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1.0 EXECUTIVE SUMMARY

The Longhorn Partners Pipeline System traverses Texas from Houston to El Paso. The
pipeline, which is currently unused, was formerly used for transmisson of crude oil and is now
proposed to carry refined petroleum products such as gasoline. The pipeline crosses severd
mgor streams within the Colorado River Basn. Concern has been raised regarding the
potentia for a leak or rupture and the resulting impacts to surface waters from contamination
with refined products such as gasoline, which contains the toxic compound benzene, and aso
gasoline containing the additive MTBE (methyl tertiary-butyl ether). MTBE is rdéively non-
toxic, but it can have sgnificant impact on drinking water because of undesirable taste and odor

at very low concentrations.

The U.S. Army Corps of Engineers Riverine Emergency Management Modd (REMM)
was gpplied to the Longhorn Pipeine System a mgor stream crossings within the Colorado
River Badin to determine potentid impacts from spills of petroleum products. REMM is a one-
dimensiona mode that uses river, chemica, and geographic information data to compute the
time of travel and the fate of a chemica spill on a river sysem under various flow conditions.
The program computes travel times and chemicd concentrations from a spill as it traves

downstream. It dso computes concentration vs. time at any specific downstream location.

A god of the moddling was to determine the impact of spills of various Szes in the
dreams of interest a low, average, and flood flow conditions. The Colorado River and Onion
Creek were modded directly usng REMM. Impacts were estimated to nine other streams
using a regression equation developed from the results of the Colorado River model. Pollutants
modeled were benzene and MTBE in gasoline, and benzene in crude ail. Three pipdine spill
scenarios were evauated for this sudy. These were smdl, medium, and large spills of 50, 500,
and up to 5000 barrels (bbl), respectively. The maximum possible spill at the Colorado River
crossing was determined to be 2000 bbl, so that value was used at both that location and the
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other streams that were evaluated using the Colorado modd data. Conservative vaues were

selected for mode inputs where possible,

The primary conclusions of the study are as follows.

Significant impacts (benzene concentrations >5 ppb or MTBE concentrations >20 ppb)
to the Colorado River would likely occur for more than 100 miles downstream of the

spill, except at low flow.

Under low flow, significant impacts to the Colorado River would occur for 25 — 33
miles downstream.

The duration of impacts (time for complete plume passage) at a downstream location is
primarily dependent on flow and disance downsream. At Columbus, 92 miles
downstream of the Colorado River crossing, the leading edge of the plume would arrive
roughly 100 hours following a spill a average flows, and the trailing edge would pass
after gpproximately 15 — 20 hours.

Significant impacts to Onion Creek are projected to occur al the way to the mouth, or
26 miles from the modded spill location, under dl flow and spill conditions. Modd
results a very low flows may not be accurate, and actua impacts may not be asfar as

projected under those conditions.

Impacts to other streams are estimated to be from approximately 20 to over 100 miles,
with longer distances associated with larger spill volumes and higher flows. These are
rough estimates made using a regresson reationship based on the Colorado River

modd results.
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Impacts from a smilar-sized crude oil spill would be over a greater distance than a

gasoline saill, primarily because of the lower volatility of crude ail.
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2.0 INTRODUCTION

The Longhorn Partners Pipeline System traverses Texas from Houston to El Paso. The
pipeline, which is currently unused, was formerly used for transmisson of crude oil and is now
proposed to carry refined petroleum products such as gasoline. In the event of a spill or rupture
of the pipeline a a stream crossing, impacts would be expected to occur for some distance
downgtream of the spill. A mathematica modd, the U.S. Army Corps of Engineers Riverine
Emergency Management Modd (REMM), was applied to the Longhorn Pipeine System at
maor stream crossngs within the Colorado River Basin to determine potentid impacts from

spills of petroleum products.

This Technicd Memorandum is intended to supplement the Environmenta Assessment
(EA) for the Longhorn Partners Pipdine (LPP) System. Wheress this memorandum can be
read as a sand-aone document, the EA should be referred to for details of the pipdine system
and its proposed operation.

2.1  Purpose

The purpose of this Technica Memorandum is to document computer moddling studies
designed to determine the impacts of a potentia spill from the Longhorn Pipeline System to the
Colorado River and its tributaries. The procedure followed in performing these sudies was as
follows. 1) sdect two streams for modding, 2) sedect an appropriate public domain mode
capable of smulating a gasoline or crude oil spill to astream, 3) obtain the input data required to
run the mode (hydraulic and hydrologic data for the streams, and chemical and physica datafor
the products that could be spilled), 4) execute the models under various conditions, and 5)
peform adatistica andysis of the modd output data and extend the results to other streams of
interest in the Colorado Basin.

Page 4 R. J. Brandes Company July 1999



Technical Memorandum Surface-Water Modeling, Longhorn Partners Pipeline

The two streams modeled for this study were the Colorado River and Onion Creek.
Modds were established beginning at gpproximatdy the point at which the pipdine crosses
each stream. The reach of the Colorado River modeled was from the existing pipeline crossng
a river mile 227 between Bastrop and Smithville, to river mile 109 in the vicinity of Eagle Lake,
atota distance of 118 miles. The reach of Onion Creek modeled was from the TravisHays
county line, the gpproximate location of the crossng of the Austin Avoidance/Minimization
Route Alternative, to the mouth of the creek at its confluence with the Colorado River, a tota
disance of 255 miles. This location was chosen rather than the existing pipdine crossng
because the existing crossng would only yidd a modeled distance of 16.5 miles. The longer

distance gave more data for ng impacts.

2.2 Report Organization

Following this introduction, Section 3 describes the moded sdlected for this andyss, the
REMM modd. Sections4 and 5 present the model inputs and results, respectively. Section 6
presents the results of the datigtica andysis of the results and extension to other streams,

Section 7 contains the conclusions, and Section 8 contains references used.
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3.0 REMM MODEL

Following a review of exising modes and other literature, the U.S. Army Corps of
Engineers Riverine Emergency Management Modd, or REMM, was sdlected for this andyss.
REMM is a public domain modd, the latest verson of which (ver. 3.02) was rdeasd in
December 1998. REMM is a one-dimensonad modd that uses river, chemicd, and geographic
information data to compute the time of travel and the fate of a chemica pill on ariver system
under various flow conditions. The program computes travel times and chemica concentrations
from a spill as it travels downstream. It aso computes concentration vs. time at any specific

downstream location.

Pollutant behavior and fate in a stream depends on hydraulic and hydrologic conditions
as well as chemica properties. The mode requires hydraulic and hydrologic deta, primarily in
the form of stage-discharge-velocity rdationships.  Locations where such data are available are
typicaly U.S. Geologicd Survey (USGS) gaging stations. The modd aso requires river cross-
section data, disperson coefficients and other in-Situ river parameters, westher conditions, and
properties of the spilled contaminants.

REMM contains property and fate data for gasoline and crude ail, as well as numerous
gpecific chemica compounds. The specific compounds of interest to this study are benzene and
methyl tertiary-butyl ether (MTBE). REMM contains data on benzene, but not MTBE. The
required data for MTBE were obtained from other sources and added to the modd for this

study.

The water qudity portion of REMM is based on severd assumptions. The most

important of these assumptions are asfollows:

Pollutants instantaneoudy mix in the water column.
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Water column is completely mixed.

Degradation processes are first-order reactions.

I nteractions with the bottom sediments do not occur.

Longitudind disperson of floaing substances is effectivdly modeed by dissolved
substances.

Wind disperson and shordine effects are not consdered, athough wind impact on

evaporation is considered.

The modd is most effective with substances that have specific gravities (S.G.) less than
or equa to 1.0 (light liquids). Denseliquids (S.G. >1.0) are poorly modeled because they tend
to snk, have reduced evaporative losses, and interact with the bottom sediments. No dense
liquids were modded in this study.

For specific chemicals, agorithms using first-order degradation rate constants account
for the fate processes of volatilization and hydrolysis. Sorption onto suspended sediments is
accounted for by reducing the amount of chemicad available to dissolve in the water column.
Biodegradation, bioaccumulation, and direct photolys's are not accounted for, primarily because
they are sgnificantly dower than other processes. For gasoline and crude ail, the fate processes
and partitioning for the large number of compounds involved is very complex. For modeling
purposes, a conservative approach is taken in REMM by using an evaporation factor to

smulate overal losses.
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4.0 MODEL INPUTS

The REMM modd requires three primary types of input dataz 1) contaminant
properties, 2) hydraulic and hydrology data for the stream being modeled, and 3) il

characterigtics.

4.1 Properties of the Possible Contaminants

Gasoline containing up to 4.9% benzene and 15% MTBE could be transmitted by the
pipeline. These are the primary substances evaluated in the modeing. In addition, the no action
dternative congders resumption of crude oil transmisson, so crude oil was dso evduated in the
modeling, but to a lesser degree.  Crude oil contains consderably less benzene than gasoline
(0.14%) and does not contain MTBE. Under norma conditions of standard temperature and
pressure, gasoline, benzene, and MTBE are liquids that are bascdly immiscible with water,
dthough MTBE is consdered partialy soluble. When the gasoline mixture comes into contact
with water, some fraction of the constituents can dissolve in the weater. 1t should be understood
that the solubility of individud gesoline condtituents in a mixture is less then the solubility of the
pure substance in water (Larkin and Kent, 1990). However, as a conservative assumption, it
was assumed that dl benzene and MTBE contained in the gasoline would be potentidly

dissolved in the water.

The U. S. EPA Maximum Contaminant Level (MCL) of benzene in water is 0.005
mg/L, or 5 parts per hillion (ppb). Benzene is a known human carcinogen. MTBE is rdaively
non-toxic. There is no MCL for MTBE, but EPA has set a drinking water advisory level of
0.02 to 0.04 mg/L (20 to 40 ppb). It is considered undesirable in drinking water because of its
impact on taste and odor and because it has a low biodegradation potentia. Properties of the
substances of interest as used in the modeling are shown in Table 4-1.
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Table 4-1. Properties of Contaminants

(at 20° C)

Property Gasoline Benzene MTBE
Percent in Gasoline 100 4.9 15
Percent in Crude Ol 0 0.14 0
Molecular Weight 119.38 78.11 88.15
Specific Gravity 0.735 0.879 0.74
Soluhility, mg/L 8000 1780 48,000
Octanol-Water Partition 93 135 17
Coefficient
Henry’'s Law Constant, 0.0029 0.0055 0.00056
atm-m’/mol
Vapor Pressure, mm Hg 160 76 240
Drinking Water N/A 0.005 0.020
Standard, ppb
Boailing Point, °C N/A 80.1 55
Méelting Point, °C N/A 55 -110

Sources REMM Technical Manual; Gustafson et a, 1996; Chemtrec, 1991

The properties of gasoline and benzene are rdatively smilar. On the other hand, MTBE
is much more soluble in water, it will partition into the water phase more reedily (low octanol-
water partition coefficient), and it is not as easly voldilized from the dissolved phase (low
Henry's Law congtant). Because of these differences, MTBE was modeled as a separate pure
chemica spill, whereas benzene was modeled as a percentage of a gasoline spill. It would be
desrable to mode al contaminants as a percentage of gasoline since that is the way they would
be introduced to the water. However, it was assumed that benzene and gasoline would be

removed a reatively the same rate, but MTBE would be removed a a dower rate. This
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gpproach is conservative, because it probably underestimates the actua removad rate of MTBE,
snce some of it would likely be evaporated with the gasoline rather than partitioning into the

water.

4.2  Hydraulics and Hydrology

A god of the modeling was to determine the impact of soills of various Szes in the
sreams of interest a low, average, and flood flow conditions. The flows sdected for these
conditions were the 7-day, 2-year low flow (7Q2); the mean or median annua flow; and a
flood flow that exceeds roughly 25 percent of the annud flood pesks. Based on an analysis of
flow data from USGS gaging stations 08159200 — Colorado River at Bastrop, and 08159000
— Onion Creek at Hwy. 183 (USGS, 1998) and information from the Texas Naturd Resource
Conservation Commission (TNRCC, 1997), the flows sdected for the two modeds are as

follows

Colorado River

- 7Q2 = 200 cubic feet per second (cfs)
- Median = 1600 cfs

- Flood = 10,000 cfs

Onion Creek

- 7Q2 = 0.6 cfs

- Median = 6.3 cfs

- Mean = 80 cfs

- Flood = 2500 cfs

Cross-sections for the Colorado River were obtained at each of the USGS gaging
dations, with a few supplementary sections obtained from the Lower Colorado River Authority
(Mosier and Ray, 1992). These were supplemented as needed with data from USGS 7.5

Page 10 R. J. Brandes Company July 1999



Technical Memorandum Surface-Water Modeling, Longhorn Partners Pipeline

minute topographic maps and detailed topographic maps of Bastrop County obtained from
LCRA. Stage-discharge-velocity rating curves were obtained from the same sources. Flood
flow stage and velocity were estimated at the LCRA sections, where actua measurement data

were not available. Manning’s n for the channd was estimated at 0.030.

Data for Onion Creek were obtained primarily from the Travis County Flood Insurance
Study (FEMA, 1997). The City of Austin provided a copy of the Corps of Engineers HEC-2
flood modd for Onion Creek that was used to help prepare the FEMA study. This modd had
been previoudy developed in coordination with the Corps of Engineers. Cross-sections were
taken directly from the modd input, and rating curves were developed by running the mode at
different flows. Manning's n for the channd was estimated a 0.035.

Chemicd fate coefficients required as input to REMM include latera and longitudina
disperson coefficients, and suspended solids concentrations. For the Colorado River, laterd
dispersion ranged from 0.07 to 0.14 nf/sec, and longitudina dispersion ranged from 6 to 18
mf/sec (low flow to flood flow). Suspended solids concentration was set at 100 mg/L. For
Onion Creek, lateral dispersion was set at 0.024 ni/sec, and longitudina dispersion ranged
from 0.2 to 15 mf/sec. Suspended solids concentration was set at 10 mg/L.

Weather conditions were consarvetively set a:  air temperature = 40°F, water
temperature = 50°F, wind speed = 10 mph. This smulates winter conditions when losses of
volatile contaminants would be reduced.

4.3 Possible Pipeline Spill Scenarios

Three pipdine spill scenarios were evaduated for this study. These were smal, medium,
and large spills of 50, 500, and up to 5000 barrels (bbl), respectively. At the maximum pipdine
flow of 225,000 bbl/day, the maximum possible spill at the Colorado River crossing is 85,100
galons (approximately 2000 bbl) consdering a complete pipeline rupture and tota draindown
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of al product between high points in the line (see EA). Therefore, for the Colorado modd, a
maximum spill volume of 85,100 galons was used. At the Onion Creek crossing, the maximum
possible saill is approximately 5000 bbl. Spills were modded as an ingtantaneous discharge. It
was assumed that 50 percent of the topwidth of the stream modeled would be “painted” by the
oill.  This affects the surface area of the spill, subsequent disperson cdculations, and

evaporative losses.
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5.0 MODEL RESULTS

This section presents the results of the modding for the Colorado River and Onion
Creek.

51 Colorado River

Figure 5-1 presents the results of the REMM modeling of the worst possible spill of
gasoline on the Colorado River (85,100 gd., or approx. 2000 bbl) at low, median, and flood
flows. Figure 5-2 presents the same information for a smal (50-bbl) spill. The graphs show the
smulated pesk concentration of benzene as the sill travels downdream from the spill ste.
Except for the first few miles below the spill Site, the downstream concentrations are relatively
ineendtive to flow. Following initid dilution, there is a logarithmic decay in benzene
concentrations, and at the higher flows, the concentrations are fairly smilar after about 25 miles.
At low flow, the much longer travel time dlows for grester eveporative losses, and the
concentrations drop to near zero after about 25-35 miles. The low-flow condition is the only
one in which the concentration dropped below the MCL of 5 ppb benzene for any sze spill
over the 118 miles modeled.

Figure 5-3 presents the results of the modeling of three different sized spills at low flow.
Results are dmilar to the varied flow results discussed aove, with little difference in
concentrations between the three spill amounts after about 20 miles. The distance to reach the
MCL of 5 ppb benzene ranged from 25 to 33 miles.

Figure 5-4 presents the results of a crude oil soill of smilar Sze to the gasoline spill
presented in Figure 5-1 at low and median flow. The mode would not run at flood flow for this
contaminant. These results show a much dower loss rate of crude oil as compared to gasoline.

Even with an order-of-magnitude lower initid concentration of benzene in crude oil vs. gasoline,
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ultimate concentrations are not sgnificantly different. In particular, the low flow case never
drops below the MCL, and in fact, remains higher than the median flow case for the entire reach
modeled despite the much longer travel time. This is likely because of the lower voldility of

crudeail.

Figure 5-5 presents the results of a worst-case MTBE spill (modeled as 12,765 gal.
pure MTBE, which is 15% of 85,100 gd. gasoline). Results are Smilar to benzene in gasoline
as discussed above. The minimum drinking water advisory level of 20 ppb is reached only at

low flow after 34 miles.

Figure 5-6 shows the concentrations of MTBE over time at a fixed point downstream
(Columbus, 92 miles) a median and flood flows. Note that a the higher flow, travd time is
shorter and the concentration curve is higher and narrower. The peak concentration is about 5
mg/L approximately 96 hours after the spill, and the concentration is above 20 ppb for 15
hours. At the lower flow, even though there is less dilution, the increased trave time has
resulted in more loss of contaminant through volatilization and more poreading out of the
contaminant plume through disperson. Peak concentration is about 3 mg/L approximately 135
hours after the spill, but the concentration is above 20 ppb for 20 hours. Other contaminants
show smilar trends.

5.2 Onion Creek

For Onion Creek, Figures 5-7 and 5-8 show benzene concentrations from a 50-bbl
spill of gasoline and crude ail, respectively. Figure 5-9 shows MTBE concentrations from a 50-
bbl gasoline spill (modeled as 315 gd. pure MTBE, which is 15% of 2100 gd. gasoline). The
results are somewhat smilar to the Colorado River. Concentrations drop off logarithmicaly and
are rdatively insengtive to flow after roughly 10-15 miles. Larger spill amounts show a Smilar
trend. One difference with Onion Creek is that the benzene and MTBE concentrations never
dropped below 5 ppb and 20 ppb, respectively, a any flow or pill anount. The main reason
for this is the comparatively short distance on Onion Creek from the saill location to the mouth
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of the creek (the limit of modeling). A second reason is the smdler width of this creek as
compared to the Colorado River. This results in smaller surface aress as the spill plume moves

downstream and correspondingly reduced evaporative losses.

The results of modding large spills a low flows on Onion Creek are suspect. An
extremdy low flow provides very little dilution for a spill of any sze. Concentration caculations
are not meaningful under these conditions. For example, a maximum capacity, the pipdine flow
is projected to be 225,000 bbl/day. Thisis equivalent to about 15 cfs, which is 25 times the
flow in the creek a the 7-day, 2-year low flow of 0.6 cfs. Furthermore, a spill that dominates
the flow of the stream would be subject to other factors that are not considered by the modd,

such as interactions with stream banks and bottom sediments.
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6.0 APPLICATION TO OTHER STREAMS

The REMM modd has predicted impacts resulting from spills in the Colorado River and
Onion Creek. There are other sireams of interest that are crossed by the pipdine for which it is
desirable to know the extent of potentid impacts. Therefore, the results of the REMM models
were subjected to a Satigticad andyss to develop a rdationship that could be used to etimate

impacts on other streams.

Multiple regresson analyses were performed on the output from the Colorado River
modd, the Onion Creek model, and the combined data from the two modds. The anayses
yielded a useful equation based on the Colorado River model. The Onion Creek modd yielded
an equation that fit the data from Onion Creek, but the reatively short distance modeled
produced unredligtic results when it was gpplied to other streams with longer distances and
different hydraulic and hydrologic conditions. The combined data did not exhibit a relaionship
that could be described by an equation.

The regresson eguation from the Colorado River data used the following varigbles as
input;

Flow in cubic feet per second;
Soill volumein gdlons
Time of travel to a specified downstream point in hours; and

Digtance to the downstream point in river miles.

Using these variables, the equation calculates a concentration of benzene in mg/L (ppm)
at the downstream point of interest. The equation is asfollows:
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Log (Benzene conc.) = 1.3103 —0.000582(F ow) +0.000065(Spill) +0.0374(Time)
)? —0.0000143(Dist)* —5.228E-10(Spill)? +4.453E-8(Flow)?
+0.0000675(Dist)(Time) +0.00021(Dist)(Flow) —0.0000618(Time)(Flow)

)(Time) —0.00000552(Dist)*(Flow) +2.14E-7(Dist)*(Time)
—1.906E-10(Dist)3(Flow) +6.064E-9(Time)(Flow)? —1.838E-8(Dist)(Flow)?
+4,847E-10(Dist)*(Flow)? -1.48E-7(Time)(Flow)(Dist) +8.104E-8(Flow)(Time)(Dist)?
—2.312E-11(Flow)(Time)(Dist)® —1.141E-11(Time)(Dist) (Flow)?
—6.697E-12(Time)(Flow)?(Dist)?

The adjusted R-square vaue for this equation was 0.9992. Wheress this generaly
indicates that the regresson equation provides a good fit to the data, it should be pointed out
that there was some inter-correlation between the variables that artificialy increased the R-
square vadue. Moreover, the fit to the data was not equaly good over the entire range of
conditions. For example, for short distances, the regresson equation tends to underestimate
concentrations relative to the REMM model. In addition, athough this equation generdly fit the
data wdll for the Colorado River and for the conditions under which the modd was run, it may
not be as applicable to other sreams or conditions
which fall outsde of the range of data modded, such as lower flows, higher or lower velocities,
larger saills, or longer travel times or distances. In summary, the equation appears to be a
reasonable predictor of concentrations, but it must be used carefully, with recognition that it is
merely an estimation tool and not a verified modd.

To apply the equation to other streams, values are required for the four input variables.
Flow, spill volume, and distance can be sdected as desred, but time of travd must be
cdculated. Travel time was estimated using a methodology described in a USGS Water
Resources Investigation Report (Jobson, 1996). The methodology uses a regression equation
relaing travel time to drainage area, mean annud flow, ingtantaneous flow, and channd daope.
Drainage areas and other data on the streams of interest at the pipeline crossing locations were

obtained from the EA. Mean annua and other flows were estimated using drainage area ratios
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from nearby USGS gaging sations. The maximum spill volume was limited to 2000 bbl to keep
it within the range of spills represented by the Colorado River data

The other streams evauated were as follows;

Llano River
James River
Pedernales River
Barton Creek
Cedar Creek
Alum Creek

Pin Oak Creek
Rabbs Creek
Cummins Creek

The north and south valleys of the San Saba River and Sandy Creek (Gillespie County)
were not evauated, even though they are tributaries of the Colorado River crossed by the
pipeine. These streams are crossed near their headwaters. Travel distance aong the San Saba
River to its mouth is greater than 150 miles. FHows on theses streams would be too smdl to

perform a reasonable andysis of impacts using the regression equation.

The results of the andyss are presented in Table 6-1. The stream mileages in the table are
estimated distances to reech 5 ppb benzene under the stated conditions of flow and spill
volume. Actud stream mileage from the pipeline crossing point to the mouth of each stream is
listed for reference, but this was not consdered in the andysis. The range of estimated impacts
was 19 — 33 miles under low flow, 25 — 48 miles under average flow (excluding REMM results
for Colorado River of >100 miles), and 46 — >100 miles under flood flow conditions. For

smdler dreams, no low-flow cdculations were performed,
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Table6-1 —Not available dectronically
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because the estimated 7-day, 2-year low flow is a or near zero. For severd streams, flood-
flow caculaions did not yiedd meaningful results.
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7.0 CONCLUSIONS

The U.S. Army Corps of Engineers REMM modd was gpplied to the Longhorn
Pipdine Sysem a magor dream crossngs within the Colorado River Basn to determine
potentia impacts from spills of petroleum products. The Colorado River and Onion Creek
were modded directly usng REMM. [Impacts were estimated to nine other streams using a
regression equation developed from the results of the Colorado River modé!.

Severd generd conclusons were reached regarding the possible impact of a pipdine

spill to these surface waters.

Significant impacts (benzene concentrations >5 ppb or MTBE concentrations >20 ppb)
to the Colorado River would likely occur for more than 100 miles downstream of the

Sill, except a low flow.

Under low flow, significant impacts to the Colorado River would occur for 25 — 33
miles downstream.

The duration of impacts (time for complete plume passage) at a downstream location is
primarily dependent on flow and disance downgream. At Columbus, 92 miles
downstream of the Colorado River crossing, the leading edge of the plume would arrive
roughly 100 hours following a pill & average flows, and the tralling edge would pass
after gpproximately 15 — 20 hours.

Significant impacts to Onion Creek are projected to occur dl the way to the mouth, or
26 miles from the modded spill location, under dl flow and spill conditions. Modd
results a very low flows may not be accurate, and actua impacts may not be as far as

projected under those conditions.
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Impacts to other streams are estimated to be from approximately 20 to over 100 miles,
with longer distances associated with larger spill volumes and higher flows. These are
rough estimates made using a regresson relationship based on the Colorado River

modd results.

Impacts from a smilar-szed crude oil spill would be over a greater distance than a

gasoline saill, primarily because of the lower volatility of crude ail.
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1.0 INTRODUCTION

This technicd memorandum has been prepared as an addendum to the earlier
memorandum titled “Surface-Water Spill Modding for the Longhorn Partners Pipeing’ (R. J.
Brandes Company, July 1999). That document should be referred to for background,
references, and other pertinent information. The purpose of this addendum is to document
additiond spill modding performed on the Pederndes River from the pipeline crossing point to
Lake Travis on the Colorado River. The Pederndes is a mgor tributary of Lake Travis, which
is asource of drinking water for severd municipaities and for the City of Augtin viardeasesto
Lake Austin downstream. Modding was performed using the U. S. Army Corps of Engineers
Riverine Emergency Management Moddl (REMM) as before. The pollutants modeled were two
environmentaly sgnificant components of gasoline, specificaly benzene, which is toxic, and the
additive MTBE (methyl tertiary-butyl ether). MTBE is rdatively non-toxic, but it can have
ggnificant impact on drinking water because of undesrable taste and odor a very low

concentrations.
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2.0 MODEL INPUTS

2.3  Hydraulics and Hydrology

The stream modeed for this sudy was the Pederndes River. The modd was established from
Johnson City at River Mile (RM) 48 to its confluence with the Colorado River (RM 0). The
approximate headwater of Lake Travisis a RM 10. The pipdine crosses the stream near RM
34.

A god of the modeling was to determine the impact of various pills at low, average,
and flood flow conditions. The flows selected for these conditions were the 7-day, 2-year low
flow (7Q2); the mean annud flow; and a flood flow that exceeds over 99 percent of the daly
mean flows. Based on an anayss of flow data from USGS gaging station 08153500 —
Pedernales River near Johnson City (USGS, 1998; and Asquith, et a, 1996), and information
from the Texas Naturd Resource Conservation Commisson (TNRCC, 1997), the flows

ected for the modd were as follows:

7Q2 = 2 cubic feet per second (cfs)
Mean = 200 cfs
Food = 5,000 cfs

Because the 7Q2 is so smdl compared to the potentia leak volumes and the distance to be
traveled, modding results would not be meaningful. Consequently, that flow was not modeled.
The flow of 5,000 cfs exceeds 99.5% of al historica daily mean flows.

Cross sections for the Pedernales River were obtained a the USGS gaging Sations
and from USGS 7.5-minute topographic maps. Stage-discharge-velocity rating

curves were developed from the cross sections and channd dope using
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Manning's equation. Manning's n for the channd was edtimated a 0.035.
REMM is a one-dimensond river moddl, and the effects of the backwater of
Lake Travis below approximately RM 10 were not considered in caculating
concentrations. Thisis a conservative gpproach, because the dowed velocity and
increased volume of water would result in increased evaporation and lower

concentrations.

Lateral dispersion coefficients ranged from 0.07 to 0.10 nf/sec, and longitudina
dispersion ranged from 12 to 95 nf/sec (average flow to flood flow). Higher dispersion was
required for high flows to make the modd run satisfactorily. Suspended solids concentration
was et at 50 mg/L.

Wesether conditions were conservatively set a:  ar temperature = 40°F, water
temperature = 50°F, wind speed = 5 mph. This smulates winter conditions when losses of
volatile contaminants would be reduced.

2.2  Possible Pipeline Spill Scenarios

Three pipdine spill scenarios were evauated for this sudy. One was a worst case
scenario of a complete pipeline rupture under maximum pipeline flow conditions of 225,000
bbl/day where al check valves are assumed to fal and it takes two hours to close manua
vaves. This resultsin a spill volume of 272,000 gdlons. The second scenario assumes the same
conditions except that the check vaves work, resulting in a spill volume of 82,768 gdlons. The
third scenario was a flood-flow run to determine the spill volume that would result in a tota
meass of approximately 8400 kg of MTBE a RM 10. That mass had been calculated by Radian
using their modd of Lake Travis as the amount that would result in a pesk concentration of 20
nyL MTBE at the Lake Travis penstock under certain conditions. Spills were conservatively
modeled as an ingtantaneous discharge. One run of the larger spill volume was aso modded as
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a more redigtic continuous discharge over a two-hour period to compare the difference in

results.

Note that athough the REMM modd evaporates the gasoline product as a surface
dick, it calculates concentrations at any point assuming that al remaining product is dissolved in
the water. This atificdly inflates concentrations because until the entire remaining dick
evaporates or otherwise disappears, not al of it will be dissolved.
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3.0 MODEL RESULTS

Table 3-1 summarizes the results of al of the spill scenarios modeled on the Pedernaes
River. Under the scenario of an 82,768-gdlon spill at 200 cfs, benzene drops below the
drinking water standard of 5 ng/L at the end of the 34 river miles modded. Under al other
scenarios, concentrations do not drop below the benzene standard or the EPA MTBE guiddine
of 20 to 40 ng/L. Some of the results at flood flow beyond 15 miles were extrapolated based
on ratios to the average flow results because of limitations of the modd.

The total mass of contaminants delivered to Lake Travis is greater at the higher flow
modeled (5000 cfs). However, the amount of dissolved contaminant mass ddlivered to the lake
cannot be determined because evaporative loss caculations from the surface dick cannot be
performed in the lake using this modd. Dissolved contaminant mass is likdy sgnificantly less
than the predicted total mass.

Through a series of iterative runs, a spill of 32,000 galons of gasoline containing 15%
MTBE was determined to produce atotal mass of gpproximately 8400 kg at RM 10 (see Table
3-1). Thisis the mass that Radian determined would result in a peak concentration of 20 ng/L
MTBE at the Lake Travis penstock.

Figure 3-1 graphicdly presents the results of the modding of sdected gasoline
(containing 4.9% benzene) spills. The graph shows peak benzene concentrations of the various
sill plumes as they travel downsream from the spill Ste. There is an exponentid decay in
concentrations, after gpproximately 10 to 15 miles under dl scenarios the vast mgority of the
spilled materid has evaporated and the concentrations in the water are greatly reduced. Under
the lower flow scenario (200 cfs), initid concentrations are higher because of less dilution, but
ultimate concentrations are lower primarily because of the longer travel time and subsequent

greater evaporative |osses.
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Figure 3-2 presents the concentrations of benzene over time (pollutograph) & RM 10,
which is a the gpproximae headwaters of Lake Travis 24 miles downdream of the
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Table3-1 SUMMARY OF SPILLSON PEDERNALESRIVER AT RIVER MILE 34
(LONGHORN PIPELINE CROSSING)

Gasoline | River |Flow| Peak Avg Total | Time | Duration of
Spill Mile Conc Conc M ass to | Pollutograph
Volume Peak
Compound gallons cfs mg/L mg/L kg hr hr
Benzene (4.9%) | 272,000 0 200 | 0.013 0.003 0.75 34.6 11
Benzene (4.9%) | 272,000 0 5000| 0.64 0.165 670 11.3 8
Benzene (4.9%) | 272,000 10 200 0.29 0.066 13 24.1 10
Benzene (4.9%) | 272,000 10 | 5000 2.8 0.600 2100 7.6 6.7
Benzene (4.9%) | 82,768 0 200 | 0.004 0.001 0.23 34.6 105
Benzene (4.9%) | 82,768 0 5000| 0.19 0.054 200 11.3 7.5
Benzene (4.9%) | 82,768 10 |[5000| 0.86 0.182 620 7.6 6.7
MTBE (15%) 272,000 0 200 0.46 0.117 26 34.8 11
MTBE (15%) 272,000 0 5000 59 16.0 65000 | 11.3 8
MTBE (15%) 272,000 10 200 5.2 111 240 24 105
MTBE (15%) 272,000 10 | 5000 99 20.6 70000 7.6 6.7
MTBE (15%) | 272,000* 10 | 5000 24 9.0 40000 7.6 8.7
MTBE (15%) 82,768 0 200 0.14 0.037 8.0 34.8 105
MTBE (15%) 82,768 0 5000 18 5.02 20000 | 11.3 8
MTBE (15%) 82,768 10 | 5000 30 8.65 30000 7.3 6.7
MTBE (15%) 32,000 10 | 5000 11 2.48 8450 7.6 6.7
3/3/2000
* Sill duration 2 hours. All other spills ingtantaneous.
Page7 R. J. Brandes Conpany March 2000
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pipeline crossing. This point was sdected because it is the point & which Radian’s lake modd
begins, and the output from the river model can be used as input to the lake modd. As shown,
the higher-flow spills have higher pesk concentrations and shorter duration pollutographs that
occur earlier than low-flow spills. Thisis because of the higher velocity, shorter trave time, less
evaporaive loss, and less digperson of the plume.

Figure 3-3 presents the results of sdected MTBE spills (modeled as pure MTBE at a
volume equd to 15% of the indicated gasoline volumes). Resllts are smilar to benzene in
gasoline as discussed above, except that concentrations are higher. This reflects both the higher
modeled concentration in gasoline (15% vs. 4.9%) and the more hydrophilic properties of
MTBE as compared to benzene. One additiona run is shown, where the 272,000-gdlon spill is
modeled as a continuous leak over a 2-hour period. This results in concentrations sgnificantly
lower than the ingtantaneous spill because of the much larger surface area crested and

concomitant greater evaporative |0sses.

Figure 3-4 shows the concentrations of MTBE over time a RM 10. Again, results are
amilar to benzene but with higher concentrations. Note that the 272,000-galon, 2-hour spill at
5000 cfs has a much lower pesk and alonger duration than the instantaneous spills. As before,
this is because of the larger, more spread out plume and the greater losses from the increased

surface area.
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4.0 CONCLUSIONS

The U.S. Army Corps of Engineers REMM modd was applied to the Longhorn
Pipdine Sysem at the point a which the pipdine crosses the Pederndes River. The pipdine
crosses 34 miles above the river's confluence with the Colorado River and about 24 miles
above the headwaters of the Pedernales arm of Lake Travis. The purpose was to determine
potentid impacts from various-sized spills of petroleum products on theriver and Lake Travis a
average and flood flow conditions. Two environmentaly sgnificant potentid components of
gasoline were evauated: benzene and MTBE.

Severd generd conclusons were reached regarding the possible impact of a pipdine

spill to these surface waters.

Significant impacts (benzene concentrations >5 ppb or MTBE concentrations >20 ppb)
to the Pedernales River would likely occur for the entire 34 miles downsiream of the
Soill, except for the smaler of the two modeled benzene spills under average flow

conditions.

Higher flow produces dightly higher pesk concentrations and significantly higher total
meass of pollutants delivered.

The vast mgority of spilled materid evaporates within 10 to 15 miles of the spill Ste.

Modeding a spill as alesk over a period of hours as opposed to an instantaneous spill

yidds a longer-duration pollutograph, a sgnificantly lower peak concentration, and

lower totd mass ddlivered downstream.
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Concentrations of dissolved contaminants ddivered to Lake Travis are likdy
considerably less than predicted, because the mode cannot smulate evaporation of the

dick on alake surface.
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