depends on which nutrient is limiting. As shown above, P rather than N
will regulate photosynthesis in the NNP1 reservoir. Also, the depth to which sunlight penetrates is

6

Veff = 4.9 Mm3, Vtot = 8 Mm3, Q = 160 m3/s, L = 6 km and d = 6.1 m obtained from Operation Manual for Reregulation Dam. d was calculated as Vtot divided by the surface area (131 ha) taken from the reservoir shapefile.
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important. Besides a shadowing effect of algae by themselves when they grow, the relative high turbidity
of the Nam Ngiep water due to erosion plays a role.
Biomass decay near the bottom, as well as decay of sinking algae which stop photosynthesizing when they
reach the darker layers, contribute to oxygen removal from hypolimnion. A second effect at the bottom is
release of P from the sediment, which after diffusion contributes to the phytoplankton growth. Initially the
sediment phosphorus originates from leftover vegetation, but on the long timescale settling algae will be
the main source.
In conclusion, the NNP1 main reservoir, as opposed to the reregulating reservoir, is expected to be
stratified with an oxygen-rich epilimnion and oxygen-poor hypolimnion. The two layers do mix, but very
slowly. The constant biomass decay at the bottom removes oxygen and the hypolimnic water could stay
anoxic or nearly anoxic for years to come.

4.3 Climate Change Effects
The NNP1 Watershed Management Plan from June 2018 concludes on page 43 this about climate change
effects:
Under the effects of climate change it is estimated (ICEM 2015) that daily maximum temperatures in the
watershed will increase by an average of 1.6oC in the wet season and 2.1 oC in the dry season in 2050.
These changes in mean temperature would result in the maximum daily temperature exceeding 34oC on
66% of days, up from 40%, while a new extreme of temperature of 44 oC is predicted, well above historic
conditions.
Along with an increase in temperature, increases in rainfall, evaporation and humidity are also expected during both
seasons across the watershed.

Climate change is expected to result in a 17.8% increase in precipitation, from 2,053 mm to 2,418 mm per
annum, with increases predicted in both rainfall intensity and the number of days experiencing more than
100 mm/day. This increase would occur in both the wet and dry seasons, with the wet season accounting
for 95% of the increase. Over this period dry season rainfall would increase by 13-14% in the upper
catchment compared to a 6-10% increase in the lower section of the watershed. For the wet season these
increases are predicted to be 21-25% (1,800-2,000 mm) and 16-20% (2,600 mm) respectively.
Inter-annual variability of precipitation is already large at in the Nam Ngiep watershed with +100/-50%
variation in the dry season and +40/-25% in the wet season. Under the climate change projections interannual rainfall variability will result in wet season precipitation greater than 2,500 mm occurring 30% of
the time compared to be a rare event under baseline conditions.
These figures were used to run scenarios with BioRem that consider that climate change not only raises
temperatures but also increases precipitation, both in dry and wet seasons. In fact, the BioRem version
running under NNP1 WIS has been modified to take increased precipitation and thereby increased
streamflow into account. It does that by defining a new parameter CC on BioRem’s Hydrology panel which
is the annual increase of flow as percent per year due to climate change (CC). For example, if it is assumed
that 1/3 of the 17.8% increase of precipitation over the next 32 years (2018 to 2050) ends up as
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streamflow, CC should be set to around 0.2 %/year 7. That will cause the streamflow numbers on the same
panel to be multiplied by e 0.2t/36500, where t is number of days since simulation start.
Here is a comparison between DO over 100 years after inundation with and without inclusion of this
effect, that is setting CC = 0 and CC = 0.2:

FIGURE 4-3 RESERVOIR DO WITHOUT CLIMATE CHANGE EFFECTS

FIGURE 4 RESERVOIR DO ASSUMING 0.2% ANNUAL INCREASE OF

ON STREAMFLOW

STREAMFLOW

Notice, how water quality gets worse with increased streamflow after 25 – 35 years. The explanation
seems to be increased primary production:

FIGURE 5 PHYTOPLANKTON STABILIZES AFTER YEAR 10 WITH
NO CLIMATE CHANGE EFFECTS

FIGURE 6 EUTROPHICATION COMES BACK WITH A
0.2%/YEAR STREAMFLOW INCREASE

7

When the report says: Climate change is expected to result in a 17.8% increase in precipitation, from 2,053 mm to
2,418 mm per annum it apparently means 17.8% over the considered period (2018 to 2050). Per annum refers to mm
not %. The correct way of calculating annual precipitation increase is to use r = ln(P2/P1)/(t2-t1) for a model of
precipitation P(t) with constant growth r: dP/dt = rP. That gives r = 0.5% for P(2018)=2053 mm and P(2050)=2418
mm, only part of which becomes streamflow. That justifies the 0.2% for r.
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4.4 BioRem Outputs
Besides a baseline scenario, the BioRem model equations may be solved for various alternatives, which
mostly are useful before inundation and intended to assist on how to optimize biomass removal. In this
Section baseline scenario model outputs shall be shown only.
Baseline describes the actual situation where 29% hard and 25% soft biomass has been removed, where
the annual flow pattern is as shown in Table 4-8, and all other inputs as described under Basic Geometry
and Allochthonous Inputs and Ecological Parameters. The 0.2%/year streamflow increase due to climate
change is also included.
Most interesting is the long-term development of DO in epi- and hypolimnion and how fast soft and hard
biomass disappears from the reservoir. Here are the results from a 50 years simulation:

As

expected, epilimnic oxygen is close to saturation
during the whole period, while hypolimnic oxygen is low the first five years. That is in accordance with
earlier model runs8 and with the back-of-the-envelope calculation on pg. 104. Most soft biomass also
disappears in that period, while hard biomass lasts for around half a century.
The overall conclusion is that the quality of bottom water will be below the National standard limit of 6
g/m3 during the first 5-7 years after inundation and possibly also after year 25 if the assumed climate
change effects turns out to be real. Since intake at the dam almost certainly will be below the thermocline,
downstream water will be oxygen-poor. However, sometimes discharges occur via spillways or the riparian
release conduit which improve downstream water quality, and this is not accounted for by the model. It
happens for example on Sundays with an already full reservoir (wet season).
Still, the overall picture is less rosy than painted in the EIA report four years ago, which stated in Section
0.6.11:

To manage potential water quality impacts, the main dam intakes (twin vertical
positioned bell mouths) are located at ~274 masl –which is estimated to be

8

See e.g. Slide 4 in the PowerPoint presentation Overview of Biomass Clearance for discussion with MONRE
(Feb2018).pptx. It says: In the making of BRP, further analysis was also carried out using modeling tool (BIOREM) …
and concluded that achieving the maximum clearance of 1,912 ha will result in the recovery of water quality
condition within 5-6 years after impoundment.
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above the hypolimnion where anoxic conditions will persist. This intake location
will provide better quality water for discharge downstream.
Nothing indicates that the intake will be above the thermocline.
Whether or not eutrophication will be a problem according to BioRem can be seen from the outputs with
phytoplankton and phosphorus:

The first years, with a predicted phytoplankton concentration of up to 2.5 g O2/m3 or 2.6 g dry weight/m3
(see pg. 104) and a soluble P-concentration around 7 mg P/m3 the reservoir would be characterized as
eutrophic; after that the reservoir will be meso-trophic according to the model.
The argument for this conclusion is to calculate TSI (Trophic State Index) from P in algae plus P in the
water.
First the initial five years, P in 2.6 g biomass must be the fraction 31/3550 of the biomass when a Stumm
and Morgan biomass composition is assumed (31 is the molar weight of P). Thus, the biomass-P plus
soluble P becomes 23 mg/m3 + 7 mg/m3 = 30 mg P/m3. Table 1 in
https://www.nrc.gov/docs/ML0427/ML042790430.pdf shows that 30 mg corresponds to TSI = 55.
Eutrophic means TSI between 50 and 70, see https://en.wikipedia.org/wiki/Trophic_state_index.
After around Year 5, the phytoplankton drops to 1 g/O2 m3 while soluble P remains high. That gives a total
P of about 16 mg P/m3, which means TSI = 43 or meso-trophic (TSI between 40 and 50).
Finally, notice that sediment-P remains high, also in the long term, despite P being released from the
sediment. The explanation must be that the nutrient source for phytoplankton growth shifts from decayed
vegetation in the early years towards being the sediment in the later years, and that settling algae
maintain a high P-content in the upper sediment layer.
BioRem needs reservoir volume and flows as function of season and do some rather rudimentary
calculations by solving dV/dt = Qin – (Q0 -Qspill) and applying simple rules for what happens when the
reservoir is full or at minimum operation level. Qin is found from interpolation in the table on pg. 107.
Outflows Q0 (turbines) and Qspill (spillway) are determined by simple rules. Qdom (domestic water use) and
Qirr (irrigation) are set to zero in this version of BioRem.
Here are the outputs for seasonal variations of V and Q:

Both charts seem in reasonable accordance with these curves from the main EIA report Figure 0.10, except
that BioRem attempts to keep outflow at a constant level:
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Finally, BioRem estimates the carbon footprint of the reservoir by calculating CO2 and CH4 releases due to
biomass decay.

The yellow and red curves are CO2 and CH4 emissions as Gg CO2-equivalents per year. To make the curves
comparable, CH4 emission has been multiplied by GWP, the global warming potential for methane over
100 years, which is 25 according to IPCC. Methane emission varies between 4 and 2 Gg/year, while CO2
emission is much smaller and even negative in the long run (carbon uptake). As seen from the blue curve,
the net result is a negative accumulation from Year 30. The reservoir becomes a carbon sink after 30 years.
Removal of the original forest has not been included in the above calculations and should not. A mature
forest releases as much CO2 due to decay processes as it takes up during growth on an annual basis. A
mature forest is carbon neutral. However, since some of the biomass was burned during clearance, a CO 2
contribution for that burning should be added (at t = 0). It is easy to give an estimate from the totals in
Table 4-6. With 39,512 +20,181 t dry weight, 73% of which was claimed burned by February 2018, and a
CO2 : biomass ratio of 106×(12+2×16) : 3550 or 1.3, the total amount of CO2 produced becomes 57 Gg.
Almost exactly the amount taken up by the reservoir 50 years later.
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4.5 Downstream Effects
As shown in Table 4-9, the re-regulating reservoir behaves more like a river than a lake. Therefore, as an
approximation, the downstream effects will be calculated as if all the around 50 km from the main dam to
Mekong is one river. The model used is the classical Streeter-Phelps’ BOD-DO set of equations:
𝜕𝐵
𝜕 2 𝐵 𝑄 𝜕𝐵
= 𝐷𝐵 2 −
− 𝑘1 𝐵
𝜕𝑡
𝜕𝑥
𝐴 𝜕𝑥
2
𝜕𝑐
𝜕 𝑐 𝑄 𝜕𝑐
= 𝐷𝑐 2 −
− 𝑘1 𝐵 + 𝑘2 (𝑐𝑆 − 𝑐)
𝜕𝑡
𝜕𝑥
𝐴 𝜕𝑥
The meaning of the symbols is:
t

time [days]

x

distance along the river with x=0 at the main dam [m]

B

BOD as function of t and x [g/m3 O2]

c

Concentration of dissolved oxygen (DO) as function of t and x [g/m3 O2]

DB, Dc diffusion coefficients for BOD and O2 in water [m2/day]
Q

flow of water through a cross section [m3/day]

A

area of the river cross section [m2]

cS

DO saturation concentration: cS = 8 g/m3 at 27 °C [g/m3 O2]

k1

BOD decay rate. Typical value: 0.2 [day-1]

k2
Reaeration rate [day-1]. May be calculated from9 k2 = 2.148 v0.878 H-1.48 where H means average
river depth and v=Q/A
The first Streeter-Phelps equation quantifies how BOD changes along the river due to diffusion, advection
and decay. Boundary conditions to the equation will be the external loads. The second equation quantifies
how DO changes along the river due to diffusion, advection, decay and reaeration. Boundary conditions to
the equation will be DO after the dam (turbines or spillways).
The equations will be solved under simplifying assumptions and applied to Nam Ngiep downstream the
main dam. The simplifying assumptions are:
•
•
•
•
•

Only steady state solutions are considered
Changes in river morphology along the 50 km stretch are ignored
Tributaries to Nam Ngiep are ignored
The typical parameter values mentioned above are applied
Diffusion is considered negligible compared to advection

9

Jolánkai G., 1997, Basic river water quality models, Computer aided learning (CAL) programme on water quality
modelling (WQMCAL version 1.1), International Hydrological Programme, Technical Documents in Hydrology, No. 13
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Steady state is partly justified by considering the time-horizon for the calculation. BioRem applies 10 – 100
years’ time-spans and the day-to-day variations are ignored. However, BioRem does include seasonal
variations, while the Streeter-Phelps calculations below do not.
Changes in river morphology, like cross section variations, and impacts from tributaries probably have a
substantial effect but must be ignored due to lack of data. The same argument justifies the use of typical
(literature) values for model parameters.
Since tributaries were ignored, the only BOD load considered is the load from the reservoir. One might
argue that the calculations shall give an estimate of the impact from the NNP1 power plant and keep other
sources neutral.
Applying these assumptions, the set of equations can be simplified and even solved analytically.
Steady state means that all time derivatives in the equations are zero and c = c(x), B = B(x) become
functions of x only. Under these circumstances Streeter-Phelps simplifies to:
0=−
0=−

𝑄 𝑑𝐵
− 𝑘1 𝐵
𝐴 𝑑𝑥

𝑄 𝑑𝑐
− 𝑘1 𝐵 + 𝑘2 (𝑐𝑆 − 𝑐)
𝐴 𝑑𝑥

In that case there is a simple solution for B(x) and c(x).
𝐵(𝑥) = 𝐿𝑒
𝑐(𝑥) = 𝑐𝑠 [1 − 𝑒

𝑘 𝑥𝐴
− 2𝑄

] + 𝑐0 𝑒

𝑘 𝑥𝐴
− 2𝑄

𝑘 𝑥𝐴
− 1
𝑄

−

𝑘 𝑥𝐴
𝑘 𝑥𝐴
𝑘1 𝐿
− 1
− 2
[𝑒 𝑄 − 𝑒 𝑄 ]
𝑘2 − 𝑘1

L is the BOD load at the main reservoir outlet (L ≡ B(0)) and c0 is the DO concentration also at that point (c0
≡ c(0)). Q (m3/day) and A (m2) are now assumed independent of x.
Boundary conditions for B(x) and c(x), that is L and c0, depends heavily on where the intake to turbines is
located compared to the thermocline. Preliminary field observations indicate that hypolimnic discharge is
much more likely than epilimnic discharge, since both thermoclines and oxyclines are observed at 2 - 5 m
from the surface and intake to the turbines is at elevation 276 m a.s.l., which is 44 m from the surface at
FSL and 20 m at MOL. On Sundays and during maintenance, however, especially in the wet season,
discharged water might be oxidized due to aeration at spillways.
L with unit g O2/m3 is known from BioRem outputs as the sum of the two curves on pg. 112 showing
detritus and phytoplankton. Detritus is the mix of organic substances from decay of soft biomass. The
sinking phytoplankton at depths where it hits the intake (close to 44 m most of the time) has stopped their
photosynthesis long ago due to lack of light. So, the organic degradable material passing through the
turbines to the downstream system, L, is just the sum of BioRem’s B0 and B1. During the first five years
after inundation that sum is close to 3 g O2/m3. After that it drops to around 1 but may rise again to
around 1.3 g O2/m3. In the calculations below, the focus is on the first five years.
c0 , with the same unit as L, is also calculated by BioRem as shown on pg. 111, but since the location of the
reservoir thermocline is not exactly known, the value of c0 could be anything from close to 3 g O2/m3 (if
hypolimnic water is discharged) to cS or even above (if epilimnic water is discharged).
Thus, interesting boundary conditions for DO are:
•
•
•

c0 = cS
c0 = 3 g O2/m3
c0 = (cS + 3)/2
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In the first case it is assumed that water from the reservoirs to the downstream river is completely
saturated with oxygen; in the second case the assumption is that water is oxygen-poor as for hypolimnion
oxygen determined by BioRem output for the first few years, and the third option is in between the two
other cases.
Here is how the solutions look like as graphs for different linear velocities Q/A, one for an extreme lowflow situation (5.5 m3/s) and one for the expected maximum flow in a typical wet season (223 m 3/s). Input
data are listed in Table 4-10.
Parameter
Boundary condition, c(0)
Boundary condition, B(0)
Streamflow
Cross section area
BOD decay rate
Reaeration rate

Symbol/Unit Low-Flow
cs [g O2/m3]
3, 5.5, 8
3
L [g O2/m ]
3
Q [m3/day]
475,200
A [m2]
75
-1
k1 [day ]
0.2
k2 [day-1]
0.22

High-Flow
3, 5.5, 8
3
19,267,200
270
0.2
0.19

TABLE 4-10 INPUT DATA TO STREETER-PHELPS

Wet season Q = 223 m3/s

10

10

8

8

g O2/m3

g O2/m3

Minimum Flow 5.5 m3/s

6
4

6
4

2

2

0

0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

km

km

DO c0=8

DO c0=3

DO c0=5.5

BOD

DO c0=cS

DO c0=3

DO c0=5.5

BOD

Notice how little concentration changes at high flows, over the stretch from the dam to Mekong. DO and
BOD downstream are mainly determined by DO and BOD in the discharged water at the dam. This is not
surprising considering that the water travels 50 km in less than a day for Q > 50 m 3/s and decay of BOD
takes several days. Even reaeration does not affect DO much in such a short time, also when k2 is larger
than k1. This might not be the whole truth since the model does not include effects from rapids.
Also notice, that the variation of linear velocity (Q/A), which determines the travel time from dam to
Mekong, is smaller than the variation of Q and A separately since a large Q follows a large A and vice versa.
Wet and dry seasons are not so different as one might expect when it comes to downstream effects.
Finally notice, that the official standard limit of BOD (1.5 g O2/m3) appears to be broken on the upstream
20 km at low flow and all the way at high flow. Standard limit for DO (6 g O 2/m3) is violated most of the
time, except when discharges are oxygenated at the spillways (on Sundays in the wet season).
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5 REVISED WATER QUALITY MONITORING PROGRAMME
This Section explains why monitoring stations, parameters and sampling frequencies need to be adjusted
as well as the background behind proposals for data organization, processing and publication.

5.1 Monitoring Stations
Why and how stations are adequate in terms of number, location and role can be explained as follows.
Starting upstream with a look at the map, notice this.
NCH01 at tributary Nam Chain
and NNG01 very upstream
Nam Ngiep itself both show
rather pristine river water
quality, except for high
turbidity, and may act as the
baseline reference.
R1 in the reservoir still
behaves more like a river than
a lake looking at retention
time, Froude number and
water quality parameters.
Depth at R1 is around 11 m.
No thermocline nor oxycline has been detected at R1. During filling turbidity was extremely high at R1. The
recommendation is to treat R1 as a river monitoring station.
Near the middle of the main reservoir is R2 and R3, with
depths of 30 and 60 m, respectively. R3 (former NNG02)
receives water from tributary Nam Phouan, where river
monitoring station NPH01 is found (see map). In terms of
water quality, R3 has a distinct thermocline and oxycline
while R2 behaves somewhat in between R1 and R3.
A special phenomenon occurred early November 2018,
where oxygen raised near the bottom at R3, which was
correctly interpreted by NNP1 staff as cold, oxygen-rich
water coming from Nam Phouan, sinking to the bottom
(because its was cold) before it reached R3 (NNG02).

Looking at the two reservoir stations nearest the main dam, R4 and R5, with depths around 65 and >100
m, they play a vital role in monitoring what ends up in the downstream river system, whether through
turbines or spillways. At these stations both epilimnion and hypolimnion should be monitored, so new
sampling equipment besides the 100 m sensor already in use may be needed. It is also in this part of the
reservoir that risks for eutrophication are greatest (longest retention time and high nutrient input from
decaying biomass and sediment release).
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Although the MONRE Guidelines operate with fewer monitoring stations, the unusual oblong shape of the
NNP1 reservoir and its gradients from upstream till the main dam justifies having at least two stations in
the middle and two in the downstream part of the reservoir.
On the other hand, short retention time and a Froude number much greater than 1 for the re-regulating
reservoir justify treating R6 and R7 as if they were river monitoring stations. No depth profiles seem to be
needed and focus should be put on DO/BOD balances.
Finally, moving to the last 40 – 50 km downstream towards Mekong, there are four river monitoring
stations in Nam Ngiep (NNG05, NNG06, NNG07, NNG08) and two in tributaries (NXA01 and NHS01).
Here are the stations at and after the re-regulating reservoir, showing how inflows from Nam Xao can be
monitored as well as inflow from Nam Houay Soup:

More south and after several confluence points, the
last two stations before Mekong are located at NNG07
and NNG08:
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5.2 River Parameters
The river monitoring program for pre-inundation included more than 30 parameters and thereby gave
useful screening information on what is important and what is less relevant to monitor.
It appears now, that parameters like metals and anions are less relevant since their concentrations are low
and do not change much over time. That statement applies to rivers upstream and downstream the main
reservoir.
Water quality in the downstream river system is now completely determined by what comes out of the
main dam. Monitoring of the downstream system will change radically from pre- to post-dam
construction.
Water quality in the upstream river system is not influenced similarly, but the focus on its monitoring has
shifted towards the parameters that affect reservoir water quality most.
All this suggests a substantial simplification in terms of number of parameters to be monitored in the
rivers after inundation. The common vital parameters for up- and downstream rivers are their DO and
oxygen demands. Oxygen demand is best quantified as BOD, but supplements like permanganate COD and
TOC are fine. Specific for upstream rivers are their nutrient contents (N and P), which may affect the
reservoir in addition to nutrients from the internal load (decaying biomass and, in the future, sediment
release).
For nutrients it is important to measure both total and dissolved components. The reason is that even
though only the dissolved part is taken up by primary producers, the non-dissolved parts, like organic
bound N and P, sooner or later mineralize in the reservoir and become available for growth. Therefore, it is
recommended to routinely measure these components, besides DO/BOD, in the upstream river system:
•
•

Total P and ortho-phosphate
Total Kjeldahl Nitrogen (TKN), nitrate-N and ammonia-N

Less vital parameters that nevertheless should be monitored, both upstream and downstream, are pH,
temperature, electrical conductivity and turbidity. They are needed for further interpretation of other
parameters and are easy to measure in situ. Two parameters recorded so far, DO% and TDS, are
apparently derived from other parameters by the instrument doing the measurement and are
recommended to skipped from raw data fed into a database. Let the database calculate these values when
needed.

5.3 Reservoir Parameters
The most obvious parameters to monitor in the main reservoir are temperature and DO versus depth. That
tells where the thermocline and the oxycline is, if it is above or below the intake to the turbines, and
thereby if the downstream river system will receive oxygen-poor water or not.
Primary production as phytoplankton growth is determined by availability of light and of nutrients (N and
P). Using Secchi disks makes it easy to determine where there is light. For nutrients in reservoirs, P is
usually more limiting for growth than N. Initially the dominating P-source will be decaying biomass, but
over the years P-release from the sediment will play the major role. Without doubt, the NNP1 reservoir
will become an internal load reservoir as opposed to reservoirs determined by external loads (nutrients
from tributaries). That justifies sampling and analysis for P and N in both epi- and hypolimnion.
The additionally proposed phytoplankton dry weight biomass determination in epilimnion is justified by
noticing that primary production is a delicate balance between providing enough food for herbivores, and
thereby for the whole food web, including fish, and on the other hand not producing too much leading to
eutrophication and algal blooms. A reason for going even further than determining phytoplankton biomass
and look at phytoplankton identification at some taxonomic level between kingdom or phylum, and
species, is among others to implement an early warning for blue-greens, which may emit toxins.
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A special concern is methane and hydrogen sulfide production at the bottom due to anaerobic conditions.
Methane is a strong greenhouse gas and H2S a strongly poisonous gas.
The BioRem simulations indicated that the NNP1 reservoir might be carbon neutral after 50 years and CO 2
uptake may dominate CO2 plus CH4 emissions already 30 years after inundation. Till then methane may be
monitored. Maximum solubility of methane in water is 35 mg/l, and if concentrations become higher
methane will start to bubble up through the water column. Even below 35 mg/l, methane will diffuse
towards the surface and if not oxidized end up in the atmosphere. If it turns out that methane in
epilimnion is less than detection limit twice in a row, methane monitoring can be stopped according to
MONRE guidelines.
Regarding H2S, which is not on MONRE’s list, its concern was triggered by degassing incidents during
reservoir filling. The 700 tons of sulfur estimated to be released from the drowned biomass in the main
reservoir must end up somewhere. H2S is of less concern in water than in air provided pH is neutral or
higher. Here are the formulas to calculate how much of the H2S occurs as H2S and HS- in water, depending
on pH:
[𝐻2 𝑆] =

𝐶

+ 102𝑝𝐻−25.9
𝐶
[𝐻𝑆 − ] =
𝑝𝐻−19
1 + 10
+ 106.89− 𝑝𝐻
1+

10𝑝𝐻−6.89

C is the total concentration of H2S, HS- and S-- as measured in the lab. Notice from the formulas that H2S
starts to dominate when pH becomes lower than 6.89.

5.4 Sampling Frequencies
An adaptive approach to how often sampling takes place is recommended.
At upstream river stations, where nutrients are important, monthly sampling will probably catch most
changes. At downstream river stations, where the DO/BOD balance is critical, sampling may be done
slightly more often at least when DO is low or flows are fast.
For the main reservoir, the current sampling frequency of once a week is more than adequate to reveal
important changes in the system. Time-constants for the reservoir are partly hydraulic (with a retention
time of around 6 months), partly biological (with specific growth rates of around 0.1 per day for
phytoplankton and slower for zooplankton, benthos and fish). A growth rate or a decay rate of 0.1 per day
means that it takes 1 – 2 weeks for substantial changes to happen.
However, for both river and reservoir sampling the guidelines are:
•

•

Increase sampling frequency (to not more than daily sampling) and analyze for specific parameters
if or when special incidents occur, such as fish kills, blue-green algal blooms, degassing of H2S,
upstream dam failure, etc.
Decrease sampling frequency (to not more than quarterly sampling) and / or skip certain
parameters from being analyzed if or when no changes have been observed for a period of 2 - 4
consecutive samplings.

5.5 Data organization, processing and publication
Following the rules of database normalization, it turns out that there are not so many ways to organize
water quality, water quantity and meteorological time-series. Only this one, actually:

Document No. NNP1- C-J0206-RP-004-A

Page 121

Nam Ngiep 1 Hydropower Project

Stations
ID Name
1 NNG01
2 NXA01
… …

…
…
….
…

Station
1
1
…

Samples
Parameter Sample date
1
01-01-2018
2
01-01-2018
…
…

Value
7.12
6.01
…

Parameters
ID Name …
1 pH
…
2 DO
….
… …
…

A database is a set of tables and relations among them. For river water quality three tables are needed,
one with data on monitoring stations, one with data on parameters and one, very long and narrow, table
with sample dates and values. Only for reservoir depth profiles there is a minor twist: The Samples table
must be replaced by another table, say Profiles, that hold a depth column in addition to IDs for Station and
Parameter, and Sample date and Values observed.
Organizing data this way makes it easy to add new parameters and stations and redundancy is completely
avoided. When a station or a parameter changes its name or any other of its properties you only need to
change the contents of one cell. When a parameter is removed all its samples are also removed
automatically (or the system forbids a parameter with data to be removed).
The ellipses in the Stations and Parameters table suggest that there are more columns than shown. Here is
a more complete list for Stations:
•
•
•
•
•
•
•
•
•

ID
Name and code for each station
Geographical coordinates in a UTM Zone 48 projection
River, district, nearest village
Photo (or link to photos)
Its type (river, reservoir, gauge or weather station)
Its subtype (for example automatic or manual, littoral or pelagic zone)
Its status (active, suspended, terminated)
Date and time of last update

And a similar list for Parameters:
•
•
•
•
•
•
•
•
•
•

Name, symbol and unit of measurement for the parameter
National standard limits for the parameter
CAS registry number for the substance if it exists
Method of determination as a reference to a standard method
On which fraction the parameter is determined (total, dissolved, suspended particulate matter)
Limit of detection
Limits for being an outlier
Rules for constraints between this and other parameters
Number of decimals when presented and other formatting details
Date and time of last update

It is not completely true that a water quality database only holds three tables (or four if a depth Profiles
table is included). For example, to avoid redundancy when repeating river names, the reference to a river
in the Stations table should be a link to a Rivers table, etc. Lookups are common.
Two more database-specific properties that must be kept in mind are:
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•

•

Most referential database systems allow users to add and remove rows but not columns. Adding
or removing table columns affects table structures and can only be done by designers. That’s why
narrow tables are better than wide.
All data in a column are of the same type (or null). A practical consequence is that mixing texts and
numbers is not allowed.

All this applies to databases, not user interfaces. When humans are involved redundancy is ok and
sometimes even a virtue. For example, if water quality data are exported from the database to an Excel file
for further statistical analyses or graphical presentations, it might be an advantage to organize these data
in columns identified by parameter names. The process of doing so is named pivoting. Excel is good at
pivoting, both tables and charts.
Regarding the background for recommendations given on data processing and data publishing, please
consult Section 2 which holds details on data processing and publishing used by the NNP1 water
information system WIS.
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6 INDICATORS FOR ECOSYSTEM HEALTH AND LIVELIHOOD
MONITORING
6.1 Daily/monthly household catch for commercially harvested native fishes
This is not intended as a measure of the ecological health, household fisheries clearly represent a
social and economic benefit extracted from the river system, but as an ecological indicator it holds
little value since variable levels of exploitation muddles interpretations relative to habitat and
ecological health. Using this solely as an economic (livelihood) indicator is more useful, indicating the
health of the fisheries. This utilises comparison of FCM data obtained from the ongoing Daily Catch
Logbook (DCL) survey. It is suggested to only focus on the median catch per unit of effort or the
efficiency of fishing operations as this combines both catches and effort and is easy to compare
between main habitats and reaches irrespective of the sample size using bar graphs. Estimates are
separated for native and non-native species. Estimates are available monthly.
An expansion of the above analysis using the reported species catch from the DCL survey could be
considered, assessing of the fish species complex based on specific traits 10 (Pont et al, 2006, Pauly and
Palomares, 2005). However, this relies on detailed and non-ambiguous information on the ecological
niche for species and this is not available for all species. Instead of using the shifts in species traits
groups as a monitoring tool, it may make more sense to use available species information11 to explain
why shifts in species abundance occur and this analysis can be included in regular reporting on the
status of the fisheries.

6.2 Abundance of exotic (alien) fish species
Non-native fishes (species originating from outside the basin) occur in all monitored study reaches. The
fraction of non-native biomass to total fish biomass is frequently regarded as an indicator of ecological
impairment. Non-native species can compete with more desirable native species, thereby reducing
abundance and distribution of natives. Tracking non-native fish biomass provides direct information on
the prominence of non-native species and may indicate stresses on native fish assemblages. This
indicator is the proportion of total fish biomass composed of several non-native species that are
currently reported from the downstream fisheries: Common Carp, Tilapia sp., Mrigal carp and Silver
carp. This indicator is relatively simple and visually shows impairment or improvement in the system by
presenting data in a stacked bar graph by non-native species. Stacking by species for subsequent
years/period visually show shifts in dominance within the non-native species monitored. This can be
obtained from the ongoing Daily Catch Logbook survey by calculating the contribution to the total
reported catch by introduced species. Relative importance of exotic (alien) species in the fisheries
generally indicates disturbance of the available ecosystems (Arthington and Pearson (eds), 2007) with
estimates available monthly.

10

For example: tolerance/resilience, trophic level (food), reproduction, habitat and migration
Information on migration guild (including identifying species who migrate within the Nam Ngiep basin), species
basin status (endemic, indigenous or introduced), ecological zone (habitat), feeding guild (including detailed info on
food and feeding habits) and IUCN status, were added to the standard species table used by NNP1 for the DCL and
gillnet databases. The information was sourced from the IUCN web-site, FishBase and the Mekong Fish Database
(MFD).
11
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Although it is tempting to set target benchmarks based on pre-COD baseline levels, this may be
unrealistic, as currently non-native species represent less than 3% of the total catch in downstream Nam
Ngiep. Therefore, it is suggested to set an initial target of less than 5%, but this may need to be revised
after stabilization of the species complex and ecosystem 2-3 years after impoundment. Another
potential target after stabilisation, would be a declining trend over time, but this would require active
fisheries management to promote native species, including creating artificial breeding areas or shelter
(brush parks and submerged logs), as well as stringent protection of stretches of river (both mainstream
and tributaries) during part of the year (breeding season/dry season) or perpetually.

6.3 Fish diversity index
Ecological health of a river system is described in part, by the diversity of fish species present. This
indicator describes the diversity and structure of the fish community observed annually in scientific
monitoring (gillnet survey) and whether each reach (part of the basin) is heading in a well-defined,
desirable direction. This can be based on the existing gillnet survey, reduction of the diversity indicates
stress on the ecosystem. In terms of analysis include species diversity index (Shannon) and species
evenness or dominance (Shannon Evenness Index, SEI). It also is informative to express diversity as the
total species number. The data is available approximately every 3 months. There are standard formulas
(plug-in for Excel available) for calculating Shannon diversity index based on both the number and
weight by species. The number of species present by survey round (or over the whole year) between
stations also is indicative for the relative occurrence of species. However, biodiversity sampling is a
labour-intensive activity, and sampling is often insufficient to detect all or even most of the species
present in an assemblage. Species richness counts are highly sensitive to the number of individuals
sampled, and to the number, size, and spatial arrangement of samples. The continuing trend of ‘new’
species being caught in the gillnet survey several years after the start of the survey suggests that the
current methodology is flawed (either in terms of gears used or sampling intensity in space and time).
However, under the given staff and budget restrictions it is the best possible approach and if possible,
should be continued unadjusted to retain consistency in the time series after COD.
In order to establish the true diversity, sample-based and individual-based rarefaction methods allow
for the meaningful comparison of diversity samples based on equivalent numbers of individuals and
samples (Gotelli and Colwell, 2001). Tools to prepare rarefaction curves are included in the Estimates
package12 to account for rare species by using a special iteration of bootstrapping to estimate the
maximum number of species present (rarefaction curves). The procedure is also available in the free
Vegan plugin for R (R is a programming language and free software environment for statistical
computing and graphics supported by the R Foundation for Statistical Computing, it is widely use by
ecologists and is available on https://cran.r-project.org/bin/windows/base/). Instructions for use and
adding modules is included in Section 2.
As indicated, the methodology used cannot be used to directly establish diversity because of the
inherent bias in using a single passive gear in specific habitats, the emphasis on smaller species and
juveniles and the inherent variability in fish catches. However long-term trends in biodiversity can be

1212

Available from http://viceroy.eeb.uconn.edu/estimates/estimatespages/estimates.php
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established because of the standard methodology employed and the higher confidence in the species
caught compared to the household logbook survey (DCL).
Many criticisms have been made against the usefulness of diversity indices when employed separately
in assessment of river systems (Metcalfe, 1989), these indices are preferred to be used together with
other metrics (Li et al, 2010). Multi-metric indices represent a means to integrate a set of variable or
metrics, which represent various structural and functional attributes of an ecosystem (e.g. taxa richness,
relative abundance, density, functional feeding groups, presence of disease in combination with
fisheries and livelihood bases indicators), thereby providing robust and sensitive insights into the
responses of an assemblage to natural and anthropogenic stressors (Kar, 1981)

6.4 Economic Fish Species
An addition to the fish diversity index based on a dedicated survey, can be provided by looking at the
relative importance of economically caught fish species as reported in the DCL survey. This has several
disadvantages, due to the relative lack of precision for rare and small species and focus on habitats that
are easily accessible, as well as fishers chasing the fish and focus on optimising the catch per unit of
effort. This indicator should not be regarded as a replacement of fish species diversity surveys, but
provide information on shifts in economically important species. This can be represented by the same
indicators covered for the fish diversity index, in addition the diversity can also be indicated by the
proportion of the reported weight represented by the top 10 species. It makes sense to separate this by
main habitat (mainstream, tributaries and wetlands) as well as river sections, as this will affect the
species composition, while increasing the reliability of the comparison.

6.5 Household income from fishing
This metric is included in the biennial Socio-Economic survey, which also allows comparing the relative
importance of income from fishing activities with income from other livelihood activities. The DCL survey
also assesses household income from fishing. Income generated from fishing activities indicates the
livelihood benefits derived from fisheries and thereby the importance to household income. The SES
data is available biennially, while the DCL data is available monthly. There is little agreement between
the SES and DCL data, with the DCL data generally considered to be more granular and reliable but
lacking the option to compare with other sources of income. Nevertheless shifts in average household
income provide an important indicator for the state of fisheries as a source for household income,
irrespective of income from other sources. Changes in the reported average income from fisheries as
well as the number of households reporting income indicate changes in the fisheries that need to be
assessed along side the median household catch and species composition of the catch.

6.5.1 Proportion of fishing households
This indicates the importance and dependence on fishing as a livelihood. This information can be
obtained from the biennial SES monitoring. Although ideally the data needs to be collected every year
(during the dry season) to evaluate shifts in the number of households depending on fishing for
household consumption and income, a biennial update is sufficient to monitor shifts. This will indicate
shifts in dependence on fishing and thereby provide the framework to better interpret the fisheriesbased information, it also would indirectly indicate the importance of fishing activities and thereby the
ecosystem support for livelihoods. The data is compared between categories of households with the
total number of fishing households calculated from the random sample households interviewed.

6.5.2 proportion/abundance of forage fish
This is based on total weight over all fish species for fish smaller than 80 mm and can be obtained from
the existing gillnet survey and supplemented by data from DCL survey. It is calculated as:
•
•

proportion by weight of forage fish in the total weight caught
Abundance expressed as absolute numbers of fish smaller than 80 mm
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Since the gillnet survey uses the same methodology over all stations and survey rounds, this can be
compared between years and stations (or river reaches).
Alternatively, the gillnet CPUE can be compared (gram/m 2) instead of absolute abundance or
contribution to the total biomass. Since the gillnet survey uses a standard methodology this may only
be necessary to compare the results with data from outside the Nam Ngiep basin.
The abundance of forage (or prey) fishes represents production at lower trophic levels, which provides food
for large predatory fish that are important to the fisheries. Since this includes many fast-growing species
with a short life-cycle this will respond faster to changes than larger species that take 2-3 years to mature.
Significant changes in forage resources indicate shifts in ecosystem health and function (Arthington and
Pearson (eds), 2007). Data is available approximately every 3 months but has a peak after the wet season,
the main spawning season. It is recommended to use the first year of data as the post-COD baseline.
Subsequent data collected is compared year-on-year between the same period or over the whole year.
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