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1.0 Interim Monitoring Goals and Objectives 
1.1 Background 
Union Pacific Railroad (UPRR) conducted interim monitoring in the Great Salt Lake pursuant to meeting 
the requirements of the U.S. Army Corps of Engineers (USACE) Nationwide Permit (NWP) 14 
authorization and the Utah Division of Water Quality (UDWQ) 401 Water Quality Certification for 
temporary closure of the east culvert which is located in the UPRR causeway that extends across the 
Great Salt Lake (USACE 2013, 2014; UDWQ 2013). 

The interim monitoring plan (IMP) consisted of four elements: (1) compiling surface water elevation data 
for the concurrent monitoring period, (2) collecting in-situ water profiles for temperature and other 
parameters, (3) collecting water quality samples for metals and other analyses at an off-site laboratory, 
and (4) collecting brine shrimp samples for metals analyses at an off-site laboratory and counts and 
taxonomic identification (Table 1; UPRR 2014). 

Compiling surface water elevation and collecting salinity gradient data meets the USACE NWP 14 
interim monitoring requirements (USACE 2013). Interim monitoring is focused on characterizing the 
open waters of Gilbert Bay and Gunnison Bay near the project site (Figure 1). 

Table 1. Interim Monitoring Goals and Objectives 

Element Goals Objectives 

Surface water 
elevations 

Capture temporary hydrologic 
impacts resulting from closure of 
the east culvert. 

Obtain surface water elevations for the North 
Arm and South Arm of the Great Salt Lake 
from USGS reporting stations located at Saline 
and Saltair. 

Surface water profiles 
and conventional 
water quality 
 

Collect Great Salt Lake total 
water depth, depth to the deep 
brine layera (if present), ambient 
Secchi depth, pH, temperature, 
and salinity data set. 

Collect salinity data consistent with UDWQ 
and USGS methods and reporting limits. 

Surface and bottom 
water metals, sulfate 
sampling and dissolved 
oxygen 

Collect Great Salt Lake ambient 
metals, sulfate, hardness, and 
dissolved oxygen data set in 
surface water. 

Collect metals, sulfate, and dissolved oxygen 
water samples at specified locations 
consistent with UDWQ reporting limits.  

Brine shrimp counts 
and tissue sampling 

Collect Great Salt Lake ambient 
brine shrimp population data 
and tissue metals and percent 
moisture data set at co-located 
South Arm water quality 
stations.  

Collect brine shrimp for taxonomic 
identification, counts, and tissue analysis at 
specified locations in accordance with 
UDWQ-approved reporting limits.  

UDWQ = Utah Division of Water Quality; USGS = U.S. Geological Survey 
a Deep brine layer depth refers to the vertical zone in a water column in which salinity changes rapidly with 

depth. For the purpose of this interim monitoring plan, deep brine layer depth, halocline, and chemocline 
are synonymous. 
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Figure 1. Interim Monitoring Sampling Site Locations 

 
Source: UPRR 2011 

1.2 May 2014 Monitoring Event 
HDR conducted the monitoring event on behalf of UPRR. This was the first monitoring event conducted. 

The ambient lake sampling event occurred during the week of May 18, 2014. This report is provided as a 
data report to document the collection of samples during and laboratory analysis of samples from the 
open-water sampling event in accordance with permit conditions and the IMP. No interpretation of the 
data is provided in this report; interpretation will be provided in the annual interim monitoring report in 
accordance with the IMP (UPRR 2014).  
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2.0 Methods 
Sample site locations are shown in Figure 1 above and are listed in Table 2 below. In accordance with the 
UDWQ- and USACE-approved IMP, monitoring occurred at three locations in Gilbert Bay and two 
locations in Gunnison Bay: locations to the south and north of the UPRR Great Salt Lake causeway in the 
vicinity of the east and west culverts and a location in Gilbert Bay between the causeway and the rest of 
Gilbert Bay. These sampling sites were located in the open waters of Gunnison and Gilbert Bays at 
locations specified in the Utah 401 Water Quality Certification and USACE NWP 14. Photographs were 
collected during the monitoring event at each site and are presented in Appendix B, Site Photographs, of 
this report.  

Table 2. Interim Monitoring Sampling Site Coordinates and Descriptions 

Site Name Latitude Longitude Description 

Gilbert Bay 

Sampling site 1 41° 12' 49.65" N 112° 43' 4.82" W Halfway between the proposed bridge and the 
west culvert; 1 km south of the UPRR causeway 

Sampling site 2 41° 12' 47.86" N 112° 36' 52.62" W Halfway between the west and east culverts; 
1 km south of the UPRR causeway 

Sampling site 5 41° 10' 9.65" N 112° 39' 25.81" W 6 km south of the west culvert 

Gunnison Bay 

Sampling site 3 41° 13' 54.62" N 112° 43' 11.77" W Halfway between the proposed bridge and the 
west culvert; 1 km north of the UPRR causeway 

Sampling site 4 41° 13' 34.84" N 112° 36' 40.64" W Halfway between the west and east culverts; 
0.5 km north of the UPRR causeway 

N = north; W = west; km = kilometers, UPRR = Union Pacific Railroad 

Table 3 below lists the samples collected and parameters measured at each site as well as the frequency of 
collection. 

2.1 Surface Water Elevation 
The U.S. Geological Survey (USGS) records surface water elevations at Saltair (USGS Station 10010000) 
and Saline, Utah (USGS Station 10010100) (see Figure 1 above). Elevations are in the National Geodetic 
Vertical Datum of 1929 (NGVD 29) datum. Data were downloaded from ut.water.usgs.gov/greatsaltlake/
elevations for the week of sample collection.  

http://ut.water.usgs.gov/greatsaltlake/elevations/
http://ut.water.usgs.gov/greatsaltlake/elevations/
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Table 3. Interim Monitoring Parameters, Locations and Frequency 

Parameter Number and Sample Depth Frequency 
Field 

Duplicate 
Field 
Blank 

Equipment 
Blank 

Sampling Site 

1 2 3 4 5 

Total water depth One measurement taken from water 
surface to bottom of lake. 

Four times per year NA NA NA X X X X X 

Depth from water 
surface to deep 
brine layer 

One location inferred from conductivity 
profile 

Four times per year NA NA NA X X X X X 

Secchi depth Measurements taken from water 
surface and averaged.  

Four times per year NA NA NA X X X X X 

Conductivity, 
temperature, pH 

Vertical profile; measurements taken 
in situ every 0.5 m. The field conductivity 
measurements will establish whether 
there is a deep brine layer present. 

Four times per year NA NA NA X X X X X 

Total dissolved solids, 
density  

Vertical profile; grab samples taken 
every 1.5 m in upper brine layer; 
samples taken every 0.5 m in the deep 
brine layer. 

Four times per year 10% of 
samples 

10% of 
samples 

10% of 
samples 

X X X X X 

Total metals (As, Cu, 
Pb, Se, Hg, Zn), SO4, 
hardness, and DO  

Grab samples taken 0.2 m from the 
water surface and 0.5 m from the 
bottom. 

Four times per year 10% of 
samples 

10% of 
samples 

10% of 
samples 

X X X X X 

Brine shrimp count One sample from one vertical tow. Tri-annually (May, 
July, and September) 

1 per 
event 

NA NA X X NA NA X 

Brine shrimp tissue, 
percent moisture 

Composite sample from three vertical 
tows. 

Tri-annually (May, 
July, and September) 

1 per 
event 

NA NA X X NA NA X 

m = meters 
NA = not applicable 
X = parameter measured at this site 

As = arsenic 
Cu = copper 
DO = dissolved oxygen 

Hg = mercury 
Pb = lead 
Se = selenium 

SO4 = sulfate 
Zn = zinc 

a See Section 2.4, Brine Shrimp, and Appendix F, Data Quality Assurance Documentation. Field duplicate, field blank, and equipment blank samples were 
collected as part of the field quality assurance program. 
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2.2 In-situ Measurements 
UPRR noted relevant conditions (air temperature and a description of the location) on the field data sheet 
during each sampling event. Field data sheets are provided in Appendix G, Field and Analytical 
Laboratory Data Reports. Shared sampling equipment was thoroughly cleaned between sampling sites. 

In-situ water quality measurements included total water depth, depth to the deep brine layer (if present), 
Secchi depth, and vertical profiles of water temperature, conductivity, dissolved oxygen, and pH.  Secchi 
depth was measured first. Then, water temperature, conductivity, dissolved oxygen, and pH were 
measured every 0.5 meter (m) with a multiprobe water quality meter. These water quality measurements 
were used to determine the depth to the deep brine layer, if present. The depth to the deep brine layer was 
used to determine the frequency of the grab samples for dissolved oxygen, total dissolved solids (TDS) 
concentrations, and density samples according to the following rules: 

 If a deep brine layer is present: 

o Collect samples above the deep brine layer every 1.5 m. 
o Collect samples below the deep brine layer every 0.5 m. 

 If a deep brine layer is not present: 

o Collect samples every 1.5 m. 

A Troll 9500, rented from In-Situ, Inc., was used for data collection. Calibration of each probe was 
performed by In-Situ, Inc., prior to deployment (Appendix F, Data Quality Assurance Documentation). 
Calibration was also verified in the field using the manufacturer’s recommended calibration methods. 

2.3 Surface Water Sample Analyses 
As described in the USACE- and UDWQ-approved IMP, each analytical sample was collected into 
laboratory-supplied clean containers. Water samples were collected at depth with a Kemmerer sampler, 
which was thoroughly cleaned between sites. 

Water samples to be analyzed for metals were collected using “clean hands” methods consistent with the 
U.S. Environmental Protection Agency’s (EPA) Method 1669 (EPA 1996) and the UDWQ Standard 
Operating Procedure (SOP) for “Trace Metals Sample Collection (Clean Hands/Dirty Hands), 
Decontamination, and Multiprobe In-situ Monitoring Procedures.” 

The samples were preserved (as appropriate), stored, and delivered to a National Environmental Labora-
tory Accreditation Program (NELAP)–certified laboratory for analyzing the laboratory parameters listed 
in the IMP (Table 4 below; UPRR 2014). May 2014 metals samples were analyzed by Brooks Rand 
Laboratory in Seattle, Washington. Density, dissolved oxygen, hardness, sulfate, TDS analyses were 
performed by American West Analytical Laboratory in Salt Lake City, Utah. A chain-of-custody record 
was maintained with the samples at all times.  
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Table 4. Water Quality Parameters and Constituents To Be Measured and 
Methods, with Detection Limits, Reporting Limits, and Laboratory Hold Time 

Parameter Method a 

Method 
Detection 

Limit 

Method 
Reporting 

Limit Hold Time 

Field Measurements – Surface Water 

Lake elevation b — USGS 
automated 
gage 

— — — 

Total water depth — Troll 9500 field 
measurement 

— 0.1 m Field 

Depth to deep brine 
layer c 

— Troll 9500 field 
measurement 

— 0.1 m Field  

Secchi depth — — — 0.1 m Field 

pH — SM 4500-H 0.1 su 0.1 su Field profile 

Specific conductivity — SM 2510A 0.001 µmhos 0.001 µmhos Field profile 

Temperature — SM 2520 0.1 ºC 0.1 ºC Field profile 

Laboratory Analyses – Surface Water d,e 

Density — SM 2710F — 0.001 g/mL 7 days 

Dissolved oxygen DO SM 4500-OC — 0.1 mg/L 8 hours 

Hardness — SM 2340 C — 1 mg/L as 
CaCO3 

14 days 

Sulfate (total) SO42− EPA 300.0 — 1 mg/L 28 days 

Total dissolved solids f Salinity f SM 2540C — 5 mg/L 7 days 

Arsenic (total) As EPA 1640 0.05 µg/L 0.15 µg/L 180 days 

Copper (total) Cu EPA 1640 0.04 µg/L 0.12 µg/L 180 days 

Lead (total) Pb EPA 1640 0.003 µg/L 0.013 µg/L 180 days 

Mercury (total) Hg EPA 1631E 0.15 ng/L 0.40 ng/L 28 days 

Selenium (total) Se EPA 1640 0.070 µg/L 0.210 µg/L 180 days 

Zinc (total) Zn EPA 1640 0.26 µg/L 0.75 µg/L 180 days 

Laboratory Analyses – Gilbert Bay Brine Shrimp e 

Percent moisture — SM 2540G — 1.0% — 

Arsenic (total) As EPA 1638 0.014 mg/kg 0.040 mg/kg 180 days 

Copper (total) Cu EPA 1638 0.03 mg/kg 0.16 mg/kg 180 days 

Lead (total) Pb EPA 1638 0.004 mg/kg 0.040 mg/kg 180 days 

Mercury (total) Hg EPA 1631 0.12 ng/g 0.4 ng/g 28 days 

Selenium (total) Se EPA 1638 0.06 mg/kg 0.15 mg/kg 180 days 

Zinc (total) Zn EPA 1638 0.20 mg/kg 1.00 mg/kg 180 days 
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Table 4. Water Quality Parameters and Constituents To Be Measured and 
Methods, with Detection Limits, Reporting Limits, and Laboratory Hold Time 

Parameter Method a 

Method 
Detection 

Limit 

Method 
Reporting 

Limit Hold Time 

Laboratory Counts – Gilbert Bay Brine Shrimp 

Brine shrimp 
(Artemia franciscana) 

Dissection 
microscope 

Not 
applicable 

Not 
applicable 

Not 
applicable 

°C = degrees Celsius 
CaCO3 = calcium carbonate 
EPA = sampling method from EPA 
µmhos = micromhos 
m = meters 
SM = Standard Methods for the 

Examination of  
Water and Wastewater 

g/mL = grams per milliliter 
mg/L = milligrams per liter 
µg/L = micrograms per liter 
ng/L = nanograms per liter 
mg/kg = milligrams per kilogram 
ng/g = nanograms per gram 
su = standard units 

a Laboratory Analytical Method or field equipment 
b See Section 2.1, Surface Water Elevation. 
c Deep brine layer depth refers to the vertical zone in a water column in which salinity changes 

rapidly with depth. The location of the deep brine layer is determined from abrupt changes in 
conductivity, temperature and dissolved oxygen. 

d Estimated by American West Analytical Laboratories and Brooks Rand Laboratories (metals). 
Due to the nature of Great Salt Lake water, reporting limits might be elevated for some 
analyses. 

e Estimated by Brooks Rand Laboratories. Due to the nature of brine shrimp tissue, reporting 
limits might be elevated for some analyses. 

f Total dissolved solids will be measured to estimate salinity. 

2.4 Brine Shrimp 
Brine shrimp samples were collected for both metals analyses and taxonomic identification. Brine shrimp 
were collected via vertical tow within Gilbert Bay at stations 1, 2, and 5. Up to three vertical plankton 
tows were performed at stations 1, 2, and 5 to obtain brine shrimp for analytical laboratory analysis. One 
plankton tow was performed at these stations for brine shrimp taxonomic life stage identification and 
counts. 

Each tow was from the bottom of the water column to the water surface, using a 165-micrometer (μm) net 
with a 50-centimeter (cm)-diameter opening and a screened sample bucket attached at the bottom. The net 
was lowered to the desired depth and raised at an approximate rate of 0.5 m per second to collect brine 
shrimp from the water column. 

The analytical sample was concentrated into the sample bucket and transferred to a labeled and NELAP-
certified laboratory-supplied sample jar. The procedure was repeated in order to collect a sample for brine 
shrimp taxonomic analysis by EcoAnalysts, Inc., a laboratory certified by the Society for Freshwater 
Sciences. The samples were stored and recorded on separate chain-of-custody forms (one for the 
analytical laboratory and one for the taxonomic laboratory). 
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2.5 Quality Assurance 
All data were collected in accordance with the IMP’s Quality Assurance Project Plan (QAPP) (UPRR 
2014). After each event, UPRR subjected all data to quality assurance/quality control (QA/QC) 
procedures including but not limited to spot checks of transcription, review of electronic data submissions 
for completeness, comparison of geographic information systems (GIS) maps with field notes on 
locations, and identification of any inconsistent data. Documentation of this process is provided in 
Appendix F, Data Quality Assurance Documentation.  

In addition, UPRR evaluated the resulting data for their consistency with the data quality objectives in the 
QAPP. As a result of this process, UPRR determined that the laboratory’s density and dissolved oxygen 
data were not usable and qualified these data as “R” (rejected). Quality assurance documentation is 
provided in Appendix F, Data Quality Assurance Documentation. UPRR compensated for the rejected 
data as described in Section 2.6 below. 

2.6 Study Variances and Corrective Action 
The May 2014 study was conducted in conformance with the IMP, with four noted variances. 

 Brine shrimp sample collection for metals analysis was limited to one vertical plankton tow per 
site instead of three tows as specified in the IMP. It was determined in the field that one tow 
would provide an adequate quantity of sample because of the abundance of shrimp observed on 
the first tow at each site. Data quality was not reduced due to this variance. No corrective action 
will be required. 

 The brine layer’s location was not determined via conductivity readings. In-situ conductivity 
measurements could not be collected because the incorrect (low-range) probe was deployed on 
the Troll 9500 sensor packet. The probe did not provide results at the range of conditions in the 
Great Salt Lake. For May 2014, the depth to the deep brine layer was determined by the Troll 
9500’s temperature and dissolved oxygen probes, which were calibrated and functional. UPRR 
consulted with USGS (Rowland 2014) to identify a high-range probe for the July 2014 sampling 
event. The high-range probe will be used and calibrated to a commercially available 
100,000-microsiemens-per-centimeter (μS/cm) calibration solution. In July 2014, the depth to the 
deep brine layer (if present) will be determined using the Troll 9500 with the high-range 
conductivity probe and will be confirmed with temperature and dissolved oxygen measurements. 

 Laboratory measurements of density did not differentiate conditions among samples. Dilutions 
performed when implementing Standard Methods for the Examination of Water and Wastewater 
(SM) 2710F reduced sample precision such that differences among the samples were not 
observable. Hence, the density and salinity values reported in this report were calculated from 
TDS concentration analytical results according to Waddell and Bolke (USGS 1973). UPRR 
consulted with the Utah Geological Survey (UGS) (Rupke 2014) to identify an alternate approach 
to determine density for the July 2014 effort. In addition to laboratory measurements, specific 
gravity measurements of the samples will be made with a hydrometer in July 2014 to calculate 
density and salinity. The hydrometer SOP is provided in Appendix H, Standard Operating 
Procedure for Specific Gravity Determinations Using a Hydrometer (ASTM D1429 – 13). 

 Dissolved oxygen was measured two ways: via a probe on the Troll 9500 and via the Winkler 
method (SM 4500-OC). Dissolved oxygen determinations using the Winkler method did not 
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produce plausible results (that is, anoxic concentrations in the upper water column with 
observable and abundant aquatic life). The reason for the apparent interference could not be 
identified by the laboratory. UPRR concluded that the Winkler method might not be appropriate 
for use in Great Salt Lake brine; therefore, it will not be used further in the study’s laboratory 
program. Dissolved oxygen will continue to be measured in situ with the Troll 9500. 

3.0 Results 
The May 2014 monitoring event occurred on May 22 in Gunnison Bay (sites 3 and 4) during a period of 
clear and calm weather with calm seas. The Gilbert Bay sites (sites 1, 2, and 5) were sampled on May 23. 
On this day, the weather was clear with a light wind and variable surface conditions. Sites 1 and 2 were 
sampled during calm seas (see the photos in Appendix B, Site Photographs). Site 5 was sampled in 
approximately 1- to 2-foot seas. 

3.1 Surface Water Elevation 
UPRR acquired surface water elevation data in 15-minute increments for Gunnison and Gilbert Bay from 
the USGS website (USGS 2014; see Appendix A, Surface Water Elevation Data). During the monitoring 
period, the surface water elevation recorded at the South Arm gage was about 4,195.1 feet, and the North 
Arm gage was between 0.6 foot and 0.8 foot lower in elevation (Figure 2). 

Figure 2. South and North Arm Surface Water Elevations (USGS Stations 
10010000 and 10010100) during the May 2014 Monitoring Period 

 
Elevations are in the NGVD 29 datum. 
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3.2 In-situ Measurements 
Synoptic in-situ measurements are provided in Table 4. Temperature, pH, and dissolved oxygen profiles 
are provided in Figure 3, Figure 4, and Figure 5, respectively. The total water depths of sampling sites 
ranged from 7.2 m to 8.5 m (Table 5). Sites 1 and 5 had a deep brine layer at 6.5-m depth that ranged in 
thickness between 1.5 m and 2.0 m. Gilbert Bay sites (1, 2, and 5) had Secchi depths between 2.0 m and 
2.3 m, while the Gunnison Bay sites (2 and 3) both had much lower water transparency.  

Table 5. Water Level, Total Depth, Secchi Depth, and Brine Layer Depth  

Parameter Units 

Gilbert Bay Gunnison Bay 

Site 1 Site 2 Site 5 Site 3 Site 4 

Average water surface 
elevation of sampling day 

feet 
NGVD 29 4,195.1 4,194.3 

Secchi depth meters 2.3 2.0 2.0 0.7 0.7 

Total water depth meters 8.5 7.2 8.0 7.5 7.7 

Depth from water surface 
to deep brine layer 

meters 6.5 Not found 6.5 Not found Not found 

Deep brine layer thickness meters 2.0 Not found 1.5 Not found Not found 

NGVD 29 = National Geodetic Vertical Datum of 1929 

Water temperatures in Gilbert Bay (sites 1, 2, and 5) were similar, with decreasing temperatures in the 
deep brine layer (Figure 3). Water temperatures in Gunnison Bay (sites 3 and 4) were similar and warmer 
than in Gilbert Bay. Gilbert Bay (sites 1, 2, and 5) had similar pH profiles, with slightly reduced pH in the 
deep brine layer at sites 1 and 5 (Figure 4). The Gunnison Bay sites (3 and 4) were similar, with slightly 
acidic pH near the surface. Gilbert Bay (sites 1, 2, and 5) had lower dissolved oxygen concentrations than 
Gunnison Bay (sites 2 and 3; Figure 5). Sites 1 and 5 had anoxic conditions in the deep brine layer. 

Figure 3. Temperature Profiles 
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Figure 4. pH Profiles 

 

Figure 5. Dissolved Oxygen Profiles 
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3.3 Surface Water Samples 
Results of surface water analyses are provided in Table 6 with greater detail available in Appendix C, 
Surface Water Analytical Results (data tables), and Appendix G, Field and Analytical Laboratory Data 
Reports (field data sheets and laboratory data packages). TDS concentrations in Gilbert Bay (sites 1, 2, 
and 5) ranged between 147 and 167 grams per liter (g/L) in the upper water column (Figure 6). TDS 
concentrations indicated that a deep brine layer was present at sites 1 and 5, since the lower water column 
TDS concentration values were elevated relative to the upper water column TDS concentration values. 
Dissolved oxygen data supported this observation. TDS concentrations in Gunnison Bay (sites 3 and 4) 
were similar, both spatially and vertically. Gunnison Bay TDS values were much greater than those at the 
Gilbert Bay sites. 

TDS and salinity profiles are provided in Figure 6 and Figure 7, respectively. Salinity was estimated from 
the measured TDS concentrations per the USGS-defined relationships shown in Equations 1 and 2 below 
(USGS 1973). 

Equation 1 Densityestimated(g/mL) = C × 0.63 + 1.000 

where: 

C = measured TDS concentration (g/mL) 

Equation 2 
Salinity ሺ%ሻ = 

TDS

Density
 × 100 

where: 

TDS = measured TDS (g/mL) 
Density = Densityestimated from Equation 1 (g/mL) 
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Figure 6. TDS Profiles 

 

Figure 7. Salinity Profiles 
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Table 6. Metals Concentrations in Surface and Deep Water Samples 

Parameter Units 

Gilbert Bay Gunnison Bay 

Site 1 Site 2 Site 5 Site 3 Site 4 

Upper Water Column 

Hardness, total mg/L 20,500 20,100 20,200 48,700 50,400 

Sulfate a mg/L 10,900 9,780 9,560 20,700 23,100 

Arsenic µg/L 109 104 113 166 176 

Copper µg/L 2.73 2.56 2.68 1.11 1.13 

Lead µg/L 1.22 1.21 1.43 0.428 0.640 

Mercury ng/L 4.83 9.67 5.04 3.73 2.89 

Selenium µg/L <1.05 <1.05 <1.05 <1.05 <1.05 

Zinc µg/L <3.75 <3.75 <3.75 <3.75 <3.75 

Lower Water Column 

Hardness, total mg/L 22,600 20,300 20,800 52,200 49,200 

Sulfate a mg/L 10,600 12,800 10,600 24,800 20,400 

Arsenic µg/L 111 123 111 168 162 

Copper µg/L 2.9 14.4 2.85 1.24 1.1 

Lead µg/L 1.17 5.33 1.25 0.284 0.492 

Mercury ng/L 22.6 23N 15.3 2.87 2.26 

Selenium µg/L <1.05 <1.05 <1.05 <1.05 <1.05 

Zinc µg/L <3.75 11.5 <3.75 <3.75 <3.75 

N = laboratory reports that quantity reported is estimated. 
< = Not detected. 
mg/L = milligrams per liter; µg/L = micrograms per liter; ng/L = nanograms per liter 
a Data quality objectives for sulfate met quality assurance objectives (UPRR 2014); UPRR notes that 

historical UGS data were analyzed to a greater level of resolution. 

3.4 Brine Shrimp Samples 
Metals concentrations in brine shrimp tissue are provided in Table 7 with greater detail available in 
Appendix D, Brine Shrimp Analytical Results (data tables), and Appendix G, Field and Analytical 
Laboratory Data Reports (field data sheets and laboratory data packages).  

In May 2014, shrimp were abundant with densities between 14,679 and 42,213 individuals per cubic 
meter (Table 8). Most of the brine shrimp were in the egg and early metanauplius life stages. Life stage 
definitions, subsample counts, and subsample quantities are provided in Appendix E, Brine Shrimp 
Taxonomic Results. 
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Table 7. Brine Shrimp Metals Tissue Concentrations 

Parameter Units 

Gilbert Bay 

Site 1 Site 2 Site 5 

Total solids % 20.84 16.75 21.73 

Wet-weight 

Arsenic mg/kg 2.73 2.65 3.07 

Copper mg/kg 2.31 2.28 2.86 

Lead mg/kg 0.163 0.353M 0.214 

Mercury ng/g 29.1 32.5 40.3 

Selenium mg/kg 0.41 0.34 0.47 

Zinc mg/kg 12.5 15.1 16.8 

Dry-weight 

Arsenic mg/kg 13.1 15.8 14.1 

Copper mg/kg 11.1 13.6 13.2 

Lead mg/kg 0.781 2.11M 0.983 

Mercury ng/g 140 194 182 

Selenium mg/kg 1.98 2.04 2.15 

Zinc mg/kg 59.8 90.3 77.4 

M = laboratory reports that quantity reported is estimated. 
mg/kg = milligrams per kilogram; ng/g = nanograms per gram 

 

Table 8. Brine Shrimp Density (Individuals per Liter) and 
Percent Composition of Life Stages 

Brine Shrimp Life 
Stage 

Gilbert Bay 

Site 1 Site 2 Site 5 

Egg 6,846 (46%) 22,176 (53%) 16,394 (58%) 

Nauplius 402 (3%) 783 (2%) 1,423 (5%) 

Early metanauplius 5,449 (36%) 15,578 (37%) 8,816 (31%) 

Mid metanauplius 1,292 (9%) 3,465 (8%) 1,114 (4%) 

Late metanauplius 559 (4%) 30 (<1%) 278 (1%) 

Subadult 279 (2%) 60 (<1%) 247 (1%) 

Adult 122 (1%) 121 (<1%) 217 (1%) 

Total 14,949 42,213 28,488 

Life stage definitions, subsample counts, and subsample quantities are 
provided in Appendix E, Brine Shrimp Taxonomic Results. 
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Photograph B-1.  Site 4, facing south, with 
causeway in the distance. 

 
Photograph B-2.  Site 4, facing north. 

 
Photograph B-3.  Site 3, facing south, with 
causeway in the distance. 

 
Photograph B-4.  Site 3, facing north. 
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Photograph B-5.  Site 2, facing north, with 
causeway in the distance. 

 
Photograph B-6.  Site 2, facing south. 

 
Photograph B-7.  Site 1, facing north, with 
causeway in the distance. 

 
Photograph B-8.  Site 1, facing south. 
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Photograph B-9.  Site 5, facing north. 

 
Photograph B-6.  Site 5, facing south. 
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Table C-1. May 2014 Water Quality Data 
  Sample 

Location 
Method 

Detection 
Limit 

Method 
Reporting 

Limit 

Gilbert Bay Gunnison Bay 
  Site 1 Site 2 Site 5 Site 3 Site 4 
  Sample ID 8180-1 8180-2   8180-5   8180-3   8180-4   

Analyte Coordinates 41.21379 -112.718 41.21329 -112.615 41.16935 -112.657 41.23184 -112.72 41.23085 -112.611 
  Date 05/23/14 05/23/14 05/23/14 05/22/14 05/22/14 
  Sample Type Original Original Original Original Original 
  Units Result Qualifier Result Qualifier Result Qualifier Result Qualifier Result Qualifier 

PHYSICAL CHARCTERIZATION  
Water Surface Elevation ft msl -- -- 4194.4           4194.3       
Sechi Depth m -- 0.1 2.3 -- 2.0 -- 2.0 -- 0.725 -- 0.70 -- 
Depth m -- 0.1 8.5 -- 7.2 -- 8.0 -- 7.5 -- 7.7 -- 
Brine Layer Interface Depth m -- 0.1 6.5 -- Not found -- 6.5 -- -- -- -- -- 
Brine Layer Thickness m -- -- 2 C Not found -- 1.5 C -- -- -- -- 
UPPER WATER COLUMN 
Specific conductance a, µSiemens/cm -- 0.001 -- NM -- NM -- NM -- NM -- NM 
Dissolved Oxygena,b mg/L -- 0.1 3.7 -- 4.0 -- 4.2 -- 7.5 -- 6.97 -- 
pH a, su -- 0.1 8.1 -- 7.9 -- 7.8 -- 6.3 -- 6.48 -- 
Temperature a, °C -- 0.1 18.5 -- 18.5 -- 18.4 -- 20.7 -- 20.2 -- 
Alkalinity, Total (as CaCO3) mg/L -- 50.0 421 -- 412 -- 443 -- 354 -- 351 -- 
Hardness, Total mg/L -- 10.0 20,500 -- 20,100 -- 20,200 -- 48,700 -- 50,400 -- 
Sulfate mg/L -- 3,750 10,900 -- 9,780 -- 9,560 -- 20,700 -- 23,100 -- 
Arsenic µg/L 0.250 0.750 109 -- 104 -- 113 -- 166 -- 176 -- 
Copper µg/L 0.20 0.60 2.73 -- 2.56 -- 2.68 -- 1.11 -- 1.13 -- 
Lead µg/L 0.015 0.065 1.22 -- 1.21 -- 1.43 -- 0.428 -- 0.640 -- 
Mercury ng/L 0.15 0.41 4.83 -- 9.67 -- 5.04 -- 3.73 -- 2.89 -- 
Selenium µg/L 0.350 1.05 0.440 J 0.510 J 0.513 J 0.480 J 0.542 J 
Zinc µg/L 1.3 3.75 3.09 J 2.62 J 2.22 J 2.45 J 3.18 J 
LOWER WATER COLUMN  
Specific conductance µSiemens/cm -- 0.001 -- NM -- NM -- NM -- NM -- NM 
Dissolved Oxygenn mg/L -- 0.1 0.3 -- 2.0 -- 0.7 -- 7.2 -- 6.1 -- 
pH a, su -- 0.1 7.7 -- 8.2 -- 7.7 -- 7.4 -- 7.5 -- 
Temperature a, °C -- 0.1 12.5 -- 15.4 -- 12.8 -- 18.3 -- 17.1 -- 
Alkalinity, Total (as CaCO3) mg/L -- 50.0 394 -- 398 -- 367 -- 351 -- 340 -- 
Hardness, Total mg/L -- 10.0 22,600 -- 20,300 -- 20,800 -- 52,200 -- 49,200 -- 
Sulfate mg/L -- 3,750 10,600 -- 12,800 -- 10,600 -- 24,800 -- 20,400 -- 
Arsenic µg/L 0.250 0.750 111 -- 123 -- 111 -- 168 -- 162 -- 
Copper µg/L 0.20 0.60 2.9 -- 14.4 -- 2.85 -- 1.24 -- 1.1 -- 
Lead µg/L 0.015 0.065 1.17 -- 5.33 -- 1.25 -- 0.284 -- 0.492 -- 
Mercury ng/L 0.15 0.41 22.6 -- 23 N 15.3 -- 2.87 -- 2.26 -- 
Selenium µg/L 0.350 1.05 0.707 J 0.423 J 0.537 J 0.572 J 0.412 J 
Zinc µg/L 1.3 3.75 1.3 ND 11.5 -- 1.30 ND 2.44 J 2.1 J 
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a Results are sonde measurements at 0.2 m from the water surface (upper water column) and 0.5 m from the bottom (lower water column) 
b Results are sonde measurements. All laboratory dissolved oxygen data were rejected during data verification review and are not reported Laboratory data are provided in 

Appendix G. 
       
          
ACRONYMS        
m meters         
µg/L micrograms per liter         
mg/L milligrams per liter         
su standard units         
ng/L nanograms per liter         
mg/kg milligrams per kilogram         
µg/kg micrograms per kilogram         
ng/g nanograms per gram         
ft feet         
msl mean sea level         
          
QUALIFIER DEFINITIONS          
-- not collected, not applicable or not required        
C Calculated value         
J Estimated result. Detected by the instrument, but quantity is uncertain.  The result is more than the MDL but less than the MRL. 
N Result is estimated. Spike recovery was not within acceptance criteria. 
ND Not detected at the method detection limit. 
NM Sonde conductivity probe was not working on May 22 and May 23, 2014. Conductivity was not collected. 
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Table C-2. May 2014 Density and Total Dissolved Solid Data 

Sample 
Location 

Gilbert Bay         Gunnison Bay 
Site 1 Site 2 Site 5 Site 3 Site 4 

Sample ID 8180-1 8180-2 8180-5 8180-3 8180-4 
Coordinates 41.213792 -112.718006 41.213294 -112.614617 41.169347 -112.657169 41.231839 -112.719936 41.23085 -112.611308 

Date 05/23/14   05/23/14 05/23/14 05/22/14 05/22/14 
Sample 

Type Original   Original Original Original Original 

Depth/ 
Analyte Density 

Qual 
Total Dissolved 

Solids Qual 
Density 

Qual 
Total Dissolved 

Solids Qual 
Density 

Qual 
Total Dissolved 

Solids Qual 
Density 

Qual 
Total Dissolved 

Solids Qual 
Density 

Qual 
Total Dissolved 

Solids Qual 
Units g/ml mg/L lb/ft3 mg/L lb/ft3 mg/L lb/ft3 mg/L lb/ft3 mg/L 

1.5 m 1.10521 R 167,000 -- 1.10269 R 163,000 -- 1.09891 R 157,000 -- 1.21357 R 339,000 -- 1.19656 R 312,000 -- 

3.0 m 1.09576 R 152,000 -- 1.09828 R 156,000 -- 1.09828 R 156,000 -- 1.2142 R 340,000 -- 1.21168 R 336,000 -- 

4.5 m 1.09828 R 156,000 -- 1.09828 R 156,000 -- 1.09828 R 156,000 -- 1.22806 R 362,000 -- 1.21798 R 346,000 -- 

6.0 m 1.09261 R 147,000 -- 1.09576 R 152,000 -- 1.0945 R 150,000 -- 1.20979 R 333,000 -- 1.21042 R 334,000 -- 

6.5 m 1.14301 R 227,000 -- 1 R -- -- 1.09324 R 148,000 -- -- -- -- --   -- -- -- 

7.0 m 1.13419 R 213,000 -- 1.10584 R 168,000 -- 1.13293 R 211,000 -- -- -- -- --   -- -- -- 

7.5 m 1.14049 R 223,000 -- 1 R -- -- 1.13734 R 218,000 -- -- -- -- -- 1.20853 -- 331,000 -- 
                                          

Depth to 
bottm (m) 8.5 -- -- -- 7.2 -- -- -- 8.0 -- -- -- 7.5 -- -- -- 7.7 -- -- -- 

 

QUALIFIER DEFINITIONS 
-- not collected, not applicable or not required        
R Rejected during review process.   
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Table D-1. May 2014 Brine Shrimp Tissue Data 
    

Method 
Detection 

Limit 

Method 
Reporting 

Limit 

Gilbert Bay 

  Sample 
Location Site 1 Site 2 Site 5 

  Sample ID 8180-1 8180-2 8180-5 

Analyte Coordinates 41.213792 -112.71801 41.169347 -112.65717 41.169347 -112.65717 

  Date 05/23/14 05/23/14 05/23/14 

  Sample Type Original Original Original 

  Units Result Qualifier Result Qualifier Result Qualifier 

Percent Solids 

Total Solids % 0.3 1.00 20.84 -- 16.75 -- 21.73 -- 

Wet-weight 

Arsenic mg/kg 0.013 0.037 2.73 -- 2.65 -- 3.07 -- 

Copper mg/kg 0.009 0.03 2.31 -- 2.28 -- 2.86 -- 

Lead mg/kg 0.004 0.037 0.163 -- 0.353 M 0.214 -- 

Mercury ng/g 0.15 0.37 29.1 -- 32.5 -- 40.3 -- 

Selenium mg/kg 0.06 0.14 0.41 -- 0.34 -- 0.47 -- 

Zinc mg/kg 0.37 0.93 12.5 -- 15.1 -- 16.8 -- 

Dry-weight 

Arsenic mg/kg 0.63 0.179 13.1 -- 15.8 -- 14.1 -- 

Copper mg/kg 0.04 0.14 11.1 -- 13.6 -- 13.2 -- 

Lead mg/kg 0.018 0.179 0.781 -- 2.11 M 0.983 -- 

Mercury ng/g 0.72 1.79 140 -- 194 -- 182 -- 

Selenium mg/kg 0.27 0.67 1.98 -- 2.04 -- 2.15 -- 

Zinc mg/kg 1.79 4.47 59.8 -- 90.3 -- 77.4 -- 

ACRONYMS          
mg/kg milligrams per kilogram         
ng/g nanograms per gram         
 
QUALIFIER DEFINITIONS          
-- not collected, not applicable or not required        
M Result is estimated. Duplicate precision (RPD) was not within acceptance criteria. 
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Table E-1. Subsample Data     

EcoA# HDR 
Sample# 

Collection 
Date Egg Nauplius Early 

Metanauplius 
Mid 

Metanauplius 
Late 

Metanauplius Subadult Adult Initial Mass Final 
Mass Tare % 

Subsample 
6733.01-1 8180-1 5/23/2014 392 23 312 74 32 16 7 197.57 196.15 31.912 0.86% 

6733.01-2 
8180-1-

DUP 5/23/2014 239 17 247 64 16 11 2 260.60 259.21 31.912 0.61% 
6733.01-3 8180-2 5/23/2014 736 26 517 115 1 2 4 300.89 299.31 31.912 0.59% 
6733.01-4 8180-5 5/23/2014 530 46 285 36 9 8 7 307.75 306.33 31.912 0.51% 
              

Table E-2. Calculated Whole Sample Data     

EcoA# HDR 
Sample# 

Collection 
Date Egg Nauplius Early 

Metanauplius 
Mid 

Metanauplius 
Late 

Metanauplius Subadult Adult 
Tow Length; 0.5 
m from bottom 
to surface (m) 

Tow 
Opening 
Diameter 

(m) 

Tow 
Opening 

Area 
(m2) 

Volume of 
Water 
Towed 

(m3) 

6733.01-1 8180-1 5/23/2014 45730.94 2683.193 36398.09577 8632.88169 3733.138028 1866.569 816.6239 8.5 0.5 0.79 6.68 

6733.01-2 
8180-1-

DUP 5/23/2014 39321.17 2796.904 40637.36403 10529.51942 2632.379856 1809.761 329.0475 8.5 0.5 0.79 6.68 

6733.01-3 8180-2 5/23/2014 125296.1 4426.22 88013.68734 19577.51266 170.2392405 340.4785 680.957 7.2 0.5 0.79 5.65 
6733.01-4 8180-5 5/23/2014 102953.6 8935.597 55361.85211 6993.076056 1748.269014 1554.017 1359.765 8 0.5 0.79 6.28 
              

Table E-3. Calculated Whole Sample Density (Individuals per cubic meter)     

EcoA# HDR 
Sample# 

Collection 
Date Egg Nauplius Early 

Metanauplius 
Mid 

Metanauplius 
Late 

Metanauplius Subadult Adult Total 
   

6733.01-1 8180-1 5/23/2014 6,846 402 5,449 1,292 559 279 122 14,949    

6733.01-2 
8180-1-

DUP 5/23/2014 5,886 419 6,083 1,576 394 271 49 14,679    
6733.01-3 8180-2 5/23/2014 22,176 783 15,578 3,465 30 60 121 42,213    
6733.01-4 8180-5 5/23/2014 16,394 1,423 8,816 1,114 278 247 217 28,488    
              
              

Table E-4. Life Stage Composition (% of sample)     

EcoA# HDR 
Sample# 

Collection 
Date Egg Nauplius Early 

Metanauplius 
Mid 

Metanauplius 
Late 

Metanauplius Subadult Adult 
  

 
 

6733.01-1 8180-1 5/23/2014 46 3 36 9 4 2 1     

6733.01-2 
8180-1-

DUP 5/23/2014 40 3 41 11 3 2 0     
6733.01-3 8180-2 5/23/2014 53 2 37 8 0 0 0     
6733.01-4 8180-5 5/23/2014 58 5 31 4 1 1 1     
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LIFE STAGE DEFINITIONS       
    

Egg-Intact sphere, chorion unbroken, or if broken, filled with material        
Nauplius-1st instar, no post-mandibular appendages        
Early Metanauplius-trunk elongate, limb buds developing, compound eyes absent or minute      
Mid Metanauplius-some thoracopods (less than 11) formed, less than or equal to second antenna in size, compound eyes larger, becoming pedunculate    
Late Metanauplius-all 11 thoracopods developed, second antenna still modified for swimming, significantly smaller than larger thoracopods, compound eyes well developed 
Subadult-second antenna not modified for swimming, generally adult in form, genitalia and modified second antennae of males only partially developed  
Adult-genitalia fully developed, male second antennae fully developed, ovisac of female large, typically filled with eggs    
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Appendix F. Data Quality Assurance Documentation 

Data were acquired in accordance with UPRR’s Quality Assurance Program Plan (QAPP), which was 
provided as Appendix C to the Interim Monitoring Plan (UPRR 2014).   Following each event, UPRR 
subjected all data to QA/QC procedures including, but not limited to: spot-checks of transcription; review 
of data submissions for completeness; comparison of GIS maps with field notes on locations; and 
identification of any inconsistent data (Figure 1).  Through this review process, UPRR observed 

 Laboratory measurements of density did not differentiate conditions among samples.  Dilutions 
performed when implementing SM 2710F reduced sample precision, such that differences 
between sites were not observable. 

 Dissolved oxygen determinations using the Winkler method (SM 4500-OC) did not produce 
plausible results.  Concentrations indicated anoxic concentrations in the upper layer, despite 
observable and abundant aquatic life. 

Consequently, provided in Appendix C (data tables) and Appendix G (data packages), UPRR determined 
that the laboratory’s density and dissolved oxygen data were not usable and qualified these data as “R” 
(rejected).  UPRR’s Corrective Actions are provided in Section 2.6 of the main report and are reflected in 
data reported in the main report, as well. 

The QAPP specifies representativeness, accuracy, precision, comparability and completeness objectives 
for data acquisition (UPRR 2014).  Representativeness was ensured via the location of sample sites as 
well as the sampling intervals.  Representative locations and measurement intervals were prescribed by 
the USACE and UDWQ and are described above in Table 2 of the main text.   

Accuracy for field and laboratory measurements is defined as the degree of conformity of a 
measured/calculated quantity to its actual (true) value.  Calibration records for the Troll 9500 are provided 
in Table F-1.  All sonde probes were calibrated except conductivity; the probe did not provide results at 
the range of conditions in the Great Salt Lake.  Laboratory data packages (Level 2) are provided in 
Appendix G.  Quality assurance samples (method blanks, laboratory control samples, method spikes, and 
others) were analyzed as appropriate for each method and all quality control analyses were within 
acceptable limits. 

Comparable data was ensured by meeting the target reporting limits provided in Table 4 of the main text.  
In the analytical data package and Appendix C, some selenium and zinc data were flagged to account for 
concentrations found below reporting limits, but above detection limits; these data are shown “as is” in 
Appendix C and Appendix G, but reported as non-detect at the reporting limit in the main body of this 
report.  

Precision is an assessment of reproducibility under a particular set of conditions.  Precision was assessed 
for laboratory samples through the use of field duplicates, field blanks and equipment blanks (Table F-2 
and Table F-3).  A field duplicate is a second sample collected at the same time or immediately after the 
primary environmental sample; a field duplicate indicates the precision of field sample collection.  The 
May 2014 field duplicate results were all within 10% of each other. A field blank is a sample of analyte-
free water poured into the container in the field and then preserved and shipped to the laboratory with the 
samples. A field blank indicates whether there was contamination from field conditions during sampling.  
All field blank results were trace or non-detect.   An equipment blank is a sample of analyte-free water 
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poured over or through decontaminated field sampling equipment prior to the collection of samples. It 
indicates the adequacy of the decontamination processes.  With one exception, the field blank results were 
all non-detect or in trace quantities.  The equipment blank’s mercury concentration was 14.7 ng/L, which 
was confirmed by reanalysis (Appendix G).   This concentration was an order of magnitude greater than 
monitoring samples, suggesting a source other than the Great Salt Lake samples.  Though this information 
had no affect on monitoring results, additional care will be exercised during additional monitoring rounds.   

The completeness objective provided in the QAPP for the study was 90 percent (UPRR 2014), and is 
defined as the number of valid measurements divided by the number of measurements collected.  Forty-
one (41) analytes were measured for each of the 5 water samples and fourteen (14) analytes were 
measured for each of the three brine shrimp samples.  Though some project variances/non-conformances 
resulted in data loss (See Section 2.6 of the main text), the completeness objective of 90% for the May 
2014 was met:  valid measurements were obtained for 93% of the surface water analytes and 100% of the 
brine shrimp analytes.  

Reference: 

[UPRR] Union Pacific Railroad 

2014 Interim Monitoring Plan.  Temporary Closure of the East Culvert, Great Salt Lake 
Causeway. Appendix C.  Quality Assurance Project Plan. Revised March 10. 

 

Figure F-1.  Data Verification Checklist 

General 
☒ For each sample event, samples have been collected and analyzed at all locations and for all 

analyses specified in the monitoring plan. 

☒ For each sample and analyses, the project file contains records field notes, chain-of-custody, and 
analytical results, including quality assurance documentation (hardcopy and electronic) 

Field Data 

☒ 

Field notes and/or data sheets include date, time of sample collection, field sampling staff, time arrived 
at site, time left site, site identification, description of site conditions (weather), field parameters, lake 
level, sample collection procedures, and call-out quality assurance samples collected. If mistakes are 
found on the field data sheet, changes can be made by crossing out the mistake and marking the 
change with a date of change, initials, and reason for change. 

☒  Documentation of field equipment calibration is in the field notes and/or project records. 
☒ Field data entered into Excel, have been checked by a second-party. 

Laboratory Report  
☒ Field duplicates, blanks, and rinsates were submitted to the laboratory at the frequency specified in 

the monitoring plan. 
☒ Any constituents found in blanks or rinsates are discussed in the report. 
☒ Any duplicate concentrations that differ by more than 10% are discussed in the report. 

☒ Samples were received by the laboratory intact and analyzed within method and/or study specified 
holding times. 

☒ On laboratory reports, sample IDs, analyses, reporting/detection limits, units, column labels, footnotes, 
and titles are accurate. Have lab re-issue report with corrections if there are inconsistencies. 

☒ Check that non-detects are always reported in the same manner using consistent notation. For 
example, either “ND” or “<.” Have lab re-issue report with corrections if there are inconsistencies. 
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Table F-2. Field Equipment Calibration Records 

Ph Conductivity, Low Range Dissolved Oxygen, RDO 
Device Serial Number 51012 Device Serial Number 51012 Device Serial Number 51012 
Sensor Serial Number 
PP14474 Sensor Serial Number LC05116 Sensor Serial Number 351065 
Sensor Mfg Date 6/11/2013 Sensor Mfg Date 8/31/2007 Sensor Mfg Date 9/6/2013 
Method Traditional Sensor Type Conductivity, Low Range Method Traditional 
Action COMPLETED Method Quick Cal Action COMPLETED 
Status Point 1 STABLE Action COMPLETED Status Point 1 STABLE 
Status Point 2 STABLE Status Point 1 STABLE Status Point 2 STABLE 
Date 2014-05-02 Date 2014-05-02 Date 2014-05-02 
Time 091312 Time 090226 Time 093327 
Cal Points: 2 Cal Points: 1 Sensor Firmware Ver 10 
Point 1: Point 1 Cap Serial Number 341382 
Stimulus = 4.01 pH Stimulus = 7980 µS/cm Cap Mfg Date 6/26/2013 
Response = 166.605 mV Response = 48.1483 ohms Cap Expiration Date 9/19/2014 

Final Reading = 4.01 pH Final Reading = 7980 µS/cm 
Saturation Point: NEW 
CALIBRATION VALUES 

Temperature = 21.2311 C Temperature = 16.809 C 7.05 mg/l 
Point 2: Kcell = 0.321309 21.48 °C 
Stimulus = 7.00 pH -- 850.57 mbar 

Response = 0.916349 mV -- 
Zero Point: NEW CALIBRATION 
VALUES 

Final Reading = 7.00 pH -- 0.04 mg/l 
Temperature = 21.9666 C -- 21.17 °C 
Slope = -55.4142 mV/pH -- Calibration slope 1.05 (mg/l) / (mg/l) 
Offset = 388.815 mV -- Calibration offset -0.04 mg/l 
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Table F-3. May 2014 Field Quality Assurance Data 
  Media SURFACE WATER   BRINE SHRIMP TISSUE 
  Sample 

Location 
Gunnison Bay Equipment 

Blank Field Blank Sample Location 
Gilbert Bay 

  Site 4 Site 4 Site 1 Site 1 

  Sample ID 8180-4   8180-4-
DUP   8180-

EB   8180-
FB   Sample ID 8180-1   8180-1-

DUP   

Analyte Coordinates 41.23085 -112.611308 -- -- -- -- Coordinates 41.213792 -112.718006 

  Date 05/22/14 05/22/14 05/23/14 05/22/14 Date 05/23/14 05/23/14 

  Sample Type Original Duplicate Original Original Sample Type Original Duplicate 

  Units Result Qual Result Qual Result Qual Result Qual Units Result Qual Result Qual 

    LOWER WATER COLUMN           BRINE SHRIMP TISSUE 

Alkalinity, Total (as CaCO3) mg/L 340 -- 340 -- 10 ND 10 ND -- -- -- -- -- 

Hardness, Total mg/L 49,200 -- 48,100 -- 10 ND 10 ND -- -- -- -- -- 

Sulfate mg/L 20,400 -- 21,200 -- 0.750 ND 0.750 ND -- -- -- -- -- 

Percent Solids % -- -- -- -- -- -- -- -- % 20.84 -- 19.54 -- 

Arsenic µg/L 162 -- 134 -- 0.15 ND 0.15 ND mg/kg 2.73 -- 2.69 -- 

Copper µg/L 1.1 -- 0.87 -- 0.17 -- 0.12 ND mg/kg 2.31 -- 2.91 -- 

Lead µg/L 0.492 -- 0.530 -- 0.127 -- 0.013 ND mg/kg 0.163 -- 0.088 -- 

Mercury ng/L 2.26 -- 3.39 -- 14.7 -- 0.41 ND ng/g 29.1 -- 31.4 -- 

Selenium µg/L 1.05 ND 1.05 ND 0.210 ND 0.210 ND mg/kg 0.41 -- 0.38 -- 

Zinc µg/L 3.75 ND 3.75 ND 2.95 -- 0.75 ND mg/kg 12.5 -- 7.16 -- 

QUALIFIER DEFINITIONS          

-- not collected, not applicable or not required        

ND Not detected at the method reporting limit. The method reporting limit is the minimum concentration that an be reported by the method referenced and the sample matrix.. 
  



 Interim Monitoring Report – May 2014 Monitoring Results 

Union Pacific Railroad Great Salt Lake Causeway Culvert Closure and Bridge Construction Project 
August 22, 2014 F-5 

Table F-4. May 2014 Density and TDS Field Quality Assurance Data 
  

Sample 
Location 

SURFACE WATER DUPLICATE   FIELD QUALITY ASSURANCE 

  Gilbert Bay Gunnison Bay Equipment 
Blank Field Blank 

  Site 1 Site 3 

  Sample ID 8180-1 

RPD 

8180-3 

RPD 

8180-
EB   8180-

FB   

Analyte Coordinates 41.213792 -112.614617 41.231839 -112.719936 -- -- -- -- 
  Date 05/23/14 05/22/14 05/23/14 05/22/14 
  Sample Type Original Duplicate Original Duplicate Original Original 
  Depth 7.0 ft 7.0 ft         
  Units Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual 

                                
Density lb/ft3 66.3 -- 68.3 -- 3% 72.7 -- 71.1 -- 2% 60.3 -- 58.1 -- 

Total Dissolved Solids g/ml 0.213 -- 0.222 -- 4% 0.333 -- 0.335 -- <1% 0.000 -- 10 ND 

QUALIFIER DEFINITIONS          

-- not collected, not applicable or not required        

ND Not detected at the method reporting limit. The method reporting limit is the minimum concentration that an be reported by the method referenced and the sample matrix.. 
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APPENDIX H 

Standard Operating Procedure for Specific Gravity 
Determinations Using a Hydrometer 
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