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- Los Alamos &Y ENTER

E31.1943

Environmental Protection Division
Water Quality & RCRA Group (ENV-RCRA)

P.O. Box 1663, Mail Stop K490 Date: July 14, 2009
Los Alamos, New Mexico 87545 Refer To: ENV-RCRA-09-132
(505) 667-0666/FAX: (505) 667-5224 ) LAUR: 09-04398

U.S. Environmental Protection Agency
Office of Water, Water Permits Division
Mail Code 4203M, ATTN:MSGP Reports
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

TO WHOM IT MAY CONCERN:

SUBJECT: NPDES PERMIT TRACKING NO. NMRO05GB21, MULTI-SECTOR GENERAL
- PERMIT INDUSTRIAL DISCHARGE MONITORING REPORTS FOR APRIL
2009

Enclosed are Los Alamos National Laboratory’s initial Multi-Sector General Permit DMRs (MDMRs)
for April 11, 2009 and April 17, 2009 as required under the NPDES MSGP (Permit Tracking No.
NMRO5GB21) (Enclosure 1 and 2). Also enclosed is the determination of hardness value for receiving
waters as required under Section 6.2.1.1 of the MSGP (Enclosure 3).

Please contact Tim Zimmerly at (505) 664-0105 or Terrill Lemke at (505) 665-2397 if you have
questions regarding these MDMRs.

Sincerely,

oL

}f’ Anthony ieggs

Group Leader
Water Quality & RCRA Group (ENV-RCRA)

ARG:TZ/Im

An Equal Opportunity Employer / Operated by Los Alamos Nationat Security LLC for DNF/NNSA

33782

g




Ms. Sonia Hall -2-
ENV-RCRA-09-132

Enclosures: a/s

Cy:  Brent Larsen, U.S.EPA Region 6, Dallas, TX, w/enc.
Glenn Saums, NMED/SWQB, Santa Fe, NM, w/enc.
Bill Olson, NMED/GWQB, Santa Fe, NM, w/enc.
Gene Turner, LASO-EO, w/enc., A316
Michael B. Mallory, PADOPS, w/o enc., A102
Chris Cantwell, ADESHQ, w/o enc., K491
Carla Jacquez, ENV-RCRA, w/enc., K490
Tim Zimmerly, ENV-RCRA, w/enc., K490
ENV-DO File, w/o enc., J978
ENV-RCRA File, w/enc., K490
IRM-RMMSO, w/enc., A150

An Equal Opportunity Employer / Operated by Los Alamos National Security LLC for DOE/NNSA

Tuly 14,2009



ENCLOSURE 1



Reason(s) for Submission {Check all that appfy):

(%] Submitting monitoring data (Fill in all-Sections).
| Reporting no discharge for all-outfalls for this monitoring period (Fill in Sections A, B, C. 1, D, and F).
[ Reporting that yoursite status has changed 1o inactive and unstaffed (Fill in Sections A, B, F and include daté of status change in comment field in Section E.4).
a Reportlng that your site status has changed to active (Fill in all Séctions and include dats of status ehange in comment field in Section E 4)
] Reporting that no fuirther pollutant réductions are achievable for all outffdlis and for all pollutants vid Part 8.2.1.2 of the MSGP (Fil in Sebtions A, B and F).

A. Permit Tracking Number: M VIR, 0| 5
8. Falcillty lrifbrmaﬁqn

1. Facliity Name:
2. Facliity Location:
a, Street:

BMLA@LLLEQI—J—EMM i I =i | 1 : £p
wow kel kol L LLLLLL LI L[] ] oo o ozocme foizilals]-LL L ||

3. Additional Facility Information (Optiohal):

conactrame:  PRHHATY | Gliblidd | [ 1] [ [|[]]] e irfileliisiciaini].golvi | | [ ][] ]|
o |0l Il olasf| =« (L[]

'WASHINGTON, DC 20460 OMB No. 2040-0004

P UNITED STATES ENVIRONMENTAL PROTECTION AGENCY Form Approved.
/ MSGP INDUSTRIAL DISCHARGE MONITORING REPORT (MDMR)

Note: Read instructions before completing this Form,

4. MDMR Preparer (Complets It MOMR was prepared by someonie other thah the person signing the erlficaon In Sécton F)
ovaaty:  (Tlimioltiivl |zt boimiebefU] | ) [ [ L[] []]

orpenztors {EINFVIIRICIRIA] | [ [ [ [ [ [ ([ LLLALLILLY] B
E ltlzibinbetoll binf L bbbt £ [ LLLELLLLLLT ;

ne: [5O[S lolelal- fol1jots| E»LLJ_U_J

€. Discharge Infonmation -

‘= Check here if proposing altemnative monitoring periods dye to irregular stormwater runoff, identify aiternative’ monltorlng
1. Tdentify monltoring perlod: M schedule and,; lndlcafe for which altemative monitoring period you are reporting monitoring data;

[ Quarter 1 (April 1 - June 30) B Quarter1:  From Iglﬂ_llm To LEJIQM
[1 Quarter2 (July 1 - September 30) [ Quarter2:  From |0|6|I]q1| 7 |o|7]/ Bm
[0 Quarter 3 (October 1 = December 31) [0 Quaiter3: From IQB] { |_q1_| To lg]gl ! E[QI
O Quarter 4 (January 1 - March 31) [ Quarter4:  From Illgl 1 Igy To m_]:] / B_m

2. Are you required to monitor for cadmium, copper, chromium, tead, nickei, silver, or zinc? [X] Yes (Complete fine ftem 2.2) 7] No (Skip to Section D)
Jpa. What s the hercnsss evelofthe recenving water? | [1]7]3] mot.

D. Outfall information R :

1. How'many ouﬁfa}i(s) are Identified in your SWPPP? M List name'of cutfali(s) required {o be monitored.in table below.

2, Do any of your autfalls discharge substantially identical efiuents? [X] YES  [JNO
2.a. It yes, foreach monitored oulfali, Indicate outfal)l names tmt are substantially ldentleag in tablie below,

3.A Monliored Outfail Name® 3.5, Sunﬁsﬁﬁﬂ'aliy' Identical Outfalls {List name(s) of auttail(s) substantally identicalto outtall jn 3.A. {f appicaie] |5.c. No Discherge? |
14-0BOD-1 ; E

] 15-PHRMX-1 R
16-080D-1 B
3-MF5-1 O
3-MST-1 Q{

*Reforence attachment if additional space needed to complete the table.

Section D, continued on page 2

Page 1 of ¢
MSGP Industrial Discharge Monitoring Report (MDMR) Form ’



D. Outfall information (continued)

3.A. Monitored Qutfall Name

3.B. Substantially Identical Outfalls [List name(s) of outfalls substantially identical to outfall in 3.A. (if applicable)]

3.C. No Discharge?

3-PSP-5 3-PSP-1, 3-PSP-2, 3-PSP-3, 3-PSP-4, 3-PSP-6, 3-PSP-7, 3-PSP-8 0
3-Sigma-6 3-Sigma-1, 3-Sigma-2, 3-Sigma-3, 3-Sigma-4, 3-sigma-5, 3-Sigma-7
3-TS-1 O
36-0BOD-1 =
39-57-0BOD-1 X
39-6-0BOD-1 X
50-WCRRF-1 =
54-G-1 X
54-G-2 54-G-2a, 54-G-2b
54-G-3
54-G-4 54-G-4a, 54-G-4b, 54-G-4c, 54-G-4d, 54-G-4e X
54-L-1
54-RANT-1 54-RANT-1$, 54 -RANT-1b O
55-PF-1 55-PF-2 X
60-ABP -1 X
60-HEY-1 60-HEY-2, 60-HEY-3, 60-HEY-4, 60-HEY-5, 60-HEY-6 O
60-MRF-1
60-RG-3 60-RG-1, 60-RG-2, 60-RG-4, 60-RG-5, 60-RG-6, 60-RG-7 =
60-WH-1 60-WH-2, 60-wﬁ-3 O

Quarterly analytical monitoring was not performed at 60-HEY-1 and 60-WH-1 since these locations are under Sector P and do not
require quarterly analytical monitoring under the MSGP. Discharge at these locations was inspected for quarterly visual assessments.

MSGP industrial Discharge Monitoring Report (MDMR) Form

Page 20f 6
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ENCLOSURE 2



[Form Approved.
OMB No. 2040-0004

Reporting no perbd(FI[IlnSeubnsA.B»C‘l. ‘and

[ Reporting that. yourﬁte ', st end unstafied (FIi  Secliohs A.B "éiide da iin comment field in Section E.4).
[ Reporting that: your eno itus s (FW in all Sections ahd int n E.4)
(=] R&Mﬂgm_ 0! éﬂ%blé foral‘f 8dmahs énd malh dollutarits via F Fil In Sections A, B arid F).

Read Instructions before completing this Form,

i M N
13- Addttionat Facillty Information {Optional):

o Bl hiohil ilileiiie | ||

¢. State; ml d. Zip Code: QEE&EI-I I | l I
LLLLLLLY  emet ikl bl ook [ | | ] ] ] ] ]

{r=  |slols]- ekl lolish| =
4. MDMR Preparer {Comiplete #MOMR wes prepmﬂ by s8dmeone
| Prepared by:

Orgariization:

{{ Emai: tz .
{rone: Slols]-

{¢. Discharge |nfonmﬂ_on i

1. ity monoring perida: T 'Eﬁé&ab'é.!,m uaﬁﬂv%ﬁ%@’ﬁm e s S, dart aomatis monkotg
101 uartsrt (o1 < dunese) o iFe MTTI_Q_M To [QE]L}BLJ ;
[J Qusrter 2 (July 1 - September 30) d él /I_Qt]__] To' [QIZJI EM
:[;'l Quarter 3 {October'{ < Dacainber 31) . IQ‘_I’IQ[_]_-l To IQE]’EDJ
|:] st e Mmh‘m o |__|_] |O|1] To |1|1|/|3b|

D. Outfall information

{1 How many cutfali(s) areidentified In your SWPEP?- i Sl List name of outfall(s) required to be manttored in table below,

2, Dojuny of your outals discharge substaftslly wemteai‘efnuanm Rves Oho
2. yos, for each monitored ouuan ‘[ndlcafa oiffell names that m subsnn‘uany meglw in'table below,

fsa iwbw Outtai Neme® |38, Suﬁinanuﬂuy tdantes) omrans (List fames). ofébuau(s3 Bubsts nd%nb |déhﬁeq| ® oltanin 3.A. or aphiedmen

3.G. Nd Discheige?

1 14-0BOD-1

15-PHRMX-1

16-0BOD-1

| 3-MFS-1

| R

®Ri®| O O

*Reference altadtmsnt ﬂ‘addiﬁora! epm needed | tommplets the hblo

Sectlon D, cont1nued on page 2

MSGP Industrial Discharge Monitoring Report (MDMR) Form
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D. Outfall Information (continued)

3A ‘Monitored Outfall Name | 3.B. Substantially Identical Outfalls [List name(s) of outfalls substantially identical to outfall in 3.A. (if applicable)) 3.C. No Discharge? .
3-PSP-5 3-PSP-1, 3-PSP-2, 3-PSP-3, 3-PSP-4, 3-PSP-6, 3-PSP-7, 3-PSP-8 X
3-Sigma-6 3-Sigma-1, 3-Sigma-2, 3-Sigma-3, 3-Sigma-4, 3-Sigma-5, 3-Sigma-7 X
| 3-Ts-1 X
36-0BOD-1 0
39-57-OBOD-1 X
39-6-0BOD-1
50-WCRRF-1 ]
54-G-1 =
54-G-2 54-G-2€, 54-G-2b X
54-G-3 <
54-G-4 54-G-4a, 54-G-4b, 54-G-4c, 54-G-4d, 54-G-4e W]
54-L-1 A X
54-RANT-1 54-RANT-1la, S54-RANT-1b X
55-PF-1 55-PF-2 &
60-ABP -1 |
60-HEY-1 60-HEY-2, 60-HEY-3, 60-HEY-4, 60-HEY-5, 60-HEY-6 O
60-MRF-1 =
60-RG-3 60-RG-1, 60-RG-2, 60-RG-4, 60-RG-5, 60-RG-6, 60-RG-7 O
60-WH-1 60-WH-2, 60-WH-3 O

Quarterly analytical monitoring was not performed at 60-HEY-1, 60-RG-3, and 60-WH-1 since these Iocations are under Sector P and
do not require quarterly analytical monitoring under the MSGP. Discharge at these locations was inspected for quarterly visual

assessments.

MSGP Industrial Discharge Monitoring Report (MDMR) Form

Page 2 of 7
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ENCLOSURE 3



NPDES Multi-Sector General Permit (MSGP) Tracking Number NMRO5GB21

Determination of Hardness of Receiving Waters near the Pajarito Plateau to Determine Benchmark
Values for Hardness-Dependent Metals

Identification of Receiving Waters

Los Alamos National Laboratory (LANL) includes parts or all of seven primary watersheds that drain
directly into the Rio Grande, each defined by a master canyon {Figure 1). Listed from north to south, the
master canyons for these watersheds are Los Alamos, Sandia, Mortandad, Pajarito, Water, Ancho, and
Chaquehui Canyons. Each of these canyons includes tributary canyons of various sizes. Three of the
primary watersheds have their headwaters west of the Laboratory in the eastern Jemez Mountains (the
Sierra de los Valles), mostly within the Santa Fe National Forest (Los Alamos, Pajarito, and Water
Canyons), and the remainder head on the Pajarito Plateau. Only the Ancho Canyon watershed is entirely
located on Laboratory land. Canyons draining Laboratory property are dry for most of the year, and no
perennial surface water extends completely across Laboratory land in any canyon. Approximately two
miles of canyon on the Laboratory land have naturally perennial streams fed by springs and
approximately three miles have perennial streams created by effluent discharges.

Designated uses and water quality standards are established for particular stream segments in the State
of New Mexico Standards for Interstate and Intrastate Surface Waters (20.6.4 NMAC). Stream segments
within the LANL boundary are classified under two sections of 20.6.4 NMAC: Perennial portions
classified as’™NM 20.6.4.126, and ephemeral or intermittent portions, classified as NM 20.6.4.128 (Figure
1).

On Laboratory land, six MSGP-permitted facilities discharge stormwater runoff to minor drainages of an
effluent-dominated perennial stream in Sandia Canyon (NM 20.6.4.126) created by effluent discharges
from NPDES Outfalls 001, 13S, 03A027 and 03A199. These NPDES-permitted discharges consist primarily
of cooling tower discharge and treated sanitary effluent authorized and monitored under the
Laboratory’s permit for industrial point source discharges, NPDES No. NM0028355. The total volume of
effluent discharge from these outfalls was approximately 120,000,000 gal. in 2007 (LANL 2008, LA-
14369-ENV). All other MSGP-permitted discharges are to ephemeral stream segments (NM 20.6.4.128).
The closest naturally occurring perennial stream commonly downstream of all MSGP-permitted points
of discharge is the Rio Grande {classified stream segment 20.6.4.114).
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Figure 1. State of New Mexico Designated Stream Segments and Uses at Los Alamos National
Laboratory
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Methods (Data Sets) Used to Determine Hardness

Appendix J of the MSGP allows for selection from three methods to determine hardness, including
Permittee data , group monitoring, and third party data. Permittee and third party hardness data are
available for the Rio Grande; both are presented and evaluated individually herein.

Three data sets are evaluated to derive hardness statistics on the waters of the Rio Grande.

* Rio Grande at Otowi Bridge (third party data set [USGS] , containing data collected between
1993 to 2001)

¢ Rio Grande at Otowi Bridge (third party data set [USGS], limited to data collected within the last
10 years (since 1999)

® Rio Grande from Embudo Crossing to Bernalillo (LANL data set)

USGS data for the Rio Grande was obtained from the National Water Quality Assessment Data
Warehouse at hitp://infotrek.er.usgs.gov/traverse/f?2p=NAWQA:HOME 1191795418273673.

- The USGS data set reports individual results for ealcium (Ca) and magnesium (Mg). Hardness is
calculated using the following equation: i

mg/L CaCO3 = 2.97 (Ca mg/L) ++4.118 (Mg mg/L)

The LANL data set reports results for measured hardness.

Calculations

NPDES regulations at 40 CFR 122.33(d)(1)(ii) requires a permitting authority to account for effluent
variability when determining whether a discharge causes, has reasonable potential to cause, or
contributes to a instream excursion above a water quality standard. The Region 6 implementation
Guidance for State of New Mexico Standards for Interstate and Intrastate Streams (EPA, 1995) states
that variability will be accounted for “by employing the statistical multiplier of 2.13 (and estimate of the
95" percentile) for either a single available effluent concentration, or a geometric mean of effluent data
concentration. Storm water data often is log-normally distributed and the geometric mean is the most
statistically robust estimate of central tendency.

Each data set was assessed for normality using a series of standard tests. Generally, normality tests have
a lower probability of detecting non-normal data unless the sample sizes are large (e.g., over 100). The
Shapiro-Wilk W test has been found to be the most powerful test in most situations, and more sensitive
for determining the normality of distributions of small sample size (less than or equal to 50). The results
of the Shapiro-Wilk W test indicate non-normal distributions for two of the data sets: Rio Grande at
Otowi Bridge (USGS data set 1993 to 2001) and Rio Grande from Embudo to Bernalillo {LANL data set).
These non-normal distributions were prepared for statistical evaluation by calculating the Alpha T2
probability to identify outliers, which were then excluded to achieve a normally distributed data set
prior to performing statistical analysis.

Statistical summaries of the data are presented in Figure 2 and Table 1. Descriptive statistics reports are
presented in Attachment 1 and data sets are presented in Attachment 2.
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Figure 2. Statistical summary of hardness results for the Rio Grande
Table 1.
Statistical Summary of Hardness Results for the Rio Grande
Sample Min Max | Median | Mean | Geomean Stdev 95% 95™ 95% n Outliers
Collection LCL percentile UcL " excluded
Location (T2)
Rio Grande at
Otowi _
{USGS complete 851 | 138.7 | 1143 | 1144 1125 15.1 - 137.2 - 32 2
data set— 1993
to 2001)
Rio Grande at
Otowi
104.3 | 126.8 | 1136 | 1144 114 9.3 - 126.8 - 4 0

(USGS data set,
< 10years old)
Rio Grande from
Embudo Crossing | g35 | 130 120 | 1208 118.4 23.6 153 162.7 168 | 228 8
to Bernalillo
(LANL data set)

- Not calculated due to small sample size
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Geomean calculations for each of the three data sets range from 112.5 to 118.4, which fall within the 25
mg/L range of 100 to 125 mg/L. The corresponding benchmark values for hardness dependent metals
are presented in Table 2. These values will be used for evaluation of benchmark monitoring data where
applicable.

Table 2.
Benchmark Values for Cadmium, Copper, Lead, Nickel, Silver, and Zinc
Corresponding to the Hardness Range of 100-125 mg/L

Benchmark Values (mg/L, total)

Hardness Range Cadmium Cbpper Lead Nickel Silver Zinc

100-125 mg/L 0.0023 0.0156 0.095 0.52 0.0046 0.13

[from Appendix J of the 2008 MSGP, (EPA 2008)]

References:

EPA (Environmental Protection Agency), September 2008, “Multi-Sector General Permit for Stormwater
Discharges Associated with Industrial Activity (MSGP),” Environmental Protection Agency. (EPA 2008)

LANL (Los Alamos National Laboratory), September 2008,” Environmental Surveillance at Los Alamos
during 2007,” Los Alamos National Laboratory Report LA-14369-ENV, Los Alamos, New Mexico. (LANL
2008, LA-14369-ENV)



Standard Standard
Count Mean Deviation Errol inin
32 114.3875 12.74954 2.253822 85.1 138.7 53.6
Means
Geometric Harmonic

Parameter Mean Median Mean Mean Sum_ . Mode
Value 114.3875 114.85 113.6606 112.8901 3660.4
Std Error 2.253822 72.1223
95% LCL 109.7908 111.7 108.982 108.1043 3513.306
95% UCL 1189842 119.1 118.54 118.1193 3807.494
T-Value 50.75268
Prob Level 0
Count 32 32 32 0
The geometric mean confidence interval assumes that the In(y) are normally distributed.
The harmonic mean confidence interval assumes that the 1/y are normally distributed.
N lity Test Secti

Test Prob 10% Critical 5% Critical Decision
Test Name Value Leve] Value Value (5%)
Shapiro-Wilk W 0.950574 0.1496333 Can't reject normality
Anderson-Darling 0.6313467 9.9934(09E-02 Can't reject normality
Martinez-Iglewicz 1.124092 1.140086 1.214189 Can't reject normality
Kolmogorov-Smirnov 0.1272329 0.142 0.154 Can't reject normality
D'Agostino Skewness -1.315342 0.1883951 1.645 1.960 Can't reject normality
D'Agostino Kurtosis 0.8947 0.370953 1.645 1.960 Can't reject normality
D'Agostino Omnibus 2.5306 0.282156 4.605 5.991 Can't reject normality
Plots Section

Normal probability plot of hardness at Rio Grande at Otowi Bridge

(USGS complete 1993-2001 data set)

Hardness (mg/L)
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Descriptive
continued

Histogram of hardness at Rio Grande at Otowi Bridge

(USGS complete 1993-2001 data set)
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Hardness (mg/L CaCO3)
Percentile Section
Bercentile Value 95% LCL 95% UCL _Exact Conf. Level
99 138.7
95 137.335
90 131.07 122 138.7 95.39777
85 125.85 121.6 138.7 95.31888
80 124.54 1187 1329 95.15925
75 121.9 116.7 126.8 95.8974
70 120.16 115.4 125.8 96.7281
65 118.88 1133 123.7 95.25375
60 118.3 112.9 122 95.42965
55 115.595 1125 121.6 96.86242
50 114.85 111.7 119.1 96.4918
45 113.24 110.8 118.7 96.86242
40 112.58 110.4 116.7 95.42965
35 112.275 104.6 1154 95.9624
30 111.61 96.3 113.3 96.17956
25 110.5 88.8 112.5 95.55407
20 105.32 87.2 112 95.17812
15 103.9 85.1 110.8 95.31888
10 91.05 85.1 110.4 95.39777
5 86.465
1 85.1

Percentile Formula: Ave X(p[n+1])
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T2
Prob

_Value In value

74.7 4313480092
818 4404277244
85.1 4443827036
87.2 4468204331
88.8 448638665

96.3 4.567468319
104.3 4647271362
104.6 4.650143552
105.8 4.661550519
1104 4704110134
1108 4.707726774
1117 4715816706
112 4.718498871
1125 4722953222
1125 4.722953222
1129 4726502471
1133 4.730039168
1143 4738826571
1154 4.748404354
115.4 4748404354
116.7 4.759606539
1187 4776599302
118.7 4776599302
119.1 4779963476
120 4.787491743
1216 4.80073697

122 4.804021045
123.7 4.817859279
125.8 4834693344
125.8 4.834693344
126.8 4.842611042
1329 4.889596966
136.6 4.917056947
138.7 4932313327

0.0095
0.0413
0.0733
0.1021
0.1294
0.3272
0.6611
0.6754
0.7334
0.9612
0.981
0.9747
0.96
0.9357
0.9357
0.9163

"~ 0.8971

0.8496
0.7984
0.7984
0.7398
0.6538
0.6538
0.6373
0.6011
0.5398
0.5251
0.4657
0.399

0.399

0.3698
0.2258
0.1637
0.1355



Standard Standard
Count _Mean Deviation ___ Errer
4 114.35 9.336844 4668422 104.3 126.8 22.5
Means
Geometric Harmeonic
Parameter Mean_ Median Mean, —Mean Sum___ Mode
Value 114.35 113.15 114.0688 113.7927 457.4
Std Error 4668422 18.67369
95% LCL 99.493 100.3183 100.9779 397.972
95% UCL 129.207 129.7042 130.3328 516.828
T-Value 2449436
Prob Level 1.49167E-04
Count 4 4 4 0
The geometric mean confidence interval assumes that the In(y) are normally distributed.
The harmonic mean confidence interval assumes that the 1/y are normally distributed.
Normality Tests
Test Prob 10% Critical 5% Critical Decision
TestName Value Level .- Value_ Value (5%)
Shapiro-Wilk W 0.9601054 0.7795721 Can’t reject normality
Anderson-Darling 4
Martinez-Iglewiez 1.205099 2.288353 7.591605 Can't reject normality
Kolmogorov-Smirnov 0.2521364 0.346 0.376 €an't reject normality
D’Agostino Skewness 0 1.645 1.960
D’'Agostino Kurtosis 1.000000 1.645 1.960
D'Agostino Omnibus 4.605 5.991

Elots Section
Normal probability plot of hardness at Rio Grande at Otowi Bridge
(USGS data set <10 years old)
The upper and lower curves represent
the approximate 95% confidence limits.
130 - The straight line represents the expected
i value for a normally distributed data set.
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o 115 ] e A normally distributed
2 o population falls within the
g 1 7 upper and lower boundary
= e
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Normal Distribution
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Histogram of hardness at Rio Grande at Otowi Bridge
(USGS data set <10 years old)
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Hardness (mg/L CaCO3)
Percentile Section
Percentile _Value 95% LCL 95% UCL Exact Conf, Level
99 126.8
95 126.8
90 126.8
85 126.8
80 126.8
75 123.675
70 120.55
65 117.425
60 114.3
1 113.725
50 113.15
45 112.575
40 112
35 110.075
30 108.15
25 106.225
20 104.3
15 104.3
10 104.3
5 104.3
1 104.3

Percentile Foermula: Ave X(p[n+1]
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Standard Standard

Count Mean _____ Deviation _ Error ini i :
228 120.7934 23.55987 1.56029 63.5 180 116.5
Means
Geometric Harmonic

Parameter Mean Median = Mean __Mean Sum _Mode
Value 120.7934° 120 118.4458 116.0253 275409 104
Std Error 1.56029 355.7462
95% LCL 117.7189 116 115.3771 112.9209 26839.91
95% UCL 123.8679 124 121.5961 119.3053 28241.89
T-Value 77.41727
Prob Level 0
Count 228 228 228 9
The geometric mean confidence interval assumes that the In(y) are normally distributed.
The harmonic mean confidence interval assumes that the 1/y are normally distributed.
Normality Test Section

Test Prob 10% Critical 5% Critical Decision
TestName Value Level Value Value (5%)
Shapiro-Wilk W .0.9931286 0.3735384 Can't reject normality
Anderson-Darling . 0.4445326 0.284462 Can't reject normality
Martinez-Iglewicz 0.9520729 1.023943 1.038567 Can't reject normality
Kolmogorov-Smirnov 6.008502E-02 0.054 0.059 Reject normality
D'Agostino Skewness 0.7588434 0.4479462 1.645 1.960 Can't reject normality
D'Agostino Kurtosis -1.4097 0.158618 1.645 1.960 Can't reject normality
D’'Agostino Omnibus 2.5632 0.277593 4.605 5991 Can't reject normality

Plots Section

Normal probability plot of hardness at Rio Grande from Embudo Crossing

to Bernalillo (LANL data set)

The upper and lower curves represent the
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continued
Histogram of hardness at Rio Grande from Embudo Crossing
to Bernalillo (LANL data set)
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Hardness (mg/L CaCO3)
Percentile Section
centi Value 95% LCL 95% UCL Exact Conf. Level
99 176.42
95 162.65 153 168 95.21337
90 152 148 158 95.32624
85 147.65 142 151 95.9304
80 142 138 148 95.34814
75 138 133 142 95.31792
70 1333 130 139 95.72871
65 130 125 135 95.61621
60 126 122 132 95.01772
55 122.965 119 128 95.43707
50 120 116 124 95.28088
45 116 111 121 95.43707
40 113 108 117 95.01772
35 109 106 114 95.47192
30 106.7 104 109 95.72871
25 104 101 107 95.27689
20 101 96 104 95.34814
15 96 91.3 101 95.9304
10 90.45 85 95 95.32624
5 82 73.2 87.1 95.1267
1 69

Percentile Formula: Ave X(p[n+1])
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Descriptive S
continued

T2 T2
Row _ Value Invalue Value Prob Outlier?
1 4 1386294361  14.49 0.0002 Yes
2 47.2 3.854393893 578 0.017 Yes
3 50 3912023005 535 0.0215 Yes
4 59.5 4085976313  4.02 0.046 Yes
5 63.5 4151039906  3.52 0.0619
6 69 4234106505  2.88 0.0909
7 69 4234106505  2.88 0.0909
8 70 4248495242 277 0.0972
9 73.2 4293195421 244 0.1198
10 79 4369447852  1.89 0171
11 79.1 4370712875  1.88 0.172
12 80 4382026635 18 0.1813
13 81 4394449155 171 0.1921
14 82 4406719247  1.63 0.2033
15 82 . 4406719247  1.63 0.2033
16 82 4406719247  1.63 0.2033
17 85 4442651256 . 1.39 0.2398
18 85 4442651256  1.39 0.2398
19 B 4442651256  1.39 0.2398
20 TH, gol R 4443827036  1.38 02411
21 86 4454347296 131 0.2529
22 87.1 4467056884 123 0.268
23 88 4477336814  1.17 0.2807
24 88 4477336814  1.17 0.2807
25 89 448863637 11 0.2954
26 90 449980967 1.03 03105
27 90.5 4505349851 1 0.3183
28 91.3 4514150788  0.95 0331
29 91.6 4517431272 093 03358
30 92 4521788577 091 0.3423
31 92.7 4529368473  0.86 0354
32 94 4543294782  0.79 0.3762
33 95 4553876892  0.73 0.3939
34 95 4553876892  0.73 03939
35 95 4553876892  0.73 0.3939
36 95 4553876892  0.73 03939
37 96 4564348191  0.68 04121
38 96 4564348191  0.68 0.4121
39 96 4564348191  0.68 0.4121
40 97.8 4582924577  0.58 0.446
41 99 459511985 0.52 0.4695
42 99 459511985 0.52 0.4695
43 99,1 4596129441  0.52 0.4715
44 99.3 4598145571 051 0.4755
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Descripti

Outlier?

continued
T2 T2

Row Value In value _Value Prob
45 100 4.605170186 0.48 0.4896
46 101 4.615120517 0.44 0.5102
47 101 4615120517 0.44 0.5102
48 101 4.615120517 0.44 0.5102
49 101 4.615120517 0.44 0.5102
50 101 4615120517 0.44 0.5102
51 102 4.624972813 0.39 0.5312
52 103 4.634728988 0.35 0.5526
53 103 4.634728988 0.35 0.5526
54 103 4634728988 0.35 0.5526
55 104 4.644390899 0.32 0.5745
56 104 4.644390899 0.32 0.5745
57 104 4.644390899 032 0.5745
58 104 4.644390899 0.32 0.5745
59 104 4.644390899 0.32 0.5745
60 104 4.644390899 0.32 0.5745
61 104 - 4.644390899 0.32 0.5745
62 104 4.644390899 0.32 0.5745
63 104 4.644390899 0.32 0.5745
64 105 4.65396035 0.28 0.5968
65 105 4.65396035 0.28 0.5968
66 105 4.65396035 0.28 0.5968
67 105 4.65396035 0.28 0.5968
68 106 4663439094 0.25 0.6194
69 106 4.663439094 0.25 0.6194
70 106 4.663439094 0.25 0.6194
71 106 4.663439094 0.25 0.6194
72 106 4.663439094 0.25 0.6194
73 107 4.672828834 0.22 0.6424
74 107 4672828834 0.22 0.6424
75 107 4.672828834 0.22 0.6424
76 107 4.672828834 0.22 0.6424
77 108 4682131227 0.19 0.6658
78 108 4.682131227 0.19 0.6658
79 108 4682131227 0.19 0.6658
80 108 4682131227 0.19 0.6658
81 108 4.682131227 0.19 0.6658
82 108 4682131227 0.19 0.6658
83 108 4682131227 0.19 0.6658
84 109 4.691347882 0.16 0.6895
85 109 4691347882 0.16 0.6895
86 109 4.691347882 0.16 0.6895
87 109 4.691347882 0.16 0.6895
88 109 4.691347882 0.16 0.6895
89 110 4.700480366 0.14 0.7135
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Descriptive

continued
T2 T2

Row_ Value In value Value Prob
90 110 4.700480366 0.14 0.7135
91 110 4.700480366 0.14 0.7135
92 111 4.709530201 0.11 0.7378
93 111 4.709530201 0.11 0.7378
94 111 4.709530201 0.11 0.7378
95 113 4727387819 0.07 0.7872
96 113 4.727387819 0.07 0.7872
97 113 4727387819 0.07 0.7872
98 114 4.736198448 0.06 0.8122
99 114 4.736198448 0.06 0.8122
100 114 4.736198448 0.06 0.8122
101 115 4.744932128 0.04 0.8374
102 115 4.744932128 0.04 0.8374
103 116 4.753590191 0.03 0.8628
104 116 4.753590191 0.03 0.8628
105 116 4.753590191 0.03 0.8628
106 116 4.753590191 0.03 0.8628
107 116 4.753590191 0.03 0.8628
108 116 4.753590191 0.03 0.8628
109 117 4762173935 0.02 0.8883
110 117 4.762173935 0.02 0.8883
111 1175 4.766438334 0.02 0.9012
112 118 4.770684624 0.01 0914
113 118 4.770684624 0.01 0914
114 118 4.770684624 0.01 0914
115 119 4.779123493 0.01 0.9397
116 120, 4.787491743 0 0.9655
117 120 4.787491743 0 0.9655
118 120 4.787491743 0 0.9655
119 120 4.787491743 0 0.9655
120 120 4.787491743 0 0.9655
121 120.8 4.794136286 0 0.9862
122 121 4.795790546 0 0.9914
123 121 4.795790546 0 0.9914
124 121 4.795790546 0 0.9914
125 122 4.804021045 0 0.9828
126 122 4.804021045 0 0.9828
127 122 4.804021045 0 0.9828
128 122 4.804021045 0 0.9828
129 122.3 4.806477043 0 0.975
130 123 4.812184355 0 0.9569
131 123 4.812184355 0 0.9569
132 124 4.820281566 0.01 0.9311
133 124 4.820281566 0.01 09311
134 124 4.820281566 0.01 0.9311
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e iptive Stati

Outlier?

continued
T2 T2

Row __ Value In value _Value Prob
135 125 4.828313737 0.01 0.9054
136 125 4.828313737 0.01 0.9054
137 125 4.828313737 0.01 0.9054
138 125 4.828313737 0.01 0.9054
139 126 4.836281907 0.02 0.8798
140 126 4.836281907 0.02 0.8798
141 126 4.836281907 0.02 0.8798
142 126 4.836281907 0.02 0.8798
143 127 4.844187086 0.03 0.8543
144 128 4.852030264 0.05 0.829
145 128 4.852030264 0.05 0.829
146 128 4.852030264 0.05 0.829
147 128 4.852030264 0.05 0.829
148 128 4.852030264 0.05 0.829
149 129 4.859812404 0.06 0.8038
150 130 4.86753445 0.08 0.7789
151 130 4.86753445 0.08 0.7789
152 130 486753445 0.08 0.7789
153 130 4.86753445 0.08 0.7789
154 131 4.875197323 0.1 0.7541
155 132 4.882801923 0.12 0.7296
156 132 4.882801923 0.12 0.7296
157 132 4.882801923 0.12 0.7296
158 132 4.882801923 0.12 0.729%6
159 132 4.882801923 0.12 0.7296
160 132 4.882801923 0.12 0.7296
161 133 4.890349128 0.14 0.7054
162 133 4.890349128 0.14 0.7054
163 133 4.890349128 0.14 0.7054
164 133 4.890349128 0.14 0.7054
165 134 4.8978398 0.17 0.6815
166 135 4905274778 0.2 0.6579
167 135 4905274778 0.2 0.6579
168 135 4905274778 0.2 0.6579
169 136 4912654886 0.23 0.6347
170 136 4912654886 0.23 0.6347
171 136 4912654886 0.23 0.6347
172 137 4.919980926 0.26 0.6118
173 137 4919980926 0.26 0.6118
174 138 4927253685 0.29 0.5893
175 138 4927253685 0.29 0.5893
176 138 4.927253685 0.29 0.5893
177 138 4927253685 0.29 0.5893
178 139 4.934473933 0.33 0.5671
179 139 4.934473933 0.33 0.5671
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Descripti

continued
T2 T2

Row _ Value In value Value Prob Outlier?
180 140 4941642423 0.37 0.5454
181 140 4941642423 0.37 0.5454
182 140 4941642423 0.37 0.5454
183 140 4941642423 0.37 0.5454
184 140 4941642423 0.37 0.5454
185 140 4.941642423 0.37 0.5454
186 142 4955827058 0.45 0.5033
187 142 4955827058 0.45 0.5033
188 142 4.955827058 0.45 0.5033
189 143 4.96284463 0.49 0.4829
190 143 496284463 0.49 0.4829
191 144 49698133 0.54 0.4629
192 144 49698133 0.54 0.4629
193 144 49698133 0.54 0.4629
194 144 49698133 0.54 0.4629
195 144 4.9698133 0.54 0.4629
196 145 4976733742 0.59 0.4434
197 145 4976733742 0.59 0.4434
198 147 4990432587 0.69 0.4059
199 148 4997212274 0.75 0.3879
200 148 4997212274 0.75 0.3879
201 148 4997212274 0.75 0.3879
202 149 5.003946306 0.81 0.3704
203 150 5.010635294 0.86 0.3534
204 150 5.010635294 0.86 0.3534
205 150 5.010635294 0.86 0.3534
206 150 5.010635294 0.86 0.3534
207 150 5.010635294 0.86 0.3534
208 151 5.017279837 0.93 0.3369
209 151 5.017279837 0.93 0.3369
210 152 5.023880521 0.99 0.3209
211 152 5.023880521 0.99 0.3209
212 152 5.023880521 0.99 0.3209
213 153 5.030437921 1.06 0.3054
214 153 5.030437921 1.06 0.3054
215 154 5.036952602 1.12 0.2904
216 154 5.036952602 1.12 0.2904
217 154 5.036952602 1.12 0.2904
218 158 5.062595033 141 0.2355
219 158 5.062595033 1.41 0.2355
220 158 5.062595033 141 0.2355
221 161 5.081404365 1.66 0.1995
222 164 5.099866428 1.92 0.1677
223 164 5.099866428 1.92 0.1677
224 167 5.117993812 2.19 0.1399
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Descripti

continued

T2 T2
Row Value In value Value Prob Outlier?
225 167 5.117993812 2.19 0.1399
226 168 5.123963979 2.29 0.1314
227 168 5.123963979 2.29 0.1314
228 168 5.123963979 2.29 0.1314
229 174 5.159055299 2.92 0.0889
230 175 5.164785974 3.03 0.083
231 177 5.176149733 3.26 0.0722
232 180 5.192956851 3.62 0.0583
233 183 5.209486153 4 0.0466 Yes
234 195 5.272999559 5.71 0.0177 Yes
235 203 5.313205979 7.02 0.0086 Yes
236 352 5.863631176 55.98 0 Yes
Attachment 1
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