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ABSTRACT: On April 6,1993, a crude oil pipeline ruptured releasing 
an estimated 6,200 bbl of blended San Joaquin Valley crude oil (2T API 
gravity) which flowed overland and through interstate freeway storm-
water culverts to a small stream in Kern County, southern California. 
A mixture of crude oil and water flowed 12 km downstream to an 
emergency containment/underflow dike. Response operations were 
completed within 21 days resulting in recovery of approximately 3,400 
bbl of liquid crude and an additional 1,200 bbl of oil contained in nearly 
19,000 yd3 of excavated soil and streambed sediments (74 percent 
recovery). 

Water quality data collected throughout the stream within 24 hours of 
the release demonstrated total petroleum hydrocarbon (TPH; method 
8015-modified, GC/FID) concentrations ranging from 55 to 120 mg/L 
with BTEX (total benzene, toluene, ethylbenzene and xylene isomers; 
method 5030/8020) concentrations less than 145 ^g/L. Within 72 hours 
of the spill, TPH concentrations were less than 8 mg/L and total BTEX 
concentrations were less than 25 ^g/L. Within five weeks of the spill, 
TPH and most BTEX constituents were below detection limits. Average 
sediment TPH concentrations in impacted stream segments ranged from 
<100 to 21,733 mg/kg prior to cleanup while postcleanup samples 
ranged from <50 to 1325 mg/kg. Average September concentrations 
ranged from 11 to 299 mg/kg. 

Qualitative benthic macroinvertebrate samples collected within a few 
days of the spill indicated reduced taxonomic diversity and numerical 
abundance in impacted stream segments. Quantitative macroinverte-

1. The opinions expressed in this paper are those of the authors and do 
not necessarily reflect the opinions of ARCO, Four Corners Pipe Line 
Company, ENTRIX, or Kennedy/Jenks. 
2. Present address: Woodward-Clyde Consultants, 4582 South Ulster 
Street, Denver, Colorado 80237 

brate samples collected five months after the spill, however, identified 
diverse and abundant benthic macroinvertebrate populations, relative to 
reference stations, where streamflow volumes were sufficient to maintain 
such invertebrate communities. 

Upstream vegetation was characterized as cottonwood-willow 
riparian woodland that may have experienced some spill-related stress in 
the form of leaf drop, which was photographically documented. A 
transition riparian zone, dominated by mule fat, tamarisk, and red 
willow, exhibited no symptoms of stress following the spill. Annual 
grassland dominated by nonnative grasses, forbs (broad leaved, non-
woody plants), and native wildflower species occurred along the lower 
portions of the creek and was not affected by the spill except for the 
physical impact of cleanup operations. 

Avian surveys conducted in riparian habitat in April and June sug-
gested that bird populations utilizing oiled and unoiled reaches of 
Grapevine Creek were similar. Lower species richness and abundance in 
April was attributed to extensive response operations. Avian surveys 
conducted along downstream, dry wash portions of the creek in June, 
however, indicated greater species abundance and diversity along these 
previously oiled reaches of the creek relative to an unoiled reference 
channel. 

On April 6,1993 an estimated 6,200 barrels of blended San Joaquin 
Valley crude oil were released from a pipeline transporting the oil to 
Los Angeles area refineries in southern California. The oil was re-
leased onto a freeway and adjoining right-of-way in the Tehachapi/San 
Emigdio Mountains (Figure 1). The oil flowed through several freeway 
storm-water culverts to Grapevine Creek, a <0.15 m3/s, second-order 
stream with a native benthic invertebrate community but without a 
native fish fauna. Oil flowed a total distance of approximately 12 km in 
the creek bed to a downstream underflow/containment dike. 
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Scale (km) 
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Figure 1. Four Corners Pipe Line oil spill study site, Grapevine Creek, southern California, 1993, with selected 
biological study locations (after USGS, 7.5' topographic series, Grapevine quadrangle, 1991) 
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Terrestrial vegetation in the vicinity of the release (~ 730 m above 
MSL) was dominated by coastal scrub. Riparian vegetation in the high-
gradient, upstream portion of Grapevine Creek was dominated by 
cottonwood-willow woodland. Within the woodland habitat was a 
small, emergent freshwater marsh immediately upstream from an 
automated weir used to impound and divert streamflow for irrigation 
(Figure 1). During the spill response, the weir was used to contain and 
recover crude oil. Vegetation along the low-gradient, downstream, 
seasonally and diurnally intermittent flow section of the creek (~ 300 
m above MSL) was characterized as nonnative grassland. A small 
transition zone between the woodland and grassland habitats was 
characterized as mule fat scrub with scattered red willow, bladderpod, 
and tamarisk along the streambed margins. 

The Grapevine Creek drainage basin is within the known or ex-
pected range of numerous plant and animal species of special concern 
to state/federal agencies. The San Joaquin pocket mouse, kangaroo 
rat, badger, and San Joaquin kit fox are among the mammals listed as 
special concern species by the California Department of Fish & Game 
(CDFG) and/or covered by the U.S. Fish & Wildlife Service (USFWS) 
Endangered Species Act. Relevant bird species included the yellow 
warbler, tricolored blackbird, ferruginous hawk, prairie falcon, log-
gerhead shrike, and California horned lark. The Kern tarweed, a plant 
listed by the California Native Plant Society, occurred in the grassland 
section of Grapevine Creek. 

Response operations continued for 21 days resulting in the recovery 
of approximately 3400 barrels of liquid crude and 1200 barrels of oil 
contained in approximately 19,000 cubic yards of excavated soil and 
streambed sediments (74 percent recovery). While hand crews and 
vacuum trucks were sufficient to recover oil in upstream areas of 
Grapevine Creek, combinations of flow diversion and heavy equip-
ment were used in downstream sections of the streambed where oil 
leached into exposed banks or sediments. Relevant information re-
garding unique cleanup/response strategies, logistical considerations, 
and integrated waste management activities for this incident is pro-
vided elsewhere in this volume.10 

The density of sensitive and federally protected species in the drain-
age basin and a more general concern for the physicochemical and 
biological effects of the oil and emergency response activities resulted 
in implementation of a detailed scientific documentation and impact 
assessment plan. Site reconnaissance and documentation activities 
were initiated within hours of the release (water quality data collec-
tion) and continued for as many as 14 months for some components of 
the assessment plan (riparian vegetation analyses). Major components 
of the incident environmental assessment included analytical chemis-
try (soil, sediment, and water quality), avifauna population and com-
munity analyses, terrestrial habitat/wildlife and plant community char-
acterization, and quantitative benthic macroinvertebrate assessment. 

Materials and methods 

Water and sediment quality. Water quality samples were collected 
at fixed sampling locations as well as locations of opportunity or need. 
Protocol-specified water sampling bottles were completely filled and 
capped below the water surface to avoid surface oil or sheens. All 
analytical sample containers were labeled, recorded on chain-of-cus-
tody forms, and placed on ice for secure transportation to a certified 
analytical laboratory. Water samples were analyzed for total petroleum 
hydrocarbons (TPH) by EPA method 418.1 or, more commonly, 
method 8015 (modified) relative to a crude oil source standard. Water 
samples were also analyzed for the monoaromatic hydrocarbons ben-
zene, toluene, ethylbenzene, and xylene isomers (BTEX) by EPA 
method 5030/802o. 

Sediment samples were collected within the wetted perimeter of the 
streambed/banks by driving a 15 cm by 5 cm brass cylinder completely 
into the sediment and extracting the collected sediment into a labeled, 
zero headspace container. Depositional sediments from the weir pond 
were collected with a LaMotte dredge. Sample handling and labora-
tory analytes were as identified for water samples as above. 

Terrestrial habitat, wildlife, and plant communities. Plant commu-
nities from the release site downstream to the final containment dam 
were identified and recorded (Figure 1) based upon the names used by 
the California Natural Diversity Data Base as defined by Holland.7 

The dominant plant communities were cottonwood-willow riparian 

woodland, emergent freshwater marsh, mule fat scrub, and grassland. 
The presence or evidence of wildlife or potential wildlife habitats were 
described using the concepts of Mayer and Laudenslayer.11 

A total of 40 trees of various species and size classes were marked 
with flagging in the riparian-forest stream section (Figure 1) to docu-
ment their conditions on April, 21,15 days after the spill. For each tree, 
species identification, diameter at breast height (cm), angle of lean, 
and general condition was recorded. Photographic survey points were 
chosen based on dense canopy cover and marked with rebar. Based on 
a fixed compass bearing, the surveyor faced the tree and photographed 
the canopy directly overhead using 35mm, color film with a 24 mm 
lens. Photographs were enlarged to 7.5 by 11 inches to facilitate 
comparisons of the condition of the canopy over time. An identical 
survey was conducted on July 19,1993, for photographic comparison.2 

Additional visual condition surveys were conducted in 1994. 
Although, with the exception of avian surveys, no quantitative tech-

niques were used for documentation of wildlife species or populations, 
synoptic observations of individuals/sign were recorded by biologists 
and used to protect sensitive areas. State, federal, and company/ 
contract biologists were used extensively for scientific documentation 
and cleanup crew direction and monitoring activities. 

Avian survey/analysis procedures. Two avian surveys were con-
ducted to determine the effect of the spill and response activities on 
extant bird populations. The first was conducted on April 18, two 
weeks after the spill,6 while the second was conducted June 1-4, to 
document avifauna status after the conclusion of cleanup operations.4 

Fixed-radius point counts were used to estimate numerical abundance 
and species distribution along both oiled and unoiled segments of the 
stream. Two riparian areas (RI, oiled; RII, reference) and one oiled 
grassland area downstream from the spill site were surveyed in April. 
Two riparian (RI, oiled; RII, reference) and three grassland areas (GI 
and Gil, oiled; GUI, reference) were surveyed in June (Figure 1). 

A total of 11 point-count stations each were established in the 
reference and oiled riparian areas and 13 point-count stations in the 
grassland area for the April surveys. A total of 4 point-count stations 
were established in the riparian reference area and 13 in each of the two 
grassland oiled areas and one grassland reference area in June. Point-
count stations were located 150 m apart and all surveys were initiated 
within 30 minutes of sunrise. All birds seen or heard within a 50 m 
diameter circle were recorded during a 5 minute period (birds outside 
the circle were noted). Species abundance, relative abundance, and 
species richness were determined by using the number of species and 
individuals detected in each survey area within 50 m of each point-
count station. Species diversity was calculated using the Shannon 
index.8 

Nesting surveys were conducted for cliff swallows and other birds 
nesting in April and June 1993. 

Benthic macroinvertebrate sampling/analysis. Two benthic macro-
invertebrate surveys were conducted to document numerical abun-
dance and taxonomic distribution: one on April 8-9, two days post-
spill, and the other on September 14-15, five months postspill. 

In April, a D-shaped kick net with a 1 mm mesh was used to 
qualitatively sample benthos from nine stations (Figure 1) selected 
after consultation with CDFG and USFWS representatives. At each 
station, triplicate samples were collected by agitating the streambed 
immediately upstream (<1 m) from the deployed net. One reference 
station was located upstream from the spill site while eight were 
located downstream. Samples were preserved in 70 percent ethanol, 
labeled, and transported under chain-of-custody to the laboratory 
where the sample was split (50 percent) for identification to the lowest 
practical taxon. Approximately 15 percent of the samples were re-
sorted and reidentified for QA/QC purposes. 

In September an additional reference station was added upstream 
from the spill site and a modified Hess sampler with 500 μ mesh was 
used to quantitatively sample benthos. At each sampling station a 
metric tape was stretched parallel to the stream bank and a random 
number table was used to select five transect locations. Sampling 
points were selected randomly along the transects and sampling pro-
ceeded from downstream to upstream. Five replicate samples were 
collected at each station; three analyzed and two archived. Samples 
were preserved in 95 percent ethanol and the entire sample was sorted, 
enumerated and identified under a dissecting microscope. Aquatic 
insects were identified to genus while most noninsect taxa were identi-
fied to the family level. Approximately 10 percent of the samples were 
re-sorted and reidentified for QA/QC purposes. 
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Table 1. Representative water quality data from selected sampling locations in Grapevine Creek, California 

Station 

Upstream from 
weir pond 

Downstream from 
weir pond 

Edmonston Road 
Downstream from 

aqueduct 

TPH 
mg/L 

120 

55 

120 
— 

4/6/93 

Total 
BTEX 
ìg/L 

74 

145 

35 
— 

TPH 
mg/L 

3.7 

8 

4.6 
— 

4/8/93 

Total 
BTEX 
ì ^ 

23 

12 

NDi 
— 

4/12/93 

TPH 
mg/L 

— 

_ 

_ 
— 

Total 
BTEX 
ì ^ 

5 

3 

NÜ! 
— 

5/10/93 

TPH 
mg/L 

ND! 

NDi 

NÜ! 
NDi 

Total 
BTEX 
ì ^ 

44 

24 

ND! 
NDi 

1. Analytes below detection limit 

Triplicate sediment samples were collected at each station in con-
junction with the benthic macroinvertebrate sampling program in 
September to support interpretive biological analyses. Quantitative 
hydrocarbon analyses used GC/FID modified EPA method 8015, con-
sistent with other project analytical procedures. An ANOVA and 
Tukey's multiple comparisons test were used to determine significant 
differences in sediment hydrocarbon concentration data. 

Results 

Water and sediment quality. Water quality data were collected in 
stream within hours of the spill and continued to be collected peri-
odically for approximately five weeks postspill. Initial samples col-
lected from stations indicated in Table 1 ranged from 55 to 120 mg/L 
TPH; and total BTEX concentrations were less than 145 μg/L. Within 
three days of the release, TPH concentrations were less than 10 mg/L 
and total BTEX concentrations were less than 25 μg/L. Within five 
weeks, TPH and most BTEX constituents were below detection limits. 

To recover oil and conduct mechanized cleanup activities in the 
lower grassland segments of the stream, streamflow was diverted from 
the Grapevine Creek streambed to an upland impulse sprinkler sys-
tem. Total petroleum hydrocarbon concentrations ranged from 2.7 to 
29 mg/L in the irrigation water while benzene and ethylbenzene were 
undetected in any samples. Maximum toluene and xylene concentra-
tions were 2.1 and 37 μg/L, respectively. Concentrations generally 
decreased with time except for periods of intense, in-stream mechani-
cal recovery activity.5 

Mean sediment concentrations (mg/kg) of TPH and BTEX constitu-
ents are presented by stream reach/habitat and sampling dates in April 
and September 1993 in Table 2. Precleanup concentrations of both 
TPH and BTEX constituents increased in a downstream direction 
reflecting a greater degree of crude leaching and penetration into 
exposed sediments where streamflow was diurnally intermittent. The 
diurnally intermittent flow was believed to be the result of daily ιvap-
otranspiration rate variations resulting from the dense, upstream 
riparian vegetation. Average concentrations of TPH ranged from < 100 
to 21,733 mg/kg. Postcleanup concentrations in samples collected from 

April 27 to 29 were significantly lower with average TPH concentra-
tions ranging from <50 to 1,325 mg/kg. Concentrations of TPH in 
September 1993 ranged from 11 to 299 mg/kg. 

Sediments contained within the weir pond and analyzed for TPH 
approximately one week after the release demonstrated TPH concen-
trations ranging from less than 1 percent to approximately 90 percent 
TPH, by weight. Quantitative sediment samples collected after the 
pond was subsequently drained and dredged indicated concentrations 
ranging from below detection limits to 1100 mg/kg. After the pond was 
allowed to refill with stream water and stabilize, the measured TPH 
concentration was 410 mg/kg. 

Terrestrial habitat, wildlife, and plant communities. The riparian 
section of Grapevine Creek was classified as cottonwood-willow 
riparian woodland with dominant tree species of Freemont's cotton-
wood, red willow, and box elder with a shrubby understory of small 
willows, mule fat, bladderpod, and California wild grape. To minimize 
physical impact to this riparian habitat, access for response purposes 
was limited to hand crews. Heavily oiled stream-bank vegetation was 
removed where necessary but slightly oiled vegetation that was not 
exhibiting symptoms of stress (e.g., leaf chlorosis, leaf drop) was not 
removed. 

At the time of the April tree survey, two weeks after the spill, none 
of the tagged trees exhibited signs of stress. The July 1993 survey 
indicated that 26 of the 40 trees (65 percent) maintained full canopies, 
12 (30 percent) had sparse canopies and the condition of two trees (5 
percent) was undetermined. A nonquantitative, visual survey con-
ducted in the spring of 1994 suggested that recovery of the trees had 
occurred in the riparian zone of Grapevine Creek. 

Some emergent freshwater marsh and riparian vegetation along the 
weir pond margin was removed either because it was heavily oiled or as 
a result of contaminated sediment and bank removal. By July 1993, 
new cattails and other marsh plants were beginning to grow along pond 
margins suggesting that recovery was likely within one year. Emergent 
marsh vegetation recovery was photographically documented in the 
spring of 1994. 

Except for vegetation removed to establish access and/or staging 
areas in downstream segments, there was minimal effect of the spilled 
oil or cleanup operations on grassland plant species. 

Avian surveys. The initial bird population survey was conducted 

Table 2. Range of meant sediment concentrations of TPH and total BTEX constituents from Grapevine Creek stream 
sections 

1. N = 3 to 12 
2. Analyte below detection limit 

Stream reach/habitat 
(sediments) 

Riparian 
Upper grassland 
Lower grassland 

4/9/93 

TPH mg/kg BTEX mg/kg 

<110-155 
<100-1315 

4750-21,733 

.04-.4 
.01-26.3 

31-86 

4/27-

TPH mg/kg 

<50-185 
<50 

<50-1325 

-29/93 

BTEX mg/kg 

.01-1.9 
.01-6 
ND2 

9/93 

TPH mg/kg 

46-299 
12-38 

11-114 
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while cleanup activities were underway,6 and the second was conducted 
in early June 1993, after completion of the cleanup.4 Birds commonly 
observed in the oiled, riparian area of Grapevine Creek in April 
included the lesser goldfinch, house wren, and northern oriole while 
abundant species in the unoiled reference area included the California 
towhee, house wren, and black phoebe. In June, Brewer's blackbird 
was abundant in both previously oiled and unoiled riparian survey 
areas. 

During the April riparian area survey (Table 3), the number of 
species, species diversity, and numerical abundance were similar be-
tween oiled and unoiled areas. The June survey data indicated that the 
total number of species and numerical abundance were two and five 
times greater, respectively, in oiled versus unoiled survey areas. Spe-
cies diversity indices, however, were similar between impacted and 
reference sites. The generally lower number of species and abundance 
in riparian areas during the April survey was likely the result of 
significant cleanup crew and related response activity. 

At grassland survey sites in April, large numbers of birds were 
observed but species diversity was low due to the density of horned 
larks, which accounted for 83 percent of the bird observations. Exten-
sive response activities including cleanup crews and heavy equipment 
could have been responsible for the depressed diversity. In June, these 
grassland areas were resurveyed; areas I and II were located on previ-
ously oiled segments of Grapevine Creek while area III was located on 
an unaffected tributary channel. Abundant species observed in previ-
ously oiled grassland areas in June included the California horned lark, 
house finch, Brewer's blackbird, and cliff swallows. Common species 
in the unoiled, grassland reference area in June included cliff swallow, 
black phoebe, western kingbird, and western meadowlark. The previ-
ously oiled grassland areas demonstrated a greater number of species 
and numerical abundance than the unoiled reference area (Table 3). 
Species diversity indices were similar at all three grassland locations. 
The elevated abundance in the grassland II survey area may have been 
attributable to the adjacent almond orchard which provided habitat 
diversity not available at other survey locations.4 The results of the 
June survey suggested that there was little, if any, adverse impact to 
bird populations along Grapevine Creek two months after the spill. 

In the riparian area of Grapevine Creek, nesting behavior and/or 
active nests were observed for the following species: house finches, 
house sparrows, common raven, European starling, lesser goldfinch, 
northern oriole, Anna's hummingbird, orange-crowned warbler, and 
California towhee. No atypical behaviors were noted. Numerous cliff 
swallow nests were observed in the grassland area at the California 
aqueduct crossing of the creek (Figure 1). In April, 58 nests were in 
early stages of construction. By June, 321 nests had been constructed 
and adults were observed feeding young in more than 75 percent of the 
nests. 

Benthic macroinvertebrates. The first, qualitative D-net survey of 
benthic macroinvertebrates was conducted a few days after the 
pipeline rupture while the second, quantitative survey was conducted 
approximately five months postcleanup. Dominant macroinvertebrate 
taxa collected at sampling sites (Figure 1) included mayflies, dragon-
flies, damselflies, stone flies, caddis flies, moths, beetles, true flies 
(Diptera), and aquatic worms. The total number of taxa collected by 
site in April is presented in Table 4. 

The data collected in April indicate that both the number of taxa and 
abundance were substantially higher at the reference site relative to 
impacted sites. While several factors could be responsible for these 
documented differences (for example, elevation, gradient, substrate, 
riparian canopy, and flow), it is likely that the crude oil release played a 
substantial role in reducing invertebrate populations in Grapevine 
Creek. In addition to the effects of direct and indirect exposure to 
hydrocarbons, response activities would also be expected to displace 
invertebrates. 

Data collected in September 1993 included nearly 13,000 macroin-
vertebrates consisting of 40 taxa (Table 5). The majority of taxa and 
individuals were collected upstream from Edmonston Road (Figure 1) 
where streamflow was continuous. The number of taxa and abundance 
data were similar between the reference stations (1A and IB) and 
impacted sites (2 to 6) upstream from Edmonston Road. In addition, 
there was no apparent relationship between the levels of residual TPH 
concentrations in streambed sediment and any invertebrate metrics. 

Discussion 

Although the lead agency providing cleanup oversight (CDFG) 
maintained an aesthetic cleanup standard (that is, no free oil or heavy 
sheens in water or sediments), a quantitative analytical chemistry 
program was initiated to document more formally pre- and post-
cleanup conditions. It is the authors' view that while an aesthetic 
standard is sufficiently rigorous to assure a "clean" site (that is, com-
pletion of cleanup within the practical limits of available cleanup 
technologies), it is insufficient to document quantitatively biological 
exposure conditions during and after the emergency response phase— 
which is critical for impact assessment purposes. Quantitative analyti-
cal data are also useful and often necessary to satisfy data requests 
from third-party property owners and company management. Addi-
tionally, hydrocarbon weathering and recovery analyses, as well as 
waste management activities, can be more appropriately conducted 
with quantitative data. Finally, quantitative data can be a useful, 
documented basis for legal/administrative proceedings. 

In-stream water quality data indicated that concentrations of petro-
leum hydrocarbons, measured as TPH and total BTEX constituents, 
were elevated for only a short period of time immediately after the 
crude release. This 27° API gravity, blended San Joaquin Valley crude 
oil would be expected to weather rapidly like similar crudes3 and, 
indeed, concentrations were significantly reduced within two days of 
the spill. We estimated that approximately 20 percent of the spilled 
crude would be expected to volatilize within one week of the release. 
Within a five-week period, TPH concentrations in water were below 
analytical detection limits at all sampling locations. 

Similarly, sediment concentrations of petroleum hydrocarbons were 
elevated until cleanup was completed, especially at downstream, inter-
mittent flow locations where oil leached and/or penetrated into ex-
posed sediments. Postcleanup samples, collected less than three weeks 
after the release, indicated concentration reductions of as much as 95 
percent (Table 2). September samples, collected five months postspill, 
indicated that two downstream sampling stations had statistically sig-

Table 3. Avifauna point-count data from survey areas in the Grapevine Creek drainage, southern California! 

Total number of species Abundance Species diversity2 

Survey location 

Riparian (April) 
Riparian (June) 
Grassland (April) 
Grassland (June) I4 

Grassland (June) II4 

vs III5 

vs Ills 

Point-count 
stations 

4 
4 

13 
13 
13 

Oiled 

7 
16 
6 

15 
14 

Unoiled 

9 
8 

NA3 

10 
10 

Oiled 

25 
119 
83 
56 

264 

Unoiled 

14 
23 

NA3 

36 
36 

Oiled 

2.8 
2.5 
1.0 
3.0 
2.5 

Unoiled 

3.0 
2.7 

NA3 

2.5 
2.5 

1. After Duffield and Fischel4 

2. Species diversity = H' = - 2 P, log P„ where P, is the proportion of individuals in the ith species 
3. Unoiled grassland not surveyed 
4. Oiled 
5. Reference 
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Table 4. Benthic macroinvertebrate datat from Grapevine Creek sampling stations, April 19932 

Ephemeroptera 
Baetidae 

Odonata 
Coenagrionidae 

Plecoptera 
Nemouridae 
Perlodidae 

Trichoptera 
Psychomyiidae 
Hydropsychidae 
Brachycentridae 

Lepidoptera 
Noctuidae 

Coleoptera 
Hydrophilidae 
Curculionidae 

Diptera 
Tipulidae 
Ceratopogonidae 
Chironomidae 
Stratiomyidae 
Dolichopodidae 
Sciomyzidae 
unidentified 

Acari 
Prostigmata 

Lumbriculida 
Lumbriculidae 

Total number of 
organisms 

Total number of taxa 

Sitel 

132 

2 

1 
5 

3 
40 
4 

2 

1 
1 
1 

192 

11 

Site 2 

1 

1 

4 
4 
2 

1 

2 

3 
18 

8 

Site 3 

2 
3 

1 

1 

1 

4 
12 

6 

Site 4 

2 

2 
1 

1 
3 

3 
12 

6 

Site 5 

1 

2 

2 

1 

2 
8 

5 

Site 6 

1 

1 

2 

2 

Site 7 

1 

2 

1 

1 

5 

4 

Site 8 

2 
1 

1 

1 

5 

4 

Site 9 

2 
1 

3 

2 

1. Collected with a D-frame net 
2. Numbers of individuals based on 50 percent of the sample 

nificantly lower concentrations of TPH than the upstream reference 
stations (Table 5). None of the impacted stations demonstrated con-
centrations significantly greater than the reference stations in Septem-
ber. Elevated concentrations of hydrocarbons noted in weir pond 
sediments were probably the result of sedimentation phenomena 
caused by high suspended-solids concentrations in the pond water 
column. 

Benthic macroinvertebrate populations surveyed in impacted 
stream segments in April demonstrated substantially reduced tax-
onomic richness and numerical abundance relative to upstream, refer-
ence populations (Table 4). These reductions are consistent with expo-
sure to elevated concentrations of hydrocarbons as well as substrate 
disturbance from emergency response activities. Affected inverte-
brates are likely to have drifted downstream as a result of exposure and 
physical disturbance. In contrast to the April survey data, quantitative 
invertebrate data generated in September indicated that diverse and 
abundant populations had recolonized creek substrates in areas af-
fected by the spill (Table 5). Indeed, upstream from Edmonston Road, 
where flow was continuous during the study period, populations were 
generally more diverse and abundant than indicated at reference sta-
tions. This was the case despite the presence of hydrocarbons at mean 
concentrations ranging from 11 to 299 mg/kg TPH at previously oiled 
stations. 

The macroinvertebrate fauna of Grapevine Creek was numerically 
dominated by opportunist taxa (for example, Baetis, Simulium) capa-
ble of rapid colonization after severe habitat disturbance. Recoloniza-
tion of impacted substrates could have been achieved by a combination 
of benthic invertebrate drift from upstream locations as well as repro-
duction/oviposition by in-stream populations. The five-month interval 
between the spill and the September 1993 sampling period clearly 
provided sufficient time for substrate recolonization to occur. 

Impacts to vegetation in the drainage included leaf drop and a 
concomitant reduction in canopy density in approximately 30 percent 
of the riparian trees tagged for monitoring purposes. These symptoms 

of stress were not evident in April, two weeks postspill, but were 
photographically documented in July. It is likely that the leaf drop 
demonstrated in July was at least partly the result of oil exposure. 
Chlorosis and leaf drop impacts to trees with root systems exposed 
directly to fresh oil on the water surface or indirectly through oil-
contaminated sediments has been documented previously9 for a crude 
spill in a similar southern California drainage. In that instance, the 
impact was short term with full recovery of nearly all affected trees by 
the following spring, one year later. Similarly, in Grapevine Creek, 
tree recovery was visually noted in the spring of 1994. 

No other vegetation in the drainage exhibited signs of stress related 
to direct or indirect exposure to petroleum hydrocarbons. Heavily 
oiled vegetation and/or vegetation in areas required for access or 
staging activities was physically removed. Emergent freshwater marsh 
species were removed to excavate contaminated weir pond banks and 
sediments. Marsh plant recovery in the littoral zone of the weir pond 
was noted and photographically documented in the spring of 1994, 
approximately 14 months postspill. 

Avifauna surveys indicated that bird communities were similar be-
tween oiled and unoiled reference areas although some variation in 
numerical abundance, taxonomic distribution, and diversity indices 
were noted. These differences were attributed more to disturbances 
related to response activities (April surveys) and/or habitat differences 
(for example, the almond orchard). Population densities were greater 
in previously oiled stream segments than unoiled reference areas in 
June surveys suggesting that recovery had occurred. 

Conclusions 

While in-stream water quality data collected within 24 hours of the 
release exhibited TPH concentrations ranging from 55 to 120 mg/L, 
concentrations within 72 hours of the release were less than 8 mg/L. 
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Table 5. Benthic macroinvertebrate data! and mean sediment TPH concentrations2 from Grapevine Creek sampling stations, September 1993 

Taxon 

Ephemeroptera 
Baetidae 
Tricorythidae 

Odonata 
Libellulidae 
Calopterygidae 
Coenagrionidae 

Plecoptera 
Nemouridae 
Perlodidae 

Hemiptera 
Naucoridae 

Trichoptera 
Psychomyiidae 
Hydropsychidae 
Hydroptilidae 
Brachycentridae 

Coleoptera 
Haliptidae 
Dytiscidae 
Hydrophilidae 

Diptera 
Tipulidae 
Psychodidae 
Ceratopogonidae 
Simuliidae 
Chironomidae 
Dixidae 
Stratiomyidae 
Tabanidae 
Dolichopodidae 
Emplididae 
Muscidae 

Podocopida 
Basommatophora 

Physidae 
Hydracarina 
Amphipoda 

Hyalellidae 
Oligochaeta 
Nematoda 
Hirundinea 
Total number of organ-

isms 
Total number of taxa 
Mean TPH (mg/kg) 

Site 1A 

685 

2 

260 
2 

2 
183 

4 
20 

1 

14 

168 
21 

129 

1 

1 
5 

1498 

16 
116 

Site IB 

649 

88 

7 
314 

9 

8 
3 
1 

13 
8 

4 

17 

2 

1123 

13 
30 

Site 2 

418 

6 

39 

109 
232 

5 

1 

698 
77 

198 

2 
2 

93 

90 
20 

3 
5 

1998 

17 
299 

Site 3 

192 

60 

21 

35 
24 

1 

4 

850 
18 
3 

12 

8 

2 

109 
13 

13 
17 
1 

1383 

18 
46 

Site 4 

431 

4 
1 

101 

22 
2 

32 
169 

2 

1 

195 
137 

81 

5 

4 

112 
17 

7 
4 

1327 

19 
127 

Site 5 

810 

2 

95 

4 

31 
216 

1 
3 
2 

85 
210 

334 

1 
3 

13 
129 

617 
23 

6 

2585 

19 
38 

Site 6 

692 
1 

8 

13 

3 

1 

11 
88 

5 
6 

1 

72 
240 

428 
1 
5 
1 

12 
580 

216 
6 

1 

2391 

23 
59 

Site 7 

40 

8 

1 

1 
55 
17 

11 

20 

1 

1 
11 

166 

11 
12 

Site 8 

23 

1 

1 
25 
4 

1 

3 

13 

71 

8 
11 

Site 9 

51 
1 

1 

4 
41 
5 

21 

1 

5 

2 
1 

114 

11 
114 

1. Collected with a modified Hess sampler 
2. N = 3; GC/FID 

Total in-stream BTEX concentrations were never measured at more 
than 145 μg/L. Within five weeks of the spill, in-stream concentrations 
of both BTEX and most TPH constituents were below detection limits. 

Average sediment TPH concentrations in impacted stream segments 
ranged from 100 to 21,733 mg/kg prior to cleanup while postcleanup 
samples ranged from <50 to 1,325 mg/kg. Average concentrations five 
months after the spill ranged from 11 to 299 mg/kg. 

Approximately a third of the tagged trees in the riparian woodland 
section of Grapevine Creek experienced leaf drop, an effect not noted 
until two months after the spill. This phenomenon is believed to have 
been at least partly related to hydrocarbon exposure to root systems in 
affected stream banks. Tree recovery was visually observed by spring 
of the following year. Neither mule fat scrub nor grassland vegetation 
exhibited any symptoms of hydrocarbon exposure stress although 
some vegetation was removed to develop access/staging areas or to 
recover oil in the streambed. 

To minimize impact to sensitive species and habitats in the drainage, 
flagging was used to designate exclusion zones for cleanup crews and 
equipment. Flagged areas included potential kit fox dens, badger and 

kangaroo rat burrows, and patches of Kern tarweed in the grassland 
stream section. When clear instructions were provided to cleanup 
crews and biologists monitored cleanup activity, flagging was generally 
effective in minimizing impact to these resources. 

Avian surveys conducted in both riparian woodland and grassland 
habitats in April and June identified similar bird populations using 
both oiled and unoiled segments of the creek system. Lower species 
richness and diversity in grassland habitats in April, during cleanup, 
was attributed to extensive cleanup crew and equipment activities. 
Avian surveys conducted in June indicated greater numerical abun-
dance and number of species in previously oiled areas relative to 
unimpacted reference areas. Additionally, nesting behavior for several 
species indicated typical patterns and behaviors. At least 75 percent of 
the 321 cliff swallow nests at the California Aqueduct, an area heavily 
affected by response activities, had young present. 

Qualitative benthic macroinvertebrate samples collected at stations 
throughout the creek within a few days of the spill exhibited reduced 
taxonomic richness and numerical abundance in impacted stream seg-
ments. Quantitative macroinvertebrate samples collected five months 
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after the spill indicated diverse and abundant populations at all im-
pacted stations where streamflow volumes were sufficient to maintain 
them, regardless of the presence of mean sediment concentrations of 
residual hydrocarbon ranging from 11 to 299 mg/kg. 

Response and cleanup activities were concluded within 21 days 
resulting in the recovery of more than 70 percent of the estimated spill 
volume. This rapid and effective response helped to minimize impacts 
and ensure that biological recovery could proceed without residual 
effects. It is our view that impacts attributed to this spill in Grapevine 
Creek were localized and short term with biological recovery occurring 
over time frames varying from weeks to months. We believe that the 
cooperative working relationships established with agency represen-
tatives and property owners helped to ensure a successful incident 
response. 
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