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ABSTRACT: In April 1993, a pipeline rupture occurred adjacent to a 
primary California freeway on the north slope of the TehachapilSan 
Emigdio Mountains leading into the San Joaquin Valley. An estimated 
6,200 barrels of blended San Joaquin Valley crude oil (27° API gravity) 
sprayed on the freeway, and flowed downslope and into Grapevine 
Creek. The crude oil flowed 12 kilometers terminating at a containment 
dike constructed during the initial response. Cleanup activities were 
completed and approved by the lead regulatory agency within 21 days of 
the release. 

The release occurred at an elevation of 730 meters above sea level, 
spraying oil on to the northbound lanes of the freeway and closing it for 
36 hours. After passing through engineered freeway drainage, the oil 
entered Grapevine Creek and flowed through 1,525 meters of riparian 
habitat and 8,500 meters of grassland habitat. Elevation at the terminus 
was 300 meters. Upper Grapevine Creek supports dense riparian vegeta-
tion that may have contributed to significant diurnal flow fluctuations 
and caused surface flows to retreat 1,500 meters from the terminus 
during the afternoon and early evening hours during response opera-
tions. Typical flow rates in Grapevine Creek during the response opera-
tions were less than 0.15 m3ls (less than 5 ft3Is). 

Cleanup activities included steam cleaning the freeway and engineered 
drainage system and hand cleanup in the riparian section. Cleanup 
efforts in the downstream grassland section were complicated by the 
fluctuating flow rates. A site in Grapevine Creek with continual surf ace 
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flow was selected for stream-flow diversion. Utilizing portable irrigation 
equipment, the flow from the creek was used to irrigate 40 acres of 
adjacent grassland. The system was operated for 21 days and required 
24-hour supervision to adjust for stream flow fluctuations. 

Approximately 3,400 barrels of crude oil were recovered as a liquid 
from two primary locations: a permanent concrete containment weir and 
the terminus containment dike. Recovered liquids were returned to 
tankage for subsequent processing. An estimated 1,200 barrels of crude 
oil were collected in 19,000 cubic yards of excavated soil and sediment. 
Thus, approximately 74 percent (4,600 barrels) of the spilled oil was 
recovered. The soil was converted into a road-base material and used to 
pave pipeline system facilities for dust control, at a cost of less than $30 a 
ton. 

Water samples collected during and after cleanup activities combined 
with surveys of macroinvertebrates, birds, and riparian habitat indicate 
only short-term and localized impacts. Dissolved hydrocarbons in 
surface waters declined rapidly. Benthic macroinvertebrate population 
density and diversity were similar to reference station within five months 
of the initial release. 

On the morning of April 6, 1993, a 16-inch crude oil pipeline 
ruptured releasing an estimated 6,200 barrels of San Joaquin Valley 
blended crude oil (27° API gravity). The rupture occurred on the 
northern slope of the Tehachapi/San Emigdio Mountains approx-
imately 70 miles northwest of Los Angeles, California (Figure 1). 

The rupture caused oil to be sprayed onto a major northbound 
freeway, immediately adjacent to the pipeline, closing it for approx-
imately 36 hours. The oil flowed downslope and entered a freeway 
drainage system that discharges into Grapevine Creek. The oil fol-
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Figure 1. Site map 

lowed the course of Grapevine Creek through riparian habitat and San 
Joaquin Valley grassland habitat. Initial response consisted primarily 
of shutting down the pipeline system and constructing a containment 
dam at the terminus of the spill site. Construction of the containment 
dam was successfully completed within six hours of the incident and 
facilitated the recovery of an estimated 3,000 barrels of crude oil. 
Existing containment structures were used to recover additional crude 
oil and to control the intermittent flow of water to lower portions of 
Grapevine Creek during cleanup activities. 

Cleanup activities proceeded throughout the months of April and 

May 1993. Steam cleaning was used primarily for the freeway and 
associated drainage system. Hand crews were used throughout the 
riparian and upper grassland sections where the impacts were rela-
tively light. Flow diversion and mechanized soil removal were used in 
the lower section of Grapevine Creek where soil contamination was 
heavier. Throughout the incident and after cleanup, water samples 
were collected to monitor water quality, and sediment samples were 
collected from the creek bed to analyze the impact and recovery of 
benthic macroinvertebrates. Soil chemistry data were also used to 
document hydrocarbon concentrations after cleanup. 

This paper summarizes relevant information on important or unique 
response strategies, cleanup techniques, contaminated soil manage-
ment, and habitat impact and recovery. We believe that techniques 
used, information collected, and findings made during the site cleanup 
and postcleanup monitoring may be applied to similar incidents. 

Spill site and area description 

The pipeline rupture occurred in Grapevine Canyon, which is a 
drainage on the northern slope of the Tehachapi/San Emigdio Moun-
tains, approximately 730 meters above sea level. The crude oil flowed 
along the frontage road and a portion of the northbound lanes of a 
major freeway. The crude oil continued down some 2,000 meters of 
engineered freeway drainage system (open concrete channel), then 
flowed through 1,525 meters of riparian habitat between the north- and 
southbound lanes of the freeway. The oil flowed out of Grapevine 
Canyon and onto an alluvial fan in the Southern San Joaquin Valley, 
then continued to follow the course of Grapevine Creek from the upper 
alluvial fan to the lower alluvial fan. Crude oil flow was stopped at the 
terminus containment dike at an elevation of 300 meters above sea level 
and 12 kilometers from the pipeline rupture location (Figure 1). 

Grapevine Creek exhibits variable flow rates, (from 0.0 to 0.5 m3/s,), 
which are a function of the time of year, time of day, and location along 
its course. Grapevine Creek is generally a gaining stream in the canyon 
and a loosing stream in the valley. It also exhibited diurnal flow-rate 
fluctuations, which had an effect on mitigation operations. 

The lead regulatory agency divided Grapevine Creek into discrete 
segments that were referenced to during the entire cleanup effort. 
Mitigation activities and progress were tracked in each section in daily 
cleanup plans. The general sections, which were further subdivided, 
were the freeway/engineered drainage system, riparian section, and 
grassland sections. 

Grapevine Weir and its associated reservoir are located in the 
riparian area approximately half a kilometer downstream from the 
engineered drainage system. The concrete weir with mechanical gate 
valve is approximately 8 m across and maintains a small reservoir 
behind it measuring 15 m wide by 30 m long and up to 2.5 m deep. The 
weir was constructed by the property owner in the 1940s to divert 
Grapevine Creek flow for irrigation. 

The southern portion of the grassland section is referred to as the 
"upper" grassland section. In this area, at the time of the oil release 
flow was sufficient to keep oil from significantly impacting streambed 
sediments. The primary impact was to boulders, vegetation, and debris 
along the stream banks. This section extended north to the irrigation 
system described below. 

One unique strategy employed to simplify streambed cleanup was 
the use of an irrigation system to divert water flow from the northern 
section of the site. The irrigation system was located at the point where 
Grapevine Creek was diverted into primary and secondary contain-
ment basins and pumped to a sprinkler system located on approx-
imately 40 acres of grassland. The irrigation system diverted stream 
flow away from the most heavily contaminated portion of Grapevine 
Creek, the final 2.8 km, allowing for continuous mechanical and hand 
cleanup. 

The section of Grapevine Creek north of the irrigation system is 
referred to as the "lower" grassland section. At the time of the oil 
release this section generally did not have sufficient water-flow volume 
to keep oil from impacting streambed sediments. Diurnal flow fluctua-
tions resulted in clean sediments being deposited over impacted sedi-
ments. This section of the streambed did not contain flowing water 
after flow diversion into the irrigation system. 

The containment dike was an earthen underflow dike erected ap-

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/459/1747926/2169-3358-1995-1-459.pdf by guest on 23 M

ay 2023



FATE AND EFFECTS IN AQUATIC ENVIRONMENTS 461 

proximately 12 km north of the point of release by the Kern County 
Fire Department. The dike prevented the oil from traveling further 
along Grapevine Creek and defines the northern extent of the spill site. 

Site vegetation and wildlife 

The vegetation along the freeway section in the vicinity of the spill 
site consisted mainly of weedy species, such as oats and brome grass. 
Some marsh vegetation, such as Juncus sp. and cattails, occurs in wet 
areas on the hillside near the spill site. Coastal scrub vegetation also is 
found in the hilly area near the spill site. 

The habitat in the riparian section of Grapevine Creek is classified as 
cottonwood-willow riparian woodland.912 The dominant species in-
clude Freemont's cottonwood, red willow, and box elder, while the 
understory consists of ruderal grass species, including various bromes. 
Mugwort, hedge nettle, and stinging nettle also are common her-
baceous understory plants. The shrubby understory consisted of scat-
tered small willows, mule fat scrub, bladderpod, and California wild 
grape.1 

The vegetation at the margins of the weir reservoir was emergent 
freshwater marsh, dominated by cattails; but mule fat scrub and cot-
tonwoods from the surrounding riparian woodland also grew along the 
edge of the pond. From the weir reservoir north to the culvert under 
the freeway, the vegetation was dominated by mule fat scrub. Scat-
tered red willow, bladderpod, and tamarisk also grew along this 
portion of Grapevine Creek.1 

Most of Grapevine Creek north of the freeway undercrossing consis-
ted of a wash that is dry from late spring to autumn. Vegetation along 
this portion of the creek consisted of ruderal grassland species on the 
higher sandbars and the valley floor. The dominant grassland plants 
were foxtail chess, ripgut grass, and cheatgrass. Foxtail barley and 
annual fescue also were present.1 

The Kern tarweed, a plant designated as a species of special status by 
the California Native Plant Society, occurred in the grassland area of 
Grapevine Creek, and was most common in the lower portion of the 
creek.1 

The riparian woodland downstream of the spill site serves as nesting 
habitat for numerous species of birds. Nesting behavior and/or active 
nests were observed for house finches, house sparrows, common 
raven, European starling, lesser goldfinch, northern oriole, Anna's 
hummingbird, orange-crowned warbler, and California townee.6'8 Two 
birds identified as "species of special concern" were also observed in 
the riparian forest: the yellow warbler and the tricolored blackbird.8 

Tracks and other evidence of animal species were observed adjacent 
to the creek and in the grassland areas, some listed as endangered or of 
special concern.5 Potential San Joaquin kit fox dens were observed at 
several locations in the grassland area. None of these appeared to be 
active, but kit foxes are known to reuse old dens. Potential burrows for 
the badger were scattered throughout the grassland portion of Grape-
vine Creek. The grassland area is considered to be prime habitat for 
the San Joaquin pocket mouse. Signs of kangaroo rat activity were 
noted and deer tracks were observed in the grassland area.1 

Several bird species were observed along the grassland portion of 
Grapevine Creek. The ferruginous hawk, prairie falcon, burrowing 
owls, loggerhead shrike, and California horned lark were among the 
rare or endangered species observed.1,6,8 More than 300 cliff swallow 
nests were recorded under the bridge of the Governor Edmund G. 
Brown California Aqueduct (Figure 1). Cliff swallow nests also were 
observed beneath the freeway culvert and under the road crossing near 
the FCPL pump station.6 

Containment, recovery, and cleanup techniques 

The initial response to the incident, after shutting down the pipeline 
system, was construction of the containment dike in Grapevine Creek. 
Construction of the dike was completed within six hours of the release 
and prevented additional downstream migration of crude oil. The 
containment dike also facilitated the recovery of approximately 3,000 
barrels of crude oil. Responders attempted to maintain a water "heel" 
beneath the crude oil during recovery operations to reduce vertical 

migration of the oil into streambed sediments. Free liquids were re-
moved from behind the containment dike within 36 hours of the 
incident. The recovered oil was transported by vacuum truck to the 
nearest pump station and placed back into tankage. 

The weir in the riparian stream section provided a second area for 
free liquid recovery. There was good access to the weir, sufficient depth 
to operate disc-type skimmers and some ability to control flow to the 
downstream portion of Grapevine Creek. The weir also provided a 
means of collecting residual oil released during upstream cleanup 
operations. An estimated 100 to 300 barrels of crude oil was collected 
from the weir reservoir. 

Cleanup on the freeway section was addressed in two phases. First, 
sand was spread over the impacted portions of the freeway and allowed 
to adsorb the free oil. The sand was then removed and handled with 
the contaminated soil from other cleanup activities. Oil staining was 
removed by steam cleaning. Temporary collection points were 
constructed along the freeway to facilitate oil/water recovery. The use 
of detergents or surfactants was not permitted due to the potential 
for release into Grapevine Creek however, steam cleaning without the 
aid of chemical additives proved sufficient. 

The riparian section of Grapevine Creek contained stranded oil, 
oiled debris, root balls, and vegetation. Sediments along this portion of 
the creek were lightly to moderately oiled at the water line. Most of the 
riparian section is deeply incised and difficult to reach with equipment. 
Therefore, hand crews used sorbent pads to remove the oil from the 
water and shovels to remove oiled soil and sediment. Live vegetation 
was trimmed and large boulders were wiped clean. The number of 
crews operating in this habitat was kept to a minimum to reduce 
impacts from cleanup activities. Cleanup objectives throughout the 
site were qualitative in nature and focused on the removal of a majority 
of the oil and minimizing disturbance to vegetation and wildlife. 

The upper grassland section contained light to moderate crude oil 
contamination because most of the oil flowed through this area on the 
surface of the water. Hand crews were used to collect oiled debris and 
sediments. Light equipment was used to agitate isolated portions of the 
stream bottom to release oil entrained in the sediments. The released 
oil was allowed to flow downstream to sorbent booms or the irrigation 
system collection basins for recovery. 

The irrigation system collection sumps consisted of two shallow pits 
excavated in Grapevine Creek. The intent of the first sump was to 
collect stream flow and free oil. Sorbent booms and skimmers were 
placed in the first sump to remove the free oil released from upstream 
cleanup activities. It was connected to the second sump by underflow 
piping. Suction piping was placed in the second sump and connected to 
portable irrigation pumps. The water was pumped to one of two 20-
acre impulse sprinkler systems established in adjacent grasslands. 
Pumping to the sprinkler systems was alternated to prevent super-
saturation of soils. The irrigation system was operated for 21 days and 
was manned 24 hours a day to maintain the system and adjust pumping 
rates to fluctuating Grapevine Creek flowrates. Discharged water from 
the system was sampled daily to monitor the quality of water diverted. 
Water analyses indicated that as cleanup activities progressed hydro-
carbon concentrations decreased to nondetectable levels. Water flow 
was returned to Grapevine Creek after cleanup activities were com-
pleted and approved by regulatory agents. 

The portion of Grapevine Creek from the irrigation system to the 
terminus containment dike exhibited the heaviest crude oil contamina-
tion because retreating surface flows caused by diurnal fluctuations 
stranded significant amounts of crude oil in the creek bed. The depth of 
penetration of the crude oil into the soil was generally very shallow 
(less than 0.15 m), and often it impacted only the first 7.5 cm of soil. 
This shallow depth of penetration was due to a number of factors 
including steep topographic gradient, water-saturated sediment, and 
the sudden, short-term nature and relatively high velocity of the water 
and crude oil flow. A combination of hand crews and light and heavy 
equipment were used to remove contaminated sediments from the 
creek bed. This was facilitated by diverting water flow from this area 
with the irrigation system. This proved to be an efficient means of 
removing contaminated materials and minimizing disturbance in 
stream channels of various widths and different levels of contamina-
tion. Streambed sediments were scarified to enhance volatilization as a 
final step to streambed cleanup. Attempts to remove oil and oiled 
sediments without flow diversion would have been more complicated, 
generated additional wastes, and extended cleanup time frames. 
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Table 1. Summary of water sample analytical data 

Date 

Range of reported constituents 
Fuel fingerprint 

analysis— 
crude oil 

Benzene Toluene 
(μÂ/L) 

Ethylbenzene 

NA = not analyzed 
ND = not detected 

Xylenes 
frg/L) 

Aquatic 
toxicity 
(mg/L) 

Apr. 6, 1993 
Apr. 8, 1993 
Apr. 12, 1993 

55,000 to 120,000 
700 to 8,000 
NA 

1.1 to 15 
ND to 0.6 
ND 

7.3 to 50 
ND to 3.1 
ND to 1.6 

11 to 13 
ND to 9.2 
ND to 1.0 

15 to 67 
ND to 9.8 
ND to 2.4 

<750 
<750 
<750 

Characterization and confirmation sampling 

Characterization water and soil samples were collected following the 
pipeline rupture and containment of the crude oil flow; and confirma-
tion water and soil samples were collected after oversight agency walk-
throughs were completed. Samples were collected over several days to 
meet the following objectives: determine the extent of oil migration 
and infiltration, characterize the composition of the crude oil, deter-
mine the concentration of oil in surface waters, determine concentra-
tions of crude oil components in affected soils, and confirm that the 
stockpiled soil was completely removed from the site. Samples were 
collected according to established protocols, with a few minor excep-
tions due to the expedited nature of this project.7 

Two types of characterization water samples were collected during 
the cleanup effort: stream samples and discharge samples from the 
irrigation system established during mitigation operations. The stream 
samples, periodically collected at four locations within the spill area, 
were collected to monitor changes in petroleum hydrocarbon concen-
trations and aquatic toxicity for state waste-profiling purposes. Ranges 
of detected concentrations for each collection data are summarized in 
Table 1. Concentrations of constituents were generally greater up-
stream than downstream and concentrations generally decreased over 
time. Detected benzene, toluene, ethylbenzene, and xylenes (BTEX) 
concentrations in the April 8 and 12,1993, water samples were lower 
than the regulatory water quality goals for organic constituents for 
human health and welfare. Regulatory drinking-water quality limita-
tions do not currently exist for total petroleum hydrocarbons. Aquatic 
toxicity results were less than 750 mg/L for each sample, which meets 
state waste standards.7 

The irrigation system effluent samples were analyzed for total petro-
leum hydrocarbons (TPH) as crude oil and BTEX. The TPH as crude 
oil concentrations ranged from 2,700 to 29,000 μg/L, and benzene and 
ethylbenzene were not detected in any of the samples. The maximum 
toluene and xylenes concentrations reported were 2.1 and 37 μg/L, 
respectively. Detected BTEX concentrations in each water sample met 

the primary maximum contaminant levels (pMCL) established by both 
the State of California and the U.S. Environmental Protection Agency 
(EPA). Concentrations of constituents generally decreased with time 
unless upstream mitigation activities increased the influx of free oil into 
the containment basins.7 

Two types of characterization soil samples were taken during the 
cleanup effort: streambed sediments and soil stockpiles. The stream-
bed sediment samples were collected to determine the concentration of 
oil in the streambed sediments; and the stockpile characterization 
samples were collected to characterize the stockpiles for disposal pur-
poses and determine the volume of oil in the soil. Confirmation soil 
samples were generally collected along the access road adjacent to the 
freeway, along the bank and bed of the stream, and from former soil 
stockpile locations. Soil samples were analyzed for BTEX and TPH as 
crude oil, with selected samples analyzed for other constituents as 
well.7 A summary of soil sample analytical results is shown in Table 2. 

Selected soil samples were analyzed for toxicity characteristic leach-
ing procedure for benzene (TCLP-benzene) and metals. The TCLP-
benzene analytical results were below the EPA limits of 0.5 mg/L, and 
therefore the soil was not considered hazardous. The concentrations of 
all metals detected were below state and federal limits. 

BTEX and TPH concentrations in characterization samples were 
generally higher at specific features within the streambed, including 
the Laval terminus dike and the Grapevine Weir reservoir, than in the 
remaining stream bank samples. Higher concentrations of each con-
stituent in stream bank samples were generally detected at down-
stream, intermittent-flow sections of the creek. 

The reported BTEX and TPH concentrations in confirmation sam-
ples were significantly less than those reported during characterization 
sampling, with a high TPH as crude oil concentration of 2,700 mg/kg. 
Confirmation soil samples collected in portions of the freeway section 
had elevated concentrations of petroleum hydrocarbons that were not 
characteristic of crude oil, with the highest such detection in the 
vicinity of an emergency truck ramp. It is probable that the petroleum 
hydrocarbon(s) detected in this area were from another, unrelated 
source. 

Table 2. Summary of soil sample analytical data 

Soil sample type 
Stream bank characterization 
Stream bank confirmation 
Freeway section confirmation 
Grapevine Reservoir before 

excavation 
Grapevine Reservoir after 

excavation 
Terminus dike characterization 
Terminus dike confirmation 
Soil stockpile characterization 
Soil stockpile confirmation 

TPH as crude oil 
(mg/kg) 

ND to 37,000 
ND to 2,600 
ND to 1,600 
5,400 to 910,000 

ND to 1,100 

130,000 
ND 
79 to 43,000 
ND to 2,700 

Benzene 
(mg/kg) 

ND to 1.4 
ND 
ND to 0.11 
0.01 to 740 

ND to 0.9 

35 
ND 
ND to 29 
ND 

Toluene 
(mg/kg) 

ND to 54 
ND to 0.82 
ND to 0.94 
0.12 to 890 

0.10 to 2.2 

52 
ND 
ND to 59 
ND 

Ethylbenzene 
(mg/kg) 

ND to 30 
ND to 0.42 
ND to 0.048 
0.21 to 260 

0.044 to 0.5 

17 
ND 
ND to 20 
ND 

Xylenes 
(mg/kg) 

ND to 100 
ND to 12 
ND to 0.5 
0.55 to 1,200 

0.06 to 3.6 

78 
ND 
0.016 to 98 
ND 

ND = not detected 
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Site vegetation and wildlife surveys 

Two surveys were conducted of the riparian vegetation in the oiled 
portion of Grapevine Creek. A total of 40 trees of different species and 
size classes were tagged and seven photographic points were estab-
lished to determine the effect of the oil on the canopy density of the 
trees over time. The initial survey took place on April 21, 1993, 
approximately two weeks after the oil spill. A subsequent survey was 
conducted on July 19,1993, to determine whether differences existed 
in the tree canopy between the two survey periods.2 

At the time of the April 1993 survey none of the trees exhibited signs 
of stress. The July 1993 survey showed that 26 of the 40 trees (65%) had 
full canopies, 12 (30%) had sparse canopies, and the condition of two 
trees (5%) was undetermined.2 The cottonwoods immediately down-
stream of the weir exhibited considerable leaf loss. This leaf loss 
appeared to be similar to that observed in a Southern California 
riparian forest after a crude oil spill into a stream in August 1991.10 

Complete recovery of the trees along Grapevine Creek was expected to 
occur.2 Recovery was confirmed visually in the spring of 1994. 

Most of the emergent vegetation around the weir reservoir was 
physically removed by the cleanup activities in April 1993. By July 
1993, new cattails and other marsh plants were beginning to grow along 
the margins of the reservoir suggesting that complete recovery was 
likely within one year.2 Plant community recovery was photo-
graphically documented in the spring of 1994. 

Since most of the cleanup activities in the grassland section of 
Grapevine Creek were within the creek bed where there was little 
vegetation, the spilled oil and cleanup operations had minimal effect 
on the grassland vegetation.2 Minor impacts to grassland areas adja-
cent to Grapevine Creek were caused by vehicle access roads, staging 
areas, and soil stockpiles. 

Two surveys were conducted to determine the effect of the spilled oil 
and cleanup activities on bird species. The initial survey was conducted 
on April 18,1993, while cleanup operations were underway.8 A second 
survey was conducted from June 1 to 4, 1993, to document the pres-
ence of birds after the completion of cleanup.6 

In the April survey the number of species and species diversity were 
similar between the oiled and unoiled riparian area, whereas the 
number of individuals (abundance) was greater in the oiled riparian 
area.6 In the June survey, the total number of species was two times 
greater in the oiled than in unoiled areas and the abundance of individ-
uals was five times higher in the oiled area.6 The lower species numbers 
and abundance in the riparian habitat in April could be attributed to 
the increased human activity associated with the cleanup operations 
that were underway during the survey. 

The April survey showed relatively high numbers of individuals 
(abundance) but low species diversity in the grassland study sites.8 This 
is the result of the presence of a large number of horned larks, which 
accounted for 83 percent of the birds observed in this area.6 The lower 
number of taxa and species diversity in April could be attributed to the 
presence of heavy equipment and cleanup crews in the grassland area. 
Three grassland areas were surveyed in June 1993. The oiled grassland 
areas had a greater number of taxa and greater abundance than the 
unoiled grassland area. This was probably attributable to the adjacent 
almond orchard, which provided habitat diversity not available in the 
other grassland survey locations.6 

The results of the cliff swallow nest surveys at the Governor Edmond 
G. Brown California Aqueduct showed that a total of 58 nests were in 
early stages of construction in April 1993.8 By June 1993, a total of 321 
nests had been constructed; and adults were observed feeding young in 
at least 75 percent of them. The results of the June 1993 survey suggest 
little, if any, impact to the bird populations along Grapevine Creek two 
months after the FCPL oil spill.6 

Two surveys were conducted of the benthic macroinvertebrates after 
the crude oil spill. The first survey was conducted on April 8-9,1993, 
two days after the spill.3 A subsequent survey was conducted on 
September 14-15, 1993.4 The purpose of the initial survey was to 
determine the effect of the oil on the benthic macroinvertebrates in 
Grapevine Creek, while the fall survey was made to determine the 
extent of recovery of these species. 

Sampling sites were located in the oiled portions of Grapevine Creek 
and an unaffected area upstream of the spill site. The macroinverte-
brate taxa collected at the sampling sites along Grapevine Creek 
included mayflies, dragonflies/damselflies, stone flies, caddis flies, 
butterflies and moths, beetles, true flies, water mites, and aquatic 
worms. The total number of taxa and individuals collected at the 
reference site were 11 and 192, respectively. The total number of taxa 
in the oiled site ranged from 2 to 8, while the total number of individ-
uals collected at each site ranged from 2 to 18. The spring survey shows 
that the number of taxa and abundances were substantially higher at 
the reference site than at the oiled sites (Table 3). The differences in 
the number of taxa and abundance between the unaffected and af-
fected sites could be attributed to several factors, including the pres-
ence of oil, difference in elevation of the sites, modifications of the 
streambed (that is, concrete open channel could limit the recruitment 
of some species downstream of the spill site), and variations in tem-
perature, gradient, substrate, riparian canopy, and flow rate.3 

Many of the same macroinvertebrate taxa were observed in the fall 
survey as in the spring survey. A total of 12,656 macroinvertebrates 
consisting of 40 taxa were collected in the fall survey. The majority of 
the taxa and number of individuals were collected upstream (south) of 
A. D. Edmonston Pumping Plant Road (Figure 1). As many as 23 taxa 
were collected at a site (Site 6) and up to 2,585 individuals at a site (Site 
5). The number of taxa and abundance (number of individuals) were 
similar between the reference sites (1A, IB) and the oiled sites (2-6) 
upstream of the pumping plant road. Below the road, where the flow of 
Grapevine Creek was intermittent, the number of species and individ-
uals was substantially lower (Sites 7-9). At site 8, in the grassland area, 
only 71 individuals and 8 taxa were collected, whereas at site 5, just 
north of the freeway overpass, where there was still much shrubby 
vegetation, a total of 19 taxa and 2,585 individuals were collected.4 

The fall benthic macroinvertebrate survey showed that substantial 
recovery of these organisms took place within five months after the 
crude oil spill. The abundance and taxonomic diversity were similar at 
the reference sites and oiled sites subject to perennial water flow. The 
low macroinvertebrate abundance and number of taxa at some grass-
land stations were likely the result of periods during the summer 
months when no flow was in the lower reaches of Grapevine Creek. 
The prevalence of pollution-sensitive taxa in the fall survey also sug-
gests that the benthic macroinvertebrate community had recovered 
from the effects of the spill.4 

Table 3. Summary of bethnic macroinvertibrate data 

Survey 
Apr. 1993 

Organisms 
Taxa 

Sept. 1993 
Organisms 
Taxa 

l i 

192 
11 

NS 
NS 

1A, 

NS 
NS 

1,498 
16 

IB! 

NS 
NS 

1,123 
13 

2 

18 
8 

1,998 
17 

Sample site 
3 

12 
6 

1,383 
18 

4 

12 
6 

1,327 
19 

5 

8 
5 

2,585 
19 

6 

2 
2 

2,391 
23 

7 

5 
4 

166 
11 

8 

5 
4 

71 
8 

9 

3 
2 

114 
11 

1. reference sites 
NS = not sampled 
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Waste management 

Solid waste materials generated during the cleanup were stored at 
designated areas along the creek bed. Recovered liquids were returned 
to tankage for subsequent processing. Analytical results, such as TCLP 
benzene, ignitability and metals, were used to classify the estimated 
19,000 cubic yards of contaminated soil as nonhazardous. The non-
hazardous classification allowed for consideration of several cost-effec-
tive soil handling options not available for hazardous materials. 

After cleanup activities were complete, the soil was transported to a 
company production facility for temporary storage and processing. 
FCPL elected to recycle the contaminated soil into a cold mix asphalt 
and use it for paving material at various transportation and production 
facilities. This type of contaminated soil recycling is employed at 
production facilities throughout the southern San Joaquin Valley, 
where the processed material is used on production field roads for dust 
suppression. The process included segregating debris and rock larger 
than 1.5 cm in diameter with a mechanical sieve. Heavy equipment was 
used to construct soil windrows to which a state approved road-mix oil 
was applied. Heavy equipment was again used to blend the soil/oil 
mixture at a rate of approximately 600 metric tons per day. The 
contaminated streambed sediments contained a sufficient amount of 
coarse grain materials and aggregate to produce a good cold mix 
asphalt that appears to be maintaining its integrity very well. The cost 
of the material, including transport, processing, and paving, was ap-
proximately $30 a ton. Other soil mitigation options, such as thermal 
desorption or land disposal, ranged in cost from $40 to $60 a ton. 

The remaining solid wastes, such as organic debris, trash, and sor-
bents, were transported and disposed at a licensed landfill. 

Conclusions 

The observable, qualitative cleanup criteria (removal of free oil and 
oily sheens) established by the lead regulatory agency proved to be an 
adequate measure for site cleanup. These cleanup criteria considered 
and balanced the potential future impacts of residual oil against the 
practical limitations of the cleanup techniques. However, local regula-
tory agencies, third party interests, and site characterization studies 
require collection of quantitative data to meet local agency cleanup 
confirmation data requirements, assist with the incident response deci-
sion-making, provide data for mass balance calculations, and support 
the conclusions of the various surveys and studies. 

Because of unique site characteristics (intermittent and fluctuating 
flows in Grapevine Creek) no fish inhabit the creek; however, it is a 
source of water for numerous species of wildlife including birds, mam-
mals, and reptiles. The diversion of water flow to facilitate cleanup had 
little observable impacts to Grapevine Creek or the adjacent grass-
land. The authors recommend that this technique be considered at spill 
sites with similar site conditions because of its relative ease of imple-
mentation, low cost, and reduced impact to the site. Utilizing addi-
tional piping, water flow could be diverted around the spill site to 
maintain flows to unimpacted portions of the stream. 

The conclusions derived from the benthic macroinvertebrate sur-
veys combined with site characterization data (water and soil analyti-
cal) illustrate the tolerance to hydrocarbons and recovery rates of 
freshwater macroinvertebrate taxa. Data from these surveys are dis-
cussed in more detail in the paper Fate and Effects of Crude Oil in 
Southern California Stream Drainage published in these proceed-
ings.11 

Site closure was granted by the local health department in Decem-
ber 1993. Closure from the lead regulatory agency and the natural 
resource trustee is anticipated before the end of 1994. 
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