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Introduction

A Capital Improvement Project is proposed to reconstruct inlets in the upstream dam at Barton Springs
Pool (BSP) to allow creek water to flow into the pool under certain conditions. Adjustable gates would
be installed to control inflows. The original inlets in the dam were plugged in the mid-1970’s when the
bypass culvert was constructed due to concerns of polluted stormwater runoff entering the pool
through the then ungated openings. This report analyzes water quality data collected from BSP and
Barton Creek upstream under baseflow conditions to evaluate water quality concerns and guide
development of operational guidelines for gates in the upstream dam if the proposed project moves
forward.

Data Collection

Baseflow data collected from Barton Creek (just above Barton Springs Pool) and Barton Springs from 2000
to 2017 were analyzed to determine whether there was a statistically significant difference in the chemical
composition between the creek and the springs. To evaluate this without influence from seasonal effects
or flow regimes, only data collected on the same day from the creek and from the springs were used.
Paired data (see Appendix for paired data comparisons and raw data) were then compared using a paired
t-test with a 5% false positive error rate.

Paired data from both grab samples and continuous sonde measurements were used to make these
assessments. Grab samples for both sites have been collected since 2000 as part of the City of Austin’s
water quality monitoring. Continuous sonde measurements in Barton Springs have been collected by the
USGS since 2000 and are reported as daily averages. Continuous data is used to pair with creek data when
there were no grab samples from the springs. There are no continuous data for Barton Creek.



Figure 1: Map of sampling locations at Barton Creek and Barton Springs
RTINS

Results

Table 1 below shows confidence intervals of the paired differences in physicochemical constituents
sampled (i.e. DO, temperature, pH, and specific conductivity) between the creek and the spring.
Confidence intervals of the paired differences serve as an indication of whether or not the samples are
significantly different. If the 95% confidence interval (defined by lower and upper confidence limits, LCL
and UCL, respectively) of the paired differences includes zero, then there is no significant difference
between the two. Table 1 is partitioned into two parts by sample type (creek grab vs spring grab and creek
grab vs spring continuous).

Table 1. Confidence intervals of the paired differences in physicochemical constituents between
Barton Creek and Barton Springs.

Continuous Data Grab sample Data
LCL ucL N oMt ucCL N
 Speitic C°,'“’"‘i‘_i_".',“,'{“5/¢m)4 ........ 818 | -338 | 11 | 849 | 415 | 2
Temperature (°C) 29 4.5 12 -40 | 04 26
DO (7mg/_l.-) - 1 08 i 2_.-3- 777712_ 14 | 3.3 T 17
pH (std. units) BT TR B TR TR e e e GO T

The analyses indicate similar conclusions can be reached from the two data sets. High variation in
temperature data restricted any inferences between the two sites for temperature. However, the
analyses for the other three parameters showed statistically significant differences between the two sites.
Specifically, they indicate that the creek specific conductivity was lower by about 30 to 80 uS/cm than
that of the springs; whereas DO and pH in the creek was higher than the springs by about 1.0 to 3.0 mg/L
and 0.5 to 1.0 standard units, respectively.

Among the parameters which did not have continuous data, £. coli, Nitrate/Nitrite, and Turbidity indicated
statistically significant differences between the two sites (Table 2).



Table 2. Confidence intervals of the paired differences in chemical constituents between Barton Creek
and Barton Springs.

LCL UCL
E. coli (mpn/100 mL 48 B
Nitrate/Nitrite (mg/L)  -0.8 1.0
Turbidity (NTU) QAR AR S
Chlorophyll-a (ug/L)  -1.9 4.9

E. coliiin the creek was 4.8 to 62.3 mpn/100 ml higher than the springs. Nitrate/Nitrite and turbidity in the
creek, on the other hand, was 0.8 to 1.0 mg/L and 0.4 and 2.2 NTU lower than the springs. Chlorophyll-a
showed no statistically significant paired difference. A majority of the measurements of ammonia,
orthophosphorus, and phosphorus for both the creek and the springs were below detection limits,
indicating some similarity between the two sites. A majority of measurements of total Kjeldahl nitrogen,
and total suspended solids were either below detection limits or were rejected making any comparison
impractical. For comparisons of chloride, sulfate, or volatile suspended solids, there were an insufficient
number of paired samples to make a determination.

Although variation in creek temperature precludes a meaningful statistical comparison, there is seasonal
temperature variation in the creek water. During the warm seasons, creek water temperature is as much
as 8.3° C (15° F) warmer than the springs (85.5°C in the creek versus 70.5° C in the springs). During cooler
months, the creek can be 9.2° C (16.5° F) cooler than the springs (51.3° F in the creek versus 67.8° F in the
springs). These data will contribute to development of operational guidelines for the dam gates if
installed.



Appendix 1. Paired differences between Barton Creek and Barton Springs, including average, standard
deviation, sample size (N), and lower and upper confidence limits for a paired t-test with a 5% false
positive error rate. To compute the difference, measurements in the springs were subtracted from
those of the creek.

'Sample | Specific | Water | pH  Dissolved Ammonia ' Total | Nitrate/  Ortho- |
Date Conductivity Temperature (std. Oxygen asN | Kjeldahl - Nitrite | Phosphorus |
' (uS/cm) (°c) units) (mg/L)  (mg/L)  Nitrogenas ' asN as P (mg/L)
e e I D LR Sy CN(mg/t) | (mg/L)
|11/10/2000] 28 82
St e SR RN TS I T e e L L TR B
| 12/7/2000 | 17 | Fi7 015 , , | . BDL
| 1/24/2001 ! BDL | L7099 | BRE
1/26/2001 |  -31.4 -5.16 0.78
il R R e A A e DR _
2/20/2001 -1_2_1.8 ‘ -4.02 1.12 | 0.0% . | . ;
| £5/28/p000k 15160 B BTN D O v R o e i b !
. 4/16/2001 | 36 3.4 0.76 | BDL ~ BDL ~ -0.9043 BDL
BT S R e T T T e A e
| s/14/2001] -113 o1 |
1/14/2002| 454 | 768 | 105 646 | BOL | T
2/13/2002| 55 | -492 087  3.75 BOL | o7 BOL |
7/31/2002 e _ | |
' 10/31/2002 | | FT | | 237 | ' |
| 1/23/2003| -8 | 849 126 481 [ BDL g
| 1/27/2003| 779 915 151 427 BDL | 104 BDL
VAT e R T e T e TR Y al | | s
' aj2/2003| 95 208 105 233 BDL  BpL 098 BOL
4/20/2004, -106 | 017 | 094 276 | BDL u _
6/12/2007  -1064 738 104 183  BDL 082 BDL
a/d/2007 | TOBBNEITE 5078 & oo Az | bl - 087 | BDL
| 8/22/2007, 1106 585 | g5 106 ]
DY 3 R e T 0 o T e Lo e e - W Y TR
1/10/2017 |  -23.6 -421 | 031 132 BDL 038  BDL |
3/28/2017 76 T T | 0928  BDL
5/2/2017 |  -29.7 -0.23 013 09
Average |  -63.20 18 | 079 235 | T e R COReA
Std.Dev | 516 54 04 18 E 02
= e - R | —
et R O S o B el o 1, T ] o e
ucL | 415 04 10 33 08

BDL = Below Detection Limits; R = Rejected Samples



Appendix 1 (Cont.)

|Sample | Phosphorus E.coli | Chlorophyll- | Total Suspended | Volatile ~ Turbidity Sulfate Chloride |

1 Date 5 As P (mg/L) | (MPN/ | a (ug/L) | Solids (mg/L) . Suspended C(NTU)  (mg/L)  (mg/L)
: ] - 100mL) ~ Solids (mg/L) '
12/7/2000 | | | R 1,95 | |
1/24/2001 BDL 02 | B _-2.44 141 84
1/26/2001 . | ' "
. 2/6/2001 | S | P . |
2/20/2001 5 Ll Sl
3/23/2000 | s ] R
4/16/2001 BDL | BBl BDL
4/25/2001 | BDL | 0.63
| 5/14/2001 _ LB, R f
1/14/2002 | BDL 3.61 _ BDL -2.94
| 2/13/2002 BDL | o
| 7/31/2002 | ‘
| 10/31/2002 & ; |
| 1/23/2003 | BDL | BDL  BDL BDL
1/27/2003 | BDL BDL 9 e v Bk Rk 245 |
2/19/2003 | _ _ ) 227
af2pon3 | | 1l el | R SGR ERT T e BDL |
4/20/2004 | 64 R 0.89
| 6/12/2007 | S Eesiey i 0.94
| 8/1/2007 | 17 ) 0.7 0.51
. 8/22/2007 Tl 49 o e a 5
| 12/16/2009 : , 14
| 1/14/2015 | e e
4/15/2015 | 2.7
7/9/R0NBII & L PR 7 5h .
7/14/2015 | 2l -0.72 R
1/10/2017 | Ao bt BRI - |
3/28/2017 | 84.36 -1.6
5/2/2017 | |
Average | 33.57 148 091 -1.35
std. Dev. 7 378.27 1.9 | 0.5 1.6
N 9 3 4 9
i
L | 48 | 18 | 16 26
e e 7 e

BDL = Below Detection Limits; R = Rejected Samples




Appendix 2. Raw data for Barton Creek, including average, standard deviation, sample size (N), and
Iower_and upper confidence limits

§Sample Specific WaterTemp- pHu DiSSOI\Ied Ammonla TotaleeIdahI -N_iiraié/ Ortho
| | Date Conduct- erature (std. units) Oxygen as N Nitrogenas N Nitrite phoshoru
ivity (uS/cm)  (°C) (mg/L) (mg/L) (mg/L) as N as P (mg/
. . — _(me/t)

' 11/10/2000 639 12.5 i | ,
| 12/4/2000 | 626 13 78 99 0275 - 0.63 ‘BDL
| 12/7/2000 0 628 12 7.14 5 0.02
Y000 o 055 BDL
| 1/26/2001 @ 549.6 13.34 8.07 11.14
| 2/6/2001 | 545 25 | -
| 2/20/2001 | 5226 15.44 7.93 9.32 |
| 3/23/2001 | 540 15 | I N - |
| 4/16/2001 572 208 8 6.9 L Toass 0.2057 BDL
| 4/25/2001 | 4593 2195 81 1185 003 021 BDL
| 5/14/2001 | 491 21 2 e
| 1/14/2002 | 6056 1227 791 1428 | N ___| 04 et
| 2/13/2002| 590 IS ik s Mg 0.1 0.62 BDL
- 7/31/2002 527 29.7 7.71 7.67 0.18 BDL
10/31/2002 582.4 18.53 797 oo S : A 0.19 BDL
| 1/23/2003 572 11.4 8 12 02 BDL
5 1/27/2003 |  580.1 10.75 8.32 11.73 0.03 0.27 BDL
| 2/19/2003 | 577 15.19 7.53 8.29 SRR S R
| 4/2/2003 | 554 18.4 7.9 9.5 0.11 0.28 BDL
| 4/20/2004 |  616.4 20.9 7.91 9.25 0.02 0.03

6/12/2007 | 565.6 28.68 7.96 8.21 0.18 BDL

8/1/2007 | | 5727 26.79 7.89 7.34 0.08 BDL
8/22/2007, 543.4 5] S SR N N

12/16/2009 ] 663.7 11.66 ' 7.77 | 10.28 0:55 BDL
| 1/14/2015 | 668.4 567 e 11.15 0.17 0336 BDL
| 4/15/2015 | 663.5 20.9 7.66 7.4 0.145 0.324 BDL
| 7/9/2015‘ 607.2 26Ty gy e

7/14/2015 | 567.7 28.8 ' 7 7.59 0.119 0.542 BDL
| 1/10/2017 | 613 16.6 7.32 73 1.02 BDL
| 3/28/2017 592 22.47 7.85 63  0.0248 0.208 0.262 BDL
. 5/2/2017 625 20.85 7.43 704

Average 581.97 1842  7.81 1 9.14 B

Std. Dev 493 %613 1 0.2 2.1

N 30 30 26 25
et - e Tseaien i 83 :
UcL | 600.4 20.8 7.9 10.0

BDL = Below Detectlon Limits; R = REJECted Samples



Append_ix 2 (gont.) Raw data for Barton Creek

‘ Sample Phosphorus E. coli ; Chrlc-:r'oph;llll Tt‘:;t“al‘ T V‘élat‘i‘l‘e ok | Tﬁrbid}ty B Suifate' Ehldride
' Date | As P (mg/L) (MPN/ | a(pg/L) ‘Suspended  Suspended | (NTU)  (mg/L) (mg/L)
| - 100mL) | Solids - Solids (mg/L) |
| | (me/L) | |
‘1/10/2000 | .
| 12/4/2000 BDL | 56| BDL T AL s Lo e I
| 12/7/2000 | L | 01 105
| 1/24/2001 | Ril 0.92 R| . BOL 0.56 |  55.2 3
| 1/26/2001 | _ e | _
. 2/6/2001 . i A ks £ |
| 2/20/2001 | L | ] ) N }
| 3/23/2001 5 R . < s . P 2
| 4/16/2001 BDL 28 BDL ~ BDL ,
4/25/2001 BDL ' 0.94 BDL| R 037 482 3
- 5/14/2001 | _ . ) . _
' 1/14/2002 | R B 2L S R A 046 488 3
| 2/13/2002 BDL 7 , BDOL 0.6 ,
| 7/31/2002 | 0.02 ‘ 0.76 R | R 057 354 2.
| 10/31/2002 | BDL ] BDL BDL BDL 0.44 47.4 2
| 1/23/2003 | BDL 14 0.2 BDL | BDL
1/27/2003 | BDL | BDL BDL R 0.85 485 2
| 2p0/20080 55 S el 3T RN 073
. 4/2/2003 'BDL 21 BDL BDL | BDL | |
| iaso0/e00a RS o MBI SR SR R o el 0.89
| 6/12/2007 _ 110 | 1.7 | 254
[ 812007810 N NG b Rl il 1350 M 231
8/22/2007 , |
| 12/16/2009 | J% 21 AN R 041 |
| 1/14/2015 | BDL 275 BOL | R
| 4/15/2015 BB AR A BDL | 0.8
- 7/9/2015 | | | ,
7/14/2015 | sl 1.4 R
1/10/2017 | 0.0341 29.5 | BDL R
3/28/2017 | BDL. A 884l Y 1] R |
5/2/2017 | '
Average | Jewz7 | ) a2as 1.386 1.44 090 | 47.25 30
Std. Dev 0.0 317 16 06 07 65
N 2 14 2 5 14 6
e | S U el R e T T BT R e 1 2
vt 0038 603 32 187 129 37 3

BDL = Below Detection Limits; R = Rejected Samples



A_ppendix 2 ”(»gang.) Raw data for Barton Springs

Sample ' Specific Water  PH Disssi\red A}nmonia“ ~ Total Kjéldahl ‘ ﬁ..ifrate/ Ortho-
| Date Conductivity Temperature | (std. units) Oxygen  asN NitrogenasN Nitrite  phospho:
(uS/em) () (mg/l)  (mg/l) | (mg/U) asN  asP(mg/
KR . S e e -r o (mg/L) |
1 11/10/2000 | 611 207 708, BDL 0.25 1.58 0
{ 12/4/2000] 611 19.7 6.99 | R Bk 0
12/7/2000 | 611 19.7 6.99 R 13 0.
1/24/2001 | 581 18.5 7.29 BOL | BDL 154 0
| 1/26/2001F 581 18.5 7.29 BDL BDL 1.54 0.
| 2/6/2001 | 649 19.8 7.12 7 BDL 0285w 0.
| 2/20/2001| 644.4 19.46 6.81 93  BDL 016 136 0
| 3/23/2001 | 6556 19.51 6.94 8.26 BDL 0441 13/ 0.
4/16/2001 | 536 20.6 7.24 _ BDL BDL 111 0
4/25/2001 @ 578.6 20.72 6.89 7.25 0.02 | R 131 0.
5/14/2001 | 604 20.9 7.04 _ R R 136 0
1/14/2002 ] 651 19.95 6.86 7.82 | BDL | R 1.4 0
2/13/2002 645 2022 6.93 7.65 0.02 R 133 0
| 7/31/2002 | S Sl o) 214 1 % A
| 10/31/2002 | 213| 6.33 N -
- 1/23/2003 . 660 1989 6.74 7.19 0.02 L 1.29 |
. 1/27/2003 658 19.9 6.81 | 7.46 BDL R 1.31 | 0.
| 2/19/2003 | 658 19.9 6.81 7461 7 gt T
| 4/2/2003 | 649 20.48 6.85 7.17 BDL BDL 1.26 B
'_ 4,/20/2004,% ........ 627 20.73 6.97 6.49 R LIRS 106
| 6/12/2007 | 672 213 6.92 6.38 BDL | 1 0.C
8/1/2007 | 663 21.72 697 622  BDL | i 0.95 0.C
| 8/22/2007 | 654 21.78 6.93 6.23 R 0.94 0.
|12/16/2000 = | { o
| 1/14/2015 |
4/15/2015 |
. 7/9/2015 | _ | | |
| 7/14/2015 | 686 21.74 7.52 6.21 BRI b 08 B
| i 636.6 20.81 7.01 | 6.41 BDL 1.4 B
A o TR 7 [ 5 BDL 119 B
5/2/2017 | 654.7 21.08 7.3 6.14 BDL | 1.19 B
~ Average | 633.80 20.41 | 7.04 7.01 | 178 0
Std. Dev | 36.0 0.9 0.2 0.9 0.2 0.
N 25 27 | 25 18 24 0
| 0.
et s 619.0 B0MA| S 68 IR L2y 0
uct | 648.6 208 i N .| el | .

BDL = Below Detection Limits; R = Rejected Samples




u Appendlx 2 (cont } Raw data for Barton Spnngs

L Sample Phosphorus 'E. coli Chlorophyll- Total Volatile Turbidlty Sulfate Chloride
| Date As P (mg/L) C(MPN/  a(pg/L) Suspended | Suspended | (NTU) (mg/L) ' (mg/L)
- 100mL) Solids | Solids (mg/L) | |
| . 2 j  (mg/L) ,‘
11/10/2000) R . R 5
| 12/4/2000 002 _ 0.4 ISR TR
| 12/7/2000 , o2, 04 R 3
1/24/2001 | 006 | 0.72 28 A e Tt i i
1/26/2001 | 0.06 0.72 2.8 3 411
| 26000 T 0] e QAT el ol TR |
| 2/20/2000,  BDL | 037 05 T
ETLE7ER R TR e PELT TR i SBErS
L 4/6/20000 R 01 Rl | 2] 3a1]
| aszsizoon | 00 HowhilUE S RETE Dedlbil Bbn RER:
| s/i4/2000, R 036  BDL | 2 |
| 1/14/2002 | & e LIRE AL S SRERER T i AR SN e 34 £k
| 2/13/2002 | ~ BDL _ 7 0.5 0.8 3.3 30.5
- 7/31/2002 | e Rk | ' |
| 10/31/2002 | ) R - - F
| 1/23/2003 | S EDE R R e s pi2ll (1] A e
| 1/27/2003 | BDL 0.5 BDL | 05 3 |
B TELTE ) B e s R i P S el 5 s
4/2/2003 | BDL 0.5 16 1.2 27
42002001 - | el e OIbH, S B R S mte el TR
6/12/2007 | 13 0.491 23 0.2 16 363
B/A20071 2 e e e 0 A0 T R et e e | 32
8/22/2007 | 7 | 0.833 2.5 01 12 |
{2/ 262000i. TR S TR LRl g
1/14/20155 _ f 2| | |
LG Telt e SR SR TR TR R R S e o 2
| 7/9/2015 | | 188| | _
BRI puvte ) o RN 2w DS PR S S 1
1/10/2017 34 | 1| 1
3/28/2017 s o s e 26 s | _
5/2/2017 | 5.21 3.6 | 1 34
average | T Y s 7 Y B T B
Std.Dev . 002 158 0.2 103 05 1.1 42
N 6 11 19 14 11 20 7|
e £0025 0 0 B gl Q4NN Bl L N0z Tzl dne 0.
ucL 0065 273 05 273 108 306 393 L

BDL Below Detectlon Limits; R = RE‘JECted Samples





